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Then we were just glimpsing some of the challenges 
emerging across the planet from climate change and the 
loss of species to desertification and land degradation.

Today many of those seemingly far off concerns are 
becoming a reality with sobering implications for not 
only achieving the UN’s Millennium Development Goals, 
but challenging the very opportunity for seven billion 
people − rising to nine billion by 2050 − to be able to 
thrive, let alone survive.

Rio 1992 did not fail the world – far from it. It provided 
the vision and important pieces of the multilateral 
machinery to achieve a sustainable future.

But this will only be possible if the environmental and 
social pillars of sustainable development are given equal 
footing with the economic one: where the often invisible 
engines of sustainability, from forests to freshwaters, are 
also given equal if not greater weight in development 
and economic planning.

Towards a Green Economy is among UNEP’s key 
contributions to the Rio+20 process and the overall goal 
of addressing poverty and delivering a sustainable 21st 
century.

The report makes a compelling economic and social 
case for investing two per cent of global GDP in greening 
ten central sectors of the economy in order to shift 
development and unleash public and private capital 
flows onto a low-carbon, resource-efficient path.

Such a transition can catalyse economic activity of at 
least a comparable size to business as usual, but with 

Achim Steiner
UNEP Executive Director
United Nations Under-Secretary General

Foreword

a reduced risk of the crises and shocks increasingly 
inherent in the existing model.

New ideas are by their very nature disruptive, but far less 
disruptive than a world running low on drinking water 
and productive land, set against the backdrop of climate 
change, extreme weather events and rising natural 
resource scarcities.

A green economy does not favour one political 
perspective over another. It is relevant to all economies, 
be they state or more market-led. Neither is it a 
replacement for sustainable development. Rather, it 
is a way of realising that development at the national, 
regional and global levels and in ways that resonate 
with and amplify the implementation of Agenda 21.

A transition to a green economy is already underway, a 
point underscored in the report and a growing wealth 
of companion studies by international organisations, 
countries, corporations and civil society. But the 
challenge is clearly to build on this momentum.

Rio+20 offers a real opportunity to scale-up and embed 
these “green shoots”. In doing so, this report offers not 
only a roadmap to Rio but beyond 2012, where a far 
more intelligent management of the natural and human 
capital of this planet finally shapes the wealth creation 
and direction of this world.

Nearly 20 years after the Earth Summit, nations are again on the Road to Rio, but in a world 
very different and very changed from that of 1992.
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Towards a green economy

1  Introduction: Setting the stage 
for a green economy transition

1 1 From crisis to opportunity

The last two years have seen the idea of a “green economy” 
float out of its specialist moorings in environmental 
economics and into the mainstream of policy discourse. 
It is found increasingly in the words of heads of state and 
finance ministers, in the text of G20 communiques, and 
discussed in the context of sustainable development and 
poverty eradication.

This recent traction for a green economy concept has no 
doubt been aided by widespread disillusionment with 
the  prevailing economic paradigm, a sense of fatigue 
emanating from the many concurrent crises and market 
failures experienced during the very first decade of the 
new millennium, including especially the financial and 
economic crisis of 2008. But at the same time, there is 
increasing evidence of a way forward, a new economic 
paradigm – one in which material wealth is not delivered 
perforce at the expense of growing environmental risks, 
ecological scarcities and social disparities.

Mounting evidence also suggests that transitioning 
to a green economy has sound economic and social 
justification. There is a strong case emerging for a 
redoubling of efforts by both governments as well 
as the private sector to engage in such an economic 
transformation. For governments, this would include 
leveling the playing field for greener products by 
phasing out antiquated subsidies, reforming policies 
and providing new incentives, strengthening market 
infrastructure and market-based mechanisms, redirecting 
public investment, and greening public procurement. 
For the private sector, this would involve understanding 
and sizing the true opportunity represented by green 
economy transitions across a number of key sectors, and 
responding to policy reforms and price signals through 
higher levels of financing and investment.

An era of capital misallocation
Several concurrent crises have unfolded during the last 
decade: climate, biodiversity, fuel, food, water, and more 
recently, in the global financial system. Accelerating 
carbon emissions indicate a mounting threat of 
climate change, with potentially disastrous human 
consequences. The fuel price shock of 2007-2008 and 
the related skyrocketing food and commodity prices, 

reflect both structural weaknesses and unresolved risks. 
Forecasts by the International Energy Agency (IEA) and 
others of rising fossil fuel demand and energy prices 
suggest an ongoing dependence as the world economy 
struggles to recover and grow (IEA 2010).

Currently, there is no international consensus on the 
problem of global food security or on possible solutions 
for how to nourish a population of 9 billion by 2050. 
See Box 1 for further information on the population 
challenge. Freshwater scarcity is already a global 
problem, and forecasts suggest a growing gap by 2030 
between annual freshwater demand and renewable 
supply (McKinsey and Company 2009). The outlook for 
improved sanitation still looks bleak for over 1.1 billion 
people and 844 million people still lack access to clean 
drinking water (World Health Organization and UNICEF 
2010). Collectively, these crises are severely impacting 
the possibility of sustaining prosperity worldwide 
and achieving the Millennium Development Goals 
(MDGs) for reducing extreme poverty. They are also 
compounding persistent social problems, such as job 
losses, socio-economic insecurity, disease and social 
instability. 

The causes of these crises vary, but at a fundamental 
level they all share a common feature: the gross 
misallocation of capital. During the last two decades, 
much capital was poured into property, fossil fuels 
and structured financial assets with embedded 
derivatives. However, relatively little in comparison was 
invested in renewable energy, energy efficiency, public 
transportation, sustainable agriculture, ecosystem 
and biodiversity protection, and land and water 
conservation. 

Most economic development and growth strategies 
encouraged rapid accumulation of physical, financial 
and human capital, but at the expense of excessive 
depletion and degradation of natural capital, which 
includes the endowment of natural resources and 
ecosystems. By depleting the world’s stock of natural 
wealth – often irreversibly – this pattern of development 
and growth has had detrimental impacts on the well-
being of current generations and presents tremendous 
risks and challenges for the future. The recent multiple 
crises are symptomatic of this pattern. 
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Existing policies and market incentives have contributed 
to this problem of capital misallocation because they allow 
businesses to run up significant, largely unaccounted for, 
and unchecked social and environmental externalities. To 
reverse such misallocation requires better public policies, 
including pricing and regulatory measures, to change the 
perverse incentives that drive this capital misallocation 
and ignore social and environmental externalities. At the 
same time, appropriate regulations, policies and public 
investments that foster changes in the pattern of private 

investment are increasingly being adopted around the 
world, especially in developing countries (UNEP 2010).

Why is this report needed now?
UNEP’s report, Towards a Green Economy, aims to debunk 
several myths and misconceptions about greening the 
global economy, and provides timely and practical 
guidance to policy makers on what reforms they need 
to unlock the productive and employment potential of 
a green economy. 

Box 1:  Managing the population challenge in the context of 
sustainable development

The link between population dynamics and 
sustainable development is strong and inseparable, 
as reflected in Principle 8 of the 1992 Rio Declaration 
on Environment and Development.

“To achieve sustainable development and a higher 
quality of life for all people, States should reduce and 
eliminate unsustainable patterns of production and 
consumption and promote appropriate demographic 
policies.” Rio Declaration, Principle 8 (UN 1992).

This year the world population will reach 7 billion 
and by mid century grow to over 9 billion. Contrary 
to previous projections the most recent population 
projections expect continued population growth 
thereafter (UN DESA 2009 and 2011). Population 
growth raises the stakes in efforts to reduce poverty. 
It not only increases the challenge of feeding a 
growing population, which crucially depends on 
higher agricultural output (FAO 2009 and 2010; 
Tokgoz and Rosegrant 2011), but also requires 
creation of sufficient employment opportunities, 
which in turn depend on favorable economic 
development (ILO 2011; UNFPA 2011a; Basten et al. 
2011; Herrmann and Khan 2008). 

A transition to a green economy can assist in 
overcoming the contribution that population 
growth makes to the depletion of scarce natural 
resources. The world’s least developed countries 
(LDCs) are more strongly affected by environmental 
degradation than most other developing countries 
(UNCTAD 2010a), so therefore have much to gain 
from the transition to a green economy. 

In addition, changing spatial distributions of 
populations, driven both by rural to urban migration 
and by urban growth, are changing environmental 
impacts and vulnerabilities. When planned, 

urbanisation can be a powerful driver of sustainable 
development.  Given that in 2008 the share of the 
urban population has for the first time exceeded the 
share of people living in the rural areas at the global 
level (UNFPA 2007), a transition to a green economy 
becomes increasingly important. Significantly, in 
the least developed countries where the majority 
of people are still living in the rural areas, 2000 
to 2010 was the first decade that growth of the 
urban population outpaced the growth of the rural 
populations. These types of changes at a societal 
level can also present opportunities for a green 
economy to develop.

For example cities can provide essential services, 
including health and education, at lower costs per 
capita due to economies of scale benefits.  Efficiencies 
are also realised in the development of vital 
infrastructure including housing, water, sanitation 
and transport. Urbanisation can also reduce energy 
consumption, particularly in transport and housing, 
and create interactive spaces that further cultural 
outreach and exchange. Realisation of these positive 
benefits requires proactive planning for the future 
demographic changes.

Forward planning by governments and local 
authorities can address population dynamics in a 
proactive way.  For example, one tool available to 
assist countries is to make better use of available 
population data and conduct a systematic 
population situation analysis (UNFPA 2011b), aiming 
to highlight how current and projected population 
trends affect the development of countries. Such 
analysis provides the necessary foundation to 
address population dynamics and their links to 
sustainable development and poverty reduction 
strategies.
Source: UNFPA
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Perhaps the most prevalent myth is that there is 
an inescapable trade-off between environmental 
sustainability and economic progress. There is now 
substantial evidence that the greening of economies 
neither inhibits wealth creation nor employment 
opportunities. To the contrary, many green sectors 
provide significant opportunities for investment, growth 
and jobs. For this to occur, however, new enabling 
conditions are required to promote such investments in 
the transition to a green economy, which in turn calls for 
urgent action by policy makers.    

A second myth is that a green economy is a luxury only 
wealthy countries can afford, or worse, a ruse to restrain 
development and perpetuate poverty in developing 
countries. Contrary to this perception, numerous 
examples of greening transitions can be found in the 
developing world, which should be replicated elsewhere. 
Towards a Green Economy brings some of these  
examples to light and highlights their scope for wider 
application. 

UNEP’s work on green economy raised the visibility 
of this concept in 2008, particularly through a call 
for a Global Green New Deal (GGND). The GGND 
recommended a package of public investments and 
complementary policy and pricing reforms aimed at 
kick-starting a transition to a green economy, while 
reinvigorating economies and jobs and addressing 
persistent poverty (Barbier 2010a). Designed as a timely 
and appropriate policy response to the economic 
crisis, the GGND proposal was an early output from the 
United Nations’ Green Economy Initiative. This initiative, 
coordinated by UNEP, was one of the nine Joint Crisis 
Initiatives undertaken by the Secretary-General of the 
UN and his Chief Executives Board in response to the 
2008 economic and financial crisis. 

Towards a Green Economy – the main output of the Green 
Economy Initiative – demonstrates that the greening 
of economies need not be a drag on growth. On the 
contrary, the greening of economies has the potential 
to be a new engine of growth, a net generator of decent 
jobs and a vital strategy to eliminate persistent poverty. 
The report also seeks to motivate policy makers to create 
the enabling conditions for increased investments in a 
transition to a green economy in three ways. 

First, the report makes an economic case for shifting 
both public and private investment to transform key 
sectors that are critical to greening the global economy. 
It illustrates through examples how added employment 
through green jobs offsets job losses in a transition to a 
green economy. 

Second, it shows how a green economy can reduce 
persistent poverty across a range of important sectors 

– agriculture, forestry, freshwater, fisheries and energy. 
Sustainable forestry and ecologically friendly farming 
methods help conserve soil fertility and water resources. 
This is especially critical for subsistence farming, upon 
which almost 1.3 billion people depend for their 
livelihoods (UNEP et al. 2008). 

Third, it provides guidance on policies to achieve this shift 
by reducing or eliminating environmentally harmful or 
perverse subsidies, addressing market failures created by 
externalities or imperfect information, creating market-
based incentives, implementing appropriate regulatory 
frameworks, initiating green public procurement and by 
stimulating investment. 

1 2 What is a green economy?

UNEP defines a green economy as one that results in 
“improved human well-being and social equity, while 
significantly reducing environmental risks and ecological 
scarcities” (UNEP 2010). In its simplest expression, a 
green economy is low-carbon, resource efficient, and 
socially inclusive. In a green economy, growth in income 
and employment are driven by public and private 
investments that reduce carbon emissions and pollution, 
enhance energy and resource efficiency, and prevent 
the loss of biodiversity and ecosystem services. 

These investments need to be catalysed and supported 
by targeted public expenditure, policy reforms and 
regulation changes. The development path should 
maintain, enhance and, where necessary, rebuild 
natural capital as a critical economic asset and as a 
source of public benefits. This is especially important for 
poor people whose livelihoods and security depend on 
nature.

The key aim for a transition to a green economy is to  
enable economic growth and investment while 
increasing environmental quality and social 
inclusiveness. Critical to attaining such an objective is to 
create the conditions for public and private investments 
to incorporate broader environmental and social 
criteria. In addition, the main indicators of economic 
performance, such as growth in Gross Domestic Product 
(GDP) need to be adjusted to account for pollution, 
resource depletion, declining ecosystem services, and 
the distributional consequences of natural capital loss 
to the poor.

A major challenge is reconciling the competing 
economic development aspirations of rich and poor 
countries in a world economy that is facing increasing 
climate change, energy insecurity and ecological scarcity. 
A green economy can meet this challenge by offering a 
development path that reduces carbon dependency, 
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promotes resource and energy efficiency and lessens 
environmental degradation. As economic growth and 
investments become less dependent on liquidating 
environmental assets and sacrificing environmental 
quality, both rich and poor countries can attain more 
sustainable economic development.

The concept of a green economy does not replace 
sustainable development; but there is a growing 
recognition that achieving sustainability rests almost 
entirely on getting the economy right. Decades of 
creating new wealth through a “brown economy” model 
based on fossil fuels have not substantially addressed 
social marginalisation, environmental degradation 
and resource depletion. In addition, the world is still 
far from delivering on the Millennium Development 
Goals by 2015. The next section looks at the important 
linkages between the concept of a green economy and 
sustainable development.

A green economy and sustainable development
In 2009, the UN General Assembly decided to hold a 
summit in Rio de Janeiro in 2012 (Rio+20) to celebrate 
the 20th anniversary of the first Rio Earth Summit in 
1992. Two of the agenda items for Rio+20 are, “Green 
Economy in the Context of Sustainable Development 
and Poverty Eradication”, and “International Framework 
for Sustainable Development”. With the green economy 
now firmly established on the international policy 
agenda, it is useful to review and clarify the linkages 
between a green economy and sustainable development. 

Most interpretations of sustainability take as their 
starting point the consensus reached by the World 
Commission on Environment and Development (WCED) 
in 1987, which defined sustainable development as 

“development that meets the needs of the present 
without compromising the ability of future generations 
to meet their own needs” (WCED 1987).

Economists are generally comfortable with this broad 
interpretation of sustainability, as it is easily translatable 
into economic terms: an increase in well-being today 
should not result in reducing well-being tomorrow. That 
is, future generations should be entitled to at least the 
same level of economic opportunities – and thus at least 
the same level of economic welfare – as is available to 
current generations. 

As a result, economic development today must ensure 
that future generations are left no worse off than current 
generations. Or, as some economists have succinctly 
expressed it, per capita welfare should not be declining 
over time (Pezzey 1989). According to this view, it is the 
total stock of capital employed by the economic system, 
including natural capital, which determines the full 
range of economic opportunities, and thus well-being, 

available to both current and future generations (Pearce 
et al. 1989).

Society must decide how best to use its total capital 
stock today to increase current economic activities and 
welfare. Society must also decide how much it needs to 
save or accumulate for tomorrow, and ultimately, for the 
well-being of future generations.

However, it is not simply the aggregate stock of capital 
in the economy that may matter but also its composition, 
in particular whether current generations are using up 
one form of capital to meet today’s needs. For example, 
much of the interest in sustainable development is driven 
by concern that economic development may be leading 
to rapid accumulation of physical and human capital at 
the expense of excessive depletion and degradation of 
natural capital. The major concern is that by irreversibly 
depleting the world’s stock of natural wealth, today’s 
development path will have detrimental implications for 
the well-being of future generations.

One of the first economic studies to make the 
connection between this capital approach to sustainable 
development and a green economy was the 1989 book 
Blueprint for a Green Economy (Pearce et al. 1989). The 
authors argued that because today’s economies are 
biased towards depleting natural capital to secure 
growth, sustainable development is unachievable. A 
green economy that values environmental assets, 
employs pricing policies and regulatory changes to 
translate these values into market incentives, and adjusts 
the economy’s measure of GDP for environmental losses 
is essential to ensuring the well-being of current and 
future generations. 

As pointed out by the Blueprint for a Green Economy 
authors, a major issue in the capital approach to 
sustainable development is whether substitution 
among different forms of capital – human capital, 
physical capital and natural capital – is possible. A 
strong conservationist perspective might maintain that 
the natural component of the total capital stock must 
be kept intact, as measured in physical terms. However, 
this may be questioned in practice, especially in the 
context of developing countries, if natural capital is 
relatively abundant while physical and human capital 
needs to be developed to meet other human demands. 
This type of substitution reflects the unfortunate reality 
that the creation of physical capital – for example roads, 
buildings and machinery – often requires the conversion 
of natural capital. While substitution between natural 
capital and other forms of capital is often inevitable, 
there is often room for efficiency gains. There is also a 
growing recognition of environmental thresholds that 
would constrain substitution beyond minimum levels 
needed for human welfare.
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Yet, there has always been concern that some forms of 
natural capital are essential to human welfare, particularly 
key ecological goods and services, unique environments 
and natural habitats, and irreplaceable ecosystem 
attributes. Uncertainty over the true value of these 
important assets to human welfare, in particular the 
value that future generations may place on them if they 
become increasingly scarce, further limits our ability to 
determine whether we can adequately compensate future 
generations for today’s irreversible losses in such essential 
natural capital. This concern is reflected in other definitions 
of sustainable development. For example, in 1991, the 
World Wide Fund for Nature, the International Union for 
Conservation of Nature (IUCN), and UNEP interpreted 
the concept of sustainable development as “improving 
the quality of human life within the carrying capacity of 
supporting ecosystems” (WWF, IUCN and UNEP 1991).

As this definition suggests, the type of natural capital 
that is especially at risk is ecosystems. As explained 
by Partha Dasgupta (2008): “Ecosystems are capital 
assets. Like reproducible capital assets … ecosystems 
depreciate if they are misused or are overused. But they 
differ from reproducible capital assets in three ways:  
(1) depreciation of natural capital is frequently 
irreversible (or at best the systems take a long time 
to recover); (2) except in a very limited sense, it isn’t 
possible to replace a depleted or degraded ecosystem 
by a new one; and (3) ecosystems can collapse abruptly, 
without much prior warning.”

Rising ecological scarcity is an indication that we are 
irrevocably depleting ecosystems too rapidly, and 
the consequence is that current and future economic 
welfare is affected. An important indicator of the 
growing ecological scarcity worldwide was provided 
by the Millennium Ecosystem Assessment (MEA) in 2005, 
which found that over 60 per cent of the world’s major 
ecosystem goods and services covered in the assessment 
were degraded or used unsustainably. 

Some important benefits to humankind fall in this 
category, including fresh water; capture fisheries; water 

purification and waste treatment; wild foods; genetic 
resources; biochemicals; wood fuel; pollination; spiritual, 
religious and aesthetic values; the regulation of regional 
and local climate; erosion; pests; and natural hazards. 
The economic values associated with these ecosystem 
services, while generally not marketed, are substantial 
(see Table 1).

One major difficulty is that the increasing costs 
associated with rising ecological scarcity are not 
routinely reflected in markets. Almost all the degraded 
ecosystem goods or services identified by the Millennium 
Ecosystem Assessment are not marketed. Some goods, 
such as capture fisheries, fresh water, wild foods, and 
wood fuel, are often commercially marketed, but due 
to the poor management of the biological resources 
and ecosystems that are the source of these goods, and 
imperfect information, the market prices do not reflect 
unsustainable use and overexploitation. 

Nor have adequate policies and institutions been 
developed to handle the costs associated with 
worsening ecological scarcity globally. All too often, 
policy distortions and failures compound these 
problems by encouraging wasteful use of natural 
resources and environmental degradation. The unique 
challenge posed by rising ecological scarcity and 
inefficient resource and energy use today is to overcome 
a vast array of market, policy, and institutional failures 
that prevents recognition of the economic significance 
of this environmental degradation.

Reversing this process of unsustainable development 
requires three important steps. First, as argued by the 
Blueprint for a Green Economy authors, improvements in 
environmental valuation and policy analysis are required 
to ensure that markets and policies incorporate the full 
costs and benefits of environmental impacts (Pearce et al. 
1989; Pearce and Barbier 2000). Environmental valuation 
and accounting for natural capital depreciation must be 
fully integrated into economic development policy and 
strategy. As suggested above, the most undervalued 
components of natural capital are ecosystems and 

Biodiversity Ecosystem goods and 
services (examples) Economic values (examples)

Ecosystems (variety & extent/area)
•	 Recreation
•	 Water regulation
•	 Carbon storage

Avoiding greenhouse gas emissions by conserving forests: US$ 3.7 trillion (NPV) 

Species (diversity & abundance)
•	 Food, fiber, fuel
•	 Design inspiration
•	 Pollination

Contribution of insect pollinators to agricultural output: ~US$ 190 billion/year

Genes (variability & population)
•	 Medicinal discoveries
•	 Disease resistance
•	 Adaptive capacity

25-50% of the US$ 640 billion pharmaceutical market is derived from genetic resources 

Table 1: Natural capital: Underlying components and illustrative services and values
Source: Eliasch (2008); Gallai et al. (2009); TEEB (2009)
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the myriad goods and services they provide. Valuing 
ecosystem goods and services is not easy, yet it is 
fundamental to ensuring the sustainability of global 
economic development efforts. 

A major international research effort supported by UNEP, 
the Economics of Ecosystems and Biodiversity (TEEB), is 
illustrating how ecological and economic research can 
be used to value ecosystem goods and services, as well 
as how such valuation is essential for policy making and 
investments in the environment (Sukhdev 2008; TEEB 
2010).

Second, the role of policy in controlling excessive 
environmental degradation requires implementing 
effective and appropriate information, incentives, 
institutions, investments and infrastructure. Better 
information on the state of the environment, ecosystems 
and biodiversity is essential for both private and public 
decision making that determines the allocation of 
natural capital for economic development. The use of 
market-based instruments, the creation of markets, and 
where appropriate, regulatory measures, have a role 
to play in internalising this information in everyday 
allocation decisions in the economy. Such instruments 
are also important in correcting the market and 
policy failures that distort the economic incentives for 
improved environmental and ecosystems management. 

However, overcoming institutional failures and 
encouraging more effective property rights, good 
governance and support for local communities, is also 
critical. Reducing government inefficiency, corruption 
and poor accountability are also important in reversing 
excessive environmental degradation in many countries. 
But there is also a positive role for government in 
providing an appropriate and effective infrastructure 
through public investment, protecting critical 
ecosystems and biodiversity conservation, creating new 
incentive mechanisms such as payment for ecosystem 
services, fostering the technologies and knowledge 
necessary for improving ecosystem restoration, and 
facilitating the transition to a low-carbon economy.

Third, continuing environmental degradation, land 
conversion and global climate change affect the 
functioning, diversity, and resilience of ecological 
systems and the goods and services they supply. The 
potential long-term impacts of these effects on the health 
and stability of ecosystems are difficult to quantify and 
value. Increasing collaboration between environmental 
scientists, ecologists and economists will be required to 
assess and monitor these impacts (MEA 2005; Polasky 
and Segerson 2009). Such interdisciplinary ecological 
and economic analysis is also necessary to identify and 
assess the welfare consequences for current and future 
generations from increasing ecological scarcity. Further 

progress in reversing unsustainable development calls 
for more widespread interdisciplinary collaboration 
to analyse complex problems of environmental 
degradation, biodiversity loss and ecosystem decline.

Interdisciplinary research also needs to determine 
the thresholds that should govern the transformation 
of specific types of natural capital into other forms of 
capital. For example, how much forestland is allowed 
for conversion into farmland, industrial use or urban 
development in a given area? How much underground 
water is allowed for extraction each year? How much 
and what fish species can be caught in a given season? 
Which chemicals should be banned from production 
and trading? And more important, what are the criteria 
for setting these thresholds? Once these standards 
are established, incentive measures at national or 
international levels can be devised to ensure compliance. 

The other key to balancing different forms of capital 
recognises that substitutability is a characteristic 
of current technologies. Investing in changing and 
substituting these technologies can lead to new 
complementarities. Most renewable energy sources, 
such as wind turbines or solar panels, considerably 
reduce the amount of natural capital that is sacrificed 
in their construction and the lifetime of their operation, 
compared to fossil fuel burning technologies. Both 
of these types of solutions – setting thresholds and 
altering technologies – are important for achieving a 
green economy.

In sum, moving towards a green economy must become 
a strategic economic policy agenda for achieving 
sustainable development. A green economy recognises 
that the goal of sustainable development is improving 
the quality of human life within the constraints of 
the environment, which include combating global 
climate change, energy insecurity, and ecological 
scarcity. However, a green economy cannot be focused 
exclusively on eliminating environmental problems and 
scarcity. It must also address the concerns of sustainable 
development with intergenerational equity and 
eradicating poverty.

A green economy and eradicating poverty
Most developing countries, and certainly the majority of 
their populations, depend directly on natural resources. 
The livelihoods of many of the world’s rural poor are also 
intricately linked with exploiting fragile environments 
and ecosystems (Barbier 2005). Well over 600 million 
of the rural poor currently live on lands prone to 
degradation and water stress, and in upland areas, forest 
systems, and drylands that are vulnerable to climatic 
and ecological disruptions (Comprehensive Assessment 
of Water Management in Agriculture 2007; World Bank 
2003). The tendency of rural populations to be clustered 
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on marginal lands and in fragile environments is likely 
to be a continuing problem for the foreseeable future, 
given current global rural population and poverty trends. 
Despite rapid global urbanisation, the rural population 
of developing regions continues to grow, albeit at a 
slower rate in recent decades (Population Division of the 
United Nations Secretariat 2008). Furthermore, around 
three-quarters of the developing world’s poor still live 
in rural areas, which means about twice as many poor 
people live in rural rather than in urban areas (Chen and 
Ravallion 2007).

The world’s poor are especially vulnerable to the 
climate-driven risks posed by rising sea levels, coastal 
erosion and more frequent storms. Around 14 per cent 
of the population and 21 per cent of urban dwellers 
in developing countries live in low elevation coastal 
zones that are exposed to these risks (McGranahan et al. 
2007). The livelihoods of billions – from poor farmers to 
urban slum dwellers – are threatened by a wide range 
of climate-induced risks that affect food security, water 
availability, natural disasters, ecosystem stability and 
human health (UNDP 2008; OECD 2008). For example, 
many of the 150 million urban inhabitants, who are 
likely to be at risk from extreme coastal flooding events 
and sea level rise, are likely to be the poor living in cities 
in developing countries (Nicholls et al. 2007).

As in the case of climate change, the link between 
ecological scarcity and poverty is well-established for 
some of the most critical environmental and energy 
problems. For example, for the world’s poor, global 
water scarcity manifests itself as a water poverty 
problem. One-in-five people in the developing world 
lacks access to sufficient clean water, and about half the 
developing world’s population, 2.6 billion people, do not 
have access to basic sanitation. More than 660 million of 
the people without sanitation live on less than US$ 2 a 
day, and more than 385 million on less than US$ 1 a day 
(UNDP 2006). Billions of people in developing countries 
have no access to modern energy services, and those 
consumers who do have access often pay high prices for 
erratic and unreliable services. Among the energy poor 
are 2.4 billion people who rely on traditional biomass 
fuels for cooking and heating, including 89 per cent of 
the population of Sub-Saharan Africa; and, the 1.6 billion 
people who do not have access to electricity (IEA 2002).

Thus, finding ways to protect global ecosystems, reduce 
the risks of global climate change, improve energy 
security, and simultaneously improve the livelihoods of 
the poor are important challenges in the transition to a 
green economy, especially for developing countries.

As this report demonstrates, a transition to a green 
economy can contribute to eradicating poverty. A 

number of sectors with green economic potential are 
particularly important for the poor, such as agriculture, 
forestry, fishery and water management, which have 
public goods qualities. Investing in greening these 
sectors, including through scaling up microfinance, is 
likely to benefit the poor in terms of not only jobs, but 
also secure livelihoods that are predominantly based 
on ecosystem services. Enabling the poor to access 
microinsurance coverage against natural disasters 
and catastrophes is equally important for protecting 
livelihood assets from external shocks due to changing 
and unpredictable weather patterns.

However, it must be emphasised that moving towards 
a green economy will not automatically address 
all poverty issues. A pro-poor orientation must be 
superimposed on any green economy initiative. 
Investments in renewable energy, for example, will have 
to pay special attention to the issue of access to clean 
and affordable energy. Payments for ecosystem services, 
such as carbon sequestration in forests, will need to 
focus more on poor forest communities as the primary 
beneficiaries. The promotion of organic agriculture 
can open up opportunities, particularly for poor small-
scale farmers who typically make up the majority of the 
agricultural labour force in most low-income countries, 
but will need to be complemented by policies to ensure 
that extension and other support services are in place.

In sum, the top priority of the UN MDGs is eradicating 
extreme poverty and hunger, including halving the 
proportion of people living on less than US$ 1 a day by 
2015. A green economy must not only be consistent with 
that objective, but must also ensure that policies and 
investments geared towards reducing environmental 
risks and scarcities are compatible with ameliorating 
global poverty and social inequity.

1 3 Pathways to a green economy

If the desirability of moving to a green economy is clear 
to most people, the means of doing so is still a work 
in progress for many. This section looks at the theory 
of greening, the practice and the enabling conditions 
required for making such a transition. However, before 
embarking on this analysis, the section frames the 
dimensions of the challenge.

How far is the world from a green economy?
Over the last quarter of a century, the world economy has 
quadrupled, benefiting hundreds of millions of people 
(IMF 2006). However, 60 per cent of the world’s major 
ecosystem goods and services that underpin livelihoods 
have been degraded or used unsustainably (Millennium 
Ecosystem Assessment 2005). This is because the 
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economic growth of recent decades has been 
accomplished mainly through drawing down natural 
resources, without allowing stocks to regenerate, and 
through allowing widespread ecosystem degradation 
and loss. 

For instance, today only 20 per cent of commercial fish 
stocks, primarily low priced species, are underexploited; 
52 per cent are fully exploited with no further room for 
expansion; about 20 per cent are overexploited; and 8 
per cent are depleted (FAO 2009). Water is becoming 
scarce and water stress is projected to increase with 
water supply satisfying only 60 per cent of world 
demand in 20 years (McKinsey and Company 2009). 
Agriculture saw increasing yields primarily due to the 
use of chemical fertilisers (Sparks 2009), yet has resulted 
in declining soil quality, land degradation, (Müller and 
Davis 2009) and deforestation – which resulted in 13 
million hectares of forest lost annually over 1990-2005 
(FAO 2010). Ecological scarcities are seriously affecting 
the entire gamut of economic sectors that are the 
bedrock of human food supply (fisheries, agriculture, 
freshwater, and forestry) and a critical source of 
livelihoods for the poor. At the same time, ecological 

scarcity and social inequity are clear indicators of an 
economy that is not sustainable. 

For the first time in history, more than half of the world 
population lives in urban areas. Cities now account for 75 
per cent of energy consumption (UN Habitat 2009) and 
of carbon emissions (Clinton Foundation 2010).1 Rising 
and related problems of congestion, pollution and poorly 
provisioned services affect the productivity and health 
of all, but fall particularly hard on the urban poor. With 
approximately 50 per cent of the global population now 
living in emerging economies (World Bank 2010) that are 
rapidly urbanising and developing, the need for green city 
planning, infrastructure and transportation is paramount. 

The transition to a green economy will vary considerably 
among nations, as it depends on the specifics of each 
country’s natural and human capital and on its relative 
level of development. As demonstrated graphically, there 
are many opportunities for all countries in such a transition 
(see Box 2). Some countries have attained high levels of 

1. For a critique of these figures, see Satterthwaite, D. (2008), “Cities’ 
contribution to global warming: notes on the allocation of greenhouse gas 
emissions”, Environment and Urbanization, 20 (2): 539-549..

Box 2: Towards a green economy: A twin challenge

Many countries now enjoy a high level of  
human development – but at the cost of a  
large ecological footprint. Others have a very  
low footprint, but face urgent needs to  
improve access to basic services such as  

health, education, and potable water. The challenge 
for countries is to move towards the origin of  
the graph, where a high level of human  
development can be achieved within planetary 
boundaries.
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human development, but often at the expense of their 
natural resource base, the quality of their environment, 
and high greenhouse gas (GHG) emissions. The challenge 
for these countries is to reduce their per capita ecological 
footprint without impairing their quality of life. 

Other countries still maintain relatively low per capita 
ecological footprints, but need to deliver improved levels 
of services and material well-being to their citizens. Their 
challenge is to do this without drastically increasing 
their ecological footprint. As the diagram illustrates, one 
of these two challenges affects almost every nation, and 
globally, the economy is still very far from being green.

Enabling conditions for a green economy
To make the transition to a green economy, specific 
enabling conditions will be required. These enabling 
conditions consist of national regulations, policies, 
subsidies and incentives, as well as international market 
and legal infrastructure, trade and technical assistance. 
Currently, enabling conditions are heavily weighted 
towards, and encourage, the prevailing brown economy, 
which depends excessively on fossil fuels, resource 
depletion and environmental degradation. 

For example, price and production subsidies for fossil 
fuels collectively exceeded US$ 650 billion in 2008 (IEA 
et al. 2010). This high level of subsidisation can adversely 
affect the adoption of clean energy while contributing 
to more greenhouse gas emissions. In contrast, enabling 
conditions for a green economy can pave the way for 
the success of public and private investment in greening 
the world’s economies (IEA 2009). At a national level, 
examples of such enabling conditions are: changes to 
fiscal policy, reform and reduction of environmentally 
harmful subsidies; employing new market-based 
instruments; targeting public investments to green key 
sectors; greening public procurement; and improving 
environmental rules and regulations, as well as their 
enforcement. At an international level, there are also 
opportunities to add to market infrastructure, improve 
trade and aid flows and foster greater international 
cooperation (United Nations General Assembly 2010).

At the national level, any strategy to green economies 
should consider the impact of environmental policies 
within the broader context of policies to address 
innovation and economic performance (Porter and Van 
der Linde 1995).2 In this view, government policy plays a 
critical role within economies to encourage innovation 
and growth. Such intervention is important as a means 
for fostering innovation and for choosing the direction 
of change (Stoneman ed. 1995; Foray ed. 2009). 

2. This point has been debated since at least the time of the initial 
statement of the Porter Hypothesis. Porter argued then that environmental 
regulation might have a positive impact on growth through the dynamic 
effects it engendered within an economy.

For some time, economists such as Kenneth Arrow 
have shown that competitive firms and competitive 
markets do not necessarily produce the optimal amount 
of innovation and growth within an economy (Arrow 
1962; Kamien and Schwartz 1982).3 Public intervention 
within an economy is therefore critically important for 
these purposes. This is because industries in competitive 
markets have few incentives to invest in technological 
change or even in product innovation, as any returns 
would be immediately competed away. This is one of the 
best-known examples of market failure in the context 
of competitive markets, and provides the rationale for 
various forms of interventions (Blair and Cotter 2005).

Examples of spurring growth and innovation can be seen 
from histories of many recently emerged economies. In 
the 1950s and 1960s, the Japanese and South Korean 
governments chose the direction of technological 
change through importing the technology of other 
countries (Adelman 1999). This changed in the 1970s 
when these economies shifted to aggressive policies 
for encouraging energy-efficient innovation. Shortly 
afterwards, Japan was one of the leading economies 
in the world in terms of research and development 
(R&D) investment in these industries (Mowery 1995).4 
This pattern of directed spending and environmental 
policies is being repeated today across much of Asia. 
The cases of South Korea and China in particular are 
illustrative, where a large proportion of their stimulus 
packages was directed at a “green recovery” and has 
now been instituted into longer-term plans for retooling 
their economies around green growth (Barbier 2010b).

Thus, moving towards a green development path is almost 
certainly a means for attaining welfare improvements across 
a society, but it is also often a means for attaining future 
growth improvement. This is because a shift away from basic 
production modes of development based on extraction 
and consumption and towards more complex modes of 
development can be a good long-term strategy for growth. 
There are several reasons why this shift might be good for 
long-term competitiveness as well as for social welfare.

First, employing strong environmental policies can drive 
inefficiencies out of the economy by removing those 
firms and industries that only exist because of implicit 
subsidies in under-priced resources. The free use of 
air, water and ecosystems is not a value-less good for 
any actor in an economy and amounts to subsidising 
negative net worth activities. Introducing effective 
regulation and market-based mechanisms to contain 

3. It has been known since at least the time of the seminal work of Kenneth 
Arrow (1962) and the structural work of Kamien and Schwartz (1982) that 
competitive firms and competitive markets need not produce the optimal 
amount of innovation and growth within an economy.

4. By 1987, Japan was the world leader in R&D per unit GDP (at 2.8 per cent) 
and the world leader in the proportion of that spent on energy-related R&D 
(at 23 per cent).
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pollution and limit the accumulation of environmental 
liabilities drives the economy in a more efficient direction.

Second, resource pricing is important not just for 
the pricing of natural capital and services, but also 
for pricing of all the other inputs within an economy. 
An economy allocates its efforts and expenditures 
according to relative prices, and under-priced resources 
result in unbalanced economies. Policy makers should 
be targeting the future they wish their economies to 
achieve, and this will usually require higher relative 
prices on resources. An economy that wishes to develop 
around knowledge, R&D, human capital and innovation 
should not be providing free natural resources.

Third, employing resource pricing drives investments 
into R&D and innovation. It does so because avoiding 
costly resources can be accomplished by researching 
and finding new production methods. This will include 
investment in all of the factors (human capital and 
knowledge) and all of the activities (R&D and innovation) 
listed above. Moving towards more efficient resource 
pricing is about turning the economy’s emphasis 
towards different foundations of development.

Fourth, these investments may then generate 
innovation rents. Policies that reflect scarcities that 
are prevalent in the local economy can also reflect 
scarcities prevalent more widely. For this reason, a 
solution to a problem of resource scarcity identified 
locally (via R&D investments) may have applicability 
and hence more global marketability. The first solution 
to a widely experienced problem can be patented, 
licensed and marketed widely. 

Fifth, aggressive environmental regulation may 
anticipate future widely-experienced scarcities and 
provide a template for other jurisdictions to follow. Such 
policy leadership can be the first step in the process 
of innovation, investment, regulation and resource 
pricing described above (Network of Heads of European 
Environment Protection Agencies 2005).

In sum, the benefits from a strong policy framework 
to address market failures and ecological scarcities 
will flow down the environment pathway that comes 
from altering the direction of an economy. Policies and 
market-based mechanisms that enhance perceived 
resource prices creates incentives to shift the economy 
onto a completely different foundation – one based more 
on investments in innovation and its inputs of human 
capital, knowledge, and research and development.

How to measure progress towards a green economy
It is difficult, if not impossible, to manage what is not 
measured. Notwithstanding the complexity of an overall 
transition to a green economy, appropriate indicators at 

both a macroeconomic level and a sectoral level will be 
essential to informing and guiding the transition. 

To complicate matters, conventional economic indicators, 
such as GDP, provide a distorted lens for economic 
performance, particularly because such measures fail to 
reflect the extent to which production and consumption 
activities may be drawing down natural capital. By either 
depleting natural resources or degrading the ability of 
ecosystems to deliver economic benefits, in terms of 
provisioning, regulating or cultural services, economic 
activity is often based on the depreciation of natural capital. 

Ideally, changes in stocks of natural capital would 
be evaluated in monetary terms and incorporated 
into national accounts. This is being pursued in the 
ongoing development of the System of Environmental 
and Economic Accounting (SEEA) by the UN Statistical 
Division, and the World Bank’s adjusted net national 
savings methods (World Bank 2006). The wider use 
of such measures would provide a better indication 
of the real level and viability of growth in income and 
employment. Green Accounting or Inclusive Wealth 
Accounting are available frameworks that are expected 
to be adopted by a few nations5 initially and pave the 
way for measuring the transition to a green economy at 
the macroeconomic level.

How might a green economy perform over time?
In this report, the macroeconomic Threshold 21 (T21) 
model is used to explore the impacts of investments in 
greening the economy against investments in business 
as usual. The T21 model measures results in terms of 
traditional GDP as well as its affects on employment, 
resource intensity, emissions, and ecological impacts.6

The T21 model was developed to analyse strategies 
for medium to long-term development and 
poverty reduction, most often at the national level, 
complementing other tools for analysing short-term 
impacts of policies and programmes. The model is 
particularly suited to analysing the impacts of investment 
plans, covering both public and private commitments. 
The global version of T21 used for purposes of this report 
models the world economy as a whole to capture the 
key relationships between production and key natural 
resource stocks at an aggregate level.

The T21 model reflects the dependence of economic 
production on the traditional inputs of labour and physical 
capital, as well as stocks of natural capital in the form of 

5. World Bank, together with UNEP and other partners, have recently 
(at Nagoya, CBD COP-10, October 2009) announced a global project on 
Ecosystem Valuation and Wealth Accounting which will enable a group 
of developing and developed nations to test this framework and evolve 
a set of pilot national accounts that are better able to reflect and measure 
sustainability concerns.

6. See the Modelling chapter for details on the T21 model.
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resources, such as energy, forest land, soil, fish and water. 
Growth is thus driven by the accumulation of capital – 
whether physical, human or natural – through investment, 
also taking into account depreciation or depletion of 
capital stocks. The model is calibrated to reproduce the past 
40-year period of 1970-2010; simulations are conducted 
over the next 40-year period, 2010-2050. Business-as-usual 
projections are verified against standard projections from 
other organisations, such as the United Nations Population 
Division, World Bank, OECD, the International Energy 
Agency, and the Food and Agriculture Organization. 

The inclusion of natural resources as a factor of production 
distinguishes T21 from all other global macroeconomic 
models (Pollitt et al. 2010). Examples of the direct 
dependence of output (GDP) on natural resources are 
the availability of fish and forest stocks for the fisheries 
and forestry sectors, as well as the availability of fossil 
fuels to power the capital needed to catch fish and 
harvest timber, among others. Other natural resources 
and resource efficiency factors affecting GDP include 
water stress, waste recycle and reuse and energy prices7. 

Based on existing studies, the annual financing demand 
to green the global economy was estimated to be in the 
range US$ 1.05 to US$ 2.59 trillion. To place this demand in 
perspective, it is about one-tenth of total global investment 
per year, as measured by global Gross Capital Formation. 
Taking an annual level of US$ 1.3 trillion (2 per cent of 
global GDP) as a reference scenario, varying amounts of 
investment in the 10 sectors covered in this report were 
modelled to determine impact on growth, employment, 
resource use and ecological footprint. The results of the 
model, presented in more detail in the modelling chapter, 
suggest that over time investing in a green economy 
enhances long-term economic performance. Significantly, 
it does so while enhancing stocks of renewable resources, 
reducing environmental risks, and rebuilding capacity to 
generate future prosperity. These results are presented in a 
disaggregated form for each sector to illustrate the effects 
of this investment on income, employment and growth, 
and more comprehensively, in the modelling chapter.

1 4 Approach and structure 
– Towards a green economy

This report focuses on 10 key sectors considered to be 
driving the defining trends of the transition to a green 
economy. These trends include increasing human well-

7. The T21 analysis purposely ignores issues such as trade and sources of 
investment financing (public vs private, or domestic vs foreign). As a result, 
the analysis of the potential impacts of a green investment scenario at a 
global level are not intended to represent the possibilities for any specific 
country or region. Instead, the simulations are meant to stimulate further 
consideration and more detailed analysis by governments and other 
stakeholders of a transition to a green economy.

being and social equity, and reducing environmental 
risks and ecological scarcities. Across many of these 
sectors, greening the economy can generate consistent 
and positive outcomes for increased wealth, growth in 
economic output, decent employment and reduced 
poverty. 

In Part I, the report focuses on those sectors derived from 
natural capital – agriculture, fishing, forests and water. 
These sectors have a material impact on the economy as 
they form the basis for primary production, and because 
the livelihoods of the rural poor depend directly upon 
them. The analysis looks at the principal challenges 
and opportunities for bringing more sustainable and 
equitable management to these sectors, and reviews 
investment opportunities to restore and maintain the 
ecosystem services that underpin these sectors. In so 
doing, the chapters highlight several sector-specific 
investment opportunities and policy reforms that are 
of global importance as they appear replicable and 
scalable in the goal to transition to a green economy. 

In Part II, the report focuses on those sectors that may be 
characterised as “built capital”, traditionally considered 
the brown sectors of the economy. In these sectors 

– such as transportation, energy and manufacturing 
– the report finds large opportunities for energy and 
resources savings. These savings, it is argued, can be 
scaled up and become drivers of economic growth and 
employment, as well as having important equity effects 
in some cases. Resource efficiency is a theme that has 
many dimensions as it cuts across energy efficiency in 
manufacture and habitation, materials efficiency in 
manufacture, and better waste management.

Finally, after providing an in-depth overview of the 
modelling conducted for this report and before 
examining options for financing the green economy, 
Part III focuses on enabling conditions for ensuring 
a successful transition to a green economy. These 
include appropriate domestic fiscal measures and policy 
reforms, international collaboration through trade, 
finance, market infrastructure, and capacity building 
support. Much has been said about the potential for a 
green economy to be used as a pretext for imposing 
aid conditionalities and trade protectionism. This report 
argues that to be green, an economy must not only 
be efficient, but also fair. Fairness implies recognising 
global and country level equity dimensions, particularly 
in assuring a just transition to an economy that is low-
carbon, resource efficient, and socially inclusive. These 
enabling conditions for a fair and just transition are 
described and addressed at length in the final chapters 
of this report before conclusions, along with the steps 
necessary to mobilise finance at scale for a global 
transition to a green economy.
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Key messages
1. Feeding an expanding and more demanding world population in the first half of this century, 
while attending to the needs of nearly one billion people who are presently undernourished and 
addressing climate change, will need managed transitions away from “business-as-usual” (BAU) 
in both conventional1 and traditional2 farming. In different ways and in varying degrees, current 
farming systems deplete natural capital and produce significant quantities of global greenhouse 
gases (GHG) and other pollutants, which disproportionately affect the poor. The continued demand 
for land-use changes is often responsible for deforestation and loss of biodiversity. The economic cost 
of agricultural externalities amounts to billions of US dollars per year and is still increasing. A package 
of investments and policy reforms aimed at greening agriculture3 will offer opportunities to diversify 
economies, reduce poverty through increased yields and creation of new and more productive green 
jobs − especially in rural areas, ensure food security on a sustainable basis, and significantly reduce the 
environmental and economic costs associated with today’s industrial farming practices.

2. Green agriculture is capable of nourishing a growing and more demanding world population at 
higher nutritional levels up to 2050. It is estimated that an increase, from today’s 2,800 Kcal availability 
per person per day to around 3,200 Kcal by 2050, is possible with the use of green agricultural practices 
and technologies. It is possible to gain significant nutritional improvements from increased quantity 
and diversity of food (especially non-cereal) products. During the transition to a greener agriculture, 
food production in high-input industrial farming may experience a modest decline, while triggering 
significant positive responses in more traditional systems run by small farmers in the developing world, 
and producing the majority of stable crops needed to feed the world population. Public, private and 
civil initiatives for food production and social equity will be needed for an efficient transition at farm 
level and to assure sufficient quality nutrition for all during this period.

3. Green agriculture will reduce poverty. Environmental degradation and poverty can be 
simultaneously addressed by applying green agricultural practices. There are approximately 2.6 billion 
people who depend on agriculture for livelihood, a vast majority of them living on small farms and 
in rural areas on less than US$1 per day. Increasing farm yields and return on labour, while improving 
ecosystem services (on which the poor depend most directly for food and livelihoods) will be key to 
achieving these goals. For example, estimates suggest that for every 10 per cent increase in farm yields, 
there has been a 7 per cent reduction in poverty in Africa, and more than 5 per cent in Asia. Evidence 
shows that the application of green farming practices has increased yields, especially on small farms, 
between 54 and 179 per cent.

4. Reducing waste and inefficiency is an important part of the green agriculture paradigm. 
Crop losses due to pests and hazards, combined with food waste in storage, distribution, marketing 
and at the household level, account for nearly 50 per cent of the human edible calories that are 
produced. Currently, total production is around 4,600 Kcal/person/day, but what is available for human 
consumption is around 2,000 Kcal/person/day. The Food and Agriculture Organisation (FAO) suggests 
that a 50 percent reduction of losses and wastage in the production and consumption chain is a 

1. Refer to section 1.2 for more details about what this report categorises as conventional or industrial agriculture.

2. Refer to section 1.3 for detailed information about what this report considers traditional, smallholder and subsistence farming.

3. Refer to section 1.4 for detailed information about a green agriculture paradigm.

4. For details, refer to the Modelling Chapter of this report.
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necessary and achievable goal. Addressing some of these inefficiencies – especially crop and storage 
losses – offers opportunities that require small investments in simple farm and storage technology on 
small farms, where it makes the most material difference to smallholder farmers. The FAO reports that 
although reducing post-harvest losses could be achieved relatively quickly, less than five percent of 
worldwide agricultural research and extension funding currently targets this problem. 

5. Greening agriculture requires investment, research and capacity building. This is needed 
in the following key areas: soil fertility management, more efficient and sustainable water use, crop 
and livestock diversification, biological plant and animal health management, an appropriate level 
of mechanisation, improving storage facilities especially for small farms and building upstream and 
downstream supply chains for businesses and trade. Capacity building efforts include expanding 
green agricultural extension services and facilitating improved market access for smallholder farmers 
and cooperatives. The aggregate global cost of investments and policy interventions required for the 
transition towards green agriculture is estimated to be US$ 198 billion per year from 2011 to 2050.4 
The value added in agricultural production increases by 9 per cent, compared with the projected BAU 
scenario. Studies suggest that “Return on investments (ROI) in agricultural knowledge, science and 
technology across commodities, countries and regions on average are high (40-50 per cent) and have 
not declined over time. They are higher than the rate at which most governments can borrow money”. 
In terms of social gains, the Asian Development Bank Institute concluded that investment needed to 
move a household out of poverty, in parts of Asia, through engaging farmers in organic agriculture, 
could be as little as US$ 32 to US$ 38 per capita.

6. Green agriculture has the potential to be a net creator of jobs that provides higher return on 
labour inputs than conventional agriculture. Additionally, facilities for ensuring food safety and 
higher quality of food processing in rural areas are projected to create new better quality jobs in the 
food production chain. Modelled scenarios suggest that investments aimed at greening agriculture 
could create 47 million additional jobs in the next 40 years, compared with the BAU scenario.

7. A transition to green agriculture has significant environmental benefits. Green agriculture 
has the potential to: rebuild natural capital by restoring and maintaining soil fertility; reduce soil 
erosion and inorganic agro-chemical pollution; increase water-use efficiency; decrease deforestation, 
biodiversity loss and other land use impacts; and significantly reduce agricultural GHG emissions. 
Importantly, greening agriculture could transform agriculture from being a major emitter of GHG to 
one that is net neutral, and possibly even be a GHG sink, while reducing deforestation and freshwater 
use by 55 per cent and 35 per cent, respectively.

8. Green agriculture will also require national and international policy reforms and innovations. 
Such policy changes should focus particularly on reforming environmentally harmful subsidies that 
artificially lower the costs of some agricultural inputs and lead to their inefficient and excessive use. In 
addition, they should promote policy measures that reward farmers for using environmentally-friendly 
agricultural inputs and farming practices and creating positive externalities such as improved ecosystem 
services. Changes in trade policies that increase access of green agricultural exports, originating in 
developing countries to markets in high income countries, are also required, along with reforms of trade-
distorting production and export subsidies. These will facilitate greater participation by smallholder 
farmers, cooperatives and local food processing enterprises in food production value chains.
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1  Introduction

This chapter makes a case for investing in greening 
the agriculture5 sector, emphasising the potential 
global benefits of making this transition. It provides 
evidence to inspire policymakers to support increased 
green investment and guidance on how to enable this 
transformation, which aims to enhance food security, 
reduce poverty, improve nutrition and health, create 
rural jobs, and reduce pressure on the environment, 
including reducing GHG emissions.

The chapter begins with a brief overview of agriculture at 
the global level, followed by a discussion on conceptual 
issues including two predominant farming-practice 
paradigms, i.e. conventional (industrialised) agriculture 
systems and traditional (subsistence) smallholder 
agriculture. The section ends with a brief description of 
key characteristics of the green agriculture paradigm. 
Section 2 presents the major challenges and opportunities 
related to the greening the agriculture sector and Section 
3 discusses a wide range of sustainable agriculture 
practices, mostly using examples and evidence from 
the organic sector, which is relatively rich in data. The 
section starts with an overview of the cost of degradation 
resulting from current agricultural practices and benefits 
of greening the sector. It is followed by an outline 
of some of the priorities for investment. The section 
ends with a discussion on the results of an economic 
modelling exercise, which presents future scenarios for 
green agriculture and business-as-usual (BAU). Section 4 
shows how global and national policy as well as capacity 
building and awareness raising can facilitate necessary 
investments and encourage changes in agricultural 
practices. Section 5 concludes the discussion.

1.1 General background

Agriculture is a major occupational sector in many 
developing countries and is an important source of 
income for the poor. World Bank statistics (2010) show 
agricultural value-added as a percentage of GDP to be 
3 per cent for the world as a whole, and 25 per cent for 
low income countries (LICs), 14 per cent for lower middle 
income countries (LMICs), 6 per cent for upper middle 
income countries (UMICs) and 1 per cent for high income 
countries (HICs).6 Approximately 2.6 billion people rely on 
agricultural production systems – farming, pastoralism, 
forestry or fisheries – for their livelihoods (FAOSTAT 2004).

To date, global agricultural productivity has more than 
kept up with population growth (FAO 2009; IAASTD 

2009). However, agricultural productivity per worker 
and per land unit varies a great deal across countries. 
Agricultural productivity per worker in 2003-05 was 95 
times higher in HICs than in LICs, and this difference 
increased compared with 1990-1992, when it was 72 
times higher. Industrial agriculture mostly practiced 
in developing countries, continues to generate high 
levels of production – more than 50 per cent of the 
world value added in agriculture and food processing 
– but it also accounts for proportionally more adverse 
environmental impacts than lower-yield traditional 
farming (World Bank 2010). Agriculture in developing 
countries is becoming more productive. Over the above 
period, aggregate agricultural productivity per worker 
in developing countries increased by 21 per cent, albeit 
from a very low base.

Despite the increasing productivity of agriculture, nearly 
1 billion people remain malnourished. Between 2000 and 
2007, over a quarter (27.8 per cent) of children under the 
age of five in LICs were malnourished (World Bank 2010). 
Moreover, over half of food-insecure families are rural 
households, often in countries such as India that have 
food surpluses. A transition in the agricultural paradigm 
must also assist in meeting this challenge.

Agriculture also has tremendous potential to alleviate 
poverty. A large proportion of the rural population and 
labour force in developing countries is employed in 
agriculture. On average, the contribution of agriculture 
to raising the incomes of the poorest is estimated to be at 
least 2.5 times higher than that of non-agriculture sectors 
in developing countries. Underscoring the relationship 
between increasing yields and return on labour with 
poverty, Irz et al. (2001) estimate that for every 10 per cent 
increase in farm yields, there was a 7 per cent reduction 
in poverty in Africa and more than a 5 per cent poverty-
reduction effect for Asia. Growth in manufacturing and 
services do not show a comparable impact on poverty 
reduction. The World Bank (2010) reported that an 
increase in overall GDP derived from agricultural labour 
productivity was, on average, 2.9 times more effective in 
raising the incomes of the poorest quintile in developing 
countries than an equivalent increase in GDP derived 

5. In this report agriculture includes only crop and animal husbandry 
unless clearly indicated otherwise. Forestry and fisheries are covered in 
separate chapters.

6. World Bank Classification: Low-income economies (US$ 1,005 or less), 
Lower-middle-income economies (US$ 1,006 to US$ 3,975), Upper-middle-
income economies (US$ 3,976 to US$ 12,275), High-income economies 
(US$ 12,276 or more); Available at: http://data.worldbank.org/about/country-
classifications/country-and-lending-groups.
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from non-agricultural labour productivity. Using cross-
country regressions per region, Hasan and Quibriam 
(2004) found greater effects from agricultural growth on 
poverty (defined as less than US$ 2 per day per person) 
reduction in sub-Saharan Africa and South Asia. (This 
trend was not seen in East Asia and Latin America where 
there were greater poverty-reducing effects of growth 
originating in non-agriculture sectors).

Despite the potential contribution of agriculture to 
poverty alleviation, mainly owing to the urban bias of 
many national government policies (Lipton 1977), rural 
sectors in most developing countries have not received 
the levels of public investment required to support 

the development of a thriving agriculture sector. 
Government expenditure on agriculture in developing 
countries dropped from 11 per cent in the 1980s to 
5.5 per cent in 2005, with the same downward trend 
observed in official development assistance going 
to the agriculture sector, which fell from 13 per cent 
in the early 1980s to 2.9 per cent in 2005 (UN-DESA 
Policy Brief 8, October, 2008). In Africa, governments 
publicly committed in the Maputo Declaration of 2000 
to spending 10 per cent of their GDP on agriculture, 
including rural infrastructure spending (UNESC ECA 
2007). However, only eight countries had reached the 
agreed level by 2009 (CAADP 2009).

Between 1980 and 2000, an inverse association was 
noted between the contribution of agriculture to GDP 
and public spending on agriculture as a percentage 
of agricultural GDP as shown in Figure 2, which 
distinguishes between agriculture-based, transforming 
and urbanised countries7.

The result of this long-term neglect of the agriculture 
sector in developing countries is that rural poverty rates 
consistently exceed those in urban areas, with more than 
75 per cent of the world’s most impoverished people living 
in rural areas, and many seeking ways to migrate to cities 
(IFAD 2003). We note that in this scenario, poverty can 
result in environment-related economic consequences if 
crop production is based upon unsustainable land use, 
which in turn results in the depletion of soil nutrients and 
cultivation of unsuitable, marginal land that can lead to 
soil erosion, degradation of ecosystems and the reduction 
of natural habitats8 for biodiversity.

In the following paragraphs, we discuss particular 
attributes of conventional and small-scale agricultural 
practices that have exacerbated these trends. 

Figure 1: Total average contribution to poverty 
reduction from growth of agricultural, remittance 
and non-farm incomes in selected countries
Source: OECD calculations based on data from Povcalnet (2009); WDI (2009)

Figure 2: Contribution of agriculture to GDP and public expenditure on agriculture as a proportion of 
agricultural GDP
Source: EarthTrends, based on year 2000 data obtained from WDR Overview. Available at: http://siteresources.worldbank.org/INTWDR2008/Resources/2795087-1192112387976/WDR08_01_Overview.pdf

7. Agriculture based = developing, Transforming = new industrialised, Urbanised = developed-countries.

8. This poverty-environment nexus is a well researched area. For a framework and review, see Opschoor (2007).

Agriculture

Remittances

Non-Agriculture

35%

52%

13%

0

5

10

15

20

25

30 29 29

24

16
14

4 4

10 11

17

12
10

Agricultural GDP/GDP

Agriculture-based

1980 2000

Transforming Urbanized

1980 2000

0

5

10

15

20

25

30
PercentPercent

Public spending on agriculture/agricultural GDP

Agriculture-based Transforming Urbanized

39



Towards a green economy

380

360

340

320

300

280

0.28

0.24

0.20

0.16

0.12

38

34

30

26

22

1960 1970 1980 1990 2000

1960 1970 1980 1990 2000

Pe
r c

ap
ita

 ce
re

al 
an

d 
m

ea
t p

ro
du

cti
on

 (k
g)

Gl
ob

al 
irr

iga
tio

n 
(b

illi
on

s [
10

9 ] h
a)

Pe
r c

ap
ita

 m
ea

t p
ro

du
cti

on
 (k

g)

Cereals

Meat
Nitrogen

Phosphorus

Pesticides

80

60

40

20

0
1960 1970 1980 1990 2000

M
illi

on
s t

on
ne

s. 
W

or
ld,

 e
xc

lud
ing

 fo
rm

er
 U

SS
R 

Water

3.0

2.0

1.0

0
1940 19601950 1970 1980 1990 2000

M
illi

on
s t

on
ne

s

Increased use of irrigation

Global total use of nitrogen and phosphorus fertilisers

Total global pesticides production

Global trends in cereal and meat production

C

M

Y

CM

MY

CY

CMY

K

fig3.pdf   1   1/11/11   10:43 AM

1.2 Conventional/industrial agriculture

Conventional (industrial) agriculture is characterised by 
farming practices that rely on use of external farming 
inputs. Most of the large scale industrial farming is 
considered energy-intensive (using 10 calories of 
energy for every calorie of food produced), whose 
high productivity (kg/ha) relies on the extensive use of 
chemical fertilisers, herbicides, pesticides, fuel, water, 
and continuous new investment (e.g. in advanced seed 
varieties and machinery).

The impressive productivity gains of the Green 
Revolution of the last few decades took place mainly 
in conventional agriculture. These productivity gains 
were triggered by investment in agricultural research 
and expansion in public-sector extension services.9 The 
productivity increases of the Green Revolution relied 
primarily on the development of higher-yield varieties 
of major cereal crops (i.e. wheat, rice and corn/maize), 
a significant increase in the use of irrigation, inorganic 

fertilisers, pesticide/herbicide use and fossil fuel-based 
farm machinery. 

Despite substantial gains in total crop production, the 
consequences of the revolution have not been entirely 
positive. Production gains have been highly correlated 
with increased use of non-renewable resource inputs, 
and have often entailed significant environmental costs 
due to their overuse (Figure 3). Industrial agriculture 
consumes on average 10 exosomatic energy calories 
(derived from fossil fuel energy resources) for every 
food endosomatic energy calorie (derived from human 
metabolism of food) that is produced and delivered 
to the consumer (Giampietro and Pimentel 1994). 
This energy-intensity, in many cases, is encouraged 
by subsidising inorganic fertiliser, fuel and electric 
power used on farms. In addition, biodiversity losses 
have resulted from production subsidies targeted at 
a limited number of crops. Industrial agriculture has 
also resulted in shrinking the agricultural labour force 
even as farm outputs have dramatically increased, 
a trend intensified to some extent by subsidies for 
farm mechanisation. (Lyson 2005; Dimitri et al. 2005; 
Knudsen et al. 2005; ILO 2008).

Figure 3: Global trends in cereal and meat production, nitrogen and phosphorus fertiliser use, irrigation 
and pesticide production
Source: Tilman et al. (2002) and IAASTD/Ketill Berger, UNEP/GRID-Arendal (2008). Available at: http://maps.grida.no/go/graphic/global-trends-in-cereal-and-meat-production-total-use-of-

nitrogen-and-phosphorus-fertilisers-increas

9. For an overview refer to Ruttan (1977), and for a critique refer to Shiva 
(1989).
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1.3 Traditional/small farm/
subsistence agriculture

Traditional (subsistence) smallholder agriculture typically 
rely on indigenous and traditional knowledge that is 
based on farming practices used for several generations, 
has limited or no use of off-farm inputs, and results in low-
productivity, low value added per worker and primarily 
reliant on extracting soil nutrients with insufficient 
replenishment by either organic or inorganic fertilisers. 
Generally, it is susceptible to yield losses due to erratic 
rainfall, pest and weed infestations and other production-
related risks. It can trap already poor farmers in a downward 
spiral of growing poverty and social marginalisation.

Traditional agriculture has limited scope for capital 
intensive farm mechanisation and intensive use of 
external agrochemical inputs. Many smallholders’ 
plots, overarchingly located in developing countries, 
are too small to realise the economies of scale required 
for most of the available commercial farm machinery. 
In addition, the high cost of purchased inputs, such 
as chemical fertilisers, pesticides and seeds, generally 
require that at least some portion of the crops produced 
must be sold to recover costs. Failure to modernise 
land tenure systems, which can facilitate distribution, 
consolidation, and the use of land as security for bank 
loans are important barriers to the commercialisation 
of small-scale agriculture in many developing countries. 
Commercialisation is further limited by inadequate 
road transportation linking food-producing areas to 
large urban centres. For these reasons, value added 
per worker in developing countries is far below that of 
industrialised economies. Whereas the average value 
added per agricultural worker in OECD countries in 2003 
was US$ 23,081 (which grew at 4.4 per cent per year 
between 1992 and 2003, in Africa, the figures were only 
US$ 327 and 1.4 per cent, respectively (IAASTD 2009b). 

Worldwide, there are 525 million small farms, 404 million 
of which operate on less than two hectares of land 
(Nagayets 2005). These small farmers in the developing 
world produce the majority of staple crops needed to 
feed the planet’s population (Altieri 2008). Their highest 
share is in Africa where about 90 per cent of all agricultural 
production is estimated to be derived from small farms, 
(Spencer 2002). In many instances their contribution is 
growing at the national level. While the issue is contested, 
there is substantial evidence that smaller farms have 
higher yields than large farms (Banerjee 2000; Rosset 
1999; Faruqee and Carey 1997; Tomich et al. 1995; Barrett 
1993; Ellis 1993; Cornia 1985 and Feder 1985). In Kenya, 
the share of national agricultural production contributed 
by smallholders increased from 4 per cent in 1965 to 
49 per cent in 1985 (Lele and Agarwal 1989). In India, 
smallholders contributed over 40 per cent of food grain 
production in 1990-91, compared with only a third of 

Figure 4: Regional distribution of small farms
Source: Nagayets (2005), based on FAO 2001c and 2004c and national statistical agencies. 

Note: Small-scale farms are defined as those of less than 2 hectares. The total number of 
small-scale farms is 404 million.

Box 1: Agriculture at a 
crossroads

The key message of the Assessment of Agricultural 
Knowledge, Science and Technology for 
Development, published in 2009 is: “The way the 
world grows its food will have to change radically 
to better serve the poor and hungry if the world 
is to cope with a growing population and climate 
change while avoiding social breakdown and 
environmental collapse.” The Assessment calls for 
a fundamental shift in agricultural knowledge, 
science and technology (AKST) to successfully meet 
development and sustainability objectives. Such a 
shift should emphasise the importance of the multi-
functionality of agriculture, accounting for the 
complexity of agricultural systems within diverse 
social and ecological contexts and recognising 
farming communities, farm households, and 
farmers as producers and managers of ecosystems. 
Innovative institutional and organisational 
arrangements to promote an integrated approach 
to the development and deployment of AKST are 
required as well. Incentives along the value chain 
should internalise as many negative externalities as 
possible, to account for the full cost of agricultural 
production to society. Policy and institutional 
changes should focus on those least served in 
the current AKST approaches, including resource- 
poor farmers, women and ethnic minorities. It 
emphasises that small-scale farms across diverse 
ecosystems need realistic opportunities to increase 
productivity and access markets.
Source: IAASTD (2009)
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A diverse, locally adaptable set of agricultural techniques, 
practices and market branding certifications such as 
Good Agricultural Practices (GAP), Organic/Biodynamic 
Agriculture, Fair Trade, Ecological Agriculture, 
Conservation Agriculture and related techniques and 
food supply protocols exemplify the varying shades of 
green agriculture.

Farming practices and technologies that are instrumental 
in greening agriculture include:

 ■ restoring and enhancing soil fertility through the 
increased use of naturally and sustainably produced 
nutrient inputs; diversified crop rotations; and livestock 
and crop integration;

 ■ reducing soil erosion and improving the efficiency of 
water use by applying minimum tillage and cover crop 
cultivation techniques;

 ■ reducing chemical pesticide and herbicide use by 
implementing integrated and other environmental 
friendly biological pest and weed management 
practices; and 

 ■ reducing food spoilage and loss by expanding the use 
of post-harvest storage and processing facilities.

The greening of agriculture does not imply ruling out 
technologies or practices on ideological grounds. 
If a technology works to improve productivity for 
farmers, and does not cause undue harm to society 
and the environment, then it is very much part of the 
efforts for greening of agriculture. Although natural  
methods of pest and weed management and organic 
sources of fertiliser and seed are at one end of a 
green agriculture spectrum, the highly efficient and 
precise use of inorganic fertilisers, pest controls and 
technological solutions may also be included in the 
broad spectrum of sustainable farming practices. The 
Foresight Report (2011) presents resembling ideas given 
the need for the global food system to deliver much 
more than just food, and food security in the future. So 
greening of high input dependent agriculture, which 
has a high ecological footprint, could start by making 
the use of inputs most precise and efficient, gradually 
moving toward farming practices that have low or no 
ecological footprint. 

To be able to measure success in moving towards the 
objectives of greening agriculture, two categories of 
indicators are proposed in Table 1.

the total in 1980. As of the late 1990s, they also owned 
the majority of livestock and dominated the dairy sector 
(Narayanan and Gulati 2002). 

Despite their higher output per hectare and the 
significant contribution they make to food production, 
however, small farmers are often very poor. In a survey of 
smallholder households, 55 per cent in Kenya and 75 per 
cent in Ethiopia, respectively, fell below the poverty line 
(Jayne et al. 2003). Low prices, unfair business practices 
and lack of transportation, storage and processing 
infrastructure contribute to this situation. Half of all 
undernourished people, three-quarters of malnourished 
African children and the majority of people living in 
absolute poverty are found on small farms (Millennium 
Project Task Force on Hunger 2004; IFAD 2001). In 
the majority of countries, poor rural people are both 
sellers of food commodities and buyers of foodstuffs, 
at different times of the year. Typically, they sell 
immediately after harvest, usually at very low prices, to 
meet their immediate cash requirements, and buy food 
in the months prior to the following harvest, usually at 
higher prices, to meet their food needs (IFAD 2010b).

It is expected that expanding smallholder production 
through green agricultural practices and greater 
commercialisation and integrating them into supply 
chains will create more better rewarding jobs in rural 
areas. As farmers get wealthier, they are likely to withdraw 
from occasional labour (Wiggins 2009). Wealthier farmers 
are also likely to spend more on locally-produced goods 
and services leading to multiplier effects. Rural linkage 
models in Africa have estimated multiplier effects 
ranging from 1.31 to 4.62 for Burkina Faso, Niger, Senegal 
and Zambia (Delgado et al. 1994).

1.4 The greening of agriculture

The greening of agriculture refers to the increasing use of 
farming practices and technologies that simultaneously:

 ■ maintain and increase farm productivity and 
profitability while ensuring the provision of food and 
ecosystem services on a sustainable basis;

 ■ reduce negative externalities and gradually lead to 
positive ones; and

 ■ rebuild ecological resources (i.e. soil, water, air and 
biodiversity natural capital assets) by reducing pollution 
and using resources more efficiently.
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Table 1: Potential indicators for measuring progress towards green agriculture

Action indicators Outcome indicators

Number of enacted and implemented policy measures and officially approved 
plans that promote sustainable agriculture (including trade and export policy 
measures, payment for ecosystem services through agriculture, etc.)

Percentage and amount of land under different forms of green agriculture 
(organic, GAP-good agriculture practices, conservation, etc.)

Level of governmental support to encourage farmers to invest in conversion to 
green agriculture and get the farm and the product certified

Decline in use of agro-chemicals as a result of conversion to green agriculture; 
and the number and percentage of farmers converting to green agriculture

Percentage of agricultural budget that is earmarked for environmental objectives Increasing proportion of Payments for Environmental Services as a percentage of 
total farm income

Proportion of available producer support utilised for environmental objectives as 
a percentage of total agricultural producer support Number of agriculture extension officers trained in green agriculture practices

Approved measures that reduce or eliminate barriers to trade in technologies and 
services needed for a transition to a green agriculture.

Number of enterprises set up in rural areas, especially those that produce local 
natural agricultural inputs, to offer off-farm employment opportunities.
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2  Challenges and opportunities
Today, agriculture stands at a crossroads. There are calls 
for changing the way food is produced and distributed 
if the poor and hungry are to be served better and if the 
world is to cope with a growing population and climate 
change. This section presents some major challenges 
and opportunities in transitioning to a green agriculture. 

2.1 Challenges

Agriculture is facing a multitude of challenges on both 
the demand and supply side. On the demand side, these 
include food security, population growth, changing 
pattern of demand driven by increased income, and 
the growing pressure from biofuels. On the supply side, 
limited availability of land, water, mineral inputs and 
rural labour as well as the increasing vulnerability of 
agriculture to climate change and pre-harvest and post-
harvest losses are the main challenges. 

Increasing demand for food 
The most significant factors contributing to the 
increasing demand for food are the continued growth 
of the global population, especially in developing 

countries (Figure 5), and a rise in income levels in 
emerging economies. Demand for meat and processed 
food is rising with growing affluence. The current global 
population of more than 6 billion, of which 925 million 
are undernourished (FAO 2010), is forecast to reach 8.5-
9 billion by 2050, and per capita incomes are expected 
to rise by as much as a factor of 20 in India and 14 in 
China, respectively (Goldman Sachs 2007). Figure 6 
shows that rural populations are increasingly migrating 
to urban and peri-urban areas in developing countries. 
This has consequences for food demand and field-to-
table supply chains because the diets of urban dwellers 
show an increased proportion of processed foods. The 
prospect of the human population expanding by almost 
a third by 2050, combined with an expected rise in per 
capita demand for meat, dairy and vegetable products, 
requires geographically-focused efforts and a change in 
agricultural production patterns. 

Competing demand from biofuels
Growing interest in producing first-generation liquid 
biofuels to augment and replace petroleum-based 
transportation fuels is adding to the demand for starch, 
sugar and oilseed food commodities. For example, 

Figure 5: Distribution of population by age in more developed and less developed regions: 1950-2300
Source: UN ESA, World Population to 2300. Available at: http://www.un.org/esa/population/publications/longrange2/WorldPop2300final.pdf 
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Figure 6: Urban and rural population trends in 
developing regions
Source: Nordpil, Ahlenius (2009); United Nations Population Division (2007); World 

Urbanization Prospects: The 2007 Revision Population Database, Available at: http://esa.

un.org/unup/index.asp?panel=1
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the production of ethanol and bio-diesel fuels are 
predominantly based on food commodity feed stocks 
such as corn, sugarcane, soy, canola, sunflower and 
palm oil. Despite growing ethical, environmental, and 
economic concerns surrounding the use of food staples 
for producing these biofuels, there is continued public- 
and private-sector interest in their development. No 
matter where these crops are grown, they will inevitably 
compete with food crops for land, water and nutrients. 
Figure 7 shows food prices tracking fuel prices. At present, 
this alignment of food and energy prices may primarily 
result from the cost of fossil fuels used as an input in 
food production. But it is expected that the pattern will 
become more marked because of the competition for 
food crops that are used to produce biofuels.

As a result, significant efforts are being made to develop 
technologies for second-generation biofuels, which can be 
produced from non-food biomass feedstock such as ligno-
cellulosic wood and crop-residue wastes, perennially-
grown switch grass and algae. Such technologies can 
potentially enable the production of biofuels to be scaled 
up with fewer adverse impacts on global food security. 
However, much more analysis is needed regarding the 
degree to which converting large quantities of cellulosic 
feedstock to biofuels would displace the recycling of 
organic nutrients from crop residues to arable land, 
pastures and forests (Balgopal et al. 2010).

Limited arable land and scarce water
Approximately 1.56 billion hectares or 12 per cent of the 
earth’s total land surface area is arable land being used 
to produce crops for human and livestock consumption. 

In addition, some 3.4 billion hectares of pasture and 
woodland are now used for livestock production 
(Bruinsma 2009). The agricultural productivity of the 
available arable land is extremely varied. Crop yields 
in developed countries are generally far greater than 
the yields realised in most developing countries. These 
productivity differences result from different levels of 
natural soil fertility; fertiliser, pesticide and herbicide use; 
quality of cultivated plant species and seeds; availability 
and access to water; farmers’ education and access to 
information, credit and risk insurance and the degree of 
agricultural mechanisation.

Only limited additional land can be readily brought 
into agricultural production through conversion or 
rehabilitation. Moreover, the often highly fertile arable 
land surrounding cities is rapidly being converted into 
residential and commercial development as urbanisation 
gathers pace (Pauchard et al. 2006). Expanding cultivated 
areas is no longer the obvious way to increase production 
(exceptions are parts of sub-Saharan Africa and Latin 
America where some savanna areas could be brought 
into production). Furthermore, over-grazing by livestock 
and extended drought conditions are accelerating the 
desertification of fragile arid and semi-arid regions. 
Agriculture has contributed to land degradation in all 
regions, but is most severe in input-intensive production 
systems (notably in East Asia, Latin America, North America 
and Europe). Agricultural activities account for around 35 
per cent of severely degraded land worldwide (Marcoux 
1998). Given the high risk of further deforestation, 
developing countries will need to meet food-supply 
gaps by simultaneously increasing productivity and 

Figure 7: Trends in food commodity prices, 
compared with trends in crude oil prices
Source: Nordpil, Ahlenius (2009); Food and Agricultural Organisation of the United Nations 
(2008). International commodity prices., Available at: http://www.fao.org/es/esc/prices, IMF 
2008. IMF Primary Commodity Prices, monthly data for 8 price indices and 49 actual price 
series, 1980 – current, Available at: http://www.imf.org/external/np/res/commod/index.asp
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greening their agricultural practices, rather than seeking 
widespread expansion of arable land.

The agriculture sector is the largest consumer of fresh 
water, accounting for 70 per cent of global use, including 
rainfall run-off. A majority of crop lands are exclusively 
rain-fed, and only 24 per cent of arable land is cultivated 
with the help of irrigation from flowing surface waters 
or groundwater aquifers (Portmann et al. 2009). This 
distinction is important because irrigated fields are 
much more productive and produce nearly a third of all 
agricultural output (Falkenmark and Rockstrom 2004).

The increasing disruption of historical rainfall patterns 
experienced in many areas of the world is a cause for 
great concern since rain-fed farming is the dominant form 
of agriculture. The Intergovernmental Panel on Climate 
Change (IPCC) Fourth Assessment Report concluded that 
many observed changes in extremes, such as more frequent, 
heavy precipitation events and longer, more intense 
droughts, are consistent with warming of the climate 
system (IPCC 2007a). While affecting rain-fed agriculture, 
precipitation changes also adversely affect the recharge 
rates of aquifers and watersheds. The continued worsening 
of water-stress conditions suggests that efforts to increase 
the use of irrigation will gradually increase agricultural 
production costs. Clearly, practices that increase water-use 
efficiencies are required to alleviate this trend.

Figure 8 shows projections for global water stress in 
the future. The figure also underscores the need for 
increased coordination in water use nationally and across 
borders. In this context, the Mekong River Commission, 
which coordinates the watershed development plans of 
member states, is one of several promising supra-national 
river basin initiatives. 

Limited availability of mineral inputs
Industrial farming practices are dependent on inorganic 
fertilisers. In turn, the production and prices of these 
depend on the availability of fossil fuels, minerals and 
petro-chemicals. In this context, the demand for two 
major minerals – potassium and phosphorous – used 

Figure 8: Percentage of country populations that will be water stressed in the future
Source: Rost et al. (2009) Water limitation of crop production in the absence of irrigation, i.e. ratio of NPP (INO simulation) and NPP (OPT simulation), 1971–2000 averages. The lower the ratio 

the stronger the water limiation. Available at: http://iopscience.iop.org/1748-9326/4/4/044002/fulltext

Box 2: Opportunities for 
improved sanitation systems 
and organic nutrient recycling
There is a critical need to recover and recycle 
nutrients from organic waste streams and use 
them as productive inputs of organic fertiliser. 
Enormous quantities of valuable organic nutrients 
could be recovered from intensive livestock 
farming; food processing sites; municipal green 
wastes; and human sewage wastes in both rural 
and urban communities. It is particularly important 
to maximise the recovery of phosphorous 
nutrients from organic wastes; as a mineral, 
phosphate is essential to agricultural productivity 
and it has been estimated that economically 
recoverable global reserves may be depleted 
in 100 years (Cordell et al. 2010). Technologies 
are under development that would eliminate 
pathogens and other toxic elements from these 
waste streams and recover commercial quantities 
of phosphorus (Frear et al. 2010). It is expected 
that the rising costs of inorganic fertilisers will help 
accelerate research and commercialisation of such 
organic nutrient-recovery technologies.
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in fertiliser production, has been increasing. But known 
supplies of readily accessible, high-grade stocks, especially 
phosphate rock, are falling. Estimates of the longevity of 
these stocks vary dramatically.11 Nevertheless, only one-
fifth of the phosphorus mined for food production actually 
contributes to the food we consume, while the remainder 
is either polluting the world’s water or accumulating in 
soils or urban landfills (Cordell et al. 201012). Although it 
is expected that the increasing prices of phosphates and 
other minerals will lead to increases in supplies, including 
recovery of phosphate from wastewater treatment 
facilities, these prices are likely to continue to put upward 
pressure on the cost of fertilisers and food prices, which 
affects the poor’s access to food disproportionately. 

Post-harvest spoilage
Today, the volume of food produced globally is more 
than sufficient to feed a healthy population. But 
significant amounts of food produced around the world 
are lost or wasted after harvesting. As Figure 9b shows, 
in developed countries this primarily occurs in the retail, 
home and municipal food-handling stages. For example 
in the USA, around 40 per cent of all food produced is 
wasted, resulting in losses of all embedded inputs such 
as energy (equivalent to wasting 350 million barrels of 
oil per year), water (equivalent to about 40 trillion litres 
of water every year) and huge volumes of fertilisers 
and pesticides (Hall et al. 2009). Losses in developed 
countries are often caused by factors such as retailers’ 

rejection of produce due to poor appearance or super-
sized packages leading to post-retail spoilage. The latter 
can account for up to 30 per cent of the food bought by 
retail distributors. Post-retail food losses tend to be lower 
in developing countries. There, they mainly result from a 
lack of storage facilities, on-farm pest infestations, poor 
food-handling and inadequate transport infrastructure. 
For example, rice losses in developing countries may be 
as high as 16 per cent of the total harvest (Mejía 200313). 
Thus, there is ample scope for increasing food supplies 
and food security in developing countries through simple 
targeted investments in post-harvest supply chains.

Rural labour
The accelerating migration of rural populations to 
urban and peri-urban areas in developing regions of the 
world (Figure 6) has resulted in significant demographic 
changes in rural populations. Working-age men are likely 
to relocate to cities in search of employment, reducing 
the pool of men available for agricultural work. This rural 
out-migration of men has also resulted in a dominant 
role for women as smallholders in these regions; 
more than 70 per cent of smallholders in sub-Saharan 
Africa are women (World Bank, FAO and IFAD 2009). 
These demographic changes, while offering economic 
opportunities, have placed additional responsibilities 
on women, who invariably also have to care for their 
children and the elderly. 

Increased vulnerability of agriculture due to 
climate change
Modelling by the IPCC suggests that crop productivity 
could increase slightly at mid- to high-latitudes for mean 
temperature increases of up to 1-3°C (depending on the 
crop) (Easterling et al. 2007). However, at lower latitudes, 
especially in the seasonally dry and tropical regions, crop 

Figure 9a-b: The makeup of total food waste10

Source: Lundqvist et al.: SIWI (2008). Saving Water: From Field to Fork; Curbing Losses and Wastage in the Food Chain. Available at: http://maps.grida.no/go/graphic/losses-in-the-food-chain-from-

field-to-household-consumption; (Godfray (2010); Food Security: The Challenge of Feeding 9 Billion People. Available at: http://www.sciencemag.org/content/327/5967/812.figures-only
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10. Retail, food service, and home and municipal are aggregated for 
developing countries.

11. Steén (1998) indicates that phosphate stocks will be depleted by 50-100 
per cent by the end of 21st century, whereas Isherwood (2003) suggests 
that supplies could last between 600-1,000 years.

12. Available at: http://liu.diva-portal.org/smash/record.jsf?pid=diva2:291760.

13. Available at: http://www.fao.org/DOCREP/006/Y4751E/y4751e0o.htm.
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productivity could decrease as a result of even small local 
temperature increases (1-2°C). 

Further warming could have increasingly negative impacts 
in all regions. Climate change scenarios suggest that by 
2080 the number of undernourished people will increase, 
mostly in developing countries (see figure 10 ), by up to 170 
million above the current level. Intergovernmental Panel 
on Climate Change modelling indicates that an increased 
frequency of crop losses due to extreme climate events may 
overcome any positive effects of moderate temperature 
increases in temperate regions (Easterling et al. 2007).

In South Asia and sub-Saharan Africa, where some of the 
poorest people live and farm, the scenarios of climate 
change’s impacts on agriculture present a dire picture. 
Recent studies confirm that Africa is the most vulnerable 
continent to climate change because of multiple abiotic 
and biotic stresses and the continent’s low adaptive 
capacities (IPCC 2007b). Yields in Central and South Asia 
could decrease up to 30 per cent by the mid-21st century 
(IPCC 2007a). In drier areas of Latin America, climate 
change is expected to lead to salinity and desertification of 
some agricultural land, reducing the productivity of some 
important crops and animal husbandry (IPCC 2007a). 

Figure 11: Share of overseas development 
assistance for agriculture (1979–2007)
Source: Based on OECD (2010). The agricultural sector includes forestry and fishing, 

although they are separately identifiable in the data from 1996 onwards. Private funding  

is not covered. Available at: http://www.oecd.org/dataoecd/54/38/44116307.pdf

Figure 10: Expected future food insecurity
Source: CGIAR 2011. Available at: http://ccafs.cgiar.org/sites/default/files/assets/docs/ccafsreport5-climate__hotspots_advance-may2011.pdf

2.2 Opportunities

Many opportunities exist for promoting green agriculture. 
They include increased awareness by governments, 
donor interest in supporting agriculture development 
in low income countries, growing interest of private 
investors in sustainable agriculture and increasing 
consumer demand for sustainably produced food.

Government awareness
Governments, particularly in developed countries, have 
become increasingly aware of the need to promote more 
environmentally sustainable agriculture. Since the mid-
1980s, OECD countries have introduced a large number 
of policy measures addressing environmental issues in 
agriculture. Some of these are specific to the agriculture 
sector, including the practice of linking general support 
to environmental conditions; others are included in 
broader national environmental programmes. The result 
is that the environmental performance of agriculture has 
begun to improve in OECD countries. 

The proportion of global arable land dedicated to organic 
crops has increased from a negligible amount in 1990 to 
around to 2 per cent in 2010, and as much as 6 per cent 
in some countries. The extent of soil erosion and the 
intensity of air pollution have fallen; the amount of land 
assigned to agriculture has decreased even as production 
has increased, and there have been improvements in 
the efficiency of input use (fertilisers, pesticides, energy, 
and water) since 1990. However, subsidies for farm-fuel 
have continued to be a disincentive to greater energy 
efficiency (OECD 2008).

Donor support for agriculture development
Agriculture-related Overseas Development Assistance 
(ODA), which has fallen steadily over the past 30 years, 
began to pick up in 2006 as the current food crisis 
escalated. In 2009, at the G8 summit in Italy, wealthy 
nations pledged US$ 20 billion for developing-country 
agriculture. However, there is a pressing need to ensure 
that these investments, as Ban Ki-moon put it, “breathe 
new life into agriculture, one which permits sustainable 

Share of ODA for agriculture 
Percent

0

5

10

15

20

1979 1983 1987 1991 1995 1999 2003 2007

48



Agriculture

Figure 12: Global trade in organic food and drinks 
(1999-2009)
Source: Prepared by Asad Naqvi, Pratyancha Pardeshi based on the data from Sahota, A. (2009)

Box 3: Innovations in the 
agricultural supply chain increase 
shareholder and societal value

For investors, water risk exposure is increasingly 
becoming material for mitigating investment 
risk in companies. For example, Robeco Asset 
Management invests in mainstream companies 
and encourages them, through active dialogue, to 
implement policies and innovative practices that 
mitigate risks resulting from water scarcity to their 
operations and reputations. In doing so, it also 
encourages companies to find solutions that can 
enhance their performance, increase shareholder 
value and therefore contribute in the long-term to 
building and sustaining a green economy.

Cotton, one of the most water-intensive crops, 
is the focus of a dialogue with companies in 
the textile industry to develop water-efficiency 
targets and adopt sustainable supply-chain 
practices. Through Better Cotton Initiative (BCI), 
a platform has been created for exchange of 
experiences on the use of efficient irrigation 
technologies, farmer education programmes 
and reduction in the use of pesticides and 
acceptance of transparent sourcing efforts.
Source: Based on the information from Robeco Asset Management received 
through Lara Yacob, Senior Engagement Specialist (2010)

that can leverage larger multiples of private capital loans 
to smallholders who need working capital to undertake 
sustainable agriculture practices. 

Increasing consumer demand for sustainable food
Over the last few years, consumer demand for sustainably 
produced food has increased rapidly. Purchasing 
patterns of fairtrade products have remained strong 
despite the global economic downturn. In 2008, global 
sales of fairtrade products exceeded US$ 3.5 billion. 
Data collected by the International Trade Centre (ITC) 
and the Forschungsinstitut für biologischen Landbau 
(FiBL) shows that the major markets for organic food 
and beverages expanded on average by 10 to 20 per 
cent per year between 2000 and 2007 and reached US$ 
54.9 billion in 2009. This figure does not include markets 
for organic fibre, cosmetics and other luxury products. 
This demand has driven a similar increase in organically 
managed farmland. Approximately 32.2 million hectares 
worldwide are now farmed organically. In addition, 
as of 2007, organic wild products were harvested on 
approximately 30 million hectares.

14. Ban Ki-moon. (2010). Media coverage of his statement: available at 
http://www.un.org/apps/news/story.asp?NewsID=26670 , retrieved on 26 
January 2011.

15. These Principles are available at: http://siteresources.worldbank.org/
INTARD/214574-1111138388661/22453321/Principles_Extended.pdf 

yield improvements with minimal environmental 
damage and contributes to sustainable development 
goals”.14 Recently, the Food and Agriculture 
Organisation (FAO), World Bank, the United Nations 
Conference of Trade and Development (UNCTAD) and 
the International Fund for Agricultural Development 
(IFAD) have jointly proposed Principals for Responsible 
Agricultural Investments.15

Private funding interest 
Preferential access to credit and investment capital 
is one of the most important incentives to catalyse a 
transition to greener agriculture. The number, volume 
and rate of return of sovereign wealth funds (SWFs), 
pension funds, private equities and hedge funds with 
investment in agriculture, are increasing (McNellis 
2009). Major financial institutions are expanding their 
green portfolios to offer investment credit to companies 
that manufacture and market products that enable 
more efficient use of agricultural inputs and introduce 
innovative private enterprises (see Box 3). The public 
sector, especially in developing countries, should 
support finance mechanisms (e.g. loan-guarantee funds) 
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3  The case for greening agriculture
Both conventional and traditional agriculture generate 
substantial pressure on the environment, albeit in 
different ways. With very different starting positions, the 
pathways to green agriculture will vary substantially and 
will have to be sensitive to local environmental, social 
and economic conditions. Industrial agriculture needs to 
lessen its reliance on fossil fuels, water and other inputs. 
Both large and small farms can benefit from more on-farm 
recycling of nutrients by reintegrating livestock, which 
provide manure, and the cultivation of green manures to 
improve and maintain soil fertility (IAASTD 2009). 

3.1 The cost of environmental 
degradation resulting from agriculture

Several studies have estimated the cost of externalities 
caused by current agricultural practices, which include 
those from use of inputs such as pesticides and fertilisers 
leading, or example, to the pollution of waterways 
and emissions from farm machinery and food-related 
transport.

Agricultural operations, excluding land use changes, 
produce approximately 13 per cent of anthropogenic 
global GHG emissions. This includes GHGs emitted by the 
use of inorganic fertilisers agro-chemical pesticides and 
herbicides; (GHG emissions resulting from production 
of these inputs are included in industrial emissions); 
and fossil fuel-energy inputs. Agriculture also produces 
about 58 per cent of global nitrous oxide emissions and 
about 47 per cent of global methane emissions. Both of 
these gases have a far greater global warming potential 
per tonne than CO2 (298 times and 25 times respectively). 
Moreover, methane emissions from global livestock are 
projected to increase by 60 per cent by 2030 under 
current practices and consumption patterns (Steinfeld 
et al. 2006). The expansion of agricultural land at the 
expense of forests has been estimated to represent an 
additional 18 percent of total global anthropogenic GHG 
emissions (IAASTD 2009 and Stern 2007).

A study by Jules Pretty et al. (2001) estimated the annual 
costs of agricultural externalities to be US$ 2 billion in 
Germany and US$ 34.7 billion in the USA. This amounts 
to between US$ 81 and US$ 343 per hectare per year 
of grassland or arable land. In the UK, agriculture’s total 
environmental externality costs, including transporting 
food from the farm to market and then to consumers, 
have been calculated to be £ 5.1 billion per year 
for 1999/2000, a cost greater than annual net farm 
income (Pretty et al. 2005). In China, the externalities of 

pesticides used only in rice systems have been estimated 
to amount to US$ 1.4 billion per year in health costs to 
people, and adverse effects on both on- and off-farm 
biodiversity (Norse et al. 2001). The national pollution 
census in China revealed that agriculture was a larger 
source of water pollution than industry, discharging 13.2 
MT of pollutants (China’s National Pollution Census 2007; 
New York Times 2010). In Ecuador, annual mortality in 
the remote highlands due to pesticides is among the 
highest reported anywhere in the world at 21 people 
per 100,000 people. The economic benefits of Integrated 
Pest Management (IPM) based systems that eliminate 
these effects are increasingly beneficial (Sherwood et al. 
2005). Land degradation is costing ten Asian countries 
an economic loss of about US$ 10 billion, equivalent to 7 
per cent of their combined agricultural GDP (FAO 1994).

At the same time, as a result of the poor management 
of fertiliser usage during the last half-century, the 
phosphorus content in freshwater systems has 
increased by at least 75 per cent, and the flow of 
phosphorus to the oceans has risen to approximately 
10 million tonnes annually (Bennett et al. 2001; 
Millennium Ecosystem Assessment 2005; Rockstrom 
et al. 2009). The combined effects of phosphate and 
nitrogen water pollution, much of it linked to the use of 
inorganic fertilisers is the main cause of eutrophication, 
the human-induced augmentation of natural 
fertilisation processes which spurs algae growth that 
absorbs the dissolved oxygen required to sustain fish 
stocks (Smith & Schindler 2009). The estimated costs of 
the eutrophication in the USA alone run as high as US$ 
2.2 billion annually (Dodds et al. 2009).

Not all agricultural externalities are quantified and  
thus the calculations above probably underestimate 
the total cost to society. Conventional agriculture,  
for example, causes millions of cases of pesticide 
poisoning per year, resulting in over 40,000 deaths (FAO-
ILO 2009). It is important to note that most such cases 
remain unreported. 

Farmers who use chemical/synthetic farm inputs are 
significantly more indebted, especially in developing 
countries (Eyhorn et al. 2005; Shah et al. 2005; Jalees 
2008). For example, in Central India, cotton farmers 
bought inputs with loans at annual interest rates 
between 10-15 per cent (from cooperative societies) 
to over 30 per cent (from private money lenders). By 
contrast, those engaged in organic agriculture were far 
less likely to take loans owing to lower production costs 
and greater use of on-farm inputs (Eyhorn et al. 2005). 
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Although there is a difference of opinion on the issue, 
Jalees (2008) has argued that the main cause for the 
extremely high rate of suicide among Indian farmers is 
the debt-servicing obligations for working capital (e.g. 
fertilisers, pesticides and GM seeds) costs.

The following section present some on- and off-farm 
investment strategies that will help minimise, eliminate and 
gradually reverse the environmental and economic costs 
resulting from currently predominant forms of agriculture. 

3.2 Investment priorities for 
greening agriculture

Investments in R&D and Agribusinesses
One of the major reasons for the wide spread adoption 
of the Green Revolution that greatly increased 
agricultural productivity was the level of first public, then 
private-sector investment in R&D and the subsequent 
dissemination and commercial implementation of 
the results. These gains were also achieved with the 
introduction of irrigation and greater application 
of inorganic agrochemical inputs. A new wave of 
investment is needed to develop, deploy and diffuse 
resource-efficient technologies and agricultural inputs, 
farming practices, and seed and livestock varieties that 
would counter the environmental externalities that are 
often associated with the green revolution.

The International Assessment of Agricultural Knowledge, 
Science and Technology for Development noted that ROI 
in AKST across commodities, countries and regions on 
average are high (40-50 per cent) and have not declined 
over time. They are higher than the rate at which most 
governments can borrow money (Beintema and Elliott 
2010). The commercial rate of return, however, should 
not be the only determinant of the decision to invest in 
R&D for greening agriculture. The social rate of return 
would be considerably higher if rural communities 
could adequately monetise the ecosystem, livelihood 
and socio-cultural benefits that would accrue with their 
adoption of greener agriculture practices and land 
stewardship (Perrings 1999).

Research to improve the performance of biological 
nitrogen fixation processes, breeding plant, livestock 
and aquatic species for improved yields and adaptive 
resilience and developing perennial cereal crops would 
enable significant reductions in the energy, water and 
fertiliser inputs needed to cultivate commodity grains. 
Such research may require several decades to produce 
commercially viable crop varieties with these beneficial 
attributes. However, the impacts would be significant 
in terms of providing options for future generations’ 
dependency on expensive fossil fuel-based fertilisers 
and adapting to expected climate change.

Plant and animal health management (PAHM)
Field trials of improved PAHM practices have resulted in 
increased profitability of farms. Various intercropping 
strategies utilise selected plant species’ biochemical 
emissions to either attract or repel different insects, 
nematodes and other pests. One of the most effective 
such techniques is known as “push-pull”, which involves 
intercropping, for example, certain species of legumes 
and grasses with maize. Aromas produced by legumes 
planted on the perimeter of a field repel (push) maize 
pests, while scents produced by the grasses attract (pull) 
insects to lay their eggs on them rather than the maize.

The implementation of push-pull in eastern Africa has 
significantly increased maize yields and the combined 
cultivation of N-fixing forage crops has enriched the soil 
and has also provided farmers with feed for livestock. 
With increased livestock operations, the farmers are 
able to produce meat, milk and other dairy products 
and they use the manure as organic fertiliser that 
returns nutrients to the fields. In small-holder farming 
operations, the ability to support livestock for meat, milk 
and draft animal power is an important added benefit of 
this strategy (Khan et al. 2008). An economic analysis of 
a push-pull field trial in East Africa with 21,300 farmers 
revealed a benefit-cost ratio of 2.5 to 1. (Khan et al. 2008). 
The income returns for labour were US$ 3.7 per preson/
day with push-pull as opposed to US$ 1 person/day 
with their previous maize mono-cropping practice. The 
gross revenue ranges between US$ 424 and US$ 880 per 
hectare under push-pull and US$ 81.9 to US$ 132 per 
hectare in maize mono crop. Similar systems are being 
field-trialed for other cropping systems and it is likely 
that comparable rates of return will be realised.

Another example of PAHM practices is seen in Cameroon. 
In this case study (Dieu et al. 2006), cocoa farmers were 
trained in pruning, shade adjustment and phytosanitary 
harvesting methods that effectively maintained yields 
comparable to conventional practices that used 
multiple applications of fungicides. The farmers who 
practiced these techniques used 39 per cent fewer 
fungicides. Although labour costs increased by 14 per 
cent, total production costs decreased by 11 per cent 
relative to conventional practices. By introducing green 
farming, methods that relied on more knowledgeable 
labour inputs, a much larger share of the total costs of 
cocoa production was paid to workers within the local 
community. Imports of fungicide chemicals were also 
reduced, saving valuable foreign exchange. Additional 
benefits included reduced health costs and less 
environmental pollution (Velarde 2006).

Investments in PAHM should focus on research, training 
and investments in natural pest- management processes 
that defend, defeat and manage the many organisms 
that threaten agricultural production. While there are a 
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wide range of low-cost natural bio-control practices that 
improve the ability of plants and livestock to resist and 

suppress biotic stresses and combat pests, during the 
past few decades there has been a substantial increase 
of private and, to a much lesser degree, publicly-funded 
efforts to develop genetically modified (GM) crops to 
overcome pest and weed problems. After initial success, 
there is growing evidence of an evolving resistance 
to GMO crops by many pests and weeds. The IAASTD 
report (2009) recommended that research on the 
ecological, economic and social questions concerning 
the widespread application of GM crops should be 
increased, particularly in the public R&D sector, whose 
scientific advances could be more broadly and equitably 
available for use in developing countries. 

Table 2 presents selected evidence on the costs and 
benefits of plant and animal health management 
strategies (PAHM). Plant and animal health management 
practices reduce farmers’ input costs and their exposure 
to hazardous chemicals while effectively supporting 
productive crop yields. Plant and animal health 
management practices also reduce or replace the use 
of chemical insecticides that often kill non-targeted 
insects. Many insect species killed as collateral damage 
from such insecticides have beneficial environmental 
and agricultural roles as pollinators and as predators of 
other pests, and are part of the natural food chain.

Evidence presented in Table 2 show that all PAHM 
interventions are highly profitable. Intercropping is a 
particularly useful strategy with high benefit to cost 

Box 4: Cost of training 
smallholder farmers in green 
agriculture practices
In a recent report on organic agriculture, the 
ADB concluded that the cost of transition for 
farmers to move from conventional agricultural 
practices to organic practices, including the 
cost of certification, was approximately US$ 
77-170 per farmer for an average farm size 
of 1 hectare (ADB 2010). Training costs were 
estimated at US$ 6-14/farmer. These are fairly 
modest compared to the overall investment 
required for extricating farmers from poverty 
(an approximate investment of US$ 554-880, 
according to the World Bank (2008a). Yet there 
remain additional costs. These are the costs 
of enabling policies that allow research and 
development, market linkages and creating 
incentive systems on the demand and supply 
side. These costs cannot be understated and 
obviously require multilateral and bilateral 
support in the international arena.

Table 2: Selected evidence on benefits and costs of plant and animal health management

Strategy Crop and country Costs Benefits
Trends in revenues and profits 
after including additional costs 
of greening

Intercropping Maize intercropped with 
Desmodium uncinatum, East 
Africa (Khan et al. 2008).

Most costs are associated with 
additional labour costs.

Maize grain yield increases ranged 
from double to five times in 
plots using push-pull strategies 
compared to monocropped plots. 
Levels of pests reduced significantly 
and were completely eliminated 
in some. (Reductions ranged from 
75% to 99%).

Benefit to cost ratio is 2.5 to 1 
using the push-pull strategy. 
Gross revenues with push-pull 
were US$ 424-880/ha compared 
to 82-132/ha using a mono-
maize cultivation strategy.

Pest Management The wasp predator to fight 
the cassava bug in Africa 
(Norgaard 1988). Cocoa in 
Cameroon (Dieu et al. 2006).

The cost of introducing the 
wasp across cassava growing 
countries in Africa (1978-
2003) is estimated at US$ 
14.8 million. This includes 
research and distribution 
costs. For cocoa, IPM meant 
that labour costs increased 
by 14%. But total production 
costs decreased by 11% due to 
reduced use of fungicides.

Introducing the wasp predator 
introduction helped avoid 60% of 
the losses caused by the cassava 
mealy bug. In cocoa plantation, 
IPM reduced cost of fungicides 
by 39%.

Benefit cost ratio of 149 to 1 for 
the wasp predator strategy, across 
all cassava growing countries in 
Africa, 1978-2003. Reduced costs 
of fungicides in the context of 
obtaining similar yields can lead 
to increase in profitability for the 
farmers.

Bio-pesticides Fungal spores in fighting 
grasshopper in Benin, maize 
and cassava, cowpea and 
groundnuts crops (De Groote 
et al. 2001).

Estimated cost for effective 
intervention was US$ 4/ha.

Cumulative mortality of 
grasshoppers after 20 days of 
spraying was over 90%.

Bio-pesticides have small costs 
and major benefits of avoided 
damage. Yield losses due to 
grasshoppers can reach 90% in 
cowpea and 33% in maize.
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16. http://www.sustainablefoodlab.org.

ratios of 2.5 to 1. Compared with mono-cropping 
strategies push pull strategies and intercropping both 
imply an increased use of labour, but demonstrated 
returns are more than 200 per cent.

Similarly, pest management strategies that include 
introducing new predator species in Africa to combat 
losses caused by the mealy bug have proven to be 
extremely effective. Most significant costs are associated 
with research development and extension but the 
resulting increase in effective produce and diminished 
post-harvest losses contribute to more than an order of 
magnitude increase in returns. Unlike push-pull, these 
types of strategies are usually managed at a country or 
inter-country level and thus benefit from scale, while 
providing benefits to all farmers, regardless of their size 
and their possibility to invest in pest control.

Scaling up adoption of green agriculture by partnering 
with leading agribusinesses
A small number of corporations control a large 
share of the global agribusiness. The four biggest 
seed companies control more than half of the 
commercial seed market (Howard 2009), the biggest 
ten corporations (four of them are among the top 10 
seed companies) together control 82 per cent of the 
world pesticides business. The share of the top-ten 
corporations in the global market for food processing 
is 28 per cent, and the top 15 supermarket companies 
represent more than 30 per cent of global food sales 
(Emmanuel and Violette 2010). Investment decisions of 
these approximately 40 companies have the power to 
determine, to a large extent, how the global agriculture 
sector could endorse and encourage green and 
sustainable farming practices.

By greening the core business operations and supply 
chains, these corporations can play a major role in 
supporting a transition to greener agriculture. In 
addition, they can provide investments to develop and 
implement viable strategies for ensuring global food 
security based on optimal use of inorganic inputs and 
building capacity to recycle on-farm nutrients. Investing 
in building consumer awareness about benefits of 
sustainable agrifood products is another area that offers 
benefits for the environment and these businesses. 
One of the promising developments in the area of 
agribusiness and NGO partnerships to promote green 
agriculture is the Sustainable Food Laboratory.16

Strengthening the supply chains for green products 
and farm inputs
Demand for sustainably produced products is increasing 
but it is concentrated in developed countries. Investments 
in developing new markets in developing countries and 

expanding existing market in developed countries could 
(i) create new and high return employment opportunities 
for on- and off-farm sectors (e.g. certification auditors); 
(ii) shorten the field-to-market supply chains, and 
thus offer better prices to farmers in these countries; 
and (iii) help maintain the price premiums, which can 
range from 10 per cent to more than 100 per cent over 
a variety of conventionally- produced foods (Clark and 
Alexander 2010). A major challenge in this regard is 
consumer demand for less expensive food and high 
demand elasticities associated with premium prices 
for organic food and other products. As incomes rise 
and consumers learn more about lifestyle diseases, and 
in the absence of good food safety regulations or lack 
of their implementation, the negative health effects 
of some cheaper, conventionally produced foods, we 
expect to see in upper and middle income consumers an 
increasing willingness to pay for more environmentally 
sustainable and ethically produced (e.g. fairtrade, etc.) 
foods at prices that would cover their higher costs. 

The limited availability of substantial quantities of 
natural fertiliser and pesticides in many countries is a 
major constraint to the growth of sustainable farming 
practices. Large-scale composting of organic matter and 
recovery of livestock manures for commercial organic 
fertiliser products will be required in most farming 
regions. Investments in the production, supply and 
marketing of non-synthetic, natural inputs for farming 
will not only offer competitive returns but will also help 
in set up new small-scale businesses in rural areas. The 
bulk and volume of organic fertilisers that are required 
for equivalent applications of inorganic fertilisers make 
them not very cost-effective for long distance transport, 
thus necessitating relatively localised or regional 
compost-production capacities.

Farm mechanisation and post-harvest storage
Appropriate mechanisation of small and medium farms 
can significantly increase agricultural productivity and 
help green the farming practices. The degree to which 
there is access to farm mechanisation equipment (both 
draft animal and modern fuel-powered technology) will 
substantially determine achievable levels of productivity 
per unit of labour and of land. Use of (i) more energy-
efficient cultivating machines that incorporate plant 
residues into the soil to increase fertility, (ii) zero-tillage 
and minimal-tillage direct seeders for optimum planting 
uniformity and minimal topsoil disturbance, (iii) precision 
application systems for more efficient use of agrochemicals, 
(iv) drip and sparkling irrigation, and (v) harvest and post- 
harvest operations that include village-level processing of 
farm products and by-products are central to the green 
mechanisation of farms (Rodulfo and Geronimo 2004).

Since most farm mechanisation technologies require 
modern fuels or electric power to operate and fossil fuel 
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price increases are seen as inevitable, it is important 
that non-conventional energy sources such as biodiesel 
fuels and biogas power generation and process heat be 
developed and used in mechanised farming systems in 
developing countries. While there are examples of rural 
bioenergy production technologies operating throughout 
the world, in most cases these technologies remain 
uncompetitive mainly due to subsidies and policy support 
for fossil fuels and related farm machinery.

Coupled with farm mechanisation, which may negatively 
affect on-farm employment opportunities, investment 
in off-farm employment opportunities is needed. Food 
packaging and processing in rural areas would enable 
new non-farm jobs and could improve market access for 
agricultural produce. However, the feasibility of added 

value processing would be substantially determined 
by the quality of rural road infrastructure that connect 
to urban centres, ports and airports and the availability 
of skilled labour capable of operating food-handling 
facilities. In those cases where rural food processing is 
implemented, the residues from food processing should 
be composted or processed into organic fertilisers in 
order to avoid waste and to return needed organic 
nutrients to the nearby farm land. 

With regard to post-harvest storage, simple technologies 
with small investments can make a big difference. Small 
holder farmers with limited access to dry and sanitary 
storage and cold chain facilities often suffer post harvest 
food losses that can range from 20 per cent to more than 
30 per cent of their crop yields. Furthermore, without 
crop storage systems, farmers are usually compelled to 
sell their entire crop immediately at the time of harvest 
when market prices are much lower than levels possible 
several months after harvest (Kader and Rolle 2004). 
Investments in post-harvest storage can bring multiple 
economic and development benefits (Box 5). 

Improving soil and water management and 
diversifying crops and livestock
One of the most significant consequences of conventional 
agriculture is the rapid depletion of soil organic matter 
(SOM). Repeated cultivation degrades soils and lowers 
crop yields hence increases production costs. Strategies 
for better soil management have been experimented 
in Colombia, England, Morocco, Mexico and the USA. 
Results show yield increases ranging from 30 per cent to 
140 per cent. Some of these strategies include, growing 
and integrating back in soil nitrogen fixing fodder and 
green manure crops such as pea, ferns and cloves or rice 
straw, no-tillage and planting new seeds in crop residues, 
using waste biomass or biochar (still needs research to 
fully understand its true potential), and organic and 
mineral fertilisers. Table 3 presents evidence from field 
trials and plots in Colombia, England, Morocco, Mexico 
and the USA that show yield increases ranging from 
30 per cent to 140 per cent resulting from better soil 
management strategies. Nonetheless, each strategy does 
require some additional investments. Strategies such as 
nitrogen-fixing fodder or green manure mainly involve 
additional labour costs: additional labour is required to 
distribute fodder over land and for sowing and growing 
green manure plants. In addition, in some countries, the 
cost of fodder can be substantial since it can be used 
alternatively for feeding animals. Nevertheless, crop yield 
increases as high as 40 per cent are capable of making 
the investments profitable for farmers. 

The use of a no-tillage system strategy mainly requires 
additional capital outlays, which can be significant. 
In countries with developed markets for agricultural 
equipment no-tillage systems can be cheaper than 

Box 5: Simple storage: low 
investment, high returns

An FAO programme that supported the 
production and use of household and 
community- scaled metal silos for grain storage 
estimated that farmers who invested in silos 
were able to earn nearly three times the price 
for maize sold four months following harvest 
as opposed to the price paid at harvest (US$ 
38/100 kg of maize compared with US$ 13/100 
kg). The production costs for these metal silos 
ranged between US$ 20 for a 120 kg small-
capacity unit to US$ 70-US$ 100 for an 1800 kg 
large-capacity silo in a variety of countries. Most 
farmers realised a full return on their investment 
within the first year of use (Household Metal 
Silos, FAO 2008). The FAO reports that although 
reducing post-harvest losses could be relatively 
quickly achieved, less than 5 per cent of 
worldwide agricultural research and extension 
funding currently targets this problem.

Similar improvements in reducing post-
harvest losses are possible with cost-effective 
hermetically sealed packaging materials and 
handling processes that protect grains and 
pulses from insect and mold contamination. 
A notable example of such technologies is 
the Purdue Improved Cowpea Storage (PICS) 
system, which is composed of two polyethylene 
bags and a third outer bag of woven 
polypropylene. The PICS materials are made by 
several West African manufacturers and have 
proven to offer safe and inexpensive storage 
of cowpea and other grains for 4-6 months and 
longer (Baributsa et al. 2010).
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Table 3: Selected evidence on benefits and costs of soil management strategies

Strategy Crop and country Costs Benefits
Trends in revenues and profits 
after including additional costs 
of greening

Use of nitrogen-fixing 
fodder and cultivating 
green manure

Cultivation of maize in Spain 
and rice in India, Indonesia 
and Philippines. (Tejada et al. 
2008); (Ali 1999).

Costs varied depending on 
methods and country. Rice 
straw use (for green manure) 
costs ranged from US$ 18/ha in 
Indonesia and Philippines, to 
US$ 40/ha in India. Azolla (type 
of fern) for nitrogen fixing and 
green manure meant additional 
costs ranging from US$ 34/ha 
in India, to US$ 48/ha in the 
Philippines.

Maize crop yields increased 
approximately 40% in the first 
year, 5% in second year and 
20% in year three. No significant 
increases in yields were observed 
in rice crops compared to the use 
of inorganic fertilisers but result 
in long term soil improvements. 
Maize crop yields increased after 
the first year, by 28%, 30% and 
140% in the last 3 years of the 
study. No impact was seen on 
soybean crop yields.

Revenues increased even though 
there was no difference in the 
costs of using green manure over 
inorganic fertiliser for rice crops. 

No-tillage practices Maize in Mexico, wheat in 
Morocco and cereal grain crop 
in England. (Erenstein et al. 
2008); Mrabet et al. 2001; 
Baker 2007). Sorghum and 
maize in Botswana, (Panin 
1995) Maize, sorghum and 
cowpea in Nigeria, (Eziakor 
1990). Soybean in Australia 
(Grabski et al. 2009).

The capital costs for a small 
scale No-tillage planting 
system are estimated to be US$ 
25,000 to 50,000 (ICARDA). 
No tillage system was cheaper 
by US$ 156/ha when rented 
from a contractor in England, 
compared to renting tilling 
systems. In Botswana, cost 
per household of tractor was 
US$ 218.

Maize yields increased by 29 per 
cent; wheat yields by 44 per cent. 
No impact on total cultivated 
areas, crop yields and total crop 
output in traditional tillage 
systems vs. animal power or 
manual usage (Botswana 
and Nigeria). An average yield 
increase in soybean yields of 
27% over 14 years in no-tillage 
vs. till systems.

No-tillage systems are 
economically profitable, even 
after incorporating the costs of 
no-till systems. (Baker 2007).

Biochar use  Cultivation of maize 
intercropped with soybean 
(Colombia) and wheat (USA). 
(Major et al. 2010; Galinato et 
al. 2010).

Biochar production costs range 
between US$ 87-350/tonne 
depending on source of inputs 
and mode of production.

Maize crop yields increased after 
the first year, by 28%, 30% and 
140% in the last 3 years of the 
study. No impact was seen on 
soybean crop yields.

In the US, wheat production 
increased sufficiently to  
generate a profit of US$ 414/
acre, but only while using 
low-price biochar. Higher-cost 
biochar reduces profits.

using tilling machinery, in developing countries 
the investment in farm equipment may represent a 
significant barrier. Farmer cooperatives and extension 
services can help defray these costs.

Biochar usage represents a costly investment, mainly 
because of the high cost of production for biochar (US$ 
87-350 per tonne depending on the source of inputs and 
mode of production). Although it can bring significant 
increases in crop yields, biochar profitability is still highly 
dependent on the cost of production.

Similarly, the use of water for irrigation is rapidly exceeding 
the natural hydrological rate of recharge in many river 
basins (Johansson et al. 2002; WWAP 2003; Wani et al. 
2009). Practices such as flooding fields, poor drainage 
and excessive pumping imply that there are many 
opportunities for using ground and rainwater in more 
efficient and sustainable ways (Steinfeld et al. 2006). Some 
sustainable water-use strategies include drip irrigation 
systems, pressurised water pipe and sprinkler systems and 
use of manual treadle pumps. According to some studies 
(Burneya et al. 2009; Sivanappan 1994; Belder et al. 2007), 
drip irrigation has resulted in yield gains of up to 100 per 
cent, and water savings of 40 to 80 per cent.

Using leaf and straw mulch reduces surface evaporation 
and helps to retain moisture near plant roots, thus 
increasing water-use efficiency (Sharma et al. 1998). 
Landscape contouring and vegetative barriers are 
an effective means of minimising rainfall runoff and  
retaining moisture in fields. Using drought-resistant 
varieties of crops can also help conserve water. 
For example, System Rice Intensive (SRI) practices 
substantially reduce the amount of water and other 
external inputs through decreased planting densities, 
which require less seed and fewer workers. The 
approach generally achieves between 40 per cent 
and 200 per cent greater crop yields compared with 
conventional flooded rice cultivation (Zhao 2009). Table 4  
demonstrates that most water-saving technologies 
can bring about increased profits despite additional 
infrastructure and operating costs. Most water-saving 
techniques require additional equipment and increased 
working capital to cover the costs of increased labour 
use. Additional labour is required for strategies such 
as the use of mulching fields, raising plant beds and 
aligning furrows, and in other land contouring strategies. 
Such labour costs are nevertheless easily recovered 
through increased crop yields, and the reduced risk of 
losses during drought or dry years.
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Table 4: Selected evidence on benefits and costs of water management strategies

Strategy Crop and country Costs Benefits
Trends in revenues and profits 
after including additional costs 
of greening

Cover mulch Grain in India (Sharma et al. 
1998); Groundnut in India 
(Ghosh et al. 2006).

In groundnut cultivation the 
cost of wheat straw mulch was 
US$ 58/ha. Cultivation required 
5 tonnes of mulch per hectare. 
Black plastic covers cost much 
more (US$ 1.8 /kg, vs. straw at 
US$ 0.01/kg).

Average yields for grain and straw 
were the highest in fields that received 
cover mulch of 6 tonnes/ha: Yields 
increased by 130-149% over 3 years. 
Using wheat straw mulch cover 
increased pod yield of groundnut by 
17–24%. Using both– wheat straw 
mulch and black plastic covers led to 
yield increases of 30 to 86% across 
test fields.

For groundnut crops, analysis of 
profitability showed that both 
systems (wheat straw and wheat 
straw with plastic cover) have 
positive income returns of US$ 
92/ha and US$ 42/ha respec-
tively. For grain crops, long-term 
profitability is possible with the 
use of mulch depending on the 
costs of mulch.

Furrow contouring Corn in China (Li X. et al. 
2001).

Technique used plastic covers 
and constructed furrows. Costs 
of plastic and labour are not 
provided. 

Corn yields increased by 60-95% 
during drought years, 70-90% in 
wet years and 20-30% in very  
wet years.

Revenues and profits are likely to 
be positive and increase, except 
during very wet year.

Manual treadle pump Major staples including 
cassava, maize, rice and yam 
in Ghana (Adeoti et al. 2007 
and 2009) and a variety 
of crops, Zambia (Kay and 
Brabben 2000).

Depending on region the cost 
of a manual treadle pump in 
Ghana was US$ 89. Users had 
to pay additionally for labour. 
Total production costs increased 
by US$ 162/farm on average. 
In Zambia the cost of suction 
pumps ranged from US$ 60–77 
and cost of pressure pumps was 
US$ 100–120.

In Ghana, treadle pump users were 
able to grow multiple crops. In 
Zambia Treadle Pump users of were 
able to grow three crops a year. 

Incomes for Treadle Pump users 
increased by more than 28 per 
cent in Ghana. On average users 
earned almost US$ 343/farmer 
over non-users in Ghana. In 
Zambia, incomes rose more than 
six- fold. Farmers earned US$ 125 
with bucket irrigation on 0.25 ha 
of land to US$ 850-1,700.

Drip irrigation Vegetables in Nepal 
(Upadhyay 2004) Maize and 
vegetables in Zimbabwe 
(Maisiri et al. 2005).

On average farmers had to pay 
US$ 12/farmer in Nepal for drip 
irrigation system (perforated 
tubing and a suspended water 
container).

Barren land became more 
productive in Nepal. In Zimbabwe 
no significant differences in yield 
were observed. Water use reduced 
by 35%.

In Nepal, women farmers earned 
an additional US$ 70 annually by 
selling surplus vegetables.

Using low-water varieties 
of crops

Maize varieties in 13 countries 
of eastern, southern and West 
Africa (La Rovere et al. 2010).

US$ 76 million was invested  
in cultivating low-water 
varieties of crops over 10 years  
in these countries.

Average yield increases estimated  
to be between 3-20%.

Maize yield increases translate 
into US$ 0.53 billion. The ratio of 
returns to investment is estimated 
to be between 7 and 11 times.

Table 4 shows that investment costs in drip irrigation 
systems and in manual treadle pumps are recovered 
more quickly; returns to investments have on average 
been more than 10-fold. These technologies have 
demonstrated their effectiveness in reducing income 
vulnerability and uncertainty for small-holder farmers 
across the continent. Drip irrigation systems also allow 
the more efficient use of water and are particularly 
useful for multiple cropping; in Nepal women farmers 
have been able to earn additional incomes by growing 
high value crops on otherwise barren land. Strategies 
such as the use of drought-resistant varieties of crops 
mainly involve investment in research and distribution 
of new seeds. In this context, estimated returns on 
investment are an order of magnitude higher, especially 
as witnessed in water-starved regions of Africa.

The success of these strategies also implies that 
agronomic research and development on improving 
water management practices in rain-fed agriculture and 
on tilling practices has been successful although much 
more is required. A strategy that remains relatively 

untapped is community-led watershed management. 
Watershed management has conventionally meant 
large hydraulic engineering efforts that are applied 
to local streams or river basins to establish a network 
of water reservoirs, catchment areas and other water 
impoundment and storage infrastructures. However, 
community-led watershed management strategies that 
protect and improve soil, water and plant resources in 
a catchment area are rapidly gaining traction and are 
rapidly becoming a lucrative opportunity for farmers 
who can benefit from Payment for Ecosystem Schemes 
(PES). These community led watershed management 
strategies offer important opportunities for increased 
efficiencies in irrigation (Krishna and Uphoff 2002).

As far as crop and livestock diversification is concerned, 
genetic resources for plant and animal breeding are 
the basis for food production. Genetically diverse crops 
can combine the best traits of local varieties of crops 
derived from indigenous species and other higher 
yielding varieties. Similarly, selecting and mating local 
animal breeds with high-performance breeds increases 
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diversity and can bring significant biological, social and 
economic benefits. Replenishing soil nutrients with 
biological nitrogen fixation and crop-residue recycling, 
reducing thermal stress and water evaporation rates, 
and attracting beneficial insects for pollination and pest 
predation, and deterring pests are all important benefits 
of crop diversification. Combining the horticultural 
production of higher-value vegetables and fruits with 
the cultivation of cereals and cash commodity crops can 
raise farm income, along with grass-fed livestock, which 
also enables people to acquire protein and calories 
derived from otherwise inedible biomass resources. 
Recycling of livestock manures as organic nutrients 
for soil is an essential element of greening agriculture. 
In addition, there are numerous opportunities for 
combining a wide variety of trees and shrubs with the 
cultivation of crops, horticulture and specialty crops (e.g. 
coffee, tea, vanilla, etc.) to maximise the output of a farm 

Diversification strategies are not useful to ensure 
diminished vulnerability but also to increase profitability 
and yields of existing farming systems. Table 5 below 
presents selected evidence for costs and benefits of 
agricultural diversification strategies in Asia and Africa. 
Diversifying across crops has demonstrated increased 
yields in India and Bangladesh and shows potential for 
recovering research and extension costs. In both Africa 
and Asia, diversifying into animal husbandry has meant 
increased profits. The main on-farm costs for all these 
strategies is usually the cost of increased labour, but also 
the cost of training and learning new practices. In addition, 
diversification into animal husbandries may involve 
important capital costs in farm equipment. In countries 
where employment opportunities are few, diversification 
represents a potent poverty alleviation strategy for both 
the farmer and the labourer. After the analysis of costs of 
current agriculture and some strategies for a managed 
transition away from BAU, the following section lays out 
the benefit expected from greening the agriculture sector. 

3.3 The benefits of greening agriculture

The greening of the agriculture sector is expected to 
generate a range of benefits including increased profits 
and income for farmers, gains at the macroeconomic 
level, enabling the sector to adapt to climate change and 
benefits for ecosystem services. 

Profitability and productivity of green agriculture
No business is sustainable unless it is also profitable. 
Many studies have documented the profitability and 
productivity of sustainable farms, both in developed 
and developing countries. An FAO study (Nemes 2009) 
that analysed 50 farms, mostly in the USA, reported: “The 
overwhelming majority of cases show that organic farms 
are more economically profitable”.

There are various examples of higher productivity and 
profitability in developing countries. Another study by 
Pretty et al. (2006) showed an average yield-increase 
of nearly 80 per cent as a result of farmers in 57 poor 
countries adopting 286 recent best practice initiatives, 

Box 6: Investment in sustainable 
agriculture: case study

Current trends of population growth, climate 
change and resource scarcity make sustainable 
agriculture a compelling investment 
opportunity. Sustainable Asset Management 
AG (SAM) taps into this potential through 
its sustainable theme funds, investing in 
companies that offer cost- effective, eco-friendly 
technologies that enable more efficient use of 
water or more sustainable food production. 

SAM has pursued water investments because the 
need for adequate water supplies is one of today’s 
major challenges. Advanced micro or drip irrigation 
systems can halve farmers’ water requirements 
and limit the need for chemicals while boosting 
yields by up to 150 per cent. Countries affected 
by water shortages are adopting these 
technologies at rapid rates (see chart).

The SAM Sustainable Water Fund currently 
encompasses an investment universe of 
about 170 companies worldwide and assets 
under management of € 1.14 bn. The fund has 
consistently outperformed its benchmark, the 
MSCI World, with annual return on average 
outperforming the benchmark by 4.14 per 
cent (in Euros) since launch in 2001 at a 
risk comparable to that of the MSCI. Strong 
growth in micro irrigation fosters sustainable 
agriculture and creates interesting investment 
opportunities.
Source: Based on text provided by Daniel Wild, PhD, Senior Equity Analyst, SAM (2010)
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Table 5: Selected evidence on benefits and costs of agricultural diversification

Strategy Crop and country Costs Benefits
Trends in revenues and profits 
after including additional costs 
of greening

Crop diversification Rice with pigeon pea, 
groundnut and blackgram 
in India (Kar et al. 2004). 
Variety of crops in Bangladesh 
(Rahman 2009).

US$ 41.8 million allocated to 
promoting crop diversification 
for a 5-year plan in Bangladesh. 
Empirical study shows reduced 
variable cost for diversified 
farmers of US$ 40/ farm (Jan. 
1997 exchange rate).

In India, intercropping of rice with 
pigeon pea, groundnut and blackgram 
approximately tripled the yield of 
crops (rice and alternative crops) vs. 
rice alone. 

In Bangladesh, similar net profits 
were earned by diversified and 
non diversified farmers; but 
positive environmental benefits 
accrued to the diversified farms.

Diversification into 
animal husbandry and 
horticulture

Variety of crops and animals 
in Africa (Seo 2010). Survey 
of crops and countries in 
Africa and South East Asia 
(Weinberger 2007).

In Kenya the production of 
snowpeas and French beans, 
require 600 and 500 labour 
days per ha, respectively. In 
Mexico, the horticultural sector 
required more than 20% of the 
total labour days within the 
agricultural sector.

The impacts of climate change 
on farms diversified into animal 
husbandries range from 9% loss 
to 27% gain depending on climate 
scenarios.

Profits of farmers diversified 
into horticulture were 
consistently higher compared to 
non-diversified farmers (29% in 
Bangladesh to 497% in Kenya). 
Estimates show that integrated or 
diversified farms have the potential 
to become more profitable 
compared to non-integrated farms 
50 years from now, in the context 
of climate change.

including integrated pest and nutrient management, 
conservation tillage, agroforestry, aquaculture, water 
harvesting and livestock integration. The study covered 
12.6 million farms, encompassing over 37 million 
hectares (3 per cent of the cultivated area in developing 
countries). All crops showed water use efficiency gains, 
with the highest improvement occurring in rain-fed 
crops. Carbon sequestration potential averaged 0.35tC/
ha/year. Of projects with pesticide data, 77 resulted in a 
decline in pesticide use by 71 per cent, while yields grew 
by 42 per cent. In another example, bio-dynamic farms 
recorded a 100 per cent increase in productivity per 
hectare due to the use of soil-fertility techniques such as 
compost application and the introduction of leguminous 
plants into the crop sequence (Dobbs and Smolik 1996; 
Drinkwater et al. 1998; Edwards 2007). 

For small farms in Africa, where the use of synthetic inputs 
is low, converting to sustainable farming methods has 
increased yields and raised incomes. In a project involving 
1,000 farmers in South Nyanza, Kenya, who were 
cultivating, on average, two hectares each, crop yields 
rose by 2-4 tonnes per hectare after an initial conversion 
period. In yet another case, the incomes of some 30,000 
smallholders in Thika, Kenya rose by 50 per cent within 
three years after they switched to organic production 
(Hines and Pretty 2008). 

A significant part of a farm’s production costs is linked 
to its energy inputs and organic agriculture tends to 
be more energy-efficient. Growing organic rice can, 
for example, be four times more energy-efficient 
than the conventional method (Mendoza 2002). The 
study also shows that organic farmers required 36 per 
cent of the energy inputs per hectare compared with 

conventional rice farmers. Niggli et al. (2009) found 
that organic agriculture reduces production systems’ 
energy requirements by 25 to 50 per cent compared 
with conventional chemical-based agriculture. Energy 
consumption in organic farming systems is reduced by 
10 to 70 per cent in European countries and by 28 to 32 
per cent in the USA compared with high-input systems, 
with the exception of certain crops including potatoes 
and apples, where energy-use is equal or even higher 
(Pimentel et al. 1983; Hill 2009).

Market price premiums often exist for certified 
sustainably produced products, however this incentive 
may not be adequate in the long run unless there is a 
commensurate increase in global consumer demand 
for sustainable agricultural products (e.g. in countries 
other than primarily the EU and USA). Premium price 
incentives are likely to relatively decrease in response 
to supply and demand elasticities (Oberholtzer et 
al. 2005). However, if prices of conventionally grown 
food (crops and animals) included the costs of their 
externalities, sustainable products may become 
relatively less expensive than conventional products. 
Furthermore, if the positive ecosystem service benefits 
of sustainable practices were valued and monetised 
as incremental payments to green farmers, greener 
agriculture products would become more competitive 
with conventional products.

Macroeconomic benefits from greening agriculture
Significant secondary macro-economic and poverty 
reduction benefits are expected from greening 
agriculture. Investments aimed at increasing the 
productivity of the agriculture sector have proved to be 
more than twice as effective in reducing rural poverty 
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than investment in any other sector (ADB 2010). The 
greatest success stories in terms of reducing hunger 
and poverty are from China, Ghana, India, Vietnam 
and several Latin American nations, all of which have 
relatively higher net investment rates in agriculture per 
agricultural worker than most developing countries 
(FAO n.d.). The World Bank has estimated that the cost of 
achieving the first Millennium Development Goal (MDG 
1) amounts to between US$ 554 and US$ 880 per head 
(based on growth in income in general), while a study 
published by the Asian Development Bank Institute 
has concluded that the cost of moving a household 
out of poverty through engaging farmers in organic 
agriculture could be only US$ 32 to US$ 38 per head 
(Markandya et al. 2010).

In addition, green agriculture directs a greater share of 
total farming input expenditures towards the purchase 
of locally-sourced inputs (e.g. labour and organic 
fertilisers) and a local multiplier effect is expected to 
kick in. Overall, green farming practices tend to require 
more labour inputs than conventional farming (e.g. from 
comparable levels to as much as 30 per cent more) (FAO 
2007 and European Commission 2010), creating jobs in 
rural areas and a higher return on labour inputs. This is 
especially important for developing countries, where 
large numbers of poor people continuously leave rural 
areas in search of jobs in cities and growing proportions 
of young people are imposing enormous pressures for 
job creation (Figure 6). In addition, most developing 
countries run substantial trade deficits (World Bank 
2010) with the lack of foreign exchange representing 
a key resource constraint. Greening agriculture can 
relax the foreign-exchange constraint by reducing the 
need for imported inputs and by increasing exports of 
sustainable agrifood products. Reducing deficits would 

Box 8: Organic versus 
conventional cotton production

An Indo-Swiss research team compared 
agronomic data of 60 organic and 60 
conventional farms over two years and 
concluded that cotton-based organic farming 
is more profitable. Organic farming’s variable 
production costs were 13-20 per cent lower 
and inputs were 40 per cent lower. But yields 
and profits margins were 4-6 per cent and 30-
43 per cent higher respectively during the two 
years. Although crops grown in rotation with 
cotton were sold without a price premium, 
organic farms achieved 10-20 per cent 
higher incomes compared with conventional 
agriculture (Eyhorn et al. 2005). Similarly, an 
impact assessment study for organic cotton 
farmers in Kutch and Surendranagar in eastern 
India, concluded that farmers who participated 
in the project enjoyed a net profit gain of 14 
to 20 per cent resulting from higher revenues 
and lower costs. The updated version of the 
study surveying 125 organic cotton farmers 
concluded that 95 per cent of respondents 
found their agricultural income had risen since 
adopting organic agriculture, on average by 17 
per cent. Most farmers attributed this largely 
to the reduced cost of production and an 
increase in output price (MacDonald 2004). Raj 
et al. (2005) also found in Andhra Pradesh that 
organic cotton was much more profitable.
Source: Nemes (2009)

Box 7: Innovative sustainable and 
social capital investment initiatives

Institutional investments for greening agriculture 
are emerging. For example, Rabobank Group 
is supporting sustainable agriculture through 
the launch of the Rabo Sustainable Agriculture 
Guarantee Fund and supporting initiatives 
such as the Dutch Sustainable Trade Initiative 
(IDH), the Schokland Fund and Round Table of 
Sustainable Palm Oil (RSPO), the Round Table 
on Responsible Soy (RTRS), and the Better 
Sugar Initiative (BSI). In addition, it has launched 
programmes to improve the financial strength 
and resilience of small farmers in developing 
countries via the Rabobank Foundation and 
Rabo Development. It has also introduced 
new financial services such as the Sustainable 
Agricultural Fund to try out innovative financing 
models such as the Xingu River Basin Project 
in Brazil, under which 83 hectares have been 
replanted in the last two years. Rabobank has 
invested nearly US$ 50 million to purchase 
carbon emission reduction credits that are 
created by the Amazon reforestation by farmers.

Another example of social capital investment 
institutions is the Acumen Fund, which has 
channelled investment worth millions of US 
dollars to private entrepreneurs in developing 
countries, enabling businesses and other 
initiatives to flourish, from those that provide 
drip-irrigation products to those operating 
village-scale biogas power-generation 
services. Acumen provides both patient capital 
investments and business management 
capacity-building support to the private 
businesses in their portfolio
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enable these countries to purchase technology and 
other critical inputs for their economies. 

Climate adaptation and mitigation benefits, and 
ecosystem services
Making agriculture more resilient to drought, heavy 
rainfall events, and temperature changes is closely linked 
to building greater farm biodiversity and improved soil 
organic matter. Practices that enhance biodiversity allow 
farms to mimic natural ecological processes, enabling 
them to better respond to change and reduce risk. The use 
of intra and inter-species diversity serves as an insurance 
against future environmental changes by increasing the 
system’s adaptive capabilities (Ensor 2009). Improved soil 
organic matter from the use of green manures, mulching, 
and recycling of crop residues and animal manure 
increases the water holding capacity of soils and their 
ability to absorb water during torrential rains.

The International Food Policy Research Institute (IFPRI) 
estimates that an additional US$ 7.1-7.3 billion per 
year are needed in agricultural investments to offset 
the negative impact of climate change on nutrition 
for children by 2050 (Table 6). The International Food 
Policy Research Institute recommended investments 
were needed primarily for basic infrastructure such 
as rural roads in Africa and expanded irrigation, and 

for agricultural research (Nelson et al. 2009). However, 
assessments of green investment options that would 
include agro-ecological soil fertility enhancement; 
water-use efficiency improvements for rain-fed farming; 
breeding for drought and flood tolerance; integrated pest 
management; and post harvest handling infrastructures, 
still remain to be done.

The IPCC estimates that the global technical mitigation 
potential from agriculture by 2030 is approximately 
5,500-6,000 Mt CO2-eq/yr (Smith et al. 2007). Soil carbon 
sequestration would be the mechanism responsible 
for most of this mitigation, contributing 89 per cent of 
the technical potential. Therefore, agriculture has the 
potential to significantly reduce its GHG emissions, 
and possibly to function as a net carbon sink within 
the next 50 years. The most important opportunity for 
GHG mitigation is the application of carbon-rich organic 
matter (humus) into the soil. This would significantly 
reduce the need for fossil fuel-based and energy-
intensive mineral fertilisers and be a cost-effective 
means of sequestering atmospheric carbon. Further GHG 
mitigation gains could be achieved by improving yields 
on currently farmed lands and reducing deforestation 
pressures and by adopting no/low tillage practices that 
reduce fuel usage (Bellarby et al. 2008; ITC andFiBL 2007; 
Ziesemer 2007).

The environmental services provided by greening farms 
are substantial. The Rodale Institute, for example, has 

17. Note: 1) NCAR: The National Center for Atmospheric Research (US); 2) CSIRO: 
The Commonwealth Scientific and Industrial Research Organisation (Australia).

Scenario South  
Asia

East Asia and 
the Pacific

Europe and 
Central Asia

Latin America 
and the 

Caribbean

Middle East and 
North Africa

Sub-Saharan 
Africa

Developing 
countries

Agricultural research 172 151 84 426 169 314 1,316

Irrigation expansion 344 15 6 31 –26 537 907

Irrigation efficiency 999 686 99 129 59 187 2,158

Rural roads (area expansion) 8 73 0 573 37 1,980 2,671

Rural roads (yield increase) 9 9 10 3 1 35 66

Total 1,531 934 198 1,162 241 3,053 7,118

Agricultural research 185 172 110 392 190 326 1,373

Irrigation expansion 344 1 1 30 –22 529 882

Irrigation efficiency 1,006 648 101 128 58 186 2,128

Rural roads (area expansion) 16 147 0 763 44 1,911 2,881

Rural roads (yield increase) 13 9 11 3 1 36 74

Total 1,565 977 222 1,315 271 2,987 7,338

NCAR with developing-country investments

CSIRO with developing-country investments

Table 6: Incremental annual agricultural investment figures by region needed to counteract climate-
change impacts on child malnutrition17

Note: These results are based on crop model yield changes that do not include the CO2 fertilisation effect.
Source: Nelson et al. (2009)
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estimated that conversion to organic agriculture could 
sequester additional 3 tonnes of carbon per hectare 
per year (LaSalle et al. 2008). The carbon sequestration 
efficiency of organic systems in temperate climates is 
almost double (575-700 kg carbon per ha per year) that 
of conventional treatment of soils, mainly owing to the 
use of grass clovers for feed and of cover crops in organic 
rotations. German organic farms annually sequester 402 
kg carbon/ha, while conventional farms experience 
losses of 637 kg (Küstermann et al. 2008; Niggli et al. 
2009). From such studies, it is possible to approximate 
that if only all the small farms on the planet employed 
sustainable practices, they might sequester a total of 
2.5 billion tonnes of carbon annually. Such verifiable 
carbon sequestration levels could be equivalent to US$ 
49 billion in carbon credits per year, assuming a carbon 
price of US$ 20/tonne. The FAO has documented that 
a widespread conversion to organic farming could 
mitigate 40 per cent (2.4 Gt CO2-eq/yr) of the world’s 
agriculture greenhouse gas emissions in a minimum 
implementation scenario; and up to 65 per cent (4 Gt 
CO2-eq/yr) of agriculture GHG emissions in a maximum 
carbon sequestration scenario (Scialabba and Muller-
Lindenlauf 2010).

Furthermore, emissions of nitrous oxides and methane 
could be reduced if farmers use nitrogen and other 
fertilisers more efficiently, including through precision 
applications and introducing improved crop varieties 
that more effectively access and use available nitrogen 
in the soil. Greening agriculture also has the potential to 
eventually become self-sufficient in producing nitrogen 
through the recycling of manures from livestock and crop 
residues via composting; and by increased intercropping 
rotations with leguminous, nitrogen-fixing crops (Ensor 
2009; ITC and FiBL 2007). 

Additional ecosystem benefits resulting from greening 
of agriculture include better soil quality18 with more 
organic matter, increased water supply, better nutrient 
recycling, wildlife and storm protection and flood control 
(Pretty et al. 2001; OECD 1997). Systems that use natural 
predators for pest control also promote on-farm and off-
farm biodiversity and pollination services.

3.4 Modelling: Future scenarios for  
green agriculture 

In this section we assess a scenario in which an additional 
0.16 per cent of the global GDP is invested in green 
agriculture per year (equalling US$ 198 billion) between 
2011 and 2050. This is as part of a green investment 
scenario in which an additional 2 per cent of global 
GDP is allocated to a range of key sectors. More details 
are available in the Modelling chapter of this report. In 
the part of the modelling exercise, which focused on 

agriculture sector, these additional green investments 
are undertaken equally in the following four activities:

 ■ Agricultural management practices: one-fourth of the 
investment is assumed to be invested in environmentally 
sound practices;

 ■ Pre-harvest losses: another one-fourth of the 
additional budget is invested in preventing pre-harvest 
losses, training activities and pest control activities;

 ■ Food processing: one-fourth of the investment is 
assumed to be spent on preventing post-harvest losses, 
better storage and improved processing in rural areas.

 ■ Research and Development: the remaining one- 
fourth amount is assumed to be spent on research and 
development especially in the areas of photosynthesis 
efficiencies, soil microbial productivity, climate 
adaptation biological processes, and improvements of 
energy and water-use efficiency.

The green scenario19 is compared with a BAU2 scenario, 
where the same amount of additional investment is 
made in conventional and traditional agriculture over 
the 40-year period.

The results are stark. Overall, the green investments 
lead to improved soil quality, increased agricultural 
yield and reduced land and water requirements. They 
also increase GDP growth and employment, improve 
nutrition and reduce energy consumption and CO2 
emissions (Table 7).

 ■ Agricultural production and value added: In the 
green scenario, total agricultural production (including 
agricultural products, livestock, fishery and forestry) 
increases significantly compared to other scenarios.20 
This change is driven by increased crop production, 
which is able to satisfy a growing population that is 
projected to reach 9 billion by 2050. Similarly value 
added in agricultural production increases by 9 per cent 
compared with the BAU2 scenario. It is important to 
note that despite an increase in agricultural production 
and value added, there is no increase in area harvested. 
This suggests positive synergies between ecological 
agriculture investments and forest management. 
Similarly, improved water-efficiency reduces water 
demand by almost one-third by 2050, compared with the 
BAU2 scenario. On the other hand, energy consumption 

18. Such soils are better quality, contain greater organic matter and 
microbial activity, more earthworms, have a better structure, lower bulk 
density, easier penetrability and a thicker topsoil (Reganold et al. 1992).

19. Here we have presented results of scenarios that are referred to as 
G2 and BAU2 in the Modelling chapter.

20. Detailed information about these results can be found in the Modelling 
chapter.
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increases by 19 per cent in 2050 compared with BAU2, 
due to higher production volumes. 

 ■ Livestock production, nutrition and livelihoods: 
Additional investment in green agriculture also 
leads to increased levels of livestock production, 
rural livelihoods and improved nutritional status. An 
increase in investment in green agriculture is projected 
to lead to growth in employment of about 60 per 
cent compared with current levels and an increase of 
about 3 per cent compared with the BAU2 scenario. 
The modelling also suggests that green agriculture 
investments could create 47 million additional jobs 
compared with BAU2 over the next 40 years. The 
additional investment in green agriculture also leads 
to improved nutrition with enhanced production 
patterns. Meat production increases by 66 per cent as 
a result of additional investment between 2010-2050 
while fish production is 15 per cent below 2011 levels 
and yet 48 per cent higher than the BAU2 scenario by 
2050. Most of this growth is caused by increased outlays 
for organic fertilisers instead of chemical fertilisers and 
reduced losses because of better pest management 
and biological control. 

 ■ GHG Emissions and biofuels: Total CO2 emissions to 
increase by 11 per cent relative to 2011 but will be 2 
per cent below BAU2. While energy-related emissions 
(mostly from fossil fuels) are projected to grow, it is 
worth noting that emissions from (chemical) fertiliser 
use, deforestation and harvested land decline relative 
to BAU2. When accounting for carbon sequestration in 
the soil, under ecological practices, and for synergies 

with interventions in the forestry sector, net emissions 
decline considerably.

We also specifically analyse the generation of 
agricultural waste, residues and biofuels in these 
models. In the green economy case, we assume that 
investment is allocated to second-generation biofuels, 
which use agricultural residues, non-food crops and 
are primarily grown on marginal land. On average 
we find that the total amount of fresh residues from 
agricultural and forestry production for second-
generation biofuel production amounts to 3.8 billion 
tonnes per year between 2011 and 2050 (with an 
average annual growth rate of 11 per cent throughout 
the period analysed, accounting for higher growth 
during early years, 48 per cent for 2011-2020 and 
an average 2 per cent annual expansion after 2020). 
Using the IEA’s conversion efficiency standards (214 
litres of gasoline equivalent (lge) per tonne of residue) 
we project that additional green investments lift the 
production of second-generation biofuels to 844 
billion lge, contributing to 16.6 per cent of world 
liquid fuel production by 2050 (21.6 per cent when 
first-generation biofuels are considered). This would 
cost US$ 327 billion (at constant US$ 2010 prices) 
per year on average and would require 37 per cent 
agricultural and forestry residues. The IEA estimates 
that up to 25 per cent of total agricultural and forestry 
residues may be readily available, and economically 
viable (IEA Renewable Energy Division 2010), for 
second-generation biofuel production. Residues not 
used for second-generation biofuels are expected  
to be returned to the land as fertilisers, and in other 

   2011   

  Baseline Green BAU2 Green BAU2

Agricultural sector variables Unit

Agricultural production Bn US$/Yr 1,921 2,421 2,268 2,852 2,559

 Crop Bn US$/Yr 629 836 795 996 913

 Livestock Bn US$/Yr 439 590 588 726 715

 Fishery Bn US$/Yr 106 76 83 91 61

Employment M people 1,075 1393 1,371 1,703 1,656

b) Soil quality Dmnl 0.92 0.97 0.80 1.03 0.73

c) Agriculture water use KM3/Yr 3,389 3,526 4276 3,207 4,878

Harvested land Bn Ha 1.20 1.25 1.27 1.26 1.31

Deforestation M Ha/Yr 16 7 15 7 15

Calories per capita per day 
(available for supply) Kcal/P/D 2,787 3,093 3,050 3,382 3,273

Calories per capita per day  
(available for household consumption) Kcal/P/D 2,081 2,305 2,315 2,524 2,476

2030Year

Scenario

2050

Table 7: Results from the simulation model (a more detailed table can be found in the Modelling chapter)
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cases may be used as livestock feed. More details 
on the projections on first- and second-generation 
biofuels production are available in the Modelling and 
Energy chapters.

Overall, combining these results with research from 
other sources we find the following results: 

 ■ Return on investments in BAU agriculture will 
continue to decrease in the long run, mainly owing to 
the increasing costs of inputs (especially water and 
energy) and stagnated/decreased yields; 

 ■ The cost of the externalities associated with brown 
agriculture will continue to increase gradually, initially 
neutralising and eventually exceeding the economic 
and development gains; and 

 ■ By greening agriculture and food distribution, 
more calories per person per day, more jobs and 
business opportunities especially in rural areas, and 
market-access opportunities, especially for developing 
countries, will be available.

While any of the proposed measures contributes to the 
shift towards a green agriculture sector, the combination 
of all these interacting actions together will yield 
positive synergies. For instance, the investment in more 
sustainable farming practices leads to soil conservation, 
which increases agricultural yield in the medium to 
longer term. This allows more land for reforestation, 
which in turn reduces land degradation and improves 
soil quality. The higher yield and land availability also 
benefits the promotion of second-generation biofuels, 
which may help mitigate the effects of climate change.
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4  Getting there: Enabling conditions

Despite the clear logic and economic rationale for moving 
more rapidly towards greener agriculture, the transition 
will require a supportive policy environment and enabling 
conditions that could help level the playing field between 
conventional and green agricultural practices.

Environmental and economic performance in agriculture 
is most likely to be improved by employing a mix of 
policies. There needs to be a greater use of regulations 
and taxes that impose penalties for pollution in order 
to include externality costs into market prices for these 
inputs, as well as economic incentives that reward green 
practices. There are also opportunities for applying 
market solutions as alternatives to direct regulation, for 
example, by using tradable permits and quotas to reduce 
pollution from greenhouse gases and water-borne 
nutrients. In general, governmental subsidies for farmer 
(producer) support should be increasingly decoupled 
from crop production and alternatively be retargeted to 
encourage farmers’ efforts and investments in adopting 
green agriculture practices.

In the absence of good governance, collusion and 
excessive profit taking are constant dangers for incentive 
programmes. Instilling greater levels of transparency could 
help reduce such abuses of public-support programmes. 
In this section we present some of the key conditions that 
will facilitate a transition to a green agriculture.

4.1 Global policies

At the global level, the enabling conditions are 
synonymous with improvements to the international 
trading system and economic development cooperation 
for promoting sustainable agriculture. An enabling 
environment for greening agriculture should include a 
range of interventions at various points along the entire 
agri-food supply chain:

Elimination of export subsidies and liberalising 
trade in agricultural products 
Current multilateral trade policies at the global level have 
primarily focused on the gradual reduction and removal 
of national tariff barriers. While such policies aim at 
facilitating trade, many developing nations are concerned 
that they are not well positioned to benefit from such 
trade policies as are the more developed nations.

These concerns are particularly relevant while domestic 
subsidies and other producer-support programmes 

remain in many developed countries. These measures 
effectively distort and diminish any competitive 
advantages that developing nations might have. In 
addition, subsidies have effectively reduced global 
commodity prices, making it frequently unprofitable 
to produce certain products in many developing 
countries, especially for smallholder farmers. This 
combination of international trade laws and national 
subsidies can impede development of commercial 
agriculture in many developing countries, negatively 
affecting their efforts to achieve economic growth and 
poverty reduction.

Such trade and subsidy policies need to be reformed to 
liberalise trade in environmentally- friendly products and 
services while allowing developing countries to protect 
some domestic food crops (special products) from 
international competition when they are particularly 
important to food security and rural livelihoods. The World 
Trade Organisation (WTO) already makes a dispensation 
for countries with a per capita GDP of less US$ 1,000 
(Amsden 2005). Furthermore, agricultural subsidies 
need to be redirected to encourage more diverse crop 
production with long-term soil health and improved 
environmental impacts. A major shift of subsidy priorities 
is needed in which governments would help reduce 
the initial costs and risks of farmers’ transition efforts to 
implement sustainable farming practices.

Market power asymmetry 
Asymmetric market power in trade is an important 
issue for WTO competition policy. Leading firms are 
predominantly located in industrialised countries 
and maintain significant control over the food system 
standards and regulatory processes at all stages of 
the supply chain (Gereffi et al. 2005). In such market 
conditions, primary producers generally capture only a 
fraction of the international price of the commodity. Thus, 
the degree of poverty reduction and rural development 
benefits of supplying global trade have been limited. A 
recent study (Wise 2011) shows that even in a resource-
rich country like the United States, despite rapid increase 
in prices for food commodities since 2006, “small-to-mid-
scale family farmers had lower farm incomes in 2009 than 
they did earlier in the decade when prices were lower”. 
A green agriculture system would require trade policies 
that redress these chronic asymmetries.

Food safety standards 
The already stringent food safety standards and 
verifiable logistics management systems that are 
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Figure 13: Estimated producer support by country (as a percentage of total farmer income)
Source: Bellmann (2010), adapted from OECD (2007). Available at: http://poldev.revues.org/143

applied in international markets are likely to become 
more sophisticated over the next few decades. Currently, 
most domestic food supply chains in developing 
countries have relatively low levels of food safety and 
handling practices. Improving capacity to develop and 
implement sanitary and food safety standards that can 
ensure compliance with international requirements 
can increase prospects for small farmer communities to 
supply international markets (Kurien 2004). Furthermore, 
it is particularly important to support international 
efforts to harmonise the variety of sustainable and 
organic certification protocols and standards. Today’s 
fragmented certification procedures impose high 
transaction and reporting costs on farmers and limit 
their access to international markets.

Another important issue is that the cost of certification 
and reporting is to be borne only by sustainable 
producers while polluters can market their products 
freely. The burden of proof must be shifted to the 
polluter through introduction of certification protocols 
and labeling schemes which, at a minimum, show the 
quantities of different agrochemical inputs used in the 
production and processing of a product, and whether 
the product contains GMOs or not. 

Intellectual property
The application of Intellectual Property (IP) regimes 
has, in some cases, restricted the results of agricultural 
research and development being made available as 
public goods. Private-sector and often public-sector 
IP rights restrict the access of many in developing 
countries to research, technologies and genetic 
materials. Supporting the implementation of the 
World Intellectual Property Organisations (WIPO) 
Development Agenda and providing improved access 
to and reasonable use of IP that involves traditional 
knowledge, ecological agriculture techniques and 

genetic resources in international IP regimes would help 
advance development and sustainability goals. 

4.2 National policies

At the domestic public policy level, the key challenge 
is creating the conditions that would encourage more 
farmers to adopt environmentally sound agriculture 
practiscs instead of continuing to practice unsustainable 
conventional farming methods. 

Support for improved land tenure rights of 
smallholder farmers
In order for farmers to invest capital and more labour 
into the transition from brown to green agriculture, 
major land reforms will have to be implemented, 
particularly in developing countries. In the absence of 
more secure rights to specific plots of land for many 
years into the future, many poor farmers are unlikely to 
take on additional risks and efforts to gradually build up 
the natural capital of their farms beyond a one or two-
year horizon. 

Targeting programmes for women smallholder farmers 
Small-farm diversification often requires a division of labour 
at the household level that may result in gender-based 
distribution of management roles and responsibilities 
for both on and off-farm tasks. This has resulted in the 
majority of smallholder farms, especially in Africa, being 
run by women. Securing collective and individual legal 
rights to land and productive resources (e.g. water, capital), 
especially for women, indigenous people and minorities is 
important. Improving women’s access to working capital 
through microfinance is an option that would allow much 
greater numbers of small-scale producers to procure 
green inputs and related mechanisation technologies 
(World Bank, IFAD and FAO 2009). 
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Public procurement of sustainably produced food 
Government-sponsored food programmes for schools 
and public institutions and public procurement 
policies should be encouraged to source foods that are 
sustainably produced. The Strategic Paper on Public 
Procurement, prepared by the UK Department for 
Environment, Food and Rural Affairs (DEFRA) in January 
2008, provides a good example of how organic and 
sustainable products can be supported through public 
procurement policies.21 

4.3 Economic instruments

Agriculture’s environmentally damaging externalities 
could be reduced by imposing taxes on fossil fuel inputs 
and pesticide and herbicide use; and establishing specific 
penalties for air emissions and water pollution caused by 
harmful farming practices. Alternatively, tax exemptions for 
investments in bio-control integrated pest management 
products; and incentives that value the multi-functional 
uses of agricultural land have proven effective in  
improving the after tax revenues for farmers that practice 
sustainable land management. The OECD countries have 
developed a wide range of policy measures to address 
environmental issues in agriculture, which include 
economic instruments (payments, taxes and charges, 
market creation, e.g., tradable permits), community 
based measures, regulatory measures, and advisory 
and institutional measures (research and development, 
technical assistance and environmental labelling).

In OECD countries, the partial shift away from 
production-linked support has enabled the agricultural 
sector to be more responsive to markets, thus improving 
growth. Importantly, some support measures have 
been linked to specific environmental objectives, 
research and development, information, and technical 
assistance, food inspection services, biodiversity, flood 
and drought control, and sinks for greenhouse gases 
and carbon storage. There is a need to strengthen these 
recent trends in developed countries and replicate them 
in those developing countries that offer farm subsidies 
in order to target these funds to specific objectives for 
greater and sustainable economic and environmental 
performance (OECD 2010).

Payment for Ecosystem Service (PES) can further 
incentivise efforts to green the agriculture sector. This is 
an approach that verifies values and rewards the benefits 
of ecosystem services provided by green agricultural 
practices (Millennium Ecosystem Assessment 2005; 
Brockhaus 2009). A key objective of PES schemes is to 
generate stable revenue flows that help compensate 
farmers for their efforts and opportunity costs incurred in 

reducing environmental pollution and other externality 
costs that adversely impact the shared commons of 
the local, national and global environment. Such PES 
arrangements should be structured so that small-scale 
farmers and communities, not just large landowners, are 
able to benefit. Innovative PES measures could include 
reforestation payments made by cities to upstream 
communities in rural areas of shared watersheds for 
improved quantities and quality of fresh water for 
municipal users. Ecoservice payments by farmers to 
upstream forest stewards for properly managing the flow 
of soil nutrients, and methods to monetise the carbon 
sequestration and emission reduction credit benefits 
of green agriculture practices in order to compensate 
farmers for their efforts to restore and build SOM and 
employ other practices described in this chapter are 
important elements of PES programmes that have been 
implemented to date (Pagiola 2008; Ravnborg et al. 2007).

4.4 Capacity building and 
awareness-raising

The availability and qualitative capabilities of rural 
labour are critical resources needed for implementing 
green agriculture practices. Green agricultural practices 
emphasise crop and livestock diversification; local 
production of natural fertiliser and other more labour-
intensive farm operations. The seasonal variability of 
crop-specific farming tasks affects temporal labour 
surpluses and shortages, which must be managed 
throughout the year. Whether rural labour provides an 
advantage or a constraint for the adoption of green 
agriculture practices is highly contextual with specific 
regional and national conditions. The relative age 
and gender distribution of rural populations, their 
health, literacy and family stability, gender equity with 
respect to access to training and financial services, and 
other factors will determine the degree to which rural 
farming communities respond to public and private 
encouragement of their adoption of green agriculture 
(Foresight 2011). 

Supply chains, extension services and NGOs
Green farming practices in developing countries must 
be promoted and supported by information outreach 
and training programmes that are delivered to farmers 
and their supply-chain partners. These enhanced and 
expanded training programmes should build upon 
established agriculture extension service programmes 
in those countries where they are now functioning. 
However, in order to effectively use existing agriculture 
extension services, it should be recognised that 
some extension services over the past 50 years have 
failed due to a pervasive attitude that small farmers 
need to be “taught”. The green agriculture paradigm 
requires participatory learning in which farmers and 21. The paper is available at http://www.sustainweb.org/pdf2/org-238.pdf.
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professionals in agro-ecological sciences work together 
to determine how to best integrate traditional practices 
and new agro-ecological scientific discoveries. Efforts 
should also be made to partner with NGOs that support 
farmers, field schools, demonstration farms and other 
such initiatives. It is also important to support small 
and medium business enterprises that are involved in 
supplying agriculture inputs; particularly those firms 
that offer green agriculture products and services such 
as organic certification auditing and reporting. 

Integrating information and communications 
technologies with knowledge extension 
Support is needed to improve farmers’ access to market 
information including through IT in order to enhance 
their knowledge of real market prices so that they can 
better negotiate the sale of their crops to distributors 
and end customers. There are also opportunities to 
support the construction of meteorological monitoring 
telemetry stations that could support national and 
regional weather forecasting capabilities that would 
help farmers determine best times for planting, fertiliser 
applications, harvesting and other critical weather-
sensitive activities. Such networks could help support 
the introduction of innovative financial services such as 

weather-indexed crop insurance that would help reduce 
risks associated with adopting new technologies and 
shifting to green practices and marketing methods.

Better food choices
In an era where global human health is undermined by 
malnourishment and obesity, there is an opportunity to 
guide and influence people’s food consumption into a 
greater balance with sustainably produced and more 
nutritious foods. Raising awareness about better food 
and its availability at affordable prices can reduce and 
reshape food demand trends. In this regard, there is a 
need to invest in public education and marketing that 
would encourage consumers to adopt more sustainable 
dietary habits (OECD 2008).

Large-scale industrial farming practices, in many cases, 
pose enormous public health risks due to the overuse 
of inputs such as antibiotics, pesticides and synthetic 
growth hormones. There are neither policies nor any 
labels that transparently display the level of use and 
residues of these inputs. Introducing labelling schemes 
that can help consumers to make informed choices will 
dramatically shift the consumer behaviour towards safe 
and healthy food.
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5  Conclusions

A transformation of today’s predominant agriculture 
paradigms is urgently needed because conventional 
(industrial) agriculture as practiced in the developed 
world has achieved high productivity levels primarily 
through high levels of inputs (some of which have limited 
known natural reserves), such as chemical fertilisers, 
herbicides and pesticides; extensive farm mechanisation; 
high use of transportation fuels; increased water use 
that often exceeds hydrologic recharge rates; and higher 
yielding crop varieties resulting in a high ecological 
footprint. Similarly, traditional (subsistence) agriculture 
as practiced in most developing countries, which has 
much lower productivity, has often resulted in the 
excessive extraction of soil nutrients and conversion of 
forests to farmland.

The need for improving the environmental performance 
of agriculture is underscored by the accelerating 
depletion of inexpensive oil and gas reserves; continued 
surface mining of soil nutrients; increasing scarcity 
of freshwater in many river basins; aggravated water 
pollution by poor nutrient management and heavy use 
of toxic pesticides and herbicides; erosion; expanding 
tropical deforestation, and the annual generation of 
nearly a third of the planet’s global greenhouse gas 
emissions (GHG).

Agriculture that is based on a green economy vision 
integrates location-specific organic resource inputs and 
natural biological processes to restore and improve soil 
fertility; achieve more efficient water use; increase crop 
and livestock diversity; support integrated pest and 
weed management and promotes employment and 
smallholder and family farms.

Green agriculture could nutritiously feed the global 
population up to 2050, if worldwide transition efforts 
are immediately initiated and this transition is carefully 
managed. This transformation should particularly focus 
on improving farm productivity of smallholder and 
family farms in regions where increasing population 
and food insecurity conditions are most severe. Rural 
job creation would accompany a green agriculture 
transition, as organic and other environmentally 
sustainable farming often generate more returns on 
labour than conventional agriculture. Local input 
supply chains and post-harvest processing systems 
would also generate new non-farm, value added 
enterprises and higher skilled jobs. Higher proportions 
of green agricultural input expenses would be 
retained within local and regional communities,  

and the increased use of locally sourced farm inputs 
would substitute for many imported agri-chemical 
inputs, helping to correct developing countries’ foreign 
trade imbalances.

Ecosystem services and natural capital assets would 
be improved by reduced soil erosion and chemical 
pollution, higher crop and water productivity, and 
decreased deforestation. A greener agriculture has 
the potential to substantially reduce agricultural GHG 
emissions by annually sequestering nearly 6 billion 
tonnes of atmospheric CO2. The cumulative effect of 
green agriculture in the long term will provide the 
adaptive resilience to climate-change impacts.

Investments are needed to enhance and expand 
supply-side capacities, with farmer training, extension 
services, and demonstration projects focusing on green 
farming practices that are appropriate for specific local 
conditions and that support both men and women 
farmers. Investments in setting up and capacity building 
of rural enterprises are also required.

Additional investment opportunities include scaling 
up production and diffusing green agricultural inputs 
(e.g. organic fertilisers, biopesticides, etc.), no-tillage 
cultivation equipment, and improved access to higher 
yielding and more resilient crop varieties and livestock. 
Investments in post-harvest storage handling and 
processing equipment, and improved market access 
infrastructures would be effective in reducing food 
losses and waste.

In addition to production assets, investments are 
required to increase public institutional research and 
development in organic nutrient recovery, soil fertility 
dynamics, water productivity, crop and livestock 
diversity, biological and integrated pest management, 
and post-harvest loss reduction sciences.

Secure land rights, and good governance, as well as 
infrastructure development (e.g. roads, electrification, 
the internet, etc.) are critical enabling conditions for 
success, especially in the rural sector and particularly 
in developing countries. These investments would 
have multiple benefits across a wide range of green 
economy goals and enable the rapid transition to 
greener agriculture.

Public policies are needed to provide agriculture 
subsidies that would help defray the initial transition costs 
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associated with the adoption of more environmentally 
friendly agriculture practices. Such incentives could 
be funded by corresponding reductions of agriculture 
related subsidies that reduce the costs of agricultural 
inputs, enabling their excessive use, and promote 
commodity crop support practices that focus on short-
term gains rather than sustainable yields.

 Public awareness and education initiatives are needed 
in all countries to address consumer demand for food. 
Investments in consumer-oriented programmes that 
focus on nutritional health and the environmental and 
social equity implications of dietary behaviours could 
encourage local and global demand for sustainably 
produced food.
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1. The world’s marine fisheries are socially and economically vital, providing animal protein 
and supporting food security to over 1 billion people. An estimated half of these people live in 
close proximity to coral reefs, relying on them not just for fish, but also for livelihoods – from small-scale 
fishing to tourism. Currently, the world’s fisheries deliver annual profits of about US$ 8 billion to fishing 
enterprises worldwide and support 170 million jobs, directly and indirectly, providing some US$ 35 
billion in household income a year. When the total direct, indirect and induced economic effects arising 
from marine fish populations in the world economy are accounted for, the contribution of the sector to 
global economic output amounts to some US$ 235 billion per year.

2. Global marine fisheries are currently underperforming in both economic and social terms. 
Society at large receives negative US$ 26 billion a year from fishing, when the total cost of fishing (US$ 
90 billion) and non-fuel subsidies (US$ 21 billion) are deducted from the total revenues of US$ 85 billion 
that fishing generates. This negative US$ 26 billion corresponds roughly to the estimated US$ 27 billion 
in subsidies a year (including US$ 21 billion in non-fuel subsidies), the latter of which contributes directly 
to over-fishing and depletion of fish stocks. 

3. Investing to achieve sustainable levels of fishing will secure a vital stream of income in the 
long run. Greening the sector requires reorienting public spending to strengthen fisheries management, 
and finance a reduction of excess capacity through de-commissioning vessels and equitably relocating 
employment in the short-term. Thus, measures to green the sector will contribute to replenishing  overfished 
and depleted fish stocks. A single investment of US$ 100-300 billion would reduce excessive capacity. In 
addition, it should result in an increase in fisheries catch from the current 80 million tonnes a year to 90 million 
tonnes in 2050, despite a drop in the next decade as fish stocks recover. The present value of benefits from 
greening the fishing sector is about 3 to 5 times the necessary additional costs. In a scenario of larger and 

Key messages
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deeper spending of 0.1 to 0.16 per cent of GDP over the period 2010-2050, to reduce the vessel fleet, relocate 
employment and better manage stocks to increase catch in the medium and longer term, 27 to 59 per cent 
higher employment would be achieved, relative to the baseline by 2050. In this same scenario, around 70 
per cent of the amount of fish resources in 1970 would be available by 2050 (between 50 million tonnes and 
90 million tonnes per year), against a mere 30 per cent under a business-as-usual (BAU) scenario, where no 
additional stock management activities are assumed. 

4. Greening the fisheries sector would increase resource rent from global fisheries 
dramatically. Results outlined in this chapter indicate that greening world fisheries could increase 
resource rents from negative US$ 26 to positive US$ 45 billion a year. In such a scenario, the total value 
added to the global economy from fishing is estimated at US$ 67 billion a year. Even without accounting 
for the potential boost to recreational fisheries, multiplier and non-market values that are likely to be 
realised, the potential benefits of greening fisheries are at least four times the cost of required investment.

5.  A number of management tools and funding sources are available that can be used to 
move the world’s fisheries sector from its current underperforming state to a green sector 
that delivers higher benefits. Aside from removing environmentally harmfully subsidies, a range of 
additional policy and regulatory measures can be adopted to restore the global potential of fisheries. 
Economic studies generally demonstrate that marine protected areas (MPA), for example, can be beneficial 
under specific conditions as an investment in the reproductive capacity of fish stocks. Currently, MPAs 
comprise less than 1 per cent of the world’s oceans. To fully utilise MPAs as a management tool, the 2002 
World Summit on Sustainable Development set a target to establish a global network of MPAs covering 
10-30 per cent of marine habitats by 2012. This deadline was extended to 2020 and the target lowered 
to 10 per cent at the CBD meeting in Nagoya, Japan in late 2010.
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1  Introduction
1 1 Objectives and organisation 
of the chapter

The aim of this chapter is to demonstrate the current 
economic and social value of marine fisheries to the 
world and, more importantly, estimate the sector’s full 
potential economic and social value if it were managed 
within the framework of a green economy. Setting the 
conditions that will be needed to shift marine fisheries 
to a more sustainable future is crucial, and the chapter 
explores how best to provide appropriate incentives, 
engender reforms and channel investment. 

Specific objectives of the chapter are to:

 ■ Gain a better understanding of the contribution and 
impact of marine fisheries to the global economy; 

 ■ Demonstrate the potential benefits of sustainably 
managing the world’s fisheries to national and regional 
economies and to the global economy;

 ■ Estimate the financial requirements for investing in 
fisheries conservation and sustainable use, comparing 
these to long-term economic, social and environmental 
gains; and

 ■ Demonstrate that the long-term economic benefit 
of investing in rebuilding fisheries and improving their 
management outweighs the short-term costs.

The fisheries sector consists of three main parts: 1) 
marine capture; 2) inland capture; and 3) aquaculture. 
This contribution focuses on marine fisheries. Inland 
fisheries and aquaculture are discussed with respect to 
how they relate to marine-capture fisheries.

The prospects for greening the world’s marine fisheries 
are explored in this chapter. For fisheries, we interpret 
greening as: 1) recognizing that there are limits to 
what the oceans can provide; 2) acknowledging that 
rebuilding overfished and depleted fish populations is 
needed to maximise sustainable yield, through time, 
for the benefits of both current and future generations; 
3) essential habitats for living marine animals need 
to be protected and preserved; and 4) fishing and 
other activities involving ocean fish populations are 
organised to minimise the release of greenhouse 
gases. We will emphasise point 2) in this report 
because there is general consensus that many of the 
world’s capture fisheries are in crisis. Overexploitation, 

pollution and rising temperatures threaten 63 per 
cent of the world’s assessed fisheries stocks (Worm 
et al. 2009). However, several fisheries are reasonably 
well managed, which provide important lessons for 
our effort to shift the world’s fisheries to a greener, 
more sustainable state. 

Fish are one of the planet’s most important renewable 
resources. Beyond their crucial role in marine and 
freshwater ecosystems, fish make a vital contribution 
to the survival and health of a significant portion 
of the world’s population. Marine fisheries provide 
nutrition and livelihoods for millions of people in 
coastal communities, notably in South and South-East 
Asia, West Africa and Pacific Island states. As coastal 
populations continue to grow, the future benefits 
these resources can provide will depend on how well 
fisheries can be greened. We present an estimate of the 
current economic and social contributions from marine 
fish populations, and what they could amount to if the 
sector were greened. We also state the institutional 
conditions under which we can increase economic 
benefits while conserving these vital renewable ocean 
resources for the benefit of all.

Often, fisheries managers and policy-makers are under 
pressure to sacrifice the long-term health of marine fish 
resources in favour of perceived short-term economic 
benefits to the fishing industry and consumers. Gaining 
a better understanding of the potential contribution 
and impact of marine fish populations on the global 
economy will provide broader, longer-term, economic 
and social perspectives. Our goal is to show policy-
makers that a green economic approach will chart the 
course to balancing increasing demands for fish with the 
limits to the capacity of oceanic and coastal fish stocks. 

We present the current status of global fisheries in 
the next section with an emphasis on catch and catch 
values, employment and the contribution of marine 
and coastal recreation and tourism to the global 
economy. The challenges and opportunities associated 
with establishing green fisheries are discussed in 
Section  2. In Section  3, we focus on scenarios of fleet 
adjustment, and estimate the potential costs and 
benefits of rebuilding depleted fisheries. Section  4 
explores some of the conditions and the institutions, 
both national and international, that will be required 
to bring about the greening of the world’s fisheries. We 
devote Section  4.6 to the discussion of how to finance 
the transformation. 
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1 2 Review of the status of global fisheries

The total catch from the world’s marine capture fisheries1 
rose from 16.7 million tonnes in 1950 to 80.2 million tonnes  
in 2005. It reached a peak of 85.3 million tonnes in 1994 
(Figure 1). For these 56 years, fish comprised about 86 per 
cent of the total landings, with crustaceans and molluscs 
accounting for 6 per cent, and 8 per cent respectively. The  

1.  Excluding catch of marine mammals, reptiles, aquatic plants and algae. 

total landed value (gross output value) of the world’s 
marine capture fisheries was about US$ 20 billion2 in 1950.  
It increased steadily to about US$ 100 billion in the late  
1970s and remained at that level throughout the 1980s 
despite further increases in the total landings (FAO 2005; Sea 
Around Us project3; Sumaila et al. 2007; Watson et al. 2004). 

2.  All values are expressed in real 2005 US$.

3.  The Sea Around Us project, compiles a global fishery database based on 
FAO reports and many other data sources (Pauly 2007).

Box 1: Inland capture fisheries

Around the world, inland fisheries are an increasingly 
important factor for communities because of 
increasing consumption per capita and the inability 
of people to purchase other animal protein. In a 
recent State of World Fisheries and Aquaculture report, 
the UN Food and Agriculture Organization (FAO) 
estimates that inland fisheries generate 10 million 
tonnes in landings annually; this amounts to about 
11 per cent of the total capture fisheries catch from 
both inland and marine sources (FAO 2009). South-
East Asia’s Mekong river system, which is home to 
more than 850 freshwater species including many 
economically important species of catfish and carp, 
is estimated to provide fisheries landings worth 
around US$ 2 billion per year (Barlow 2008). 

Lake Victoria in Africa’s rift valley, the world’s 
second-largest inland body of water, contains more 

than 500 species of freshwater fish. Of these, Nile 
perch, tilapia and dagaa (a small sardine-like fish) 
are highly sought-after in commercial fisheries, with 
landings totalling more than 1 million tonnes per 
year and a landed-value of US$ 350-400 million.4 
Unfortunately, estimates of inland capture landings 
and value must be viewed with a high degree of 
uncertainty, owing to a lack of consistent data 
collection in many countries.

For this reason, it is inherently difficult to include 
inland capture fisheries into global analysis of the 
fisheries sector. Nevertheless, many concepts from 
marine capture fisheries such as over-capacity and 
subsidisation are also applicable to inland fisheries.

4. Lake Victoria Fisheries Organization, Available at:

http://www.lvfo.org
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Figure 1: Landings and landed value of global marine fisheries: 1950-2005
Source: Based on Sumaila et al. (2007) and Watson et al. (2004)
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Since the late 1980s, landed values have declined, falling 
from around US$ 100 billion to almost US$ 90 billion in 
2005 (Figure 1). The decline in the landed value through 
the early 1990s corresponds to the increase in landings 
of low-valued Peruvian anchoveta, which accounted 
for over 10 per cent of the total landings from 1993 
to 1996 and reached 15 per cent in 1994 (Sumaila et 
al. 2007; Watson et al. 2004). The top ten countries/
political entities by fleet capacity are reported in Table 
1. The fleet capacity indices in Table 1 are relative to 

the estimated capacity for Spain. Hence, Russia, sitting 
at the top of the table is estimated to have nearly 
three times the fishing capacity of Spain, while the US  
has 30 per cent more capacity. The top ten countries/
political entities captured about a third of the global 
annual catch in 2005, with an estimated landed value 
of nearly 50 per cent of the global total. This implies 
that for the world to succeed in greening the fishing 
sector, the ten countries listed in Table 1 will have to be 
committed participants. 

Table 1: Top ten marine fishing countries/entities by fleet capacity
Source: Based on Sumaila et al. (2007), Watson et al. (2004) and Anticamara et al. (2010)

 Fishing Effort (million kW sea days) Landings (million t)2 Landed value (2005 real US$ billion)*

Russia 432 3 3.2

Japan 398 4 14.4

China 301 10 15.2

Taiwan 261 1 2.7

USA 225 4.8 4.2

Spain 147 0.9 1.3

Korea Republic 138 1.6 2.5

France 116 0.6 1

New Zealand 115 0.5 1.1

Italy 100 0.3 1

* Total world landings were 80.2 million tonnes in 2005 with an estimated landed value of US$ 94.8 billion.
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2  Challenges and opportunities 
in global fisheries 
2 1 Challenges

Overfishing 
In the early 1970s, fishing activity expanded, particularly 
in Asia, but also along the Chilean coast, where large 
quantities of anchoveta were taken, and along the coast of 
West Africa. By 2005, there was a contraction of high-value 
areas. However, there has been a considerable expansion 
of fisheries into the high seas, most notably in the North 
Atlantic and South Pacific. The maps in Figure 2 represent 
the annual landed values of the world’s fisheries by 
decade from 1950 to 2005. In all six maps, concentrations 
in catch value can be seen in the productive coastal areas 
of Europe and Asia, as well as areas characterised by the 
significant upwelling of nutrient-rich water, such as the 
western coast of South America.

The spatial expansion of marine fisheries around the 
world partially masks the extent to which fisheries have 
been overfished (Swartz et al. 2010). In fact, the FAO 
believes that only about 25 per cent of the commercial 
stocks, mostly of low-priced species, are currently 
underexploited, 52 per cent are fully exploited with no 
further room for expansion, 19 per cent overexploited 
and 8 per cent depleted (FAO 2009). Studies have 
estimated that by 2003, some 29 per cent of the 
world’s marine fisheries had collapsed in the sense that 
their current catch level was less than one-tenth of 
the maximum registered catch (Worm 2006). In the 
business-as-usual (BAU) scenario, as presented in the 
Modelling chapter, half the amount of fish available in 
1970 would be available by 2015 and only one-third in 
2050. Practices such as "fishing down marine food web", 
where species are targeted and fished to depletion from 
largest to smallest species, can bring about significant 
changes to the balance of species in the ecosystem 
(Pauly et al. 1998; Hannesson 2002).

The collapse of cod stocks off Newfoundland in 1992 
devastated local communities and the economic 
aftershock is still being felt far beyond Canada’s Atlantic 
coast. Some 40,000 people lost their jobs, fishing towns 
shrank in population by up to 20 per cent and the 
Canadian taxpayer spent billions of dollars dealing with 
the aftermath of the collapse (Mason 2002; Rice et al. 
2003; SCFO 2005). Despite a moratorium on fishing cod 
since 1992, the stock has failed to rebuild to pre-crash 
levels (Charles et al. 2009).

Halting the fishing of vulnerable, overexploited species 
and establishing conditions so that stocks can recover 
are clearly major challenges that have to be achieved 
despite demand for fish. Explaining the scale of the issue 
is a challenge in developed and developing countries 
and catalysing policy reform is particularly difficult 
when there are legitimate fears that fish stocks might 
not recover even if complete bans on fishing in certain 
areas are enforced.

Subsidies
Fisheries subsidies are defined here as financial transfers, 
direct or indirect, from public entities to the fishing 
sector, which help the sector make more profit than it 
would otherwise (Milazzo 1998). Such transfers are often 
designed to either reduce the costs of fishing or increase 
revenues. In addition, they may also include indirect 
payments that benefit fishers, such as management and 
decommissioning programmes. Subsidies have gained 
worldwide attention because of their complex role in 
trade, ecological sustainability and socio-economic 
development (UNEP 2003; UNEP 2004; 2005; 2011). 

It is widely acknowledged that global fisheries are 
over-capitalised, resulting in the depletion of fishery 
resources (Hatcher and Robinson 1999; Munro and 
Sumaila 2002). There are many reasons for the decline 
of fishery resources, but the contribution of subsidies 
to the expansion of capacity and overfishing cannot 
be over-emphasised (Milazzo 1998; WWF 2001). Global 
fisheries subsidies have been estimated at US$ 27bn in 
2003 (Sumaila et al. 2010). Regional estimates of about 
US$ 12 billion have been provided for the Asia Pacific 
Rim (APEC 2000) and around US$ 2.5 billion for the North 
Atlantic (Munro and Sumaila 2002). 

Khan et al. (2006), classified subsidies into three 
categories labelled “good”, “bad” and “ugly” according 
to their potential impact on the sustainability of 
the fishery resource. Good subsidies enhance the 
conservation of fish stocks through time (for example 
subsidies that fund effective fisheries management 
or marine protected areas). Bad subsidies are those 
that lead to overcapacity and overexploitation, such 
as fuel subsidies. Ugly subsidies can lead to either the 
conservation or overfishing of a given fish stock, such as 
buyback subsidies, which, if not properly designed, can 
lead to overcapacity (Clark et al. 2005). 
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The challenge is that once subsidies are provided they 
become entitlements, which makes them politically 
difficult to remove. Only concerted action by groups such 
as civil society organisations, international bodies and 
governments can bring about the removal of such subsidies. 
Also, one strategy that may help is to keep the amount  
of the subsidy within the fishing community but divert it 
from increasing overfishing to enhancing fish stocks. This 
can be achieved by converting bad subsidies into good 
ones, using bad subsidies to fund transition programmes 
to help fishers move to greener fishing approaches and 
other non-fishing activities to support their livelihoods. 

Small-scale fisheries
A key issue along any coast is that of the local small-scale 
fisheries (SSF), which often provide crucial food supplies, 
sustain regional economies and support the social 
and cultural values of the areas, but are threatened as 
pressures on coastal areas are growing. This poses what 
is undoubtedly a major socioeconomic challenge: how 
to balance current and future needs for fishery resources. 

There are many definitions of small-scale but such 
fisheries are usually characterised by being relatively 
more labour-intensive and less capital-intensive, 
more tied to coastal communities and less mobile 
(Berkes et al. 2001; Charles 2001; Pauly 2006). Other 
terms sometimes used for these fisheries are artisanal 
(versus industrial), coastal or inshore. 

While all fisheries face a range of challenges, for SSF 
many of the challenges are related to factors that are 
external to the fisheries per se but within the broader 
social-ecological system (McConney and Charles 2009). 
These include (1) negative impacts of industrial and 
foreign fleets, depleting coastal fish stocks, and in some 
cases destroying coastal fishing gear; (2) degradation 
of coastal environments and fish habitat, through 
land-based sources of marine pollution, development 
of urban areas, shrimp farming, tourism, mangrove 
extraction, etc., leading in each case to reduced fish 
stocks; (3) infrastructure challenges, such as limitations 
on transportation of fish products; and (4) global forces, 
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Figure 2: Spatial distribution of marine capture fisheries landed value by decade
Source: Sumaila et al. (2007)
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such as climate change and globalisation of fish markets, 
that can negatively affect the small-scale fisheries. In 
addition, over-fishing by SSF contributes to the problem 
in many cases. It is important to recognise that given 
the above external factors, solving the sustainability 
challenge for SSF requires coordinated, multi-faceted 
approaches that aim to improve fishery governance 
at a local level – so that coastal fishers are involved in 
developing, and thereby support fishery management 
measures – while simultaneously dealing with other 
fleets, and market and infrastructure issues to improve 
coastal environmental quality. An integrated approach 
is thus unavoidable. 

Certain realities of SSF pose challenges but also 
provide opportunities:

 ■ Small-scale fisheries are relatively immobile and are 
closely tied to coastal communities. This implies that 
fishers may have few other livelihood opportunities and 
may have high dependence on the fishery resources. 
Such a situation can lead, at times, to over-fishing, but 
alternatively this can lead to stewardship over local fish 
stocks that are so important to the community. The key 
is to discourage the former and encourage the latter;

 ■ Small-scale fisheries benefit a very large number of 
people, and the recognition of this reality can make it 
difficult to reduce fishing effort when that is needed to 
ensure ecological sustainability. On the other hand, the 
labour-intensive nature of SSF also means that there is 

less sunk capital – the capitalisation, and consequent 
debt payments, that seriously limit flexibility in industrial 
fisheries. Furthermore, small-scale fisher organisations can 
be drawn upon to play a constructive role in policy actions 
(Salas et al. 2007). It should be noted that the high levels 
of employment provided by SSF may well help to limit 
resource exploitation elsewhere in coastal areas. Again, 
an integrated systems analysis is required to properly 
recognise these interactions (Garcia and Charles 2007); and

 ■ Many small-scale fishing fleets are capable of depleting 
fish stocks and damaging aquatic ecosystems. There is 
thus a direct challenge both to the aquatic ecosystem 
and to economic sustainability. Moving to sustainable 
paths for the future implies improving the ecological 
sustainability of SSF. At the same time, SSF also provide 
an opportunity for environmental improvement, one 
that arises in comparing such fisheries with the major 
alternative, namely, fuel-intensive industrial fishing. 
Industrial fisheries are not only a threat to coastal small-
boat fishers, as discussed above, but also contribute most 
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Table 2: Global fisheries subsidies
Source: Sumaila et al. (2010) 

Type World total (US$ billion)

Good 7.9

Bad 16.2

Ugly 3.0

Total 27.1
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significantly to the negative climate externalities imposed 
by fisheries (due to their fuel-intensive nature) and to 
excessive high-seas resource exploitation. Furthermore, 
they receive the bulk of fishery subsidies globally. Given 
the above, there is an opportunity to move to a more 
sustainable model for the future, through an approach as 
in Indonesia, in which coastal waters are reserved for SSF. 
In this approach, industrial fleets are used only to catch 
fish that are beyond the reach of the SSF, and then only 
if such fishing is profitable from a full-cost accounting 
perspective (i.e., including the negative externalities 
resulting from such activity). 

Greening aquaculture
According to FAO (2009), aquaculture supplies around 50 
per cent of the world’s seafood. However, a close look at 
the total world fish supply from aquaculture reveals two 
disturbing issues. Firstly, as the supply from aquaculture 
increases, the supply from capture fisheries decreases. In 
fact, there is an almost one to one change in opposite 
directions. This means that aquaculture is not adding to 
the world supply of fish; rather it is displacing wild fish 
supplies. Secondly, aquatic plants account for about 23 
per cent of the reported increase in aquaculture supply. 
Even in Japan, where aquatic plants are commonly 
eaten, these plants do not replace the need for real fish; 
they are used mainly as supplements. Deducting the 
23 per cent of aquaculture supply that is aquatic plants 
reveals that the total supply of real fish from both the 
wild and farms is declining.

There are many challenges to aquaculture as a source of 
animal protein in a green economy. Many farms still rely 

on wild caught fish as feedmeal and oil. The potential for 
disease from fish farms impacting wild populations is 
also an issue. Finally, there is the potential that fish farms 
can pollute the environment because of the waste they 
produce. Given these challenges, it is clear that current 
aquaculture practices need to be modified to make fish 
farming green. 

The sector needs to 1) be organised to ensure minimal 
environmental degradation (Naylor et al. 1998); 2) stop 
the farming of carnivorous fish such as salmon, bluefin 
tuna and seabass until non-wild fish sources of fish 
meal are developed; 3) adopt integrated technologies 
that would make fish farming as self-contained as 
possible; and 4) develop reliable management systems 
for green aquaculture practices.

Climate change and greenhouse gas emissions in 
fisheries
Climate change has begun to alter marine conditions, 
particularly water temperature, ocean currents, 
upwelling and biogeochemistry, leading to 
productivity shocks for fisheries (Diaz and Rosenberg 
2008). Shifts in species distribution that appear to 
be caused by changes in sea temperature are well 
documented (Cheung et al. 2009; Dulvy et al. 2008; 
Perry et al. 2005), as are variations in growth rates 
(Thresher et al. 2007). Climate change may also 
alter the phonology of marine organisms, creating 
mismatches between the availability of prey and 
predator requirements and leading to coral bleaching 
and habitat loss for reef-associated fish species. These 
changes would affect the distribution and volume of 

Box 2: Subsidies and small-scale fisheries

Moves to shift to a green economy can provide 
opportunities to invest in SSF in a manner that 
enhances sustainability of the resource base as well 
as the coastal economy and society. The key lies in 
using the investments to build institutional strength 
and suitable incentives at a local scale. Measures such 
as subsidies and investment strategies can be used 
as incentives to change human behaviour positively, 
supporting long-term objectives in moving the 
fishery toward sustainability, without serious 
negative impacts. For example, this could involve 
providing funds to encourage certain actions such as 
conversion of fishing gear to less damaging choices, 
or a shift from fuel-intensive to more labour-intensive 
fishing methods. 

In the context of SSF, this implies a careful examination 
of which subsidies are truly sustainable, equitable 

and moving in the direction of conservation. For 
example, a fuel subsidy is common in fisheries, 
but this tends to promote more fuel-intensive and 
capital-intensive fleets, which leads not only to over-
fishing, but also to inequitable expansion of catching 
power for some (those who can take advantage of the 
subsidy) at the expense of others (with less capital). 
On the other hand, a subsidy that is used to provide 
more secure livelihoods for coastal fishers, and one 
that leads to a shift of SSF, where necessary, to more 
ecologically suitable methods, may be very helpful. 
The subsidy issue also relates to the balance of small-
scale and industrial fishing. Past subsidies on vessel 
construction and on fuel led to a favouring of industrial 
fleets that are too capital- and fuel-intensive. A better 
policy would be to orient subsidies as incentives to 
balance industrial and small-scale fisheries, thereby 
generating both human and ecological benefits.
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catch worldwide, thereby affecting global fisheries 
socially and economically (Cheung et al. 2010). For 
instance, recent studies estimate that climate change 
may lead to significant losses in revenues, profits 
and/or household incomes, although estimates are 
considered preliminary (Cooley and Doney 2009; Eide, 
2007; Sumaila and Cheung 2010; Tseng and Chen 2008). 

It is estimated that the world’s fishing fleet contributes 
1.2 per cent of global greenhouse gas emissions 
(Tyedmers et al. 2005). The challenge is to find ways 
to reduce this contribution, such as by phasing out 
subsidised trawler fleets, which generate extremely 
high emissions per tonne of fish landed.

2 2 Opportunities

Greening the world’s fisheries will help restore damaged 
marine ecosystems. When managed intelligently, 
fisheries will sustain a greater number of communities 
and enterprises, generating employment and raising 
household income, particularly for those engaged in 
artisanal fishing. 

Jobs supported by global fisheries
The world’s fisheries provide livelihoods to millions of 
people in coastal regions and contribute significantly to 
national economies. They are relied upon as a safety net 
by some of the world’s poorest, providing cash income 
and nutrition, especially during times of financial hardship. 
Healthy fisheries support the wellbeing of nations, through 
direct employment in fishing, processing, and ancillary 
services, as well as through subsistence-based activities. 
Overall, fish provides more than 2.9 billion people with at 
least 15 per cent of their average per capita animal protein 
intake (FAO 2009). The impact of the collapse of fisheries 

would be devastating. Some 144 of the world’s countries 
possess marine fisheries, which provide jobs for local and 
foreign workers alike. It is estimated that in 2006, about 35 
million people around the world were directly involved, 
either part time or full time, in fisheries primary production. 

When considering post-catch activities and workers’ 
dependants, the number of people directly or indirectly 
supported by marine fisheries is about 520 million or 
nearly 8 per cent of the world’s population (FAO 2009). 

There has been a steady increase in fisheries employment 
in most low-and middle-income countries, while in most 
industrialised countries, the trend has been towards a 
decrease in the number of people employed in capture 
fisheries. For example, since 1970, the number of fishers 
has fallen by 61 per cent and 42 per cent in Japan and 
Norway, respectively (FAO 2009). 

Recreation and tourism
Marine recreational activities (MRAs) such as 
recreational fishing, whale watching and diving have 
grown in popularity in recent years and they have 
consequently come to the forefront of discussion 
and research on the ecological, economic and social 
impacts of more benign forms of interacting with the 
sea (Aas 2008; Hoyt 2001; Pitcher and Hollingworth 
2002). 

To estimate the value of MRAs, Cisneros-Montemayor 
and Sumaila (2010) first identified three indicators of 
socio-economic value in ecosystem-based marine 
recreational activities, which are 1) the level of 
participation; 2) the total employment in the sector; 
and 3) the sum of direct expenditure by users. A 
database of reported expenditure on MRAs was 
then compiled for 144 coastal countries. Using this 

Box 3: Small-scale fishing in Indonesia

Located at the north-eastern tip of Bali, Indonesia, is 
the fishing community of Les. Around 7,000 people 
live there, of whom some 1,500 make their living 
from fishing in coastal waters that have traditionally 
been rich in coral, fish and other marine organisms. 
Fishing for the aquarium trade has become one of 
the main sources of livelihood, with 75 households 
in the village now fully engaged in catching 
ornamental fish (UNEP 2006). Fishers in Les and 
neighbouring communities are switching from 
pelagic to ornamental fishing as the pelagic stocks 
become depleted in traditional fishing grounds, 
but ornamental fish are themselves threatened by 
damage to in-shore coral reefs caused by practices 

such as cyanide fishing. As a result, villagers are 
being forced to fish for ornamentals further offshore 
and for longer periods. 

Poison fishing has also led to substantial losses in 
revenue - estimated to amount to a net loss of as much 
as US$ 476,000 per km2 a year in Indonesia (Cesar 2002). 
The authors also estimate that the net loss from the 
deterioration of fisheries could be about US$ 40,000 per 
km2 a year. Given that Indonesia has the world’s largest 
coral reef system, Wicaksono et al. (2001), estimate 
that the country could meet 60 per cent of global 
demand for ornamentals, compared with just 6 per 
cent currently, if its fisheries are managed effectively. 
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database, the authors estimated the missing values 
and calculated the yearly global value for MRAs in 
terms of expenditure, participation and employment. 
They found that currently, recreational fishing occurs 
in 118 maritime countries and that country-level data 
on expenditure, participation and employment are 
available in 38 of these countries (32 per cent of total). 
The authors estimated that in 2003, nearly 60 million 
recreational anglers around the world generated a 
total of about US$ 40 billion in expenditure, supporting 
over 950,000 jobs. In their analysis, countries with 
data account for almost 95 per cent of estimated total 
expenditure and 87 per cent of participation, so the 
authors argue that this estimate likely provided a close 
approximation to actual recreational fishing effort  
and expenditure.

Data on whale watching were found for a total of 93 
territories (70 countries), mostly from 1994-2006 (Hoyt 
2001; Hoyt and Iñiguez 2008). It is estimated that over 
13 million people worldwide participated in whale 
watching in 2003, with expenditure reaching around 
US$ 1.6 billion in that year (Cisneros-Montemayor and 
Sumaila 2010). It is also estimated that 18,000 jobs 
worldwide are supported by this industry each year. 
These numbers are only an indication of the potential 
economic contribution that can be expected from 
whale watching, given that the marine mammals 
are found in all of the world’s oceans (Kaschner et 
al. 2006). Currently only a few countries have well-
established whale watching industries. 

There is limited country-level data on recreational 
diving outside of the USA, Australia, and to some 
extent, Canada and the Caribbean region. Using 
market surveys and other data on active divers, 
it is estimated that every year, 10 million active 
recreational divers (Cesar et al. 2003) and 40 million 
snorkelers generate over US$ 5.5 billion globally in 
direct expenditure, supporting 113,000 jobs. In total, 
it is estimated that 121 million MRA participants 
generate US$ 47 billion in expenditure annually and 
support over one million jobs (Cisneros-Montemayor 
and Sumaila 2010) (Table 3). 

Marine protected areas
Marine protected areas (MPAs) have been implemented 
in many countries and are regarded as a very important 
management instrument for fisheries. The assumption 
underlying the MPAs is that they can conserve the 
resources and increase the biomass therein, and 
consequently benefit surrounding areas through species 
migration and enhanced recruitment. Economic studies 
generally demonstrate that MPAs can be beneficial under 
specific conditions (Hannesson 1998; Sanchirico and 
Wilen 1999; Sumaila 1998). In addition, the MPA literature 
evaluates effectiveness of MPAs (Alder et al. 2002; 
Hockey and Branch 1997), Hockey and Branch (1997). 
In terms of policy design and implementation, many 
questions need to be addressed, including how to select 
MPA sites, how large should an MPA be, and how costly  
are MPAs, etc. 

Marine Protected Areas  will be a valuable management 
instrument for the greening of certain fisheries. There 
is growing consensus in the literature on the need to 
add MPAs in marine management plans (Costanza et 
al. 1998; Sumaila et al. 2000). Currently, MPAs comprise 
less than 1 per cent of the world’s oceans (Wood et al. 
2008). To fully utilise MPAs as a management tool, the 
Johannesburg Plan of Implementation adopted at the 
World Summit on Sustainable Development in 2002 
aims to establish a global network of MPAs covering 
10-30 per cent of marine habitats by 2012. This deadline 
was extended to 2020 and the target lowered to 10 per 
cent at the CBD meeting in Nagoya, Japan in late 2010.

Consumer Awareness
In recent years, we have seen a relative explosion in the 
number of programmes that seek to help consumers 
make informed decisions in terms of sustainability about 
their consumption of fish products. Although such 
programmes are not without criticism, it is clear that 
consumer awareness of marine fishery issues, if properly 
designed and implemented, would be an important driver 
of greening world fisheries as such awareness programmes 
expand into more and more places around the world.

Examples of resources that consumers can use to inform 
their purchase of sustainably caught fish include:

 ■ The Monterey Bay Aquarium’s Seafood Watch, 
Available at: (http://www.montereybayaquarium.org/
cr/seafoodwatch.aspx);

 ■ The Marine Stewardship Council certification 
programme, Available at: http://www.msc.org/; and

 ■ The U.S. National Oceanic and Atmospheric 
Administration’s Fish Watch, Available at: http://www.
nmfs.noaa.gov/fishwatch/

Item (units) Recreational
fishing

Whale
watching

Diving
and  

snorkelling
Total

Participation (million) 60 13 50 123

Expenditure (US$ billion) 40 1.6 5.5 47.1

Employment (thousand) 950 18 113 1,081

Table 3: Ecosystem-based marine recreational 
activities in 2003
Source: Cisneros-Montemayor and Sumaila (2010)
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3  The economic case for 
greening fisheries
3 1  The contribution of fisheries to  
economic activity

Recent estimates of gross revenue from marine capture 
fisheries suggest that the sector directly contributes US$ 
80-85 billion to world output annually (Sumaila et al. 
2007; World Bank and FAO 2009). However, this amount 
is by no means the total contribution from marine fish 
populations. As a primary industry (Roy et al. 2009), there 
are a vast number of secondary economic activities – 
from boat building to international transport – that are 
supported by world fisheries (Dyck and Sumaila 2010; 
Pontecorvo et al. 1980). 

The weighted mean cost of fishing was estimated by Lam 
et al. (2010) to be US$ 1,125 (range of US$ 732 - US$ 1,605) 
per tonne, which works out at about US$ 90 billion for an 
annual catch of 80 million tonnes. The cost per tonne is 
split into the following cost components: 1) fuel cost (US$ 
216); 2) running cost, for e.g., cost of selling fish via auction,  
cost of treatment of fish (US$ 162); 3) repair cost (US$ 108); 
4) payments to labour (US$ 434); 5) depreciation (US$ 
101); and 6) payment to capital (US$ 101).

Although the national contribution of fisheries to 
economic output is officially recorded as ranging 
between 0.5 per cent and 2.5 per cent for many 
countries (based on the total value of fish when they 
change hands for the first time after leaving the boat), 
the sector supports considerable economic activity by 
way of trickle-up linkages (Béné et al. 2007), also referred 
to as multipliers. The multiplier effect can be dramatic 
in coastal communities where small-scale fisheries not 
only generate direct revenues, but also represent the 
economic heart of coastal communities and the engine 
of the broader economy. 

Dyck and Sumaila (2010) applied an input-output 
analysis to estimate the total direct, indirect and induced 
economic effects arising from marine fish populations in 
the world economy. Their results suggest there is a great 
deal of variation in fishing-output multipliers between 
regions and countries. When the output multipliers were 
applied at the global scale, the authors found that the 
contribution of the sector to global economic output 
amounted to some US$ 235 billion per year (Table 4), 
close to three times the conventionally measured ex-
vessel value of marine capture fisheries.

3 2  The potential contribution from 
rebuilding and sustaining fisheries

As discussed earlier, global ocean fisheries caught an 
estimated 80 million tonnes of fish with a total value of 
about US$ 85 billion in 2005. The question we address in 
this section is: what are the potential gains, if any, from 
rebuilding marine fish stocks? We discuss this in terms 
of the potential increase in current catches, catch value, 
profits, resource rent and employment.

Using data from a recently published paper (Srinivasan 
et al. 2010), we assume that world fisheries landings 
could increase by 3.6 million tonnes-19.2 million tonnes 
per year if currently over-fished species are rebuilt to 
stock sizes allowing for maximum sustainable yield 
(MSY). This represents a potential to increase the 
value of landings by US$ 6.4 billion-US$ 36 billion per 
year. We nevertheless recognise the limitations of the 
MSY approach in global fisheries. However, since the 
approach involves rebuilding those fisheries currently 
classified as collapsed, we avoid issues involved when 
assuming all species can be fished at MSY.

For the further analysis, we make the following 
assumptions:

 ■ The real price (nominal price adjusted for inflation) 
of fish is constant through time. There is evidence from 
historical data that real prices for fish have not changed 
much in the last few decades;

Landed value  
(US$ billion)

Indirect effect  
(US$ billion)

Africa 2 5

Asia 50 133

Europe 12 36

Latin America  
& Caribbean 7 15

North America 8 29

Oceania 5 17

World Total 84 235

Table 4: World marine capture fisheries output 
by region
Sources: For landed values see Sumaila et al. (2007) and for multipliers see Dyck and 
Sumaila (2010)
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 ■ As overfished stocks are rebuilt, there would be no 
substitution between capital and labour. That is, the 
various costs of fishing would stay in proportion to the 
current situation;

 ■ The practice of providing harmful subsidies to the 
fisheries sector is fundamentally at odds with green 
fisheries. Therefore, we assume that the estimated US$ 
16 billion per year in harmful subsidies are eliminated 
or re-directed toward aiding the transition to green 
fisheries. Similarly, we assume that the US$ 3 billion per 
year in ambiguous subsidies, such as those for buybacks, 
would also be re-directed or eliminated; 

 ■ The cost of fisheries management would increase 
by 25 per cent, from about US$ 8 billion a year to US$ 
10 billion a year, to support better management under 
green fishing regimes;

 ■ Fisheries rent, that is, the return to owners of 
fisheries resources, would be US$ 45 billion per year in 
a green economy scenario. This is based on evidence 
from a recent report showing that potential total rent 
in world fisheries is about US$ 50 billion per year at 
Maximum Economic Yield (MEY), where the catch is 
about 10 per cent lower than our proposed scenario 
(World Bank and FAO 2009).

Given the above assumptions, global marine fisheries 
are projected to catch 90 million tonnes a year in 
a green economy scenario with lower and upper 
bounds of 84–100 million tonnes. The estimated value 
corresponding to this level of catch is about US$ 101 
billion per year (with a range of US$ 91 billion-US$ 121 
billion. The total cost of fishing in a green economy 
scenario is estimated to be US$ 46 billion, compared 
to US$ 90 billion currently. Assuming that payments 

to capital (normal profit) and labour (wages) remain 
proportionally constant in relation to total costs, the 
normal profit and wage income would amount to US$ 
4 billion and US$ 17.8 billion, respectively. Resource 
rent for a green fisheries sector is assumed to be US$ 45 
billion per year based on recent research (World Bank 
and FAO 2009).

Total value added, or fisheries contribution to human 
welfare, in a green economy scenario is estimated 
at US$ 67 billion a year (the sum of resource rent + 
payments to labour + normal profits). This represents 
a green economy improvement of US$ 50 billion per 
year compared with the sector’s existing contribution to 
human welfare (Table 5). 

Indirect benefits from rebuilding
As the value of the global marine catch increases 
from about US$ 85 billion to US$ 101 billion a year in 
a green-economy scenario, the total of direct, indirect 
and induced economic effects, arising from marine 
fish swells from US$ 235 billion to US$ 280 billion per 
year, assuming a linear relationship between catch and 
multiplier effects.

Benefits from recreation and tourism
In general, recreational fishers do not necessarily 
fish for the catch but rather for experience. It should 
be reasonable to assume that a healthier ocean rich 
in biodiversity is likely to increase the utility and 
therefore the benefits derived by recreational fishers. 
However, owing to the lack of information, we refrain 
from doing so in this report.

3 3  The cost of greening global fisheries

A key element of greening the fisheries sector involves 
moving from the current situation where we are not 
fishing the resource in a sustainable manner to one 
where the fish we catch each year is equal to or less than 
the growth of wild stocks. To make the change from the 
current state of affairs would require some investment 
into adjusting fishing capacity, managing transitions in 
labour markets, management programmes and scientific 
research. Two modelling exercises were undertaken 
to estimate the cost of greening fisheries. A one time 
investment of US$ 100-300 billion was calculated in 
this chapter to reduce excessive capacity, retrain fishers 
and improve fisheries management. Under the Green 
Economy Report T-21 modelling, a scenario of a larger 
and deeper spending of 0.1 to 0.16 per cent of GDP over 
the period 2010-2050 was considered to reduce the 
vessel fleet, relocate employment and better manage 
stocks to increase catch in the medium and longer term.5

5. See the Modelling chapter in this report.

Table 5: Green fisheries: key figures

Current fisheries 
(US$ billion)

Green fisheries
(US$ billion)

Value of landings 85 101

Cost of fishing 90 46

Non-fuel subsidies 21 10*

Rent** -26 45

Wages 35 18

Profit 8 4

Total added-value 17 67

* The estimated US$ 10 billion in green subsidies would be to fund management 
programmes.
** The rent is the return to owners of fisheries resources, which is the surplus 
from gross revenue after total cost of fishing is deducted and subsidies taken into 
account. Here, rent is total revenue (US$ 85 billion) less total cost (US$ 90 billion) 
less non-fuel subsidies (US$ 21 billion). Note that fuel subsidies are usually in the 
form of rebates at the pump and therefore are already excluded.
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Identifying greening efforts
There is widespread agreement that the world’s fisheries 
are currently operating at overcapacity. Advances in 
technology have made it possible for a much smaller 
global fleet to catch the maximum sustainable yield, but 
the global fishing capacity keeps on growing owing to the 
common property nature of fisheries and the provision 
of fishing subsidies by many maritime countries of the 
world. Also, the use of sometimes damaging fishing 
methods such as bottom-trawling, unselective fishing, 
pollution and human-induced variations in climate has 
changed the productivity of many aquatic environments. 

The issue of overcapacity can be addressed by 
investigating some of the common sources of excess 
fishing capacity. In several places, fishing is considered 
employment of last resort, attracting people with 
few other job options. Investing in re-training and 
education programmes for fishers and creating 
alternative employment has been successful in 
reducing fishing pressure, especially in places that are 
known for artisanal fishing.

Fishing capacity can be curtailed by taking steps to 
decommission fishing vessels or by reducing the number 
of permits or licences. Much attention has been given to 
decommissioning programmes, which are intended to 
reduce effort by reducing the number of fishing vessels. 
Unfortunately, some research suggests that vessel buy-
back schemes may actually increase fishing effort if not 
properly implemented (Hannesson 2007). This occurs 
when loopholes allow decommissioned vessels to find 
their way to other fisheries and increase their catching 
capabilities (Holland et al. 1999). Fishing enterprises may 
also act strategically in anticipation of a buy-back by 
accumulating more vessels than they would otherwise 
(Clark et al. 2005). 

Many fishing grounds that have been over-exploited 
have suffered lasting damage to the sea bed by trawl 
nets, affecting the ability of certain species to reproduce 
(Morgan and Chuenpagdee 2003). In these cases, as well 

as in instances where pollution or climate change have 
had an impact, mitigating investment in the natural 
environment is essential if ecosystems are to be brought 
back to past levels of health and productivity.

The cost of fishing fleet adjustment 
The world’s current fishing capacity is widely estimated 
to be 2.5 times more than what is needed to land the 
maximum sustainable yield (MSY) (Pauly et al. 2002). 
This implies that in order to shift the fishing industry 
to MSY levels, we would need to trim excess fishing 
capacity. However, the cumulative power of the global 
fleet is presently increasing at a rapid rate, notably in 
Asia (Anticamara et al. in press).

It is estimated that some 4 million boats6 are actively 
engaged in marine fisheries. If we assume that current 
fishing capacity is between 1.5 and 2.5 times the level 
needed to maximise sustainable catch, fishing effort 
would need to be reduced by between 40 and 60 per 
cent. This means that the active fishing fleet may need to 
be reduced by up to 2.4 million vessels. This calculation 
does not, however, account for differences in fishing 
capacity by vessel type. For instance, areas dominated by 
large-scale vessels (i.e., vessels larger than a given size, 
which varies from one country to another) may need to 
reduce fewer vessels than areas with more small-scale 
boats because large-scale operations represent greater 
fishing effort per unit. 

It is estimated that the fishing industry employs more 
than 35 million people, which implies that between 
15 and 22 million fewer fishers would be required in a 
green-fisheries scenario. However, research indicates 
that up to 75 per cent of fishers in Hong Kong would 
be willing to leave the fishing industry if suitable 
compensation were available (Teh et al. 2008). 
Alternative livelihood programmes that have been 
successful involve activities such as seaweed farming 

6. Based on 2002 data and stagnant growth in fleet size as suggested by 
FAO trends. Available at http://www.fao.org/fishery/topic/1616/en.

Box 4: How improvement in fishing gear can contribute to green fisheries

The potentially devastating impact of trawling, 
especially in terms of damage to the sea bed 
and bycatch, is well known (Hall 1996; NRC 1999; 
Watling and Norse 1998) and has given rise to 
legislation such as the mandatory use of turtle-
excluder devices in shrimp trawls and bans of 
trawlers in the in-shore waters of many nations. In 
California, a shift from trawls to traps in the state’s 
spot prawn fishery in 2003 resulted in a significant 

reduction of rockfish bycatch (Morgan and 
Chuenpagdee 2003). Recent improvements to the 
design and use of fishing gear to minimise seafloor 
contact and to reduce bycatch, such as the use of 
the Nordmore grate in shrimp fishery (Richards and 
Hendrickson 2006) have been encouraging, but 
more investment is needed to address the impacts 
of large scale trawling and other high-impact 
fishing gear.
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and recreational angling (Sievanen et al. 2005). Clearly, 
this is a difficult task for policy-makers to implement. 
Nevertheless, there are options: 

Scenario one: An across-the-board fishing capacity cut
Assuming that the current global fishing fleet represents 
an average distribution of capacity throughout the 
world, we estimate that decommissioning of between 
1.4 – 2.4 million vessels would be required. Similarly, 
between 15 million and 22 million workers would be 
removed from a green fishing industry. Based on vessel 
and crew data from the European Union (EC 2006), we 
calculate that the average cost of a vessel buyback is 
roughly equal to the average interest payments on 
a vessel for five years and the average cost of crew 
retraining is estimated as 1.5 years average annual crew 
wages. These values are estimated to be US$ 15,000 
per vessel buyback and US$ 18,750 per crew retraining, 
respectively. Based on this information, we estimate 
that the total investment needed to reduce fishing 
capacity in this scenario to be between US$ 290 billion 
and US$ 430 billion worldwide. It should be noted that 
this total amount can be spread over time if necessary.

Scenario two: Accounting for catch capacity 
distribution differences
The above scenario assumes that, on average, vessels have 
similar catch capacity and impact ecosystems in similar 
ways. In fact, the distribution of fishing effort exhibits 
a great deal of variation around the globe (Anticamara 
et al. in press). Large-scale, high capacity vessels also 
tend to use more capital in place of labour so that the 
number of workers per weight of landings is lower than 
small scale fleets. For policy-makers concerned about 
reducing fishing effort while minimizing the impact on 
workers, it is probably prudent to focus on buybacks of 
large-scale fishing vessels. 

The catching power of large-scale vessels implies that 
160,000 of the world’s 4 million fishing vessels catch 
the same amount of fish as the remaining 3.84 million 
vessels. Using data on fishing employment in small 
and large scale fleets (EC 2006), we calculate that, on 
average, large scale vessels employ about 3.6 times as 
many workers as small scale vessels. This implies that 
large scale fleets employ about 5 per cent of the world’s 
35 million fishers or 4.6 million workers. Combining 
these figures with our assumptions outlined above 
implies that cutting 130,000 – 160,000 large-scale 
vessels along with 1.4 – 1.7 million jobs supported 
by these vessels will achieve roughly the same green 
economy results as cutting 15 to 22 million fishing 
jobs across the board. In this scenario, the total cost 
of adjustment to green fisheries is between US$ 115 
and US$ 175 billion since the high cost of worker re-
training is minimised. The reason why the cost of 
greening world fisheries under this scenario is lower 

than under scenarios one and three is that the cost of 
compensating, re-training and re-settling small scale 
fishers is much higher in those two cases.

Scenario three: Global fleet capacity distribution
If large and small scale fishing vessels were evenly 
distributed around the globe, scenario two would be an 
effective strategy to minimise the effect on employment 
numbers by decommissioning only the large scale 
vessels and affecting a smaller number of workers. 
However, many large-scale vessels are concentrated in 
developed countries while small-scale vessels are mostly 
found in developing countries. Although the same 
green economy result could potentially be achieved by 
making cuts to just large-scale vessels, this would be 
ineffective in areas dominated by small-scale fishing that 
are currently overfished, such as in India and Senegal. 

In this scenario, we explore the possibility of putting three-
quarters of the responsibility for cutting fishing effort on 
large-scale vessels, with the remaining quarter filled by 
small-scale vessels. In such a case, reducing a combination 
of 120,000 large-scale vessels and 960,000 small-scale 
vessels would halve the world’s fishing capacity. However, 
unlike scenario one, the effect on workers in this scenario 
is greatly reduced, requiring provisions to deal with 1.3 
million large-scale workers and 8.3 million small-scale 
fishers. Also, in this scenario, we allow for differences in 
the cost of decommissioning and re-training to vary 
between large and small-scale vessels. Using data from 
Lam et al. (2010), we calculate that large and small-scale 
crew workers earn average wages of US$ 20,000 and US$ 
10,000 per year, respectively. Furthermore, we determine 
that large and small scale vessels pay an average of US$ 
11,000 and US$ 2,500 per year in capital costs. This implies 
that, following the same assumptions as scenario one, 
the average cost of decommissioning for large and small-
scale vessels is US$ 55,000 and US$ 12,500, respectively. 
Likewise, retraining efforts for large and small-scale crew 
members are estimated to be between US$ 30,000 and 
US$ 15,000 per worker.

By focusing effort reductions on large-scale vessels, 
the total cost of adjustment to green world fisheries in 
this scenario is much less costly than the first scenario, 
requiring a one-time total investment of between US$ 
190 billion to US$ 280 billion with a mean of US$ 240 
billion to decommission vessels and provide for workers 
as they transition to other forms of employment. It would 
also be necessary to increase management expenditure 
by 25 per cent to US$ 2 billion on an annual basis.

Given the current distribution of large and small-scale 
fishing vessels in the world, both scenarios one and 
two appear to be unrealistic. Therefore, we use the 
cost estimates in scenario three in the following cost-
benefit analysis.
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3 4  Cost-benefit analysis 
of greening fisheries

As presented earlier, greening the fisheries sector would 
lead to an increase in value added from fishing, globally, 
from US$ 17 billion to US$ 67 billion a year. This is a net 
increase of US$ 50 billion a year. Given that the cost of 
restructuring the global fishing fleet under scenario three 
is a one-time investment of about US$ 240 billion, benefits 
would be realised very quickly if fish stocks recover fast. 
Discounting the flow of US$ 50 billion per year over the 
next 50 years at 3 per cent and 5 per cent, real discount 
rates represent a present value from greening ocean 
fisheries of US$ 960 and US$ 1,325 billion, which is 
between 4 and 5.5 times the mean estimate of the cost 
of greening global fisheries. This signals that there is a 
potentially a huge green advantage. Although a variety 
of assumptions are needed to produce estimates in this 
section, it is clear that economic gains from greening 
world fisheries are substantial enough to compensate for 
even drastic changes in these assumptions.

3 5  Managing fisheries 

Effective management is crucial for ensuring a green 
marine fisheries sector, although this has so far proved 
difficult to achieve. Research suggests that implementing 
a form of management known as individual transferable 
quotas (ITQs), also known as catch shares, can explain 
the improvement and rebuilding of many fish stocks 
around the world (Costello et al. 2008; Hannesson 2004). 
However, it has also been argued by many authors that 
ITQs are no panacea and need to be designed carefully 
(Clark et al. 2010; Essington 2009; Gibbs 2009; Hilborn 
et al. 2005; Pinkerton and Edwards 2009; Townsend  
et al. 2006).

Catch shares can be an effective tool in controlling fishing 
pressure. Because they are underpinned by Total Allowable 
Catch (TAC) limits, they can constrain catch to sustainable 
levels and, therefore, become valuable management 
tools (Arnason 1995). Individual transferable quotas 
do not confer full property rights to the ITQ owner, and 
furthermore, it is widely acknowledged that even if they 
were to provide such rights, there are still conservation 
and social concerns to worry about (Bromley 2009). 
Understanding these limitations to ITQs as a management 
regime, where this tool is implemented, must be part of 
a broader management system that ensures that these 
limitations are addressed appropriately. Measures are 
needed to ensure that ITQs work to improve economic 
efficiency, while ensuring the sustainable and equitable 
use of the fishery resources and the ecosystems that  
support them. 

Below are some of the strategies that are needed as 
part of an ITQ management system if it is to achieve 
economically, ecologically and socially desirable 
outcomes (Sumaila 2010):

 ■ Individual transferable quotas must be supported 
by an arm’s-length stock assessment unit that is 
independent of industry and backed by strong 
monitoring, control and surveillance (MCS) to 
deal with the lack of full property rights, which 
can lead to "emptying" the ocean of fish under  
certain conditions;

 ■ Some restrictions on the ownership of ITQs to people 
actively engaged in fishing may be needed to mitigate 
against diluting ITQ performance when quota owners 
are different from those who fish;

 ■ Measures to ensure resource sustainability by taking 
an ecosystem-based management approach including 

Box 5: Illegal, unreported and unregulated fishing and the greening 
of fisheries

The FAO identifies Illegal, Unreported and Unregulated 
(IUU) fishing as one of the major factors driving 
overexploitation of marine resources worldwide (FAO 
2001). Based on case studies, MRAG (2005) estimate 
that the total loss due to IUU fishing is about 19 per cent 
of the total value of the catch. The commonly accepted 
economic reason for the persistence of IUU fishing is 
that detection rates and fines are too small relative to 
the catch value (Griggs and Lugten 2007; Kuperan and 
Sutinen (1998). In fact, Sumaila et al. (2006) suggest that 
the reported fines should be increased by at least 24 
times to equalise the expected costs and benefits. 

To green fisheries and prevent overexploitation, it 
is necessary to reduce IUU fishing. The direct way 
is to strengthen monitoring and control through 
strict policy enforcement, and the indirect way 
is through economic incentives, e.g., increasing 
fines or decreasing reporting costs. While 
reducing IUU fishing within a country using these 
direct and indirect ways is important, cooperation 
among countries is also very critical, since lots 
of IUU fishing occurs in the areas accessed by 
multiple countries.
Source: OECD (2004)
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special attention to essential habitats, safe minimum 
biomass levels, input controls, etc.; 

 ■ Networks of reasonably large marine protected areas 
may be needed to accompany the implementation of ITQs 
to deal broadly with the ecosystem effects of overfishing, 
to allow for recovery, and to recognise uncertainty in 
the performance of ITQs. Such a network would benefit 
greatly by ensuring that it is designed to be compatible 
with conservation and ITQ goals and objectives;

 ■ Imposing limits to quota that can be held by each 
quota owner, to mitigate social problems associated 
with the concentration of fishing power, although its 
effectiveness is very variable. It is worth noting that 
this is already a feature of many existing ITQ systems. In  
some fisheries, equity concerns may be alleviated by 
allocating quotas to communities or to residents of a 
territorial area in the form of community transferable 
quotas (CTQs) and territorial user rights in fisheries 
(TURFS), respectively (Christy 1982; Wingard 2000; 
Charles 2002). With such schemes in place, the economic 
efficiency benefits of ITQs may be captured while 
minimising negative social impacts; and

 ■ Auctioning of quotas can be used in some fisheries 
to deal with the problem of initial allocation of quota 
and its equity implications (Macinko and Bromley 2002; 
Bromley 2009).

There are several areas of management where increased 
investment can be extremely beneficial. These include: 

 ■ Stock-assessment programmes;

 ■ Monitoring and control programmes; and

 ■ Establishment of marine protected areas (MPA).

Stock assessment programmes are basic for fishery 
managers who require reliable statistics to inform them 
of the state of fish stocks so that they may keep a careful 
eye on whether fishing effort is appropriate for the 
sustainable use of the stock (Walters and Martell 2004). 

Monitoring and control programmes are those that 
allow fisheries managers to determine whether fishers 
are acting in compliance with catch quotas or not. Such 
programmes are also necessary in terms of mitigating 
the impact of illegal and unreported fishing activities.

Historically, MPAs have not been used as a major tool in 
the management of the world’s fisheries. However, their 
role as a management tool has become more popular in 
recent years. Marine Protected Areas attempt to maintain 
the health of fish stocks by setting aside an area of the 
ocean that is free from fishing activity – allowing mature 
fish in these areas to escape into unfished areas, thereby 
ensuring the future resilience of the fishery.



99

Fisheries

4  Enabling conditions: Institutions, 
planning, policy and regulatory 
reform and financing

4 1 Building effective national, regional 
and international institutions

The root cause of overexploitation of fish stocks is the 
lack of control over fish catches or fishing capacity, or 
both. Individual fishers competing with many others 
have an incentive to take as much fish as quickly as they 
can. If this incentive is not controlled, the result of such 
uncoordinated efforts of many competing fishers is the 
depletion of fish stocks to the point of harming future 
fish catches, raising the cost of catching fish, and possibly 
wiping out fish stocks once and for all (Hannesson 2004; 
Hardin 1968; Gordon 1954. Fortunately, it has been 
shown over the past several decades that very often 
communities or groups of fishers develop institutions that 
can regulate the incentives and create the conditions for 
sustainability (Dietz, T. et al. 2003). This is not guaranteed 
to occur, however, and it is unlikely in industrial or high-
seas cases, where other measures are needed.

In this regard, note that privatising use of the fishery 
resource is not necessarily advisable. Even if a fish 
resource is privatised, there are conditions under which 
the private owner may find it optimal to overfish the 
stock, sometimes to extinction (Clark 1973; Clark et al. 
2010). This happens when the stock in question grows 
very slowly compared to the rate of discount, so that the 
present value of future catches is low, compared to the 
once-and-for-all gain from depleting the stock. However, 
such restrictions are not necessarily best imposed by 
a governmental fisheries administration. Successful 
examples around the world of community-based or 
fisher-led restrictions are common, often in conjunction 
with spatial or territorial limits.

We need effective institutions at all levels of government, 
from the local to the provincial/state to the national, 
regional and international because of the migratory 
nature of many fish stocks. Many fish stocks spend 
their lives completely in the Exclusive Economic Zones 
(EEZ) of countries – they do not migrate across EEZs of 
other countries or straddle into the high seas. For these 
fish stocks, effective national institutions are all that is 
needed. Then we have fish stocks that are shared by two 
or more countries, the so-called transboundary fish stocks 
that live completely within the EEZs of more than one 

country. For these fish stocks, participants in the fishery 
must agree on the management of the stock in order to 
make it effective (Munro et al. 2004). Then there are fish 
stocks that are partly or wholly located in what is left of 
the high seas. It has for a long time been a concern that 
the regulation of these fisheries is ineffective and that 
regulation of stocks that are governed by one or more 
coastal states but which straddle periodically into the 
high seas is undermined by the open access to the high 
seas. This prompted a conference on high seas fisheries 
in the 1990s under the auspices of the UN. This resulted 
in what is usually called the UN Fish Stocks Agreement, 
which vests the authority to regulate high seas fisheries in 
Regional Fisheries Management Organisations (RFMOs) 
(United Nations 1995), whose functioning was recently 
reviewed by Cullis-Suzuki and Pauly (2010b) and generally 
found wanting.

4 2 Regulatory reform

The basic requirement for a successful management of 
a fish stock is limiting the rate of exploitation to some 
sensible level. This necessitates 1) a mechanism to set 
such a target catch level and 2) a mechanism to monitor 
and to enforce it. The basic question to ask is whether 
the scientific, administrative and law-enforcing 
capability is in place to make this happen. The presence 
of strong social norms and cultural institution are great 
tools for enforcement where they work.

In practice, effective management institutions would 
have in place mechanisms for providing scientific advice, 
as well as a mechanism to set the rate of exploitation 
on the basis of that advice and in such a way that it 
maximises long-term benefits in the form of food 
supplies or fishing rent (difference between revenues 
and costs adjusted for subsidies). The latter requires an 
efficient and uncorrupted administration that strives for 
the best possible economic (or food supply) situation of 
the country in question (UNEP 2008).

As to the specific means by which the fisheries 
administration achieves its goals, these must be decided 
on a pragmatic basis. A limit on the total catch is perhaps 
the most obvious instrument to use, but there are 
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circumstances where it might not be adequate. Catch 
limits are notoriously difficult to monitor in small-scale 
fisheries, and even monitoring the boats and their 
use need not be much easier in that context. Yet, it is 
quantitative restriction of either kind that is needed in 
order to limit exploitation of fish stocks.

It has been pointed out repeatedly and supported 
by empirical evidence that limiting fish catches 
alone achieves very limited objectives in the fisheries 
(Costello et al. 2008; Hannesson 2004). It may, and it 
often has, succeeded in maintaining the fish stocks at 
healthy levels, while leaving the industry in shambles 
economically, with short fishing seasons, inferior 
products, low economic returns, and even threats to 
life and limb through undue risk-taking encouraged 
by narrow time opportunities to catch fish. One way to 
deal with this is to allocate the total fish quota among 
the vessels or fishing communities in the industry and 
make the quota allocations transferable, where feasible. 

4 3 The economics of fishery 
management tools

The basic fishery management tools can be grouped 
into 1) output controls; 2) input controls; and 3) 
auxiliary measures. Both 1) and 2) control the rate of 
exploitation, which is the fundamental factor that 
needs to be controlled, as stated earlier.

Output controls mean limiting the total amount of fish 
that can be caught. We do not know what this means in 
terms of rate of exploitation unless we know what the 
size of the fish stock is. This can only be estimated with 

a considerable and possibly high degree of imprecision. 
Nevertheless, catch quotas are often set on the basis of 
some target rate of exploitation, and to make any sense 
of them we must have a reasonably reliable idea about 
what the stock size is. This is admittedly an unlikely 
scenario in most fisheries of the world, which are small-
scale and local in nature, and for which output controls 
may be of limited use. However, where feasible, the 
target output should be set on the basis of maximizing 
either food supply or fishing rent, depending on what 
is deemed most appropriate.

Where it is feasible to set a catch quota, and where there 
are strong monitoring and enforcement capabilities, 
it might be feasible to allocate the quota among the 
players in the industry, and make it transferable. This 
should help avoid wasteful competition for the largest 
possible share of a given catch and to achieve a 
reasonable correspondence between the fleet capacity 
and the available catch quotas. We stress reasonable, 
because there are several reasons why there is likely to 
be some mismatch between fleet capacity and catch 
quotas. One is variability of the fish stocks, another is 
the remuneration system used on the fishing boats. The 
optimal solution is ideal, but in practice we are unlikely 
to achieve anything better than getting closer to it.

Under some circumstances, effort controls could be 
better than quota controls. This can happen if quotas are 
difficult to monitor, or if the size of the fish stock cannot 
be estimated while we can be reasonably certain that it 
is always evenly distributed in a given area so that a unit 
of effort produces a given rate of exploitation. A problem 
here is technological progress by which a unit of effort 
(say, a boat-day) becomes more and more effective over 

Box 6: Updating international law on shared fish stocks

A shared fish stock is one that either 1) is a highly 
migratory species (i.e., tuna); 2) occurs in the EEZ 
waters of more than one political entity; 3) occurs in 
the high seas where it may be targeted by a multitude 
of fleets; or 4) any combination of the previous 
three. Often, the management of shared fish stocks 
is needed to counter what game theorists term the 
prisoner’s dilemma, where parties sharing a stock 
would be better off cooperating on management 
initiatives but fail to do so because they are concerned 
other parties may free-ride on their investment in the 
resource.

The 1982 United Nations Convention on the Law of 
the Sea (UNCLOS) was implemented to deal with 
some problems associated with shared fish stocks, 

giving special rights and responsibilities over near-
shore marine resources to coastal nations. However, 
this agreement and the 1995 United Nations Fish 
Stock Agreement, which was meant to reinforce 
UNCLOS, have left the management of shared and 
transboundary fish stocks open to management 
problems that game theorists have predicted (Munro 
2007). It is suggested that, in order to green fisheries 
that are shared or transboundary in nature, the body 
of international law concerning access rights in 
fisheries must be re-examined with a focus on the 
establishment of RFMOs with the teeth to oversee the 
use of these fish stocks; for such laws to be effective, 
international law should be reviewed as soon as 
possible – before serious harm to shared fish stocks 
occurs.
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time. Such increases in effectiveness usually reach 2–3 
per cent per year, and hence can double the impact of 
a fleet after two decades (Pauly and Palomares 2010). 
In fact, this method of management encourages 
technological progress for the sole purpose of catching 
more fish, even to the point of exceeding the target 
rate of exploitation. Some efficiency gains are likely to 
be realised through allowing trade in effort. The total 
effort should be determined on the basis of the same 
principles as the total catch quota.

Then there are several measures which are termed 
auxiliary, as they do not primarily address the basic 
problem of controlling the rate of exploitation but 
promote greater yields from fish stocks in various 
ways. One is selectivity of fishing gear (mesh sizes, for 
example). Larger meshes allow young, fast growing 
fish to escape capture and to be caught at an age when 
they have grown to a more appropriate size. Closing 
off nursery areas serves the same purpose. Protecting 
the spawning stock could be desirable, if the extent the 
size of the spawning stock is critical for recruitment of 
young fish. Regulations such as mandatory discarding 
of marketable fish are highly doubtful, as is mandatory 
retention of unmarketable fish. The rationale for such 
measures is to discourage people from seeking fish 
that they are not authorised to take. While this is indeed 
desirable, such regulations are economically wasteful 
and one should look for ways to achieve the desired 
outcome in less wasteful ways. 

4 4 Managing the transition process

This would be most challenging when we are dealing 
with depleted fish stocks that need to be rebuilt. This 
situation arises because the capacity of the fishing fleet 
has outgrown the available resource, and so the fleet 
would have to be downsized. Both of these necessitate 
a cutback in fishing activity. Fish quotas that are lower 
than contemporary and recent catches which have 
depleted the fish stock are necessary to rebuild the 
stock. Such small quotas mean that some of the fishing 
capacity is redundant, and even with rebuilt stocks 
it is highly likely to remain redundant if a repeated 
depletion of the stock is to be avoided.

All this implies investment in the fish stocks as it were, 
through foregone earnings in the short-term for the 
purpose of obtaining higher benefits in the future. 
Likewise, having some boat owners leave the fishery 
means that they would be foregoing earnings they 
otherwise would have obtained, and those who leave 
would in any case not share in the higher benefits 
to be realised in the future. Since the justification for 
rebuilding fish stocks is higher future benefits, it would 
in principle be possible for those who remain in the 

fishery to buy out those who leave; in this way share 
the future income recovery with them (Martell et al., 
2009). The problem is, however, that future income is 
an expected and not a certain variable, and the vagaries 
of nature could in fact greatly delay the realisation of 
any income recovery. Those who remain in the industry 
could, therefore, be reluctant to offer much of the 
income recovery they expect. 

There is also a key issue in SSF, particularly a lack of access 
to capital, limiting the potential for this process. There 
is therefore a case for governments to come up with 
funds to finance the transition from overexploitation 
and overcapacity to an optimally exploited fishery with 
optimal fleet capacity. It should be stressed, however, 
that this is only bridge financing; in due course those 
who remain in the fishery should pay back the loans they 
got for the transition. Anything else could create the 
expectation that boat owners in an overexploited fishery 
will always be bought out, which could entice people 
to invest in overcapacity purely on the expectation of 
being bought out later.

4 5 Learning from successful 
international experience

There are a number of cases of successful transitions from 
an overexploited fishery, or a fishery with overcapacity, 
to a better managed fishery, albeit not fully optimal. 
Below is a non-exhaustive selection of these cases and 
their most salient features are mentioned. 

New Zealand
One of the early cases of control by ITQs is the bottom 
trawl fisheries in New Zealand. One interesting aspect 
of how that regime was implemented in the inshore 
fishery was how excess fishing capacity was bought 
out by having fishers tendering quotas. These buyouts 
were, however, financed with public money and never 
recovered; plans to charge resource rentals were 
abandoned early on. This case is well documented in 
a number of papers (Ackroyd et al. 1990; Batstone and 
Sharp 1999; Clark et al. 1989; Hersoug 2002).

Pacific halibut
Individual transferable quotas were first introduced in 
the Canadian halibut fishery. One noteworthy feature 
is industry participation and payment for monitoring of 
quotas. Another lesson is how individual quotas provide 
economic benefits in the form of higher catch value due 
to longer fishing season and more leisurely fishing (Fox 
et al. 2003; Rice 2003; Turris 2000; Wilen 2005).

Ayvalik-Haylazli Lagoon fishery
The Ayvalik-Haylazli Lagoon fishery, near a major agricultural 
and commercial centre city in Turkey, is an example of 
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successful community management (Berkes 1986). In this 
fishery, fishers from three neighbouring villages formed a 
cooperative in 1994. This cooperative organised fishers to 
cooperate in work to reduce fishing costs and restricted the 
resources access only to those members. 

Alaska Regional Fisheries Association
This association, formed by fishers themselves to 
conserve and rebuild salmon stock in the middle of 
1970s, is another successful case of fishery management. 
By self-imposing a tax of 3 per cent of the value of their 
catch, the association was able to increase salmon 
abundance and benefit the fishers (Amend 1989).

Fisheries adjustments in Spain
Starting in the mid-1970s, the extension of national 
fisheries jurisdiction into 200-nautical mile exclusive 
economic zones forced Spanish distant fishers were 
forced to depart from various fishing grounds where 
they had fished for decades, if not centuries. This 
resulted in a decline in employment by roughly a third 
over a few decades. However, government-supported 
unemployment subsidies, training programmes, public 
investment and transfers to new sectors, such as fish 
farming, fish processing and coastal tourism, enabled 
Spanish communities that were reliant on fishing to 
ensure a continued high standard of living and to avoid 
any major social crisis, despite a significant decline in 
fisheries employment (OECD 2000).

The lessons that can be learned from these cases are 
the following:

 ■ It is important to find an initial allocation of a quota 
that is generally understood to be equitable and 
immune to challenge as far as possible (there might 
always be controversial cases, however);

 ■ The allocation criteria should be fixed as quickly as 
possible, to avoid positioning such as participation 
in the fishery or investment in boats only to ensure 
inclusion in the system. The latter aggravates the 
overexploitation and overcapacity prior to establishing 
a quota system (bringing loans only);

 ■ There may be a case for government to help with 
the provision of funds, to be paid back later, to buy out 
excessive fishing vessels; 

 ■ Equitable distribution of gains from individual 
transferable quotas is important, in order to avoid 
challenges on the grounds that the quotas make only 
a few people rich and leave little for the rest of society. 
Note that these challenges can emerge well after the 
quota system is established and even if the initial 
allocation of quotas was deemed acceptable, as gains 
from a quota regime take some time to emerge; 

 ■ There can be very substantial gains from individual 
quotas, in the form of lower fishing costs and a higher 
catch value. Not all these gains are due to rebuilding of 
fish stocks. Some are due to less fishing capacity used, 
others to longer fishing season and more leisurely 
fishing; and 

 ■ Under certain circumstances, fishing communities 
have the potential to maintain resources sustainably 
(Berkes et al. 2001; Ostrom et al. 1999).

4 6 Financing fisheries reform

As shown earlier, green fisheries require accessing or 
raising the necessary funds to meet the economic, 
environmental and social goals in order to: ensure the 
long-term future of fishing activities and the sustainable 
use of fishery resources. Financing is required for 
measures to adapt the fishing fleet; promote the use 
of appropriate gear; strengthen markets in fishery 
products; promoting partnerships between researchers 
and fishers; diversify and strengthen economic 
development in areas affected by the decline in fishing 
activities; and provide technical assistance and (human) 
capacity building in developing countries. 

Activities aimed at greening the fisheries sector are diverse 
and would take place at the local, national, regional and 
global levels. Financing arrangements or options would 
also have to be tailored to meet the needs at these levels. 
We must also keep in mind when considering options for 
financing fisheries reform that ample investment may 
not be sufficient for greening the fisheries sector if not 
combined with effective management regimes.

Public investment in fisheries reform
Since fisheries are considered by many to be a public 
resource and the public has much to gain through 
improved management, significant public investment 
in this industry can be justified. Public funding for 
fisheries sustainability includes direct funding from 
national budgets, contributions from multilateral 
funds, resources raised from capital markets backed 
by government guarantee and a share of government 
taxes, levies or revenues earmarked at a national level 
for a fisheries fund. A Global Fisheries Fund (GFF), 
run by the United Nations, along the lines of the 
Global Environmental Facility (GEF), can be set up. 
Funding  from various public sources can be pooled 
for greening the fisheries sector. A high level forum 
on international fisheries finance can be established 
to bring together key decision makers from the public 
and private financial sector, as well as international 
financial institutions. It could regularly review 
funding availability and expenditure and provide 
recommendations for improvements. 
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National fisheries reform funding opportunities
National fiscal incentives can be a powerful source of 
investments for green fisheries since political economy 
problems that would normally be encountered in trying 
to raise funds at the regional and/or global levels can 
be avoided. Such sources of investment may be most 
effective when the distribution of fishery resources 
is fairly well contained within national boundaries. 
However, given the transboundary nature of many 
marine species such as tunas that are targeted by many 
countries, national funding programmes may fail to 
generate adequate funding to green some fisheries. Two 
fiscal incentive programmes that can be effective for 
funding fisheries investment are Environmental Fiscal 
Reform (EFR) and the redirection of harmful subsidies to 
green activities. These are:

Environmental Fiscal Reform refers to a range of 
taxation and pricing measures which can raise revenue 
while furthering environmental goals (OECD 2005). In the 
absence of taxation, the financial benefit from exploiting 
fisheries resources are fully captured by the private sector, 
without compensation to society at large. Additionally, 
individual operators have little direct incentive to 
restrict their catch, since they do not, individually,  
derive any direct benefits from doing so while others 
continue to over-exploit. Imposing levies on the volume 
of catch, in combination with proper management 
measures – which may include restricting access to 
fishing grounds – can be effective in both generating 
revenue to compensate the owners of the resource, (i.e., 
the country whose fishing stocks are being exploited) 
as well as create a natural incentive to reduce fishing 
effort. 

Redirection of Subsidies or elimination redirecting 
existing harmful subsidies in the fisheries sector 
globally can provide a significant additional source of 
financing for greening the fisheries sector. Fisheries 
subsidies have been estimated at some US$ 25-
30 billion annually (Sumaila et al. 2010). Limiting 
subsidies to those used for management, the so-called, 
beneficial subsidies, would generate savings of about 
US$ 19 billion annually, which can be reallocated to 
finance green fisheries initiatives. 

 Regional financing arrangements 
A regional financing facility or mechanism is one in 
which: 

 ■ the activities it funds are limited to a given region 
(e.g., the Coral Triangle in the Western Central Pacific or 
West Africa); and 

 ■ the arrangement’s member countries from within a 
given region have a substantial role in decision-making 
(Sharan 2008). 

Regional financing of the greening of fisheries is 
important for a number of reasons. First, while the issue 
of fisheries sustainability is a global one, it has strong 
regional dimensions as well. Obstacles and measures 
required to adapt depend on regional biological and 
political landscapes and as such, would not be identical 
for all regions. The decline of the fish stock and its impacts 
is unlikely to be confined within any one country, and  
one country would not be able to address such impacts 
alone. Thus, regional financing arrangements would 
strengthen the overall global collective action for 
greening fisheries. A regional approach also offers 
proximity benefits such as closer interaction and learning, 
and lower transaction costs. A regional financing 
arrangement can also attract additional resources within 
the region as countries feel that they are in charge of 
decisions. In this regard, Regional Fisheries Funds can be 
set up in various regions of the world. 

Private investment in fisheries reform
Venture capital and private equity – Consumers 
are increasingly sensitive to the wider impacts of 
unsustainable fishing practices as they are with climate 
change. The result has been consumer pressure for 
products that are certified as environmentally friendly 
or consistent with sustainability. Emerging high growth 
sectors have traditionally been a target for venture 
capitalists, who invest in entrepreneurial activities and 
expect high returns for their risks. Markets for sustainable 
products and services such as eco-tourism and certified 
seafood can present attractive sources of income for the 
management of protected areas and their surrounding 
communities. Enabling productive projects for private 
sector actors in protected areas, with specific profit 
sharing agreements, have the potential to be an 
important potential source of financing. 

Public-private partnership  
While the public and private sectors have important 
roles to play in generating new sources of funding 
for greening the fisheries sector, the mechanism of 
a Public Private Partnership (PPP) where the public 
sector’s investment is leveraged to attain private sector 
participation in projects with public good characteristics 
can be applied in the fisheries sector. 

Evaluation of financing options
There are a myriad of financing options that have been 
outlined above ranging from those best implemented at 
national or global scales and those operated by public 
or private entities. Given the common property nature 
over much of the world’s oceans living resources, which 
is detrimental to the success of private investment, it is 
unlikely that this avenue can be expected to fill much 
of the needed investment. That said, where sufficient 
access rights and regulations exist, this environment 
has the potential to spawn a great deal of innovative 



104

Towards a green economy

private business activity that can be effective in both 
greening fisheries as well as driving new employment 
opportunities and wealth creation.

In regions of the world where rights are difficult to 
implement or communities prefer other forms of 
management, it is clear that the public has a large role 
in investing in green fisheries. This is an opportunity for 
public funds to be used in an area that will create jobs 
and yield benefits for public resource owners. National 

strategies such as environmental fiscal reform are likely 
to be successful in cases where fish stocks remain within 
national boundaries. In other cases where stocks travel 
between the boundaries of two or more countries, 
regional or global strategies such as market based levies 
combined with international cooperation have a great 
deal of potential. Even in cases where green investment 
is to operate at the national level, international 
cooperation on topics such as the redirection of fisheries 
subsidies can be highly influential in driving change.
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5  Conclusions 
Our analysis confirms that global marine fisheries are 
underperforming both in economic and social terms. 
Greening the fisheries sector by rebuilding depleted 
stocks and implementing effective management could 
increase the overall marine fisheries catch, and raise the 
economic contribution of ocean fish populations to the 
global economy. 

While important efforts have been made in national 
fisheries administrations around the world, and through 
regional fishery management organisations, more is 
needed to enhance the management of the resources in 
a green economy context.   

In order to achieve sustainable levels of fishing from an 
economic, ecological and social point of view, a serious 
reduction in current excessive capacity is required. 
Given the wide difference in the catching power, the job 
creation potential, and the livelihood implications of large-
scale versus small-scale fishing vessels, it appears that a 
reduction effort focused on large-scale vessels could reduce 
overcapacity at lower socio-economic costs to society. 

This chapter demonstrates that greening the fisheries 
sector would cost billions of dollars. However, the gains 

from greening would more than pay for the investments. 
Most of the cost involves helping the fisheries sector 
adjust to lower fishing capacity, which is a prerequisite 
for greening the fisheries sector and keeping it 
economically viable over the long-term. 

The contribution revealed that there are successful 
experiences with mechanisms to manage the transition 
and adjustment within the fishing industry, through 
vessel buyback programmes, compensation, provision 
of social security and retraining programmes for fishers, 
to learn from and build upon. 

More investment is required to improve fisheries 
management in most parts of the world. This would enable 
a more effective implementation of all management 
tools that have proven to be effective, including stock 
assessments, monitoring and controlling programs, 
transferable and non-transferable quota systems, 
and expanding marine protected areas. In addition, 
strengthening fishery institutions both in national 
administrations and regional fishery management 
organisations would allow a more effective governance 
and management of resources within and outside nations’ 
Exclusive Economic Zones. 
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Key messages

1. Water, a basic necessity for sustaining life, goes undelivered to many of the world’s poor. 
Nearly 1 billion people lack access to clean drinking water; 2.6 billion lack access to improved sanitation 
services; and 1.4 million children under five die every year as a result of lack of access to clean water and 
adequate sanitation services. At the current rate of investment progress, the Millennium Development 
Goal for sanitation will be missed by 1 billion people, mostly in Sub-Saharan Africa and Asia.

2. The existing inadequacies in provision of water and sanitation services generate considerable 
social costs and economic inefficiencies. When people do not have access to water, either large amounts 
of their disposable income have to be spent on purchasing water from vendors or large amounts of time, 
in particular from women and children, have to be devoted to carting it. This erodes the capacity of the 
poor to engage in other activities. When sanitation services are inadequate, the costs of water-borne 
disease are high. Cambodia, Indonesia, the Philippines and Vietnam, for instance, together lose about 
US$ 9 billion a year because of poor sanitation – or approximately 2 per cent of combined GDP. Access to 
reliable, clean water and adequate sanitation services for all is a foundation of a green economy.

3. Continuing current practices will lead to a massive and unsustainable gap between global 
supply and demand for water withdrawal. This is exacerbated by failure to collect and treat 
used water to enable subsequent uses. With no improvement in the efficiency of water use, 
water demand is projected to overshoot supply by 40 per cent in 20 years time. Historical levels of 
improvement in water productivity, as well as increases in supply (such as through the construction 
of dams and desalination plants as well as increased recycling) are expected to address 40 per cent of 
this gap, but the remaining 60 per cent needs to come from investment in infrastructure, water-policy 
reform and in the development of new technology. The failure of such investment or policy reform to 
materialise will lead to the deepening of water crises.
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4. The availability of an adequate quantity of water, of sufficient quality, is a service provided 
by ecosystems. The management of, and investment in, ecosystems is therefore essential to address 
water security for both people and ecosystems in terms of water scarcity, the over-abundance of water 
(flood risk) and its quality. 

5. Accelerated investment in water-dependent ecosystems, in water infrastructure and in water 
management can be expected to expedite the transition to a green economy. Modelling suggests 
that, under the green investment scenario, global water use can be kept within sustainable limits and 
all the MDGs for water achieved in 2015. With an annual investment of US$ 198 billion on average over 
the next forty years, water use can be made more efficient, enabling increased agricultural, biofuel 
and industrial production. By 2030, the number of people living in a water-stressed region is 4 per cent 
less than under BAU and up to 7 per cent less by 2050.

6. When investment is coupled with improvements in institutional arrangements, entitlement 
and allocation system, the expansion of Payments for Ecosystem Services (PES), and the 
improvement of water charging and finance arrangements, the amount that needs to be 
invested in water can be reduced significantly. Moreover, a significant proportion of water 
management policies and measures in other sectors such as input subsidies are undermining 
opportunities to improve water management. Resolving global water supply problems is heavily 
dependent upon the degree to which agricultural water use can be improved. Irrigated land produces 
40 per cent of the world’s food and, as populations grow, a significant proportion of this water will 
need to be transferred to urban, commercial and industrial uses.
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1  Introduction

1 1 The aim of this chapter

This chapter has three broad aims. First, it highlights 
the need for providing all households with sufficient 
and affordable access to clean water supplies as well as 
adequate sanitation. 

Second, it makes a case for early investment in water 
management and infrastructure, including ecological 
infrastructure. The potential to make greater use 
of biodiversity and ecosystem services in reducing 
water treatment costs and increasing productivity is 
emphasised.

Third, the chapter provides guidance on the suite of 
governance arrangements and policy reforms, which, 
if implemented, can sustain and increase the benefits 
associated with making such a transition.

1 2 Scope and definition

The scope of this chapter is restricted to freshwater 
ecosystems, the water supply and sanitation1 sectors 
and the government and market processes that 
influence how and where this water is used.

The crucial contribution water makes to agriculture, 
fisheries, forestry, energy and industrial production is 
discussed in other chapters. 

The perspective offered in this chapter is one that 
looks forward 20 years to 2030 and, where possible, 
to 2050. During the next 20 years, a considerable rise 
in demand for water of sufficient quantity and quality 
is expected and changes in local supply conditions  
are forecast.

The chapter builds on a substantial body of work 
undertaken in recent years by organisations and 
committees concerned about the way water resources 
are being managed.2 To assist with its preparation, 11 
background papers were prepared. References to these 
papers are marked in bold.

Structure of the chapter
This chapter identifies the contribution that water can 
play in assisting a transition to a green economy. We 
first present a vision of the role that water ecosystems 
can play in the transition to a green economy and then 
provide an overview of the world’s water resources and 
the services offered by the water supply and sanitation 
sector. After highlighting some of the more unique 
characteristics of water, we identify challenges and 
opportunities to make better use of water and water 
dependent ecosystems. Building on this knowledge 
base, the benefits of investing in the water supply and 
sanitation sector, as a means to assist with a transition to 
a green economy, are quantified. The chapter closes by 
identifying institutional reforms, which, if implemented, 
would increase the returns that could be gained from a 
commitment to a transition to a green economy.

1 3 Water in a green economy – A vision

As stressed in earlier chapters, in a green economy there 
is emphasis on the pursuit of opportunities to invest in 
sectors that rely upon and use natural resources and 
ecosystem services. At the same time, there is a transition 
to a suite of policy and administrative arrangements 
that neither degrade the environment nor impose 
costs on others. The interests of future generations 
are considered carefully. In the case of water, many of 
the potential gains are achieved simply by deciding to 
invest in the provision of water and sanitation services. 
Where water is scarce, this scarcity is acknowledged 
and managed carefully. Progress towards the pursuit 
of green objectives can be accelerated through the 
redesign of governance arrangements, the improved 
specification of property rights, the adoption of policies 

1. The World Health Organisation (WHO) defines “sanitation” as “the provision 
of facilities and services for the safe disposal of human urine and faeces. 
Inadequate sanitation is a major cause of disease world-wide and improving 
sanitation is known to have a significant beneficial impact on health both 
in households and across communities. The word ‘sanitation’ also refers to 
the maintenance of hygienic conditions, through services such as garbage 
collection and wastewater disposal.” Available at http://www.who.int/topics/
sanitation/en/

2. The recommendations developed in this chapter have been significantly 
influenced by the:

•	 Development of the Dublin principles in 1992 which observes that “Water 
has an economic value in all its competing uses and should be recognized 
as an economic good” (Global Water Partnership 1992);

•	 Camdessus Report on financing water infrastructure that called for drastic 
improvements in accountability, transparency and capacity-building 
in the public utility sector coupled with a doubling of funding for the 
sector (Winpenny 2003);

•	 Guria Task Force Report on “Financing water for all”, which recommends 
a transition to full cost recovery, the phasing out of subsidies and the 
devolution of responsibility for water supply and treatment to local 
government and municipalities (Guria 2006); 

•	 World Commission on Dams (2000) which warned of the need to carefully 
assess the costs and likely benefits of major infrastructure investments;

•	 WHO's various reports on global water supply and sanitation; and

•	 2030 Water Resources Group’s report (2009) on ways to avoid water crises.
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that reflect the full costs of use including the costs of 
adverse impacts on the environment, and through 
improved regulation. Use is kept within sustainable 
limits. 

In green economies, the role of water in both 
maintaining biodiversity and ecosystem services and 
in providing water is recognised, valued and paid for. 
The use of technologies that encourage efficient forms 
of recycling and reuse is encouraged.

1 4 Measuring progress towards  
a green economy

In many countries, there is a lack of reliable data on the 
water-storage capacities of river basins, the condition of 
built infrastructure and the performance of the water 
supply and sanitation sector. One of the more significant 
opportunities to improve investment and management 
is to assemble data in a manner that enables water to be 
managed effectively and the performance of one region 
to be accurately compared with other regions.

Signposts of success in terms of progress towards a 
greener set of economic arrangements include:

 ■ Recognition of the value of the benefits provided by 
good water management and costs (negative value) of 
not doing so; 

 ■ Evidence of increased investment in the water 
supply and sanitation sector that gives consideration 
to the environment;

 ■ The formal definition of rights to use water and its 
allocation to users and the environment;

 ■ Legislative recognition of the important role that 
ecosystem services can play in supporting an economy;

 ■ Investment in the development of institutional 
capacity to manage ecosystems, including water, on a 
sustainable basis or using an ecosystem approach;

 ■ The removal of policies that discourage ecosystem 
conservation and/or have perverse effects on water use 
and investment;

 ■ Progress towards arrangements that reflect the full 
costs of resource use in ways that do not compromise 
the needs of disadvantaged people in a community; and

 ■ Addressing ecosystem degradation by increasing 
efforts for restoring and protecting ecosystems critical 
to supply of water quantity and quality.

Indicators to be tracked include data on:

 ■ The number of people without access to reliable 
supplies of clean water and adequate sanitation;
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 ■ The volume of water available per person in a region;

 ■ The efficiency of water supply in the urban sector and 
water use;

 ■ The efficiency of water use in the agricultural and 
industrial sectors; and

 ■ The water use and water related impacts  of companies 
and countries. 

1 5 The world’s water resources

Access to the world’s water resources is heavily 
dependent upon the nature of the water cycle. While a 
massive amount of water reaches the earth’s land surface, 
much less, around 40 per cent, makes its way into creeks, 
rivers, aquifers, wetlands, lakes and reservoirs, before 
cycling back into the atmosphere (see Figure 1). Of the 
water that is extracted for human purposes, on average, 
approximately:

 ■ 70 per cent is used for agricultural purposes;

 ■ 20 per cent is used by industry (including power 
generation); and

 ■ 10 per cent is used for direct human consumption.

Given that the vast majority of usable fresh water is 
channelled towards agriculture, any global consideration 
of water allocation must consider the factors that 
determine the efficiency of water use in the sector. 
Irrigated land produces around 40 per cent of the world’s 
food (Hansen and Bhatia 2004; Tropp 2010). One of the 
biggest challenges facing water managers is to find a 
way to significantly increase the productivity of irrigated 
agriculture so that water can be transferred to other 
sectors without adversely affecting the environment or 
food security. In many parts of the world there are few 
opportunities to enhance supplies at reasonable cost.

But general observations can be misleading. No two water 
bodies are the same. Managing large, complex, trans-
boundary water systems typically requires a different 
approach to overseeing smaller water systems, where local 
issues are often all that need to be considered. In developing 
countries, water management and investment are typically 
geared towards reducing poverty and enabling economic  
development;  the priority for developed nations tends 
to be maintaining infrastructure and supplying access to 
water at reasonable cost. In both cases, there is a need to 
focus more on long-term sustainability of the systems and 
services provided. Demand and supply also vary greatly. 
In Singapore, for example, almost all water is extracted for 
urban and industrial purposes, while in many other parts of 
the world, the majority of water is extracted for agricultural 
or mining purposes (Cosgrove and Rijsberman 2000).
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2  Water: a unique natural resource
Unlike most other natural resources, water flows readily 
across and through landscapes in complex ways that 
affect its availability and opportunities to manage it. 
Understanding these water flows is critical to the design 
of investment programmes and policies necessary to 
support a transition to a green economy.

2 1 Services from natural infrastructure

Water makes an irreplaceable contribution to ecosystem 
services that stem from the earth’s natural capital and 
vice versa. Protecting the natural ecosystems of river 
basins and restoring degraded catchment areas is crucial 
to securing the world’s water supplies, maintaining their 
quality, regulating floods and mitigating climate change 
(Khan 2010; TEEB 2008, 2009a, b, c). The role of other 
ecosystems, such as forests, wetlands and floodplains in 
providing access to water also needs to be recognised 
and quantified. Gauging the true value that these 
ecosystems provide is a key part of charting a course to a 
green economy. 

Recent analysis is showing a close global correlation 
between the threats to biodiversity and threats to water 
security. As shown in Figure 2, regions where threats to 

human water security is high, but the threat to biodiversity 
is low, are rare. When the threat to human water security 
is high, usually the threat to biodiversity is high. This 
suggests that there may be considerable opportunities 
for governments to improve biodiversity outcomes by 
investing in water security (Vörösmarty et al. 2010). Water-
dependant ecosystems also play an important role in 
the provision of cultural benefits (Millennium Ecosystem 
Assessment 2005).

2 2 Water accounting

As water flows through and across land, it is used and 
reused. This makes information about water difficult to 
assemble and use for management. When, for example, 
a policy promotes a more efficient irrigation system, it 
is critical to decide whether or not the savings are to be 
used to expand irrigation or returned back to the river 
or aquifer from which the water was taken (Molden 
1997). Gains in one area can be associated with losses 
in another area. When the savings are not returned 
back to the river or aquifer, the result can be a 
significant reduction in the quantity of water available 
to the environment and to other users (Independent 
Evaluation Group 2010). 
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Another common water accounting error is to assume 
that ground and surface water systems are not connected 
to one another and to administer them separately. Many 
rivers play an important role in replenishing aquifers, while 
aquifers can provide much of a river’s base flow (Evans 
2007). Failing to account for these interactions can result 
in the serious problems of over-use and degradation. One 
administrative solution is to reverse the onus of proof and 
require managers to assume that ground and surface 
water resources are linked and manage them as a single 
connected resource until such time as disconnection can 
be shown (NWC 2009).

Land-use changes can have similar effects on the volume 
of water available for use. For example, whenever a 
plantation forest is established, a hillside is terraced, or 
a farm dam is constructed, run-off is usually reduced. As 
a result, the quantity of water available for extraction 
from a river or aquifer is less than it otherwise would be. 
Accounting for water in a way that is consistent with the 
hydrological cycle and that avoids double counting of its 
potential is critical to developing the robust allocation 
and management systems that underpin a green 
economy (Young and McColl 2008).

2 3 Water and energy

The interdependence of water and energy demands also 
needs careful attention as arrangements are put in place 
for a transition to a green economy. There are at least 
two dimensions to this relationship.

First, water plays an important role in energy generation, 
notably as a coolant in power stations. In the USA, 
for example, 40 per cent of industrial water-use is for 
power-station cooling (National Research Council 2010), 
although water-use efficiency varies with the technology 
used (Figure 3). By 2030, it is expected that 31 per cent of 
all industrial water-use in China will be for cooling power 
plants (2030 Water Resources Group 2009). Generally, 
as countries become wealthier and more populous, 
industrial demand for water is expected to increase. 
In China, more than half of the increase in demand for 
water over the next 25 years is expected to result from 
a significant expansion in its industrial sector (see Figure 
10), which will need to be accommodated through a 
simultaneous reduction in the amount of water used for 
irrigation in the agricultural sector.

Second, the water supply and sanitation sector is a large 
consumer of energy. Relative to its value, water is heavy 
and in energy terms expensive both to pump over long 
distances and to lift. In California, USA, where large volumes 
of water are transported over long distances, the water 
sector consumes 19 per cent of the state’s electricity and 
30 per cent of its natural gas (Klein et al. 2005). 

Figure 3: Water consumption for power 
generation, USA (2006)
Source: the U.S. Department of Energy (2006)
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In developed countries, the relatively high energy 
costs of pumping and treating water for household, 
industrial or mining purposes are broadly accepted. 
In developing countries, great care must be taken to 
ensure that water treatment and distribution systems 
remain affordable. The relatively modest financial 
returns from food production in both developed and 
developing countries means it rarely pays to pump 
water over long distances for agricultural purposes. In 
recognition of this, Saudi Arabia has recently shifted 
its food security policy from one that subsidises water 
use at home to one that invests in the development 
of agriculture in other countries where water supplies 
are more abundant. This is enabling Saudi Arabia 
to access food at more affordable prices and use the 
revenue saved for other, more sustainable, purposes  
(Lippman 2010).

Appreciation of the nexus between water and energy 
highlights a set of green investment opportunities that 
are starting to emerge. In Durham, Canada, for example, 
a water efficiency field trial3 was able to reduce water 
use by 22 per cent, electricity by 13 per cent and gas 
by 9 per cent, with a resultant annual reduction in CO2 
emissions of 1.2 tonnes per household – an 11 per cent 
reduction (Veritec Consulting 2008).

3.  The field trial took a sample of 175 households in the region of Durham, 
east of Toronto. The sample homes were given upgrades in efficient 
clothes washers, dishwashers, toilets, showerheads, fridges and landscape 
packages to quantify the potential water, energy, gas, and CO2 savings 
from efficient fixtures, appliances and landscape design. To control and 
measure demand for each of the resources, sub-meters and data loggers 
were installed on fixtures and appliances within the home. The savings in 
resources could be attributed to both efficient fixtures and appliances and 
efficient water and energy use habits of the homeowners. The annual utility 
cost savings are expected to be more than US$ 200 a year, which allows 
recovery of the additional installation cost in 3.4 years.

123



Towards a green economy

3  Challenges and opportunities
This section identifies the challenges associated with 
water scarcity and declining water quality in many parts of 
the world. It outlines opportunities for societies to manage 
their water resources more efficiently and to make the 
transition to a green economy. In doing so, societies can 
achieve the Millennium Development Goals.

3 1 Challenges

Poverty, access to clean water and adequate sanitation 
services
Nearly 1 billion people lack access to clean drinking 
water and 2.6 billion lack access to improved sanitation 
services (WHO/UNICEF 2010)4. As a direct result, every 

4. WHO (2010) notes that rapid urbanization between 1990 and 2008 
has led to an increased (urban) population of 40m not using water from 
improved sources and an increased (urban) population of 260m not using 
improved sanitation.

Box 1: Economic impacts of 
poor sanitation

Together, Cambodia, Indonesia, the Philippines 
and Vietnam lose an estimated US$ 9 billion a 
year because of poor sanitation (based on 2005 
prices). This amounts to around 2 per cent of 
their combined GDP, varying from 1.3 per cent in 
Vietnam, 1.5 per cent in the Philippines, 2.3 per 
cent in Indonesia and 7.2 per cent in Cambodia. 

The annual economic impact of inadequate 
sanitation is approximately US$ 6.3 billion in 
Indonesia, US$ 1.4 billion in the Philippines, 
US$ 780 million in Vietnam and US$ 450 million 
in Cambodia. In these four countries, the total 
value of this impact is US$ 8.9 billion per year.

In 1991, a cholera epidemic swept through most 
of Peru6 and cost US$ 1 billion to control. If one 
tenth of this amount (US$ 100 million) had been 
spent on the provision of sanitation services, 
the epidemic would not have occurred.
Source: World Bank – Water and Sanitation Program (2008) and Tropp (2010)

6. The epidemic also spread into several other countries in 
South, Central and North America

year, 1.4 million children5 under the age of five die due to 
a  lack of access to clean water and adequate sanitation 
services (UNICEF 2004). In east Nigeria and north 
Cameroon, every 1 per cent increase in use of unprotected 
water sources for drinking purposes is directly associated 
with a 0.16 per cent increase in child mortality (Ward  
et al  2010).

Gleick (2004, 2009) argues that failure to provide 
people with affordable and reliable access to water 
and sanitation services is one of humankind’s greatest 
failings. Lack of sanitation makes people sick. When water 
is unclean, water-borne diseases such as diarrhoea and 
water-washed diseases including scabies and trachoma 
are common (Bradley 1974). Diarrhoea is the third most 
common cause of child mortality in West Africa after 
malaria and respiratory infections (ECOWAS-SWAC/OECD 
2008). New water-borne diseases such as the Whipple 
disease are still emerging (Fenollar et al. 2009).

The adverse impacts of water-borne disease on an 
economy can be large (Box 1). When people are sick, 
they cannot work and, among other costs, considerable 
expenditure on medical treatment is needed.

The adverse impacts of inadequate access to clean 
water, however, do not stop with water-borne disease. 
When water is not on tap, people (mainly women and 
children) must either spend a large amount of time 
fetching water or pay high prices for it to be carted 
to them. In Western Jakarta, Indonesia, the cost of 
water purchased from a water cart is ten to fifty times 
the full cost to a water utility of establishing a reliable 
mains water supply (Fournier et al  2010). In certain 
circumstances, it is challenging to to find a way to 
convince governments and private investors to go 
ahead despite a widespread perception that poor 
people are not able to pay for water (services) and 
that it is not cost-efficient to supply water to informal 
settlements. A lack of easy access to clean water also 
erodes the capacity of the poorest to engage in other 
activities. When children, for example, spend a large 
proportion of their days fetching water, they have less 
opportunity to attend school and obtain the education 
necessary to escape from poverty. When women are 
forced to spend time carting water, they have little 
opportunity for gainful employment elsewhere. More 
than a quarter of the population of East Africa live 
in conditions where every trip to collect water takes 
more than half an hour (WHO/UNICEF 2010).

5.  3,900 children per day.
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Box 2: Millennium Development Goals and water

In 2000, governments committed to a wide range of 
Millennium Development Goals (MDG) that rely upon 
access to water and made a specific commitment to 
halve the number of people without access to clean 
water and adequate sanitation by 2015.

The 2010 update on progress towards the water 
specific goals reports that 884 million – nearly 
1 billion people – lack access to clean drinking 
water. When it comes to sanitation, 2.6 billion 
people do not have access to improved sanitation 
services. One in seven of those people without 
access to adequate sanitation services live in rural 
areas (WHO/UNICEF 2010).

At the current rate of investment progress, the 
Millennium Development Goals for sanitation will be 
missed by 1 billion people (Figure 4). Most of these 
people live in sub-Saharan Africa and Asia (Figure 5). 

Significant progress has been made in India and 
China (WHO/UNICEF 2010).

Figure 5: Progress towards attainment of the MDGs’ sanitation target to halve the number of people 
without adequate sanitation by 2015
Source: WHO/UNICEF (2010)
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From a government perspective, when water supply 
and sanitation services are inadequate, large amounts 
of revenue are spent dealing with the impacts of disease, 
rather than generating wealth (Tropp 2010).

In recognition of these fundamental and pressing 
challenges, governments have committed collectively to 
a set of MDGs, which, among other things, aim to halve 
the number of people without access to clean water 
and adequate sanitation services by 2015 (Box 2). By 
providing access to clean water and adequate sanitation 
services at an affordable price people can begin to save, 
invest and take a longer-term view of their future7. A 
transition to greener approaches to resource use and 
investment becomes possible.

Water scarcity
Exploring opportunities to invest in the construction 
of dams, the International Water Management 

7. In this context, Water, Sanitation and Hygiene (WaSH) initiatives, and 
specially the teaching of basic sanitation and hygiene to communities and 
school children will also prove critical.

Institute (IWMI) has identified two types of water 
scarcity: physical scarcity and economic scarcity (Figure 
6). In regions where there is physical scarcity, the 
sustainable supply limit has been reached and little 
opportunity to construct more dams remains. In regions 
where the scarcity is economic, however, it is possible to 
increase supplies if the financial resources necessary to 
build a new dam can be found. The International Water 
Management Institute is of the view that economic 
scarcity is widespread in sub-Saharan Africa and in 
parts of South and South-East Asia (Molden 2007).

There is general consensus that when people have 
access to less than 1,700 cubic meters of water per 
year, a considerable proportion of them will be 
trapped in poverty (Falkenmark et al. 1989). Taking 
a different approach, the Organisation for Economic 
Cooperation and Development (OECD) defines water 
stress as “severe” when the ratio of total water use to 
renewable supply exceeds 40 per cent (OECD 2009). 
Using this measure, the OECD has estimated that by 
2030 nearly half the world’s population (3.9 billion 

Physical water scarcity

Approaching physical water scarcity

Economic water scarcity

Little or no water scarcity Not estimated

De�nitions and indicators
Little or no water scarcity. Abundant water resources relative to use, with less than 25% of water from rivers withdrawn for  human purposes. 
Physical water scarcity (water resources development is approaching or has exceeded sustainable limits). More than 75% of  river �ows are 
withdrawn for agriculture, industry, and domestic purposes (accounting for recycling of return �ows). This de�nition – relating water 
availability to water demand – implies that dry areas are not necessarily water scarce.
Approaching physical water scarcity. More than 60% of river �ows are withdrawn. These basins will experience physical water scarcity in the 
near future.
Economic water scarcity (human, institutional, and �nancial capital limit access to water even though water in nature is available locally to 
meet human demands). Water resources are abundant relative to water use, with less than 25% of water from rivers withdrawn for human 
purposes, but malnutrition exists. 
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Figure 6: Areas of physical and economic water scarcity
Source: Molden (2007)
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people) will be living under conditions of severe water 
stress (Figure 7). The reasons for the emergence of this  
scarcity include:

 ■ Population increase – by 2030 the world’s 
population will have increased by 2.4 billion people. 
All of these people will to demand access to water 
for basic needs, to supply industrial goods and  
grow food;

 ■ Increased living standards – as countries develop and 
people become wealthier, they tend to consume more 
water and more water-intensive products such as meat;

 ■ Over-exploitation – around the world a considerable 
proportion of aquifers and river systems are over-
used. It has been estimated that 15 per cent of India’s 
total agricultural production is being delivered via 
groundwater depletion – the situation that occurs 
when extraction exceeds replenishment (Briscoe and 
Malik 2006);

 ■ Water pollution – an increasing number of water 
supplies are becoming contaminated by pollutants, with 
the consequence that less water is available for use or it 
costs much more to make it usable;

 ■ Ecosystem degradation – over the last 50 years 
ecosystems have been degraded faster than ever before 
(Millennium Ecosystem Assessment 2005). Freshwater 
ecosystems, which provide critical services such as the 
purification of water by wetlands or forests are the most 
threatened and have been among the hardest hit, and;

 ■ Adverse climate change8 – when combined with 
effects of climate change on dryland production 
systems, the International Food Policy Research Institute 
estimates that the aggregate effect of climate change is 
likely to be a significant reduction in total agricultural 
productivity. The greatest adverse impacts of climate 
change on people are expected in South Asia. In the next 
40 years, child malnutrition is expected to increase by 
20 per cent as a direct result of climate change (Nelson  
et al. 2009).

8. The IPCC Fourth Assessment Report lists 32 examples of major projected 
impacts of climate change amongst eight regions (covering the whole 
Earth). Of these: 25 include primary links to hydrological changes; of the 
other seven, water is implicated in four and two are general; only one 
refers to main impacts not obviously linked to the hydrological cycle: coral 
bleaching. The IPCC technical report (2008) underpinning this assessment 
report concludes unambiguously, inter alia, that: "the relationship 
between climate change and freshwater resources is of primary concern 
and interest". So far, "water resource issues have not been adequately 
addressed in climate change analyses and climate policy formulations"; 
and, according to many experts, "water and its availability and quality will 
be the main pressures, and issues, on societies and the environment under 
climate change". The Scientific Expert Group Report on Climate Change 
and Sustainable Development (2007) prepared for the 15th Session of the 
Commission on Sustainable Development came to similar conclusions.

Balancing supply and demand
In an attempt to understand the magnitude of this 
emerging water-scarcity challenge, the 2030 Water 
Resources Group has projected global demand for water 
and, under different scenarios, compared it with likely 
supply. They concluded that if there is no improvement 
in the efficiency of water use, in 2030 demand for water 
could outstrip supply by 40 per cent (Figure 8). Clearly, a 
gap of this magnitude cannot (and will not) be sustained.

Figure 9 offers an alternative perspective on the 
magnitude of the emerging water-supply challenge. 
Under a business-as-usual scenario, improvements in 
water productivity can be expected to close around 
20 per cent of the gap between global demand and 
supply. Increases in supply through the construction of 
dams and desalination plants, coupled with actions such 
as increased recycling, can be expected to close the gap 
by a similar amount. The remaining 60 per cent, however, 
must come from increased investment in infrastructure 
and water-policy reforms that improve the efficiency of 
water use. If the resources are not found to facilitate a 
significant increase in efficiency and if the water-policy 
reforms are not implemented, water crises must be 
expected to emerge. Figure 9 suggests that the average 
rate of improvement in water productivity and supply 
enhancement needs to increase at double the rate of 
improvement achieved in the past decade. Globally, the 
time for procrastination is past.
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Figure 10 on page 131 shows the nature of expected 
increase in demand for water throughout the world. As 
discussed, one of the more significant challenges is to find 
ways to supply more water to the industrial sector while 
increasing agricultural production. Significant transfers 
of water from rural areas to the industrial sector can be 
expected, especially in China and in North America (2030 
Working Group 2009). In anticipation of the pressure 
that these shortages will place on water-dependent 
business, a number of large companies are beginning 
to quantify and account for their water use and water 

related impacts and the nature of the water-related risks 
they face (Lloyds 2010; United Nations 2010a).

3 2 Opportunities

Investing in biodiversity and ecosystem services
In terms of ecosystem health and function, global 
assessments of the health of the world’s water river 
systems and aquifers suggest that the aggregate trend 
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Demand with no productivity
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5,000

3,000
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1 Based on historical agricultural yield growth rates from 1990-2004 from FAOSTAT, agricultural and industrial e�ciency improvements from IFPRI
2 Total increased capture of raw water through infrastructure buildout, excluding unsustainable extraction
3 Supply shown at 90% reliability and includes infrastructure investments scheduled and funded through 2010. Current 90%-reliable supply does not meet average demand

Figure 9: Projection of the global demand for water and, under a business-as-usual scenario, the amount 
that can be expected to be met from supply augmentation and improvements in technical water use 
efficiency (productivity)
Source: 2030 Water Resources Group (2009)
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Figure 10: Assessment of expected increase in the annual global demands for water by country and region 
(2005-2030)
Source: 2030 Water Working Group (2009) 

Box 3: Two examples of governments investing in river restoration

Korea
In July 2009, the Republic of Korea announced 
a Five-Year Plan (2009-2013) for  Green Growth 
in order to implement the National Strategy for 
Green Growth. This includes a 22.2 trillion Korean 
Won (US$ 17.3 billion) investment in a Four 
Major Rivers Restoration Project. The five key 
objectives of the project are as follows: (1) securing 
sufficient water resources against water scarcity, 
(2) implementing comprehensive flood control 
measures, (3) improving water quality whilst 
restoring the river-basin eco systems, (4) developing 
the local regions around major rivers, and (5) 
developing the cultural and leisure space at rivers. 
Overall, it is expected that the project will create 
340,000 jobs and generate an estimated 40 trillion 
Won (US$ 31.1 billion) of positive economic effects 
as rivers are restored to health.

Australia
In January 2007, the Australian government announced 
a A$ 10 billion (US$ 10 billion) commitment to restore 
health to the seriously over-allocated Australia’s 
Murray Darling basin and appoint an independent 
authority to prepare a new plan for the basin using 
the best available science. Some A$ 3.1 billion is being 
spent on the purchase of irrigation entitlements from 
irrigators and the transfer of these entitlements to 
a Commonwealth Environmental Water Holder, A$ 
5.9 billion on the upgrade of infrastructure with half 
the water savings going to the environment, and A$ 
1 billion on the collection of the information necessary 
to plan properly.

Sources: Office of National River Restoration (under the Ministry of Land, Transport 
and Maritime Affairs) (2009); Korean Ministry of Environment and Korea Environment 
Institute (2009) and Murray Darling Basin Authority (2010). Available at http://www.
theaustralian.com.au/news/nation/prime-ministers-10-billion-water-plunge/story-
e6frg6nf-1111112892512

is one of decline (Millennium Ecosystem Assessment 
Report 2005; WWF’s Living Planet Report 2010; the UN 
World Water Development Report 2010). Examples of 
this decline include:

 ■ Barriers have been laid across China’s Taihu Lake 
to stop regular algal blooms reaching the water 
treatment plant that supplies water to over 2 million 
people (Guo 2007);

 ■ From October 2002 until October 2010, the absence 
of flow has meant that dredges have been used to keep 
the mouth of the Australia’s River Murray open to the sea;

 ■ In Manila, the Philippines, groundwater extraction, 
primarily for industrial purposes, is lowering the water 
table at a rate of between 6 metres and12 metres per 
year (Tropp 2010), and;

 ■ In 1997, China’s Yellow River flowed all the way 
to the sea only for 35 days. For much of the year the 
river’s last 400-plus miles were dry (Fu 2004).

There is a new recognition of the positive synergy that 
emerges between healthy environments and healthy 
communities. As documented by Le Quesne et al. (2010), 
some countries are now investing large amounts of 
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money in the restoration of degraded river systems 
and the development of policies and administrative 
arrangements designed to prevent degradation of 
these systems. Two examples are summarised in Box 
3. Table 1 summarises the general nature of returns 
to investment in the restoration of ecosystems. When 
astute investments in the restoration of ecosystems are 
made, internal rates of return in excess of 10 per cent are 
attainable.

Investment in sanitation and drinking water supply
In many developing countries, one of the biggest 
opportunities to expedite a transition to a green 
economy is to invest in the provision of water and 
sanitation services to the poor. 

A recent estimate puts the cost of achieving the 
2015 Millennium Development Goals (MDG) at US$ 
142 billion per year for providing sanitation services 
and US$ 42 billion per year for drinking water supply 
to households (Hutton and Bartram 2008b). More 
investment is required for sanitation services than 
drinking water as the number of households without 
access to adequate sanitation services is much 
higher (WHO/UNICEF 2010; Tropp 2010).

Although the amount of money needed to attain 
the Millennium Development Goals for water is  
considerable, when spread over a number of years and 
divided by the number of people expected to benefit 
from such expenditure, the investment case is strong. In 
Ghana, for example, the OECD estimates that investment 
of US$ 7.40 per person per year over a decade would 
enable the country to meet its MDG target (Sanctuary 
and Tropp 2005). Estimates of the required per capita 
expenditure in Bangladesh, Cambodia, Tanzania and 
Uganda range from US$ 4 to US$ 7 per capita per 
year (UN Millennium Project 2004; Tropp 2010). 

Taking a different approach, Grey (2004) has estimated 
the amount that each sub-Saharan country would 
need to spend to achieve water supply and sanitation 
standards now achieved in South Africa. Depending on 

the country, the amount needed to be spent varied from 
US$ 15 to $ 70 per capita per year over the ten years from 
2005 to 2015. 

As shown later in this chapter, returns to investment 
in the provision of these services can be high. In 
particular, Sachs (2001) has found that the average rate 
of economic growth in developing countries where 
most of the poor have affordable access to clean water 
and adequate sanitation is 2.7 per cent greater than that 
attained in countries where these services are not well 
supplied.9 This observation, reinforced by background 
papers prepared for this chapter (Tropp 2010; Ward et 
al  2010), suggests that failure to invest adequately in 
the provision of affordable access to clean water and 
adequate sanitation acts as a barrier to development 
and that early investment in these areas is a necessary 
precondition to progress. Grey and Sadoff (2007) 
argue that a minimum amount of investment in 
water infrastructure is a necessary precondition to 
development; using a range of case  studies, they identify 
a close association between adequate investment in 
infrastructure and environmental degradation.

Investing in smaller, local water-supply systems
As observed by Schreiner et al  (2010), the presence 
of economic water scarcity should not be interpreted 
as a recommendation for the construction of large 
dams. In many cases, greater returns can be achieved 
from the construction of smaller storages that are 
built by and serve local communities. At this scale, 
community engagement and management of 
infrastructure is easier and adverse environmental 
impacts tend to be fewer in both urban and rural 
settings (Winpenny 2003).

In China’s Gansu province, for example, investment in the 
collection of local rainwater at a cost of US$ 12 per capita 

9.  Sachs (2001) estimated that the rate of growth in GDP per capita in 
countries where most of the poor had access to clean water and adequate 
sanitation services was 3.7 per cent. When these services are not available, 
however, he found that the average annual rate of growth in GDP per capita 
was 1.0 per cent.

Table 1: Examples of the estimated costs and benefits of restoration projects in different biomes
Source: Adapted from TEEB (2009a)

Biome/ecosystem Typical cost of restoration
(high-cost scenario)

Estimated annual benefits 
from restoration

(avg. cost scenario)

Net present value 
of benefits over 

40 years

Internal rate of 
return

Benefit/cost
ratio

US$/ha US$/ha % Ratio

Coastal 232,700 73,900 935,400 11% 4.4

Mangroves 2,880 4,290 86,900 40% 26.4

Inland wetlands 33,000 14,200 171,300 12% 5.4

Lake/rivers 4,000 3,800 69,700 27% 15.5
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was sufficient to enable a significant upgrade of domestic 
water supplies and to supplement irrigation. One project 
benefited almost 200,000 households (Gould 1999). At 
the micro-scale, it is possible to make much greater use 

of aid organisations and local knowledge. In Western 
Jakarta, for example, the local water utility is working 
with non-government organisations to provide water to 
people in informal settlements in a manner that would 

Box 4: Micro-scale infrastructure provision in Western Jakarta

In Jakarta, Indonesia, a significant proportion of 
the population lives in informal settlements. While 
the government does not want to legitimise the 
unlawful occupation of land, it realises that the 
provision of access to safe water and sanitary 
conditions is necessary. A private water utility, 
PALYJA, is responsible for water supply in Western 
Jakarta and it is expected to supply water to all 
residents, including those in informal settlements. 
To this end, PALYJA has a water-supply contract with 
the government whereby they are paid for the cost of 
delivering water to users and for the cost of building 
and maintaining the necessary infrastructure.

As part of this process, PALYJA is trialling the provision 
of access to groups of informal houses by establishing 

community-based organisations. Each organisation 
is given access to a single master water meter and is 
responsible for the management of the community’s 
water- supply infrastructure as well as paying for the 
volume of water taken (Figure 11). MercyCorps has 
helped connect 38 households to a single meter, while 
USAID’s Environmental Service Program (ESP) has 
brought 58 households together. Once established, the 
community signs a supply contract with PALYJA, with a 
special tariff arrangement to account for the fact that 
many households are using a single meter. Under this 
arrangement, both sides benefit: the community gets 
reliable access to an affordable waste supply, while 
PALYJA supplies a large number of houses with water at 
much lower overhead and administrative costs. 
Source: Fournier et al  (2010)

Master
metre

M
ai
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e

Community-based organisations’ responsibility Water utility PALYJA’s responsibility

Figure 11: Schematic representation of a master meter system managed by a community-based 
organisation
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be impossible for a government utility to do so without 
being seen to sanction the presence of these settlements  
(see Box 4).

Accessing new (non-traditional) sources of water
One of the most common approaches to resolving water-
supply problems is to build a large dam. Constructing 
them typically involves significant cost, the dislocation 
of many people and many adverse environmental 
problems.10 Schreiner et al  (2010) observe that 
urban communities have historically relied on large 
dams for their water supplies. More recently, however, 
water-supply options have expanded to include the 
capture and storage of stormwater and desalination, 
fog interceptions in cloud forests (notably in the Andes 
mountains), transfers between islands, inter-basin 
water transfers, bulk transport such as by pipeline or 
Medusa bags (giant polyfibre bags holding up to 1.5 
billion litres of potable water that are towed by ships). 
Other communities and countries are investing in 
sewage recycling. Singapore, for example, has invested 
in the development of systems that treat sewage to a 
standard allowing it to be used for drinking purposes. 
Most of these technologies, however, are reliant upon 
the use of increasing amounts of energy and, as a 
result, the costs of water provision are rising in most 
regions where there is physical water scarcity.

Desalination has the advantage that it is climate 
independent but, as with most of these alternative 
sources of supply, is disadvantaged by the fact that 
it requires access to large amounts of energy. Usually, 
sewage recycling is cheaper than desalination as 
it uses the same reverse osmosis technology, but 
requires about half as much energy per unit of 
water treated (Côté et al. 2005). Public opposition to 
household use of recycled sewage water, however, 
is strong (Dolnicar and Schäfer 2006). A careful 
assessment of the costs of these alternative sources 

10. For an authoritative response to the controversies surrounding large 
dams, see World Commission on Dams (2000).

of supply often reveals that it is cheaper to invest in 
demand control (Beato and Vives 2010; 2030 Water 
Working Group 2010). In a green economy, there 
is much more attention to the long-term costs and 
impacts of resource use on the environment. 

Producing more food and energy with less water
As the world’s population increases, more water will 
be needed for household and industrial purposes with 
the consequence that in many areas, either more food 
will have to be imported, or more food produced with 
less water. When asked, “Is there enough land, water, 
and human capacity to produce food for a growing 
population over the next 50 years – or will we ‘run out’ 
of water?”, analysis undertaken by the International 
Water Management Institute (IWMI) reveals that, that 
“It is possible to produce the food – but it is probable 
that today’s food production and environmental 
trends, if continued, will lead to crises in many parts 
of the world” (Molden 2007).

For example, in many developing countries, typical 
irrigated maize yields are in the vicinity of one to 
three tonnes per  hectare, whilst they could be as 
high as eight tonnes per hectare. There is a significant 
opportunity to increase crop yields and avoid a global 
food security crisis. If this opportunity is realised, then 
not only will it also be possible to divert water to 
other uses, but it will also be possible for developing 
countries to produce a surplus for sale to others.

Institutional reform
 When coupled with more traditional hard approaches 
to investment in built infrastructure, the softer 
approach of developing more effective administrative 
arrangements and policies that encourage private 
investment can significantly reduce the amount of 
money that governments need to invest in the water 
sector to achieve the same outcome. Opportunities of 
how to do this are developed in section 5. Typically, 
soft approaches focus on incentives and the factors 
that motivate consumers to manage their water use.
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4  The economics of greening water use
Research around the world suggests that there are 
no single-shot solutions to the world’s mounting 
water access, sanitation and scarcity problems. Each 
circumstance has its own unique set of challenges and 
opportunities. At the most general level, it is becoming 
apparent that the best results come for the pursuit of 
mixed solutions. Simple single-shot solutions tend 
to be prohibitively expensive and, in many cases, are 
insufficient to solve known supply problems (2030 
Water Resources Group 2010). In the Zambezi Basin, 
it has been estimated that even full development of 
the area’s irrigation potential would benefit no more 
than 18 per cent of its rural poor (Björklund et al. 2009). 
A much more sophisticated investment strategy is 
needed (Ménard and Saleth 2010).

4 1 The economics of investing 
in water and ecosystems

Under the global model developed for the Green Economy 
Report by the Millennium Institute, the green investment 
scenario assumed investment in the water supply and 
sanitation sector would equal that estimated by Hutton 
and Bartram (2008b) as necessary to achieve the MDGs for 
water by 2015. Once this is achieved, it is assumed that 
governments will decide, once again, to halve the number 
of people without access to a reliable mains water supply 
and adequate sanitation. This new goal is achieved in 
2030. Any funds left over during this second period are 
allocated to other water-related investments. In areas 
where there is economic water scarcity, priority is given 
to the construction of dams. In other areas, investment is 
channelled into making water-use more efficient. Where 
possible, and economically appropriate, desalination 
plants are constructed. These are assumed to supply water 
into the urban sector at a cost of US$ 0.11/m3 – in constant 
US$ 2010, same unit for monetary values below.

Under the business-as-usual scenario, water use remains 
unsustainable and stocks of both surface and groundwater 
decline. Under the green investment scenario, global 
water use is kept within sustainable limits and all the 
MDGs for water are achieved in 2015. Water use is more 
efficient, resulting in increased agricultural, biofuel and 
industrial production. The number of people living in a 
water-stressed region is 4 per cent less under the green 
investment scenario by 2030 compared to business-as-
usual, up to 7 per cent by 2050.

The results from this modelling are encouraging in 
terms of both economic terms and from the perspective 

of water management (see Table 2). For 2050, total 
employment and income is greater under the green 
investment scenario, whereas the number of people 
working in the water sector is lower. This counter-
intuitive finding occurs because the sector becomes 
much more efficient. Labour and other resources, which, 
under BAU2 would have been retained in the water 
sector, are freed for use in other sectors. In addition, 
as water is used more  efficiently, more is available for 
manufacturing and other purposes with the result that 
more people are gainfully employed.11

The overall conclusion from this assessment is that, 
where there is water scarcity or when large proportions 
of a population do not have access to adequate water 
supply and sanitation services, early investment in 
water is a necessary precondition to progress.

4 2 Selecting projects and initiatives  
for investment

While it is useful and informative to examine the 
economics of investing in water at the global level, 
investments must be made primarily at the river basin, 
catchment and local level. 

11. These findings are consistent with those of Hagos et al. (2008) 
who found that, as access to water improves, employment in other  
sectors expands.

Table 2: Modelled results of the Green 
Investment scenario

2% GDP invested in green 
sectors

Unit 2030 2050

Additional investment in 
water sector US$ Bn/year 191 311

Additional water from 
desalination Km3 27 38

Water from efficiency im-
provements (driven by green 
investments)

Km3 604 1,322

Total employment in the 
water sector Mn people 38 43

Change in total employment 
in the water sector relative 
to BAU2*

% -13 -22

* The water-related investments are part of an integrated green investment scenario, G2, in 
which a total of 2 per cent of global GDP is allocated to a green transformation of a range of 
key sectors. The results of this scenario, in which the 2 per cent is additional to current GDP, 
is compared to a corresponding scenario in which an additional 2 per cent of global GDP is 
allocated following existing business-as-usual trends,BAU2 (see Modelling chapter for more 
detailed explanation of scenarios and results).
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China – Water availability cost curve

SOURCE: 2030 Water Resources Group
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Figure 12: Relative costs of different methods of supplying water in China
Source: 2030 Water Working Group (2009)

Figure 13: Predicted effect of a 10 per cent and 20 per cent reduction in the proportion of people obtaining 
their primary water supply from surface water or unprotected well water on child mortality and child 
morbidity (stunting), Niger River basin
Source: Ward et al  (2010)
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In areas where the costs of enhancing water supplies from 
traditional sources are rising, the 2030 Water Working 
Group is recommending the preparation of formal costs 
curves similar to those shown in Figure 12. These cost 
curves rank each potential solution to a problem in terms 
of the relative cost per unit of desired outcome achieved 
and can be used to assess the likely costs and benefits 
of each solution. One of the most striking features of 
this approach is that one often finds solutions that both 
make more water available and cost less money. In China, 
for example, constructing water-availability cost curves 
identified 21 opportunities to make more water available 
for use and save money (Figure 12). These include increased 
paper recycling, investment in leakage reduction, waste-
water reuse in power stations and commercial buildings 
and investment in water-efficient shower heads. All of 
these approaches are consistent with the development of 
a green economy, which seeks to minimise the impact of 
economic activity on the environment.

4 3 Flow of benefits from investment in 
the water supply and sanitation sector

Many returns to investment in the water sector are 
indirect. Build a toilet for girls in a school and they 
are more likely to go to school. This simple statement 
highlights the fact that investment in water opens up 
other opportunities for development. Assessing the 
case for more investment in water infrastructure in the 
Niger Basin, Ward et al  (2010) report that investment 
in providing access to potable water and in education 
are the only two variables that are consistently related 
to poverty reduction across the whole Niger River 
basin (Box 5).

Highlighting the complex spatial nature of responses 
to water investment, Figure 13 shows the predicted 
reductions in child mortality and morbidity from the 
protection of drinking water supplies. 

Box 5: Empirical analysis of the relationship between poverty and the 
provision of access to water and sanitation in the Niger River basin

Ninety four million people live in the Niger River basin. 
The proportion living below the poverty line in Burkina 
Faso is 70.3 per cent, in Guinea 70.1 per cent and in Niger 
65.9 per cent. Childhood mortality rates are up to 250 
per 1000 live births. In 2004, only 53 per cent of those 
living in the Niger River basin were found to have access 
to a reliable and safe source of drinking water. Only 37 
per cent had access to adequate sanitation facilities. 

The quality of water used by households appears to 
be as important, or more so, than the total quantity 
of water available in the environment in predicting 
poverty levels. The use of unprotected well or surface 
water is generally positively correlated with increased 
child mortality and increased stunting. 

In north-west Nigeria and east Nigeria, a 10 per cent 
decrease in the number of people using unprotected 
water is correlated with a decrease in child mortality of 
up to 2.4 per cent. Increased irrigation development is 
correlated with reductions in child stunting in central 
Mali, north-west Nigeria, central and eastern Nigeria and 
North Burkina Faso. Increased time spent in education is 
significantly correlated with a reduction in child mortality 
and child stunting. In much of the Mali Inner Delta, a one-
year rise in the average level of education is associated 
with an approximate 3 per cent fall in child mortality.

The area of irrigated land was associated with 
decreases in poverty in only two cases, north-west 

Nigeria and eastern Nigeria and northern Cameroon. 
This suggests that the contribution of irrigation to 
total rural welfare is low in the Niger River basin and 
that the levels of irrigation potential are too small 
at present to offer a discernable improvement in 
livelihoods at this scale of analysis. This is in contrast 
to the general literature on development in this 
region that suggests irrigation will be crucial for 
the future economic wellbeing of the basin, along 
with improvements in the productivity of rain-fed 
agriculture. However, it may be that the benefits of 
irrigation do not yet accrue to the people engaged in its 
practice or that they do so at levels too small to register  
in these statistics.

The data suggest poverty reduction initiatives that 
rely solely on hydrologic probabilities or fail to account 
for the different causal relationships of spatially-
differentiated poverty are likely to be less effective 
than those that take a mixed approach. 

Strong spatial patterning is evident. Education 
and access to improved water quality are the only 
variables that are consistently significant and 
relatively stationary across the Niger River basin. At all 
jurisdictional scales, education is the most consistent 
non-water predictor of poverty. Access to protected 
water sources is the best water-related predictor  
of poverty. 
Source: Ward et al  (2010)
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5  Enabling conditions – Overcoming 
barriers and driving change
The first half of this chapter focusses on the case for 
investing in the provision of ecosystems services and in the 
water supply and sanitation sector. In the second half, we 
focus on the institutional conditions, softer approaches, 
which have the potential to speed the transition to 
increase the return on investment and reduce the amount 
of money that needs to be invested in the water sector.

Without significant water policy reform to enable the 
reallocation of water from one sector to another, financially 
reward those who make water use more efficient and 
so forth, a global  analysis by the 2030 Water Working 
Group (2010) suggests that some nations will not be 
able to avoid the emergence of a water crisis in many 
regions. If wide ranging reforms are adopted, however, 
then the group’s analysis suggests that most water crises 
can be averted. Investment in water policy reform and 
governance enables greater engagement and use of local 
knowledge and for investments to be made at a multitude 
of scales. When such approaches are taken, the 2030 
Water Working Group estimates that the global amount of 
money that needs to be invested in the water sector can 
be reduced by a factor of four.

5 1 Improving general institutional  
arrangements

Arguably, the greatest impediment to investment in 
water infrastructure and management arrangements has 
been the difficulty in establishing high-level governance 
and political support for arrangements that support 
effective governance (Global Water Partnership 2009a). 
Problems range from a simple lack of institutional 
capacity to the presence of widespread corruption12 and 
opportunities to gain political favour. Building upon 
these observations in a background paper prepared 
for this chapter, Ménard and Saleth (2010) report 
that governments are learning that improvement in 
arrangements for the administration of water resources 
offers one of the least-cost opportunities to resolve 
water-management problems in a timely manner. Long-

12. The 2008 Global Corruption Report found that corruption in the water 
sector is likely to increase the cost of achieving the Millennium Development 
Goals by US$ 50 billion (Transparency International 2008). US$ 50 billion is 
about the same amount of money as the 2030 Water Resources Group’s 
estimate of the annual cost of implementing the least-cost solution to the 
resolution of global water problems.

term solutions such as the establishment of reliable, 
stable governance arrangements for the supply of water 
are central to a green economy. 

A parallel issue is the question of rights or entitlements to 
use land and water. When these rights are insecure, the 
incentive to take the long-term perspective necessary 
to encourage green approaches to investment is 
weak. When land tenure, water entitlements and other 
forms of property rights are well-defined, far more 
sustainable forms of resource use can be expected. 
Early investment in the development of land registers 
and other similar processes are simple ways to expedite 
the transition to a green economy.

Increases in the capacity of a nation to collect taxes 
will clearly make it easier to move to full-cost pricing 
arrangements and, where appropriate, provide rebates 
and other forms of assistance to the most needy without 
having to resort to inefficient cross-subsidies.

Another example of an enabling condition is the use 
of education and information programmes designed 
to increase awareness of opportunities to act in an 
environmentally responsible manner. If members of a 
community feel obligated to look after the environment 
then they are more likely to do so. 

5 2 International trade arrangements

The Enabling Conditions chapter discusses the role 
of international trade and trade-related measures in 
influencing green economic activity. Whether or not 
freer trading arrangements will ultimately be to the 
benefit of water users depends upon the degree of 
trade liberalisation that occurs and what exceptions 
are made. As agriculture uses around 70 per cent 
of all water extracted for consumptive purposes, 
and large amounts of water are embodied in many 
of the agricultural products traded (Figure 14), this 
policy option deserves careful consideration. When 
trade is unrestricted and all inputs priced at full cost, 
communities have the opportunity to take advantage 
of the relatively abundant sources of water in other 
parts of the world. When trade in agricultural products 
is restricted, water use is likely to be less efficient. Fewer 
crops can be grown per drop of available water. As a 
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whole, the world is generally worse off. However, some 
countries strive for food sovereignty for various reasons 
including security.

In an attempt to understand the likely impacts of freer 
trading arrangements on water use, a background paper 
to this chapter uses a model to estimate the likely effects of 
agricultural trade liberalisation on water use (Calzadilla 
et al  2010). The model used differentiates between 
rain-fed and irrigated agriculture and includes functions 
that take into account the effects of climate change on 
the volume of water available for extraction. The trade-
liberalisation scenario is based on the proposals being 
developed as part of the Doha round of negotiations, 
which seek to move the world towards a regime where 
agricultural trade is less restricted. In particular, the 
analysis assumes that there is a 50 per cent reduction 
in tariffs, a 50 per cent reduction in domestic support 
to agriculture and that all export subsidies are removed. 
Given that progress towards such a regime will take 
time to implement, the scenario is examined with and 
without climate change. The climate-change scenarios 
are based on those developed by the International Panel 
on Climate Change (IPCC) (2008).

Table 3 presents a summary of the findings of this 
modelling exercise, presented in more detail in the 
background paper. The introduction of Doha-like freer 
trading arrangements increases global welfare by US$ 
36 billion. If strong climate change occurs, global welfare 

is reduced by US$ 18 billion. The model assumes no 
change to the policies that determine how the welfare 
benefits from increased trade are distributed. Calzadilla 
et al   conclude that trade  liberalisation:

 ■ Increases the quantity of agricultural products 
traded and the capacity of nations to trade with one 
another with the consequence that global capacity to 
adjust to climate change is greater than it otherwise 
would be;

 ■ Tends to reduce water use in water-scarce regions 
and increase water use in water-abundant regions, 
even though water markets do not exist in most 
countries; and

 ■ Makes each nation more responsive to changing 
conditions and, as a result, reduces the negative 
impacts of climate change on global welfare by 2 per 
cent. Regional changes, however, are much larger than 
this.

In summary, the modelling suggests that freer 
international trading arrangements for agriculture will 
significantly reduce the costs of facilitating adjustment 
and attaining MDG targets. Trade liberalisation can be 
expected to reduce water use in places where supplies are 
scarcest and increase water use in areas where they are 
abundant. Trade liberalisation increases the capacity to 
adapt to climate change and reduces its negative effects.

Figure 14: Regional virtual water balances and net interregional virtual water flows related to the trade in 
agricultural products, 1997–2001  The arrows show net virtual water flows between regions (>10 BCM/yr)
Source: Chapagain and Hoekstra (2008)
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5 3 Using market-based instruments

Market-based instruments that can be harnessed to 
foster a green economy include:

 ■ Payments for Ecosystem Services (PES);

 ■ Consumer-driven accreditation and certification 
schemes that create an opportunity for consumers to 
identify products that have been produced sustainably 
and pay a premium for access to them; and

 ■ Arrangements that send a scarcity signal including 
the development of offset schemes, the trading of 
pollution permits and the trading of access rights to 
water.

Each of these approaches has direct application to the 
water sector and the degree to which communities 
are likely to become interested in maintaining and 
investing in the provision of ecosystem services.

Payments for Ecosystem Services
From a water perspective, there are two main types of 
payments for ecosystem services – those financed by the 
user of a service and those financed by a government 
or donor (Pagiola and Platais 2007; Engel et al. 2008). In 
either case, such schemes can be successful only when 
a secure source of money for the scheme has been 

identified and committed. Arguably, the most efficient 
are operated by users who are able to identify which 
services they want and the price they are willing to pay for 
them. Most government-financed programmes depend 
on financing from general revenues and, because they 
typically cover large areas, they are likely to be less efficient. 
Moreover, because they are subject to political risk, they 
are less likely to be sustainable. When a government or 
financial conditions change, support for the scheme can 
collapse (Pagiola and Platais 2007; Wunder et al. 2008).

Payments for Ecosystem Services schemes are becoming 
common in Latin America and the Caribbean region. In 
Ecuador, Quito’s water utility and electric power company 
pays local people to conserve the watersheds from which 
this company draws its water (Echavarría 2002a; Southgate 
and Wunder 2007). In Costa Rica, Heredia’s public-service 
utility pays for watershed conservation using funds derived 
from a levy on consumers (Pagiola et al. 2010). 

Many small Latin American towns have similar schemes, 
including Pimampiro in Ecuador; San Francisco 
de Menéndez in El Salvador and Jesús de Otoro in 
Honduras (Wunder and Albán 2008; Herrador et al. 2002; 
Mejía and Barrantes 2003). Hydroelectric producers are 
also becoming involved. In Costa Rica, for example, public-
sector and private-sector hydro-electricity producers are 
paying for conservation of the watersheds from which they 
draw water. Pagiola (2008) reports that these companies 

Table 3: Change in regional welfare over 20 years as a result of climate change and trade liberalisation, 
US$ million (findings from a model developed by Calzadilla et al  2010) 

Regions
50% reduction in tariffs, no export 

subsidies and 50% reduction in 
domestic support to Agriculture

Strong Climate Change 
Scenario

Both scenarios combined 
(Free trade and strong climate 

change)

United States -1,069 -2,055 -3,263

Canada -285 -20 -237

Western Europe 3,330 1,325 4,861

Japan and South Korea 11,099 -189 10,970

Australia and New Zealand 622 1,022 1,483

Eastern Europe 302 538 883

Former Soviet Union 748 -6,865 -6,488

Middle East 2,104 -3,344 -1,213

Central America 679 -240 444

South America 1,372 805 2,237

South Asia 3,579 -3,632 -28

Southeast Asia 3,196 -3,813 -552

China 5,440 71 5,543

North Africa 4,120 -1,107 3,034

Sub-Saharan Africa 218 283 458

Rest of the World 285 -308 -17

Total 35,741 -17,530 18,116
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now contribute around US$ 0.5 million per annum towards 
the conservation of about 18,000 ha. In Venezuela, CVG-
Edelca pays 0.6 per cent of its revenue (about US$ 2 
million annually) towards the conservation of the Río 
Caroní’s watershed (World Bank 2007). Some irrigation 
systems, such as those in Colombia’s Cauca Valley, have 
participated in schemes like these (Echavarría 2002b).

More generally, and as explained in Khan (2010), 
as countries shift to a greener set of economic 
arrangements, the costs of more traditional hard 
engineering approaches to water management involving 
the construction of treatment plants, engineering 
works to control floods, etc. become more expensive. In 
contrast, the cost of operating an ecosystem payment 
scheme is much less likely to increase. For this to occur, 
however, parallel investments in the development of 
property rights and governance arrangements may be 
necessary to ensure water-supply utilities can enter into 
contracts that maintain access to ecosystem services and 
expect these contracts to be honoured. Well-defined 
land tenure systems, stable governance arrangements, 
low transaction costs and credible enforcement 
arrangements are essential (Khan 2010).

As noted elsewhere in this chapter, early attention to 
governance arrangements is a necessary precondition 
to the inclusion of water in a transition strategy to a 
green economy.

Strengthening consumer-driven accreditation 
schemes
Whilst rarely used in the water sector, in recent years 
there has been a rapid expansion in the use of a 
variety of product accreditation schemes that enable 
consumers to pay a premium for access to products that 
are produced without detriment to the environment 
including its capacity to supply water-dependent 
services. As observed by de Groot et al. (2007), these 
accreditation schemes rely on the self-organising 
nature of private market arrangements to provide 
incentives for the beneficiaries of the improved service 
to pay for it. Once established, these arrangements can 
play an important role in encouraging the restoration 
of natural environments.

Arguably, one of the better-known examples is the 
labelling scheme developed by the Forest Stewardship 
Council (FSC). The Council guarantees that any timber 
purchased with its label attached has been harvested in 
a manner that, amongst other things, seeks to maintain 
ecological functions and the integrity of a forest. Where 
appropriate, this includes recognition of the essential 
role that forests play in water purification and in 
protecting communities from floods.13

13.  For more information see http://www.fsc.org/pc.html 

Increasing the use of tradeable permit, off-set and 
banking schemes
A broad class of market-based instruments of relevance 
to a green economy are those that limit opportunity 
to pollute and / or use a resource. There are many 
variants of such schemes, but all work by using a market 
mechanism to reward people who are prepared to cease 
or reduce a water-affecting activity, thus allowing others 
to take up the same activity and thereby ensuring an 
overall controlled impact on the environment.

One such example is a mechanism whereby a water 
treatment plant can release more nutrients into a 
waterway by arranging for the reduction of nutrient 
pollution from a nearby dairy farm. In many cases, the 
result can be a significant improvement in water quality 
at a much lower cost if the water treatment plant is 
not allowed to increase its emissions. In rural areas, 
nitrate pollution charges and trading schemes are often 
suggested and are now operational in parts of the 
USA (Nguyen et al. 2006).

Another example, well developed in the USA, is the use 
of wetland banking schemes that require any person 
proposing to drain a wetland to first arrange for the 
construction, restoration or protection of another wetland 
of greater value (Robertson 2009). In these schemes, it 
is possible for a person to restore a wetland and then 
bank the credits until a third party wishes to use them. 
Three quarters of these wetland banking arrangements 
involve the use of third-party credits (U.S. Army Corps of 
Engineers 2006; Environmental Law Institute 2006).14

5 4 Improving entitlement and  
allocation systems

The last class of market-based instruments of particular 
relevance to water are those that use water entitlement 
and allocation systems to allow adjustment to changing 
economic and environmental conditions by allowing 
people to trade water entitlements and allocations.

In well-designed systems, water-resource plans are used 
to define rules for determining how much water is to be 
allocated to each part of a river or aquifer and a fully-
specified entitlement system is then used to distribute 
this water among users. Under such an arrangement 
rapid changes in supply conditions can be managed 
efficiently (Young 2010). Australian experience in the 
development of fully-specified entitlement systems is 
described in Box 6. Among other things, the approach 
enables people to use bottom-up market based 

14.  In each of these schemes banking and trading is possible only because 
they involve the development of indices that enable wetlands of differing 
value per hectare to be compared with one another.
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approaches to respond rapidly to changes in water 
supply. Consistent with the notion of increased returns 
from taking a green approach to the development of an 
economy, the introduction of water markets in Australia 
has produced an estimated internal rate of return in 
excess of 15 per cent per year over the last decade (see 
Figure 15). The result has been a considerable increase in 
the wealth and welfare of those involved.

In a green economy, the environment is given rights that 
are either equal or superior to those of other users of a water 
resource. In countries where property right systems are 
robust and users comply with entitlement and allocation 
conditions, environmental managers are beginning to 
purchase and hold water entitlements for environmental 
purposes. In Oregon, USA, for example, the Oregon 
Water Trust has been buying water entitlements from 
irrigators since 1993 (Neuman and Chapman 1999) and 
then using the water allocated to them to maintain and 
improve the function of streams and water-dependent 
ecosystems (Scarborough and Lund 2007). In Australia, 
the Commonwealth Environmental Water Holder (CEWH) 
has recently acquired 705 GL of water entitlements from 
irrigators for similar purposes in the Murray Darling Basin 
and has announced its intention to continue to do this 
until it holds in the vicinity of 3,000 to 4,000 GL of water 
entitlements (Murray Darling Basin Authority 2010). If this 
process is completed, the CEWH will hold between 27 per 
cent and 36 per cent of all the Basin’s water entitlements.

5 5 Reducing input subsidies and  
charging for externalities

In some cases, subsidies can be justified but unless 
implemented with great care, they can have a perverse 

effect on progress towards the greening of an economy. 
In most cases, subsidies encourage the exploitation of 
water at unsustainable rates. In India’s Punjab Province, 
for example, electricity for groundwater pumping 
is supplied to farmers either at a heavily subsidised 
price or for free. Experience is now showing that these 
subsidies encourage farmers to pump much more water 
than otherwise would be the case and, as a result, water 
levels in 18 of Punjab’s 20 groundwater districts are 
falling rapidly. Officials are aware of the adverse effects 
of subsidising electricity to this extent but have been 
unable to find a politically acceptable way to phase 
them out (The Economist 2009).

Processes that attempt to reflect the full cost of electricity 
use include funding research on the adverse effects 
of providing these subsidies and stimulating public 
debate about the wisdom of continuing to do so. If this 
research is rigorous and the communication strategies 
well developed, it is hoped that ultimately there will be 
sufficient political pressure to enable these subsidies to be 
removed (Ménard and Saleth 2010). As soon as this starts 
to happen, the money saved can be used to invest in other 
more sustainable activities. An alternative, much more 
expensive approach is to build a separate rural power 
supply system so that access to electricity can be rationed.

5 6 Improving water charging and  
finance arrangements

As noted by the OECD (2010), water-supply pricing policies 
are used for a variety of economic, social and financial 
purposes. Ultimately, water policies need mechanisms 
that distribute water to where it is needed, generate 
revenue and channel additional sources of finance. 
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Box 6: Australian experience in the role of water markets in 
facilitating rapid adaption to a shift to a drier climatic regime

Recently, Australia’s Southern Connected River 
Murray System experienced a rapid shift to a drier 
regime that has demonstrated both how difficult 
and how important it is to specify water rights as 
an entitlement only to a share of the amount of 
water that is available for use and not an amount. 
At the time that this shift occurred, the plans that 
were in place assumed that inflows would continue 
to oscillate around a mean and that known water 
accounting errors in the entitlement system could 
be managed. As a result, when a long dry period 
emerged, stocks were run down and managers 
decided to use environmental water for consumptive 
purposes on the assumption that more water could 
be made available to the environment when it 
rained again.

After four years of drought, and as the drought 
moved into its fifth, sixth, seventh and now eighth 
year, plans had to be suspended and new rules 
for the allocation of water developed (National 
Water Commission 2009). A new Basin Plan is 
now in the process of development and will seek, 
amongst other things, to deal with an acute over-
allocation problem. In parallel with these changes, 

considerable investment has been made in the 
development of the scientific capability to assemble 
the knowledge necessary to prevent these problems 
from re-emerging.

Another key feature of the system now being used 
in all Basin States is the definition of entitlement 
shares in perpetuity and the use of water markets 
to facilitate change. All water users now understand 
that they will benefit personally if they can make 
water use more efficient. As a result, a vibrant water 
market has emerged and significant improvements 
in the technical efficiency of water use have occurred. 
In this regard, Australia was lucky its entitlement 
system and the associated administrative processes 
had been developed in a manner that facilitated 
the rapid development of the water market 
possible (see Figure 16). Among other things, this 
included a much earlier commitment to meter 
use and established governance arrangements 
that prevent people from using more water 
than that allocated to them and the unbundling 
of water licences so that equity, efficiency and 
environmental objectives can be managed using  
separate instruments.

Figure 16: Development of Murray Darling Basin water entitlement transfers
Source: Young (2010)
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From a greening economy perspective, we recognise, 
however, that there is little agreement about the best 
way to charge for access to water and sanitation services. 
Three background papers were adapted to assist with 
preparation of this chapter – a primer on the economics 
of water use, a primer on financing and a paper on 
South African experience with the supply of free access 
to basic water (Beato and Vives 2010; Vives and 
Beato 2010; Muller 2010). Relevant insights can also 
be gained from the background paper on Indonesian 
experience with the provision of water to Western 
Jakarta (Fournier et al  2010). The United Kingdom is 
pioneering various pricing arrangements that reflect the 
full costs of providing water. The approach emphasises 
the role of pricing and charging in catalysing innovation 
and in encouraging communities to share access to 
water resources. 

Sources of revenue
Known as the “3 Ts,” in essence, there are three ways to 
finance water infrastructure and the costs associated 
with operating that infrastructure (OECD 2009):

1. Users can be charged a tariff for the water provided 
to them;

2.  Tax revenue can be used to subsidise operating costs 
and cover capital costs; and

3. Grants and other forms of transfer payment can be 
sourced from other countries.

Figure 17 shows how different countries combine each 
of these approaches. Very few countries rely only upon 
tariffs to finance infrastructure investment, even though 
economic theory would suggest that charging people a 
tariff in proportion to the service provided is the most 
efficient option. Reliance on tax revenue is common and, 
when donors are willing, transfer payments (donations) 
can play a significant role. In OECD countries, it is now 
common for urban water-supply utilities to set a tariff 
that is sufficient to cover the full operating costs of 
supplying water (OECD 2010).

Charging for access to water
Shifting to a green economy usually involves a 
commitment to begin charging for the full costs of 
resource use. With regard to water, however, there 
is a dilemma as access to clean water and adequate 
sanitation services is a human right (United Nations 
2010a). In a green economy, the efficient use of resources 
is encouraged, as is investment in built infrastructure. 
There is also an emphasis on equity. 

When considering the most appropriate charge to set, 
from an efficiency perspective, it is useful to distinguish 
between:

 ■ The capture, storage, treatment and supply of water 
for public rather than private purposes;

 ■ Situations where water supplies are abundant and 
when supplies are scarce;

 ■ The supply of water to households, to industry and for 
irrigation;

 ■ Regions where institutional capacity to collect 
charges is strong and when it is weak; and

 ■ The need to recover daily operating costs and the need 
to make an adequate return on capital so that the supplier 
(whether public or private) can afford to maintain both 
natural and built infrastructure.

Complicating the issue, there is also a need to consider 
the implications of charging people for the full cost of 
providing sanitation services. First, sanitation service 
provision generally requires access to water. Second, there 
are important public health issues to consider. When, for 
example, one person defecates in the open, health risks 
are imposed on all who live nearby. In an attempt to 
avoid the emergence of such problems, governments 
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normally set building standards that require the provision 
of toilets and connection either to a sanitation service 
or an appropriate on-site treatment of the waste. When 
there is no effective building control and, especially when 
informal settlements are involved, a way to efficiently 
engage with communities needs to be found.

When water is used for public purposes, such as 
the maintenance of a wetland for biodiversity or 
recreational benefits, access is usually provided 
for free and funded by the government through 
taxation. Usually, this is efficient as the beneficiaries are 
numerous and not easily identified. Moreover, there  
is no congestion problem; many people can benefit 
without detracting from the benefit received by others. 

When water supply (consumption) is for private benefit, 
however, use by one person typically excludes use 
by another. In such situations, the efficient strategy 
is to make water available to those who want it at – at 
least – the full cost of supply. Then, every water user 
has a greater incentive to use water efficiently. But this 
simple observation fails to consider important equity 
considerations that are discussed in the next section.

When water supplies are scarce, the efficient strategy is 
to price access to water at the marginal cost of supplying 
the next unit of water (Beato and Vives 2010). Costs 
increase as more and more water is produced. The 
efficient charge is equal to marginal cost – the cost of 
producing the next unit of water. Typically, this cost rises 
as more and more water is supplied.

When water supplies are scarce and no more water 
can be accessed by, for example, more desalination or 
recycling, economic theory would suggest the need for 
a scarcity charge.

When water supply is abundant, however, water pricing 
theorists face an interesting dilemma. As more and more 
water is supplied, the cost per unit of water supplied 
declines. Moreover, the cost of supplying the next unit of 
water is less than the average cost of supply. The result is 
a regime where, if water charges are set at marginal cost 
of supply, the revenue collected will not be sufficient to 
cover average costs - the water supply business will go 
bankrupt unless the supply charge is set above average 
long run cost of supply and/or a government makes up 
the shortfall (Beato and Vives 2010).

The question of whether or not a government should 
fund any revenue shortfall experienced by a water utility 
depends upon its capacity to collect revenue from other 
sources. When institutional capacity to collect revenue 
is strong, the most efficient charge is one that charges 
all users in proportion to the metered volume of water 
taken. When institutional capacity is weak, however, 

it may not be possible to do this. Before volumetric 
charges can be introduced, meters must be installed and 
revenue collection procedures established. 

Finally, it is necessary to differentiate between day-
to-day operating costs and the cost of ensuring that 
sufficient money is set aside to fund infrastructure 
upgrades and maintenance, ecosystem restoration and 
to ensure an adequate return on capital. The former is 
sometimes known as the “lower bound cost” and the 
latter as the “upper bound cost”.

As a general rule, the faster any system shifts to lower 
bound cost and then onto upper bound cost, the more 
efficient, the more sustainable and more innovative water 
use will be. When institutional capacity is strong, the most 
efficient strategy is to set a price that is the greater of 
marginal cost and average cost. Mechanisms other than 
water pricing policies should be used to transfer income 
to disadvantaged households and businesses. 

Financing access for the poor
In an environment where a large number of children die 
as a result of lack of access to adequate water, what is the 
right tariff to set? Western Jakarta provides an illustrative 
case study. Some 37 per cent of the people living in 
Western Jakarta do not have access to a reliable mains 
water supply. Most of these people are poor and either 
buy water from carts operated by water vendors or collect 
it from an unhygienic source. Those forced to buy water 
from a cart pay up to 50 times the full cost of providing 
water access to a mains water supply. In addition, they 
incur the costs linked with poor quality and inadequate 
volumes of water. Government policy, however, requires 
the poor be provided access at a highly subsidised price 
so, in practice, those poor people who get access to mains 
water are supplied it at a price that is 70 times less than 
the price paid to water vendors. Since the government 
cannot afford to pay this subsidy, it is actively discouraging 
the water utility from making water available to these 
people (Fournier et al  2010). The poor who receive access 
to reliable subsidised water  benefit, but this assistance is 
of no benefit to the 37 per cent of people who do not have 
access to a reliable mains water supply. Table 4 shows the 
tariff structure used in Western Jakarta.

South Africa provides a different perspective on the 
question of what tariff to set. In 1996, South Africa 
devolved responsibility for water management to local 
government and then introduced a policy that required 
local governments to provide a basic amount of water 
to all people free of charge, using funds redirected from 
central government. As a result, the proportion of the 
population without access to a reliable water supply has 
dropped from 33 per cent to 8 per cent (Muller 2010). 
Whether or not the same, or more, progress could have 
been made if users had been required to pay the full cost 
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of supplying water to them is not known and probably 
cannot be determined reliably as water has played a 
central role in the political transformation of this country. 
Recently, the Constitutional Court of South Africa (2009) 
ruled that a local government could charge for access 
and use pre-paid meters as a means to do this.

Seeking empirical evidence in the Niger Basin, Ward et 
al  (2010) found that access to education and to clean 
water are the most consistent predictors of economic 
progress. Having analysed the data and, particularly, 
the high costs of delaying access because of revenue 
shortfall, one can observe that if countries cannot afford 
to make drinking water available at less than full cost 
of supplying it to all poor people, then an alternative 
approach is to focus on the efficient provision of water 
to all poor people at the cost of supply. From a green 
economy perspective, the strategy to pricing to adopt 
is the one that most speeds the transition.

Cross-subsidising (selectively taxing) water use
In many countries, the water tariff regimes are used 
to cross-subsidise the cost of supplying water to the 
poor. In Jakarta, this is achieved by charging wealthier 
households and/or those who use large volumes of 
water more than the cost of supply and then using the 
resultant revenue to enable water to be supplied to 
the poor at less than full cost (Table 4). As a transitional 
strategy in countries with little other capacity to transfer 
wealth from the rich to the poor, a case can be made for 
the use of cross-subsidies, even though this approach 

distorts investment in water use. In developed countries, 
however, the use of a water charging regime to transfer 
income from one group of people or one region to 
another is extremely inefficient. For this reason alone, 
Beato and Vives (2010) conclude that subsidies should 
be targeted as tightly as possible and accompanied by a 
transparent strategy for their removal. The result is the 
emergence of a regime that encourages investment and 
innovation. Infrastructure is located in places where its 

Table 4: Water Tariff Structure in Western 
Jakarta, US$ per m3

Source: Adapted from Fournier et al  (2010)

Code Customer Type
Volume of water used

0-10 m3 11-20 
m3 >20 m3

K2 Low-Income Domestic $ 0.105 $ 0.105 $ 0.158

K3A Middle-Income Domestic $ 0.355 $ 0.470 $ 0.550

K313
High-Income Domestic and 
Small Business

$ 0.490 $ 0.600 $ 0.745

K4A $ 0.683 $ 0.815 $ 0.980

K413 Non-Domestic $ 1.255 $ 1.255 $ 1.255

Prices converted to US$ and rounded to 3 decimal places

Box 7: Recent experience of private companies providing water  
to households

Phnom Penh Water Supply Authority in Cambodia 
has seen major transformations between 1993 and 
2009. The number of connections increased seven-
fold, non-revenue water fell from 73 per cent to 6 
per cent, collection efficiency rose from 48 per cent 
to 99.9 per cent, and total revenues increased from 
US$ 300,000 to US$ 25 million, with a US$ 8 million 
operating surplus. After receiving initial grants and 
soft loans from international financial institutions, 
the utility is now self-financing. Tariffs increased 
steeply in the early years, but they have been held 
constant at around US$ 0.24/m3 since 2001, because 
the combination of service expansion, reduced water 
losses and high collection rates has guaranteed a 
sufficient cash flow for debt repayment as well as 
capital expenditure.

Balibago Waterworks Systems serves around 70,000 
customers in a rural area of the Philippines. The 
business has grown by going out to adjacent towns 
and villages and asking each community whether 
they would like the Balibago to build a network 
that would enable them to supply piped water to 
it. When Balibago does this, it begins by showing 
the community its regulated schedule of tariffs. 
The community is then asked if they want access to 
piped water and are prepared to pay the scheduled 
price for access to it. Balibago is finding that in 
many cases, the result is judged as an attractive 
proposition for communities that might previously 
have relied on hand pumps and wells, and it makes 
good money for the company’s investors. 
Source: Adapted from Global Water Intelligence (2010)
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use can be sustained. Sustainable jobs and more green 
growth follows.15

Increasing private-sector participation 
As a transition to efficient supply of water at full 
cost occurs, opportunities for the involvement of 
private enterprise in the provision of water supply 
and sanitation services increase. The main reason 
for considering such arrangements is that research 
is showing that private-sector engagement can help 
to deliver benefits at less cost and thereby release 
revenue for green growth in other sectors. Once 
again, this opportunity is controversial. Several 
private-sector participation arrangements have 

15.  When water is supplied to businesses at less than full cost, businesses 
tend to locate in locations chosen on the assumption that subsidised 
access to water will continue. This, in turn, encourages people to live in and 
migrate to such places and locks an economy into a regime that becomes 
dependent upon the subsidy. As each of these steps occurs, opportunities 
for development are undermined.

failed. Nevertheless, there is little to suggest that the 
frequency with which these problems occur is less than 
that found among publicly-run systems (Ménard and  
Saleth 2010). 

Closer analysis is showing that when contractual 
arrangements are well developed, use of the private 
sector can offer a wide range of benefits and, when well-
designed contractual arrangements are in place, can 
outperform the public sector. For example, Galani et al. 
(2002) show that Argentina’s temporary privatisation 
of approximately 30 per cent of its water supplies met 
with positive results. Child mortality was found to be 8 
per cent lower in areas where water provision had been 
privatised. Moreover, this effect was largest (26 per cent) 
in the areas where people are poorest. The experience is 
equally positive in regions where businesses are allowed 
to supply water at full cost – operators are finding 
that many people are prepared to pay for the services  
they offer (Box 7).
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6  Conclusions
Access to clean water and adequate sanitation services is 
critical to the future of each and every household. Water 
is clearly fundamental to food production and providing 
ecosystem services and vital for industrial production 
and energy generation. 

Finding a way to use the world’s water more efficiently 
and making it available to all at a reasonable cost, while 
leaving sufficient quantities to sustain the environment, 
are formidable challenges. In an increasing number of 
regions, affordable opportunities to access more water are 
limited. But progress has to be made to improve efficiency 
use and working within scientifically established and 
common practice limits. Direct benefits to society can be 
expected to flow both from increased investment in the 
water supply and sanitation sector, including investment 
in the conservation of ecosystems critical for water.

Research shows that by investing in green sectors, 
including the water sector, more jobs and greater 
prosperity can be created. Arguably, these opportunities 
are strongest in areas where people still do not have 
access to clean water and adequate sanitation services. 
Early investment in the provision of these services 
appears to be a precondition for progress. Once made, 
the rate of progress will be faster and more sustainable, 
thus making transition to a green economy possible.

Arrangements that encourage the increased 
conservation and sustainable use of ecosystem services 
can be expected to improve prospects for a transition to 
a green economy.

Ecosystem services play a critical role in the production 
of many goods and in many of the services needed 
by the world’s human population but pressure on 
them is increasing. By investing in arrangements that 
protect these services and, where appropriate, enhance 
them there is opportunity to ensure that the greatest 
advantage is taken of these services. Often the most 
effective way forward is to invest first in the development 
of supply and distribution infrastructure so that pressure 
is taken off the systems that supply ecosystem services.

Significant opportunities for improvement include the 
development of arrangements that pay people who 
provide and do the work necessary to maintain access to 
ecosystem services. 

Another opportunity is the formal allocation of water 
rights to the environment. Where water resources have 

been over-allocated, there are significant opportunities 
to fund restoration at a reasonable cost before changes 
become irreversible.

The costs of achieving a transition will be much less if the 
increased investment is accompanied by improvements 
in governance arrangements, the reform of water 
policies and the development of partnerships with the 
private sector.

The opportunity to improve governance arrangements 
is one of the biggest opportunities to speed transition 
to a greener economy. In any area where there is water 
scarcity, it is critical that governance arrangements are 
put in place to prevent over-use and over development 
of the available water resource. Building administrative 
regimes that are respected and trusted by local 
communities and industry takes time; however, this  
is essential in ensuring a return on the investments 
suggested in this chapter. These new arrangements, 
among others, will need to be able to facilitate the 
transfer of water from one sector to another.

Individual decisions about how to use resources 
and where to invest are influenced by policy. From 
a green economy perspective, there are significant 
opportunities to reform policies in ways that can 
be expected to significantly reduce the size of the 
investment needed to facilitate progress. Phasing out 
subsidies that have a perverse effect on water use and 
adopting freer trading arrangements, brings direct 
benefits to many sectors. Other opportunities, such as 
the establishment of tradeable water entitlement and 
allocation systems, bring benefits initially to the water 
sector. 

In green economies, there is a commitment to factoring 
social equity into the transition to arrangements, such 
as full cost accounting, that influence investment 
and decisions by people and industry. Ultimately, 
the question of how fast this transition should occur 
depends on a case-by-case assessment of the influence 
of the arrangement on the expected rate of progress. 
Where capacity exists, financial transfers and tax 
revenues collected from other sources can be used to 
fund the infrastructure necessary to provide households 
with access to services but, when this approach slows 
progress, tariffs should be raised to at least cover the full 
costs of service provision. Preference should go to the 
various pricing arrangements that enable most rapid 
progress.
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Key messages
1.  Forests are a foundation of the green economy, sustaining a wide range of sectors and 
livelihoods. Forest goods and services support the economic livelihoods of over 1 billion people, 
most of whom are in developing countries and are poor. While timber, paper and fibre products yield 
only a small fraction of global GDP, public goods derived from forest ecosystems have substantial 
economic value estimated in the trillions of dollars. Forests sustain more than 50 per cent of 
terrestrial species, they regulate global climate through carbon storage and protect watersheds. 
The products of forest industries are valuable, not least because they are renewable, recyclable and 
biodegradable. Thus, forests are a fundamental part of the earth’s ecological infrastructure and 
forest goods and services are important components of a green economy. 

2. Short-term liquidation of forest assets for limited private gains threatens this foundation 
and needs to be halted. Deforestation, although showing signs of decline, is still alarmingly high at 
13 million hectares per year. Although net forest area loss amounts to five million hectares per year, 
this is a result of new plantations that provide fewer ecosystem services than natural forests. High 
rates of deforestation and forest degradation are driven by demand for wood products and pressure 
from other land uses, in particular cash crops and cattle ranching. This “frontier” approach to natural 
resources – as opposed to an investment approach – means that valuable forest ecosystem services 
and economic opportunities are being lost. Stopping deforestation can therefore be a good 
investment: one study has estimated that, on average, the global climate regulation benefits of 
reducing deforestation by 50 per cent exceed the costs by a factor of three. 

3.  International and national negotiations of a REDD+ regime may be the best opportunity 
to protect forests and ensure their contribution to a green economy. To date, there has been 
no clear and stable global regime to attract investment in public goods that derive from forests 
and to assure their equitable and sustainable production. Such a regime promises to tip the 
finance and governance balance in favour of longer-term sustainable forest management (SFM)1  – 
which would be a real breakthrough where the viability of SFM has been elusive in many countries. 
Management for forest public goods would then open up the prospect of new types of forest-
related jobs, livelihoods and revenues – where local people can be guardians of forests and forest 
ecosystem services. It will require REDD+ standards as well as effective systems for local control of 
forests, and transfer of revenue, to ensure these livelihood benefits are realised.

1. Sustainable forest management may be defined as “the stewardship and use of forests and forest lands in a way, and at a rate, that maintains their 
biodiversity, productivity, regeneration capacity, vitality and their potential to fulfil, now and in the future, relevant ecological, economic and social functions, 
at local, national, and global levels, and that does not cause damage to other ecosystems” (FAO 2005b).
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4.  Tried and tested economic mechanisms and markets exist which can be replicated and 
scaled up. There are enough existing glimpses of green-economy forestry to warrant more serious 
policy attention, including certified timber schemes, certification for rainforest products, payments 
for ecosystem services, benefit-sharing schemes and community based partnerships. They need to 
be catalogued, assessed for the ecosystem services they offer, promoted widely and scaled up. We 
contribute to that process in this chapter.

5.  Investments in natural forests and plantations can deliver economic benefits.  Modelling for 
the Green Economy Report (GER) suggests that an investment of just US$ 40 billion per year over 2010 
to 2050 in reforestation and paying landholders to conserve forests could raise value added in the forest 
industry by 20 per cent, compared to business-as-usual (BAU). In addition, it could increase carbon 
stored in forests by 28 per cent, compared with BAU. Provided investments are also made in sustainable 
productivity-enhancing improvements in agriculture (see Agriculture chapter), this expansion in forest 
plantations need not threaten food production. However, tree planting would have to be carefully 
targeted to ensure that it does not displace poor farmers, who have ill-defined tenure; tree planting 
should also provide another livelihood option in rural areas.

6. Legal and governance changes are needed to tip the balance towards sustainable forestry, 
which is not yet at scale, and away from unsustainable practice, which is entrenched in both 
the forest sector and competing sectors. Well-managed forests are the cornerstone of ecological 
infrastructure; as such, they need to be recognised as an “asset class” to be optimised for its returns. 
These returns are largely public goods and services, such as carbon storage, biodiversity and water 
conservation and need to be better reflected in national accounting systems. Private forest goods can 
also have significant economic and social benefits if sustainably produced. Yet, expansion of SFM and 
green investment face competition from unsustainable and illegally-sourced wood and fibre products, as 
well as policy biases towards competing land uses such as pasture, agriculture and mining. Both carrots 
(support for skills training, independent verification of SFM and preferential government procurement) 
and sticks (tightening up laws and enforcement against illegal logging and marketing) are needed. Also 
necessary is a revision of policies favouring other sectors, which can erode forest benefits, notably the 
costs and benefits of agricultural subsidies. 
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1  Introduction
This chapter makes a case for greening the forest sector. It 
does so by assessing the gap between BAU in the forest 
sector and the role of the sector in a green economy. To 
support that assessment, the chapter reviews the current 
range of green investments in forests and how they are 
likely to affect both the timber industry and ecosystem 
services on which the livelihoods of the poorest depend.

This section includes a description of the forest sector’s 
current state and a vision for forests in a green economy. 
Section 2 presents the challenges and opportunities 
facing the sector. Section 3 identifies a number of green 
investments in forests of different types. It reviews the 
state of knowledge on their magnitude, private and social 
rate of return, and economic, social and environmental 
impacts. Section 4 presents the results of modelling 
the impacts of directing 0.035 per cent of global GDP 
to two particular green investments: a public-sector 
investment that pays landholders to conserve forests; 
and a private-sector investment in reforestation. Section 
5 gives an overview of the enabling conditions for green 
investments in forests to be effective. Section 6 concludes 
the chapter.

Box 1: Economic importance 
of the forest industry in sub-
Saharan Africa (SSA)

While a figure of 6 per cent contribution to GDP 
is often quoted for the entire SSA, such a figure 
masks the disparities between tropical and non-
tropical countries. For example, forests play a 
major role in the economies of Cameroon, the 
Central African Republic, Congo, the Democratic 
Republic of the Congo, Equatorial Guinea and 
Gabon, and in the livelihoods of local people. The 
forest sector contributes, on average, between 5 
and 13 per cent of the gross domestic product 
(GDP) of these countries. Up to 60 per cent of 
export earnings for Gabon are from timber 
products, while for the Central African Republic 
it is about 50 per cent. Gabon is the biggest 
exporter of industrial roundwood, exporting 
nearly 97 per cent of its total production. Export 
of medicinal plants is a significant foreign-
exchange earner for Cameroon, amounting to 
around US$ 2.9 million a year.
Source: Gumbo (2010)

1 1 Current state of the forest sector

In 2006, the forest industry (defined as roundwood 
production, wood processing, and pulp and paper) 
contributed approximately US$ 468 billion or 1 per cent 
of global gross value added, of which pulp and paper 
represented about 40 per cent (FAO 2009). Although this 
was an increase in absolute terms from 1990, the share of 
the forest sector declined due to the much faster growth 
of other sectors (FAO 2009). Nevertheless, the forest 
industry is extremely important for some developing 
countries (Box 1). Not captured in these figures on GDP 
share are the contributions made by forest ecosystem 
services to human wellbeing and the role of forests in 
sustaining livelihoods. With a broader concept of GDP, 
such as the GDP of the poor, which captures the reliance 
of rural populations on nature, the contribution of the 
forest sector is greatly increased (TEEB 2009).

Besides wood products and paper, the world’s forests also 
produce a large amount of the energy used in developing 
countries, particularly among low-income households. 
About half of the total roundwood removed from forests 
worldwide is used for energy, including traditional 
heating and cooking and for heat and power production 
in industrial operations (FAO 2009). More than 2 billion 
people depend on wood energy for cooking, heating 
and food preservation (UNDP 2000). Figures on biomass 
energy (wood plus crop residues and animal dung) from 
Openshaw (2010) give an indication of the economic 
and social importance of the energy derived from wood. 
According to the International Energy Agency (IEA) (2007), 
for the world as a whole, biomass energy accounted for 
an estimated 10 per cent of primary energy in 2005 (47.9 
ExaJoule (EJ), of which 39.8 EJ were in Least Developed 
Countries (LDCs). But in many developing countries 
it dominates, with over 50 per cent of total energy use. 
Although much of it is used by the subsistence sector, in 
many countries biomass energy is the most important 
traded fuel, both in terms of employment and value. In 
sub-Saharan Africa, biomass fuels account for as much as 
80 per cent of energy consumption.

Forests are also home to important non-wood forest 
products (NWFPs) that make a significant contribution 
to local economies and livelihoods; in some cases NWFPs 
are important exports. The main product categories are 
food from plant products, raw material for medicine and 
aromatic products and exudates such as tannin extract 
and raw lacquer (FAO 2009). It has been estimated 
that in 2005 the value of NWFPs extracted from forests 
worldwide amounted to US$ 18.5 billion, but this was 
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believed to cover only a fraction of the total value 
because of incomplete coverage of the statistics (FAO 
2010). Numerous studies have shown the importance 
of the subsistence use of NWFPs for people’s livelihoods. 
In a review of 54 case studies, over half of which were 
from Eastern and Southern Africa, Vedeld et al. (2004) 
estimated that the average annual forest environmental 
income amounted to 22 per cent of household income. 
While a large part of this was from fuelwood, wild foods 
and fodder for animals were also important. 

Forests, which sustain more than 50 per cent of 
terrestrial species (Shvidenko et al. 2005), play a vital 
role in protecting watersheds and regulating climate 
(ecosystem services) and they have great cultural and 
symbolic significance. Valuation studies of these services 
conducted in many different countries have shown a 
wide variation in results, reflecting the importance of 
location, the methodologies and assumptions about 
biophysical linkages, e.g. between forest cover and 
watershed services (Table 1). Studies that concentrate 
on the value of the climate-regulation services of forests 
associated with reducing deforestation also produce 
substantial estimates (Box 2). 

Scaling up from such wide-ranging values is challenging, 
and estimations of values at a national or global scale have 
produced huge ranges. While there is still a high degree of 
uncertainty about the value of forest ecosystem services 
at a global level, even conservative estimates tend to be 
high, measured in trillions of US dollars, This indicates 
the importance of taking these services into account in 
decision-making on land and resource use.

Forests also provide significant employment, with the 
contribution of the formal sector greatly outweighed 

by that of the informal sector. About 10 million people 
are employed in forest establishment, management 
and use worldwide (FAO 2010). Adding employment in 
primary processing, pulp and paper and the furniture 
industry brings the figure to about 18 million people 
(Nair and Rutt 2009). Despite growing informality and 
mechanisation, forestry is still a highly significant sector,  
with roughly 0.4 per cent of the global workforce (FAO 

Table 1: Estimates of the value of forest ecosystem services

Service Estimates of value (US$/ha) Source

Genetic material < 0.2 – 20.6
Simpson et al. (1996)
Lower estimate: California
Higher estimate: Western Ecuador

0 – 9,175 Rausser and Small (2000)

1.23 Costello and Ward (2006) mean estimate for most biodiverse region

Watershed services (e.g. flow regulation,  
flood protection, water purification) 

200 – >1,000 (several services combined in 
tropical areas)
0 – 50 single service

Mullan and Kontoleon (2008)* 

Climate regulation 650 – 3,500 IIED (2003)*

360 – 2,200 (tropical forests) Pearce (2001)*

10 – >400 (temperate forests) Mullan and Kontoleon (2008)*

Recreation/tourism <1 – >2,000 Mullan and Kontoleon (2008)*

Cultural services – existence values 0.03 – 259 (tropical forests) Mullan and Kontoleon (2008)*

12 – 116,182 (temperate forests) Mullan and Kontoleon (2008)*

* Lowest and highest estimates from a review of valuation studies

Box 2: The value of forest 
ecosystem services: climate 
regulation

Hope and Castilla-Rubio (2008), contributing 
to the Eliasch Review (2008) estimated that 
the net present value of benefits in terms of 
reduced climate-change damage associated 
with reducing deforestation and hence 
emissions by 50 per cent each year from 2010 
to 2100 would be US$ 5.3 trillion (mean) with a 
90 per cent confidence interval (CI) of US$ 0.6 
to US$ 17 trillion. Reducing deforestation by 
90 per cent from 2010 was estimated to yield 
benefits of US$ 10 trillion (90 per cent CI of US$ 
1 trillion to US$ 30 trillion). The mean benefits 
from reducing deforestation in both scenarios 
were found to greatly exceed the mean costs 
by a factor of approximately three (3.12 for a 
50 per cent reduction and 2.86 for a 90 per cent 
reduction). In both cases there is a possibility 
that net benefits could be negative but the 
probability is very low.
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2009). Outside of the formal sector there is greater 
uncertainty about the number of people dependent 
on forests for employment and livelihoods, as shown in 
Table 2. As a result, the estimate for the total number of 
people dependent on forests ranges from 119 million to 
1.42 billion. But even conservative estimates of people 
engaged in informal forest enterprises, indigenous 
people dependent on forests and people dependent on 
agroforestry, greatly exceed employment in the formal 
forest sector. 

There are regional variations, however. The employment 
role of the sector has been declining, particularly in Europe, 
East Asia and North America, most probably because 
of gains in labour productivity (FAO 2010). The only 
countries in Europe that have increasing employment in 
the forest industry sector are Poland, Romania and the 
Russian Federation. Latin America and the Caribbean and 
the developing Asia-Pacific region are the two regions 
where the forest industry sector has been expanding 
on all fronts over the last decade. This has been driven 
by various factors, including the abundance of low-cost, 
skilled labour, relatively abundant forest resources, a high 
rate of economic growth, specific polices to encourage 
development and investment in the sector and a general 
improvement of the investment climate (Lebedys 2007).

The production and trade of fuelwood is also important 
for employment. Openshaw (2010), while noting 
that there are no definite estimates, suggests that 
nearly 30 million people worldwide may be involved 
in the commercial production, transport and trade of 
biomass- energy products, generating around US$ 20 
billion annually. More specifically, a survey in Malawi in 
1996/7 found that 56,000 people were involved in tree 
growing, fuelwood and charcoal production, transport 
and roadside and urban trading in the country’s four 
principal towns. This was many times greater than the 
number employed in kerosene, liquefied petroleum gas 
(LPG) and electrical production, transport or transmission 
and trading for the household sector, estimated at 

350 to 500 (Openshaw 2010 citing Openshaw 1997a 
and b). A repeat survey carried out in 2008 found that 
employment in growing, production, transport and 
trade of biomass energy had increased significantly to 
133,000 (BEST 2009).

1 2 Scope of the forest sector

The forest sector can be considered in various 
ways: from merely forest management and primary 
production, to the whole supply chain of forest products 
and to the provision of ecosystem services. The focus 
of this chapter is on forests and the production and 
management of forest ecosystem services, including 
carbon management/climate regulation, water-quality 
management, energy provision and ecotourism. 
While issues of resource and energy efficiency and 
clean production are important in the manufacture 
of secondary wood-based and fibre-based products, 
they also apply to a number of other industrial sectors, 
and are therefore covered in the Industry and Energy 
chapters of this report. 

The management of forest ecosystem services is unique 
to the forest sector (albeit influenced by other sectors) 
and we therefore give it priority here. The focus on forest 
ecosystem services also has the effect of widening the 
range of products and services that can be considered 
part of the downstream forest sector.

Confining the scope of the chapter to the production 
of forest ecosystem services simplifies matters but still 
leaves open the question of what types of forest to 
consider. FAO’s official definition of forests covers a broad 
spectrum from pristine natural forests undisturbed by 
human intervention, often known as primary forests, 
to intensive high-yield plantations, as shown in Figure 
1. In between, are natural forests with varying degrees 
of human modification, and various types of planted 
forests. We are interested in all of these forest types, in the 

Table 2: Forest-dependent employment and livelihoods

Scope Estimate Source

Formal employment in forestry, wood processing and pulp and paper 14 million FAO (2009)

Formal employment in furniture industry 4 million Nair and Rutt (2009)

Informal small forest enterprises 30–140 million UNEP/ILO/IOE/ITUC (2008), citing Poschen (2003) and Kozak (2007) 
for lower and higher estimate, respectively 

Indigenous people dependent on forests 60 million World Bank (2004)

People dependent on agroforestry
500 million–1.2 billion UNEP/ILO/IOE/ITUC (2008) 

71–558 million Zomer et al. (2009). For agricultural land with 10% tree cover up  
to 50%

Total 119 million–1.42 billion Lower bound assumes overlap between indigenous people 
 dependence and agroforestry
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extent to which each of these are managed for a range 
of ecosystem services, and the balance between them. 
Not covered by FAO’s definition are various agroforestry 
systems, including admixtures of tree, crop and livestock 
regimes at the field or landscape level, under the 
management of the farmer. We include them in this 
chapter because they often provide many, if not all, forest 
ecosystem services and are important for livelihoods. 

1 3 Vision for the forest sector 
in a green economy

Greening the forestry sector implies managing it and 
investing in it as an asset class that produces a wide 
range of benefits to society. The wider economic roles 
of forests in a green economy include: as factories of 
production (producing private goods from timber to 
food), as ecological infrastructure (producing public 
goods from climatic regulation to water-resource 
protection) and as providers of innovation and insurance 
services (forest biodiversity being key to both). 

The greening of the forest sector will be driven by societal 
demands for ecosystem services spread across several 

sectors, encompassing the traditional industries of wood 
processing and paper manufacture as well as tourism, 
energy, water management, carbon trading and new 
forest-based products. Forestry in a green economy will 
also meet critical livelihood needs of local communities 
by providing a stream of fuelwood, construction materials, 
food sources and medicinal plants. Effective local control 
and management of forests need to be improved but 
governments, through access and benefit-sharing 
(ABS), and new markets, such as ecosystem services, 
will ensure there are greater economic incentives to do 
so. These incentives would emerge from a robust and 
fair international system that ensures forest-related 
public goods, notably carbon storage and biodiversity 
conservation, are transferred between nations. Forests 
would also attract interest from financial institutions 
opening up forests as a new economic asset. 

With greater understanding and recognition of the 
public goods generated by forests, and the increasing 
financial rewards for producing them, it becomes critical 
for forest managers and governments to account more 
effectively and transparently for forest stocks and 
flows. This entails being able to measure and value 
the forest sector’s contribution to societal wellbeing in 

Biodiversity FOREST External input intensity

Primary forest Modi�ed natural Semi-natural Indigenous plantation Exotic plantation

AGROFORESTRY

Traditional shifting cultivation and home gardens Mixed systems Alley cropping

Internally generated systems Externally generated systems

Figure 1: The forest spectrum
Source: Adapted from Bass et al. (1996)
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more sophisticated ways and capturing the full range 
of marketed and non-marketed goods and services, 
including the significant contribution they make to the 
livelihoods of the poor and marginalised. 

1 4 Indicators

In order to assess how far the forest sector is shifting 
towards a green economy, it will be important to 
keep track of indicators that measure the following: 
1) the changing proportion of consumption made 

up by forest goods and services, and particularly the 
rate of substitution of carbon-intensive products 
with forest products; 2) changing markets for forest 
ecosystem services; 3) investments in sustainable forest 
enterprise and production, especially those which aim 
at several ecosystem services and include sustainability 
conditions; 4) the changing ownership of forest land and 
forest enterprise, notably the inclusion of local forest 
stakeholder groups; 5) forest governance improvements; 
and 6) the sustainability of forest management, from 
stand to landscape to national levels, in environmental, 
social and economic terms. 
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2  Challenges and opportunities
2 1 Challenges

The major challenges facing the forest sector include the 
loss of forest, competing land uses, market, policy and 
governance failures. These challenges are connected. 
Competing land uses, especially from agriculture, are 
immediate causes of forest loss. These competing 
land uses are, in turn, driven by market, policy and 
governance failures. 

Trends in forest cover and deforestation
There are clear signs that forests are not being sustainably 
managed. Table 3 shows that the world’s forested area 
is declining both in absolute terms (deforestation) and 
in net terms (taking account of forest planting and 
natural expansion), although at a slower rate than in 
previous decades. Changes in total forest area at the 
global level, however, mask regional variations. Forest 
cover stabilised in North and Central America and 
expanded in Europe and Asia, in the latter case mainly 
owing to large-scale afforestation in China, which offset 
continued deforestation in Southeast Asia. Africa and 
South America underwent the largest net loss of forests 
in this period (2000-2010) and Oceania also experienced 
net loss (FAO 2010). 

In its latest Forest Resource Assessment, FAO (2010)  
revised upwards its deforestation estimate for the 1990s. 
In the Forest Resource Assessment 2005 (FAO 2005a), 
deforestation in the 1990s was estimated at 13 million 
hectares per year.

Trends for different types of forests are also important. Of 
most concern is the decline in primary forests, 40 million 
hectares of which have been lost or modified since 2000. In 
contrast, planted forests are expanding more rapidly, with 
a 50 per cent increase in the growth rate over the previous 
decade, and now account for 7 per cent of the total forest 
area worldwide (FAO 2010). This expansion – explained 
by the forest transition theory – is expected to continue 
(see Box 3). Carle and Holmgren (2008) predict that the 
area of planted forest in 2030 will reach between 302.7 
million hectares and 345 million hectares, depending on 
assumptions about productivity increase. Three-quarters 
of all planted forests consist of native species, although 
introduced species are more common in a number of 
countries with large areas of planted forests across sub-
Saharan Africa, Oceania and South America (FAO 2010).

Competing uses of land
Agricultural expansion, often combined with timber 
extraction and the expansion of infrastructure, which 

facilitates access, has been found to be the main 
proximate cause of deforestation in tropical areas 
over the last two decades (Geist and Lambin 2002; 
Chomitz et al. 2006). Increasing population, increasing 
income and shifts in tastes to more meat-based diets 
are forecast to increase the demand for food by 70 per 
cent (in value terms) by 2050 (Bruinsma 2009). To meet 
this demand, further clearing of forest will be required 
unless agricultural productivity can continue to rise 
significantly. Increasing demand for biofuels means 
they will compete with food crops for land, putting 
further pressure on forests. Climate change, where it 
has an adverse impact on agricultural yields, will add to 
the pressure for converting forests to agricultural land. 
It also affects forests directly through changes in their 
growth rate or in fire propensity. 

Market, policy and governance failures 
Underlying the loss of forest and competing land-
uses are governance and market factors that render 
deforestation a rational (and often legal) course of 
action, irrespective of the environmental and social costs. 
Governance drivers include the lack of forest rights for 
local stakeholders, which discourage local investment 
in intact forests and which enable appropriation of land 
and/or forest resources by more powerful outsiders. 
These are compounded by market failure, as not all of 
the important ecosystem services provided by forests 
are captured in markets. Those taking decisions on the 
practices used in timber extraction and conversion of 
forests to other land uses do not factor in the adverse 
effect on the provision of ecosystem services (Pagiola 
et al. 2002). Because maintenance of these other 
ecosystem services is not usually rewarded, there is very 
little incentive for forest managers to take them into 
account (De Groot et al. 2010). 

Table 3: Trends in forest cover and deforestation
Source: Compiled from data in FAO (2010)
* In its latest Forest Resource Assessment 2010 FAO revised upwards its deforestation 
estimate for the 1990s. In the Forest Resource Assessment 2005 (FAO 2005a), deforestation 
in the 1990s was estimated at 13 million hectares per year. 

1990 2010

World forest area (hectares) 4.17 billion 4.03 billion

World planted forest area (hectares) 178 million 264 million

1990-2000 2000-2010

Annual net forest loss 
(hectares/year) 8.3 million 5.2 million

Annual deforestation (hectares/year) 16 million* 13 million 

Annual increase in planted forest  
(hectares/year) 3.6 million 4.9 million 
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Governments have sought to secure these other 
ecosystem services of forests through designation of 
protected areas, restricting extraction of timber, or 
access or through regulations on timber harvesting 
and forest management. But these can be difficult 
to enforce, particularly when development through 
forest clearing is the norm. At the same time, these 
market failures can be exacerbated by policy failures or 

intervention failures, which increase the private benefits 
of conversion through tax incentives and subsidies. The 
impact of subsidies for cattle ranching on deforestation 
in the Brazilian Amazon in the 1980s and 1990s has 
been well documented (Browder 1988; Binswanger 
1991). Similarly, in Cameroon, incentives for plantation 
agriculture led to natural forests being cleared for 
commercial agriculture (Balmford et al. 2002). 

Box 3: Forest transition theory

Globally, the area devoted to planted forests is 
growing. Planted forests are estimated to produce 
1.2 billion m3 of industrial roundwood, which 
amounts to about two-thirds of all production (Carle 
and Holmgren 2008). Further shifts in production 
to planted forests are expected. Improvements 
in technology mean that more and more can be 
produced per hectare of land. For example, eucalyptus 
plantings in Brazil have reached productivity levels 
exceeding 50 m3 per hectare (FAO 2009). In view of 
such improvements, FAO (2009) predicts that growth 
in production from planted forests will keep pace 
with growth in demand for industrial roundwood. 
This can be expected to reduce the pressure on 
primary forest, although much of the latter could 
be lost by the time the switch to planted forest has 
taken place. 

This growth of planted forests is explained by 
the forest transition theory (Mather 1992) and 
the stages of forest development (Hyde 2005, 
which draws on von Thunen’s rent model; see also 
Angelsen 2007 who combines the von Thunen and 
forest transition theories). The theory suggests that 
countries start with high forest cover and as they 
develop, the forest is converted to other land uses, 
agriculture in particular. The process accelerates as 
infrastructure improvements open up frontier forest 
areas and makes timber extraction and agriculture 
economically viable. Over time, as timber becomes 
scarce, and as the economy develops, providing 
off-farm employment opportunities, a series of 
adjustments are made. It becomes profitable to 
manage forests and plant new ones. The area of 
forest cover starts to increase again. 

This process has been followed by many developed 
countries and some developing nations, including 
Costa Rica, which is in the later stages of this 
transition. Similarly, Vietnam saw its forest cover 
decline from 43 per cent in 1943 to 20 per cent in 1993 
as a result of agricultural expansion and migration 

into forested areas. Since then, considerable 
efforts have been made to increase forest cover, 
an ambitious programme of reforestation. By 2009 
forest cover had increased to 39 per cent of the land 
area (FCPF 2010). In Vietnam, while forest cover has 
increased as a result of reforestation programmes, 
the quality of natural forests continues to be more 
fragmented and degraded (FCPF 2010). This is 
where valuation is important, as it would show the 
economic consequences of letting the standard 
forest transition takes its course.

There are other market adjustments in response to 
increasing scarcity of wood, in particular, increasing 
use of wood-processing residues and recovered 
paper and wood products. While global demand 
for wood and fibre is expected to almost double by 
2030, global production of industrial roundwood is 
projected to increase by a more modest 40 per cent 
(FAO 2009). 

Thus, taking this longer-term perspective, the 
concern about forests is not so much about the 
ability to provide the world’s increasing demand for 
timber and fibre but about the ability to continue 
providing livelihoods for forest-dependent people 
outside of the formal economy and to continue 
providing non-marketed ecosystem services. The 
latter are currently unpriced and therefore largely 
ignored in management decisions to date. This raises 
the question of how to change the shape of this 
forest transition (Angelsen 2007). Is it an inevitable 
pattern of development or can a combination of 
policies ensure the retention of greater areas of 
primary forest cover? Neither the forest transition 
theory nor the land-rent model distinguish between 
forest cover of different types – i.e. primary forest 
and secondary forest, degraded forest and planted 
forest. The provisioning services, such as timber and 
fibre, of forest may be maintained through market 
adjustments, but other valuable ecosystem services 
could be lost. 
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2 2 Opportunities

Together with the challenges facing the forest sector, 
there are also opportunities for greening the sector. 
They include the establishment of sustainable forest 
management (SFM) criteria and indicators, the growth 
of protected areas, the concept of reducing emissions 
from deforestation and forest degradation (REDD+) and 
the growing acceptance of payments for ecosystem 
services (PES). 

Sustainable forest management (SFM)
Although there is no consistent, routine and 
comprehensive assessment of forest management 
globally, considerable effort has gone into 
developing SFM criteria and indicators to describe 
comprehensively the elements of good practice. They 
cover the economic, social/cultural, environmental and 
institutional dimensions of SFM, based on scientific and 
technical knowledge of forest systems. Regional criteria 
include those of the International Tropical Timber 
Organization (ITTO), which apply to all its member 
countries. Recent initiatives led by civil society groups 
and some forest companies and industry associations 
have developed voluntary SFM codes of practice 
and management guidelines. Certification schemes 
provide an independent assessment of adherence 
to the standards and statistics on them provide an 
indication of the extent of best practice, although lack 
of certification does not necessarily imply bad practice. 

Currently over 5 per cent of the world’s production forests 
are certified under the Forest Stewardship Council (FSC) 
standard, at 133 millions hectares certified in 79 countries, 
including 77.6 millions hectares of natural forests, 12.5 
millions of hectares of plantations and 43.3 millions of 
hectares of mixed natural/plantation landscapes (FSC 
2010 data as of 15/04/10). Over 80 per cent of FSC-
certified forests are boreal and temperate. Tropical and 
subtropical forests account for 13 per cent of the total 
FSC-certified area, with 16.8 million hectares (FSC 2010).

The other major international forest certification 
scheme is the Programme for the Endorsement of Forest 
Certification (PEFC). Some 232 million hectares of forest 
are certified to PEFC’s Sustainability Benchmark, nearly 
twice the area of FSC certification, although some 
forests are certified by the PEFC and FSC. Almost all the 
PEFC endorsed certified forests are in OECD countries, 
just under half in Canada with most of the rest in 
USA, Scandinavia and Brazil in the tropics (PEFC 2010). 
However, China is developing a national scheme and is 
expected to join the PEFC in 2011 (PEFC 2011).

In 2005, ITTO (2006) found that only 7 per cent of its 
member countries’ production forests (25 million 

hectares) were being sustainably managed. Whilst every 
ITTO producer-country’s policies promoted sustainable 
management of forests in 2005, management plans 
existed for only 27 per cent of the 353 million hectares 
of production forests, and just 3 per cent were 
certified (Table 4). Despite the low level of sustainable 
management, however, this is a huge improvement on 
the mere 1 million hectares of all tropical forests that 
ITTO had assessed as sustainable in 1988. Furthermore, 
ITTO noted that some countries have made notable 
improvements, including Bolivia, Brazil, the Republic 
of Congo, Gabon, Ghana, Malaysia and Peru. There is 

Table 4: Management status in tropical 
permanent forest estate (PFE)  (2005, ’000 
hectares)*
Source: ITTO (2006). Includes forests in the tropical PFEs of all ITTO producer member 
countries except India

* Permanent forest estate (PFE) refers to “certain categories of land, 
whether public or private, that are to be kept under permanent forest 
cover to secure their optimal contribution to national development” (ITTO 
2006). Closed natural forests are defined by FAO (2001) as forests “where 
trees in the various storeys and the undergrowth cover a high proportion 
(>40 per cent) of the ground and do not have a continuous grass layer”.

Africa Asia and 
the Pacific

LA and the 
Caribbean Total

Total closed natural forest 
(FAO 2001, ’000 hectares)  208,581  226,984  788,008 1,223,573

Total area under permanent 
forest estate (PFE)  110,557  206,705  541,580  858,842 

 53% 91% 69% 70%

Production PFE
71,286  135,726 190,331 397,343 

64% 66% 35% 46%

Natural production forests

Total area 70,461 97,377 184,727 352,565 

With management 
plans 10,016 55,060 31,174 96,250 

Certified  1,480 4,914 4,150 10,544 

Sustainably managed 4,303 14,397 6,468 25,168 

Percentage sustainably 
managed 6% 15% 4% 7%

Planted production forests

Total area 825 38,349 5,604 44,778 

With management 
plans 488  11,456 2,371  14,315 

Certified - 184 1,589  1,773 

Protection PFE
39,271 70,979 351,249 461,499 

36% 34% 65% 54%

With management 
plans 1,216 8,247 8,374 17,837 

Sustainably managed  1,728 5,147 4,343 11,218 

Percentage of PFE that 
is sustainably managed 
(excludes planted areas)

5% 12% 2% 4%

Percentage
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still considerable room for improvement, in view of 
ITTO’s conclusion that resources for enforcement and 
management are woefully and chronically inadequate, 
trained staff, vehicles and equipment are all in short 
supply, while systems for monitoring and reporting 
forest management are often limited or lacking. 

In OECD countries, it is likely that there is a greater 
extent of sustainable management. The European 
Union estimates that 80 per cent of its forested area is 
under a management plan and 90 per cent of that area 
is managed sustainably: a large proportion of the area 
is managed by small private owners who have held the 
forest for generations. A majority of Canadian and many 
US production forests are certified. Although there are 
good examples of forest management in Russia, over-
logging has occurred, especially in the Russian Far East, 
near the border with China (Sun et al. 2008). 

It is also possible that a large proportion of small-scale 
informal forest enterprises (family forests, indigenous 
forests), which are beyond the scope of assessments 
like that of ITTO, are sustainably managed. This can be 
judged by the longevity of the forest resources, passed 

from generation to generation, and evident production 
of multiple goods and services. However,  there is little 
information to go on, apart from the minority of forests 
that are certified. 

Growth of protected areas 
One apparently positive trend from the environmental 
perspective is that the area of protected forests is 
increasing. About 13.5 per cent of the world’s forests 
are protected according to IUCN categories I-VI and 
7.7 per cent (about 300 million hectares) for categories 
I-IV, involving more restrictions on land use (Schmitt et 
al. 2009). The area of protected forests has increased by 
94 million hectares since 1990, of which two-thirds has 
been since 2000 (FAO 2010). 

In Latin America designation of protected forests has 
been one of the most used strategies for the sustainable 
management of forests. It is estimated that there are 
100 million hectares under IUCN categories I, II and III 
(which are the most restrictive) in Latin America and the 
Caribbean (Robalino et al. 2010). Growth in protected 
areas has been particularly rapid since the 1980s. In 
sub-Saharan Africa, 32.5 million hectares of forests and 

Box 4: The national PES scheme in Costa Rica

The Costa Rican Payments for Ecosystem Services 
programme (PSA, in Spanish) was created in 1996, 
through the Forestry Law 7575, which recognises 
the provision of ecosystem services from forests. 
Based on the beneficiary pays principle, it suggests 
that forest owners should be compensated for the 
following services: 

 ■ Mitigation of greenhouse gases (GHG) (reduction, 
sinking, fixing and storing carbon);

 ■ Protection of water for rural, urban or hydroelectric 
use;

 ■ Protection of biodiversity for conservation, 
scientific and pharmaceutical use; and

 ■ Landscape beauty for tourism. 

Forest owners are currently paid for several land-
management practices, and all except agroforestry 
are paid per hectare over five years: forest 
conservation (US$ 320), offering higher payments 
in hydrologically-sensitive areas (US$ 400), areas 
identified as “conservation gaps” (US$ 375), 
reforestation (US$ 980), forest management (active 

before 2003 and again in 2010, receiving US$ 250); 
forest regeneration, which could be in areas that 
meet the additionality criteria (US$ 320), or not (US$ 
205); and agroforestry (US$ 1.3 per tree, paid over 
three years). 

In order to finance this program, FONAFIFO 
(Fondo Nacional de Financiamiento Forestal or 
National Forestry Financing Fund) receives funds 
from different funding sources: public funds in 
the national budget, donations, credits conceded 
by international organisms, private funds, own 
generated funds and timber and fuel taxes. Also, in 
2001 FONAFIFO created the Environment Services 
Certificate (ESC), which is a financial instrument 
where FONAFIFO receives funds from companies 
and institutions interested in compensating forest 
owners for preserving forests.

Between 1997 and 2008 FONAFIFO distributed US$ 
206 million, an average of US$ 17.2 million per year 
(Porras, 2010). The majority of funds were for forest 
protection (73 per cent), covering 460,000 hectares 
of forest, and almost 6,600 contracts were signed 
across the country. 
Source: Robalino et al. (2010) 
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woodland, corresponding to 5 per cent of the total forest 
area, are formally protected (IUCN categories I-VI) and 
as much as 8 per cent, if forestry reserves are included 
(Gumbo 2010).

It should be noted, however, that although there has 
been a marked expansion in protected areas, there is no 
guarantee that they will be well-enforced. This is evidenced 
by the continuing loss of forests and other natural 
ecosystems within protected areas. Effectively enforcing 
the land and resource-use restrictions in protected 
areas is challenging and many are being encroached on, 
particularly in densely populated countries (Chape et al. 
2005). Unsustainable land uses within protected areas are 
another cause (Cropper et al. 2001). Strassburg and Creed 
(2009), in a study of 133 countries in Latin America, Africa, 
the Middle-East, Asia and Eastern Europe, estimate that 
only one-third of the protected forest area is effectively 
legally protected, corresponding to 6 per cent of the 
total forested area in these countries. Of the five regions 
examined, Latin America has both the highest proportion 
of legally protected forests (24 per cent) and effective 
legal protection (9 per cent).

Payments for ecosystem services (PES)  
and REDD+ 
New, incentive-based approaches to conserving forests 
have emerged over the last 10 to 15 years.2 The most 
high-profile of such initiatives are PES, which pay forest 
landowners for providing watershed protection, carbon 
storage, recreation, biodiversity, etc. These range from 
local-level schemes, such as the local government in the 
town of Pimampiro in Ecuador, which makes payments 
ranging from US$ 6-$12 per hectare per year to a small 
group of farmers (19 in 2005), to conserve forest and 
natural grassland in the area surrounding the town’s 
water source (Wunder and Albán 2008; Echavarría et al. 
2004), to national schemes such as in Costa Rica, where 
farmers are paid US$ 64 per hectare per year in five year 
contracts (to protect biodiverse forests (see Box 4) and 
global schemes e.g. a range of voluntary carbon offset 
schemes for planting or conserving trees to fix CO2 and 
store it. Some environmental payments schemes also 
factor in social needs, attempting to persuade poor and 
marginalised groups to become engaged in providing 
the service, for example the schemes developed under 
the RUPES programme in Asia (Rewarding the Upland 
Poor in Asia for Environmental Services they Provide). 

One of the most long-standing global payment schemes 
is the Noel Kempff Mercado Climate Action project 
in Bolivia, which was developed as a pilot project in 
1997 under the Activities Implemented Jointly (AIJ) 
programme of the UNFCCC. A consortium of international 
and local NGOs, some US energy companies and the 

2. PES has also been used to promote reforestation and agroforestry. 

Bolivian Government bought out local timber concession 
holders and implemented a community development 
programme in order to extend the Noel Kempff Mercado 
Park. Through avoided deforestation the project was 
expected to avoid emissions of up to 3.6 million tonnes of 
carbon over 30 years (May et al. 2004). 

While PES is primarily associated with developing countries, 
there are some well-known examples in industrialised 
countries. The New York City water utility – faced with 
the need to improve water quality – provides incentives 
to farmers and owners of forest land in the catchment 
areas to conserve the forest and adopt agricultural 
environmental management measures. This proved far 
less costly than building water-filtration systems (Landell-
Mills and Porras 2002). In north-east France, the mineral-
water producer, Vittel, paid local landowners to conserve 
the watershed (Perrot-Maître 2006). 

Until recently, the main driver of investment in PES 
schemes involving forest conservation was the need to 
protect watersheds. The rules of the Clean Development 
Mechanism (CDM) limited eligible forest carbon activities 
to afforestation and reforestation. This meant that carbon 
projects based on forest conservation were confined to 
the voluntary carbon market. But as the contribution of 
deforestation and forest degradation to GHG emissions 
has become recognised, this approach to mitigation has 
moved up the agenda in international climate negotiations, 
first as REDD (reducing emissions from deforestation and 
degradation) and more recently as REDD+, which adds 
conservation, sustainable management of forests and 
enhancement of forest carbon stocks to the list of eligible 
activities.3 REDD+ has been likened to a multi-layer PES 
scheme, with transfers of finance between industrialised 
countries and developing countries in exchange for 
emission reductions associated with improvements 
in forest protection and management, and further 
transfers from the national level to forest landowners 
and communities (Angelsen and Wertz-Kanounnikoff 
2008). Although PES will not be the only strategy used by 
governments to achieve forest-based emission reductions, 
it is likely to be important. 

Unlike the project-based approach of international PES 
to date, REDD+ is likely to involve more national-level 
approaches, with finance being supplied by developed 
countries individually or as a bloc against the performance 
of national-level commitments to reduce deforestation 
and emissions. This is exemplified by Norway’s contribution 

3. These are defined by Angelsen (2009). Angelsen also notes that REDD+ 
means different things to different people. The + sign captures the second 
part of UNFCCC Decision 2/CP.13–11 “policy approaches and positive 
incentives on issues relating to reducing emissions from deforestation and 
forest degradation in developing countries; and the role of conservation, 
sustainable management of forests and enhancement of forest carbon 
stocks in developing countries”. Addition of a further + to give REDD++ is 
being promoted by ICRAF to include agroforestry. 
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to the Amazon Fund in Brazil, which is conditional on the 
achievement of deforestation-reduction targets4. In 2010 
Norway announced a grant of US$ 1 billion to Indonesia 
in return for agreed measures to tackle deforestation and 
degradation. Indonesia, under the terms of the agreement, 
has accordingly announced a 2-year moratorium on new 

4. Available at http://www.regjeringen.no/en/dep/md/Selected-topics/
climate/the-government-of-norways-international-/norway-amazon-fund.
html?id=593978

permits to clear natural forests and peatlands (Richardson 
2010). The sums of money being estimated for full 
implementation of REDD+ amount to tens of billions of 
US$ worldwide. Already, the financial support committed 
for preparation activities and bilateral programmes 
greatly exceed what has been provided so far in PES, 
providing grounds for optimism that this new mechanism 
can capture and transfer important new resources for 
ecosystem services provided by forests.
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3  The case for investing in greening  
the forest sector
As indicated in the last section, there are promising 
developments such as certification of sustainable forest 
management, targets to increase protected areas and 
the growing momentum of PES and REDD+ schemes. 
But without a major change in the recognition given to 
the full suite of forest ecosystem services, in particular in 
climate negotiations, and in the absence of improvements 
in the agriculture sector, loss of primary forest is likely to 
continue. Protected areas will continue to expand but a 
large proportion will not be effectively enforced. The 
forest sector will meet the market demand for timber 
through planted forests and efficiency improvements 
in processing, but pressures on natural forests from 
other sectors, agriculture in particular, will continue, 
exacerbated by climate change. As a result, ecosystem 
services will continue to be lost. 

Additional resources and policies are therefore needed 
to internalise the value of forest ecosystem services for 
forest landholders and ensure forests are worth more 
standing than cleared (Viana 2009). Investments targeted 
at increasing the profitability of sustainable harvesting 
techniques and making tree planting worthwhile can 
also make a contribution. This section reviews a range 
of investment options for greening the forest sector and 
identifies the economic, social, and environmental effects 
of these options. 

3 1 Options for green investment  
in forests

Some broad categories of green private and public 
investments can be distinguished for the main forest 
types, including agroforestry, as shown in Table 5. Green 
investment can be targeted at reversing the loss of forest 
area by conserving existing areas of primary forest or 
promoting expansion of forests through regeneration 
and reforestation. Green investment can also be directed 
to improving management in existing forests and 
agroforestry systems to ensure they continue to provide 
a wide range of ecosystem services. Such investment can 
only be considered green if it ensured that the forests 
conserved, established or restored meet principles of 
sustainable forest management, and  balance the needs of 
different stakeholders. For example, creating a protected 
area that displaces forest-dependent communities would 
not meet the principle of supporting relevant socio-
economic functions. Moreover, creating a protected area 

does not guarantee enforcement. Similarly, extending the 
forest area through tree planting may be contentious if 
it uses a large amount of external inputs and directly or 
indirectly displaces local people from their land.

Some of the green investments listed in Table 5 are 
straightforward to quantify, although there will be 
considerable variation by location and species. Some of 
the public sector investments are not well-documented, 
in particular the amounts being spent on controlling 
illegal logging. 

Because of the public-good nature of some forest 
ecosystem services, the private sector and holders of 
forested land are not always able to perceive a sufficient 
incentive to make green investments in forests, even 

Table 5: Green investment options for various 
forest types

Forest type
Investment

Private* Public**

Primary forest

Ecotourism development Create new protected areas

Private nature reserves Improve enforcement of 
protected areas

Pay landowners to protect 
watershed

Pay forest landholders to 
conserve forests

Buy out logging concessions

Natural modified 
forest

Reduced impact logging and 
other forest management 
improvements

Incentives for improved 
forest management 

Certification to sustain-
able forest management 
standards 

Support establishment of 
certification systems

Control illegal logging

Planted forest

Reforestation and afforesta-
tion for production

Incentives for reforestation/
afforestation

Improve management of 
planted forests

Incentives to improve 
management

Reforestation to protect 
ecological functions

Agroforestry

Extend the area with 
agroforestry systems Incentives to landholders 

Improve management of 
agroforestry systems 

Incentives to improve 
management 
Technical assistance

* Private could also include investments made by communities
** Some of the public investments listed here may also be made by the private sector, often on a 
more limited scale.
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if such investments often involve a positive rate of 
return for society as a whole. Investment by the public 
sector is therefore needed in some cases to provide 
forest ecosystem services directly, to provide financial 
incentives to the private sector to make green investment 
competitive and to prevent unsustainable forest 
management, i.e. by controlling illegal logging. The return 
on investment for the public sector is measured in terms 
of social and environmental benefits. Research carried out 
as part of TEEB on the costs and benefits of investing in 
ecological infrastructure indicates that the rate of return 
could be very high, with a benefit cost ratio of over 13 to 1 
in the case of active restoration of eucalyptus woodlands 
and dry forest in Australia, and over 30 to 1 for restoration 
of Atlantic forest in Brazil (Neβhöver et al. 2009). 

3 2 Investing in protected areas

The creation of protected areas to restrict access and 
certain land-use practices has been the dominant 
approach used by governments to secure ecosystem 
services by controlling deforestation and forest 
degradation. In some cases the investment in protected 
areas may be made by NGOs. A well-known example 
is the conservation concessions whereby conservation 
organisations lease forest lands that would otherwise 
have ended up as logging concessions. Such concessions, 
mostly led by Conservation International but involving 
other major NGOs and donors, have been established 
in a number of countries, including Guyana, China, 
Cambodia, Ecuador and Madagascar (Rice 2002). Private 
companies do sometimes operate protected forest 

areas, usually where there is a tourism interest or where 
the public sector is providing an incentive. In Brazil, for 
example, private landowners that set aside a protected 
area can receive a reduction in land tax (May et al. 2002). 

The investment involved for the protected area authority, 
whether government, NGO or private sector, includes 
the administrative costs of demarcating and managing 
the area and keeping unauthorised users out. For the 
owners and users of the protected forest land it means 
forgoing timber royalties and giving up the net benefits 
from agriculture and other land uses that compete with 
forests. This latter cost has rarely been factored in, except 
where compensation schemes operate. 

Balmford et al. (2002) estimated current expenditure on 
protected areas at US$ 6.5 billion per year, of which half 
was spent in the USA. A more recent estimate suggests 
this could range from US$ 6.5 to US$ 10 billion per 
year (Gutman and Davidson 2007). These estimates do 
not distinguish between forest ecosystems and other 
ecosystems in the protected areas. For example Mullan 
and Kontoleon (2008) cite an estimate by Bruner et al. 
(2003) of US$ 8 billion of total expenditure on protected 
areas, of which approximately 60 per cent covers forested 
land. This suggests a little under US$ 5 billion per year or 
US$ 16.7 per hectare (assuming IUCN categories I-IV) is 
being spent on protected forests. 

Many protected areas do not receive adequate funds 
to ensure their effective management. Very little is 
spent on compensation to those local communities 
who lose access to land and resources when protected 
areas are created. Protected areas are a vital part of the 
management of forest ecosystem services, but they need 
to address concerns over ineffective enforcement and 
share benefits with local communities. Estimates made 
of the cost of effective enforcement of protected areas 
with compensation for local communities are two to 
three times the amount currently spent (Box 5). Increased 
investment is needed to ensure better integration of 
communities’ interests and to improve effectiveness 
along with better buffer- zone management. 

Investing in protected areas may bring economic benefits 
to the national economy in the long term. Some countries 
have been able to build up a lucrative nature-based 
tourism industry, which has brought in foreign exchange 
and generated employment. For example Costa Rica, 
where protected areas received more than 1 million 
visitors per year in the five years up to 2006, generated 
entrance-fee revenue of over US$ 5 million in 2005 and 
directly employed 500 people. Protected areas in Latin 
America receive large numbers of visitors and generate 
many associated jobs. For example, Mexican protected 
areas recorded 14 million visitors per year and 25,000 jobs 
(Robalino et al. 2010). 

Box 5: Costs of effective 
enforcement of protected 
areas

The total annual cost of managing the existing 
network of protected areas effectively was 
estimated in 1999 to be around US$ 14 billion 
per year. This included increasing management 
costs (then estimated at US$ 6 billion) by over a 
third and introducing compensation payments 
to communities living in protected areas of some 
US$ 5 billion (James et al. 1999). A later estimate 
of US$ 20-28 billion (Balmford et al. 2002) added 
the cost of up-scaling protected areas to ensure 
protection of 15 per cent of land area in each 
region. Assuming that forests constitute 60 per 
cent of terrestrial protected areas, this would 
suggest a cost of US$ 12-17 billion per year for 
effective management of protected forests.
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Nature-based tourism is also a major economic activity 
in sub-Saharan Africa and the number of tourist arrivals 
is growing faster than the global average (in 2004 at 
14 per cent compared with 10 per cent worldwide).  
In the Great Lakes region, revenue from tourism  
based on gorilla viewing and other activities brings 
in about US$ 20 million annually (Gumbo 2010). But 
the tourism industry in Africa also has human and 
environmental costs, contributing to the displacement 
of communities, thus undermining rights and 
livelihoods (Gumbo 2010).

Admittedly, setting aside forests as protected areas has 
often been controversial because it is seen as preventing 
more productive activities such as timber harvesting 
and agriculture and as being damaging to livelihoods 
and to human rights, particularly where indigenous 
people are involved (Coad et al. 2008). Adverse social 
impacts of protected areas identified by these authors 
include: displacement of local communities, changes 
in traditional land tenure, denied or restricted access 
to resources, loss of employment, crop damage and 
livestock predation. 

Cost-benefit studies have been conducted for 
protected forests in different regions. These examine 
costs and benefits at local, national and global levels 
but are not able to monetise all of the social costs 
identified above (Balmford et al. 2002; Coad et al. 2008). 
While there is some variation, a number of the studies 
conclude that global benefits and sometimes national 
scale benefits outweigh the overall costs including the 
tangible opportunity costs to local communities. For 
example, the protection of the Virunga and Bwindi 
afro-montane forests of Eastern and Central Africa – 
home of mountain gorillas – show positive benefits 
as opposed to costs, but most of them accrue to the 
international community (Hatfield and Malleret-King, 
2004). Overall, gorilla tourism generates US$ 20.6 
million per year in benefits, with 53 per cent accruing 
to the national level; 41 per cent to the international 
level, and only 6 per cent locally. 

Another study (Ferraro 2002), one of six reviewed by 
Coad et al. (2008), examines the costs and benefits of 
the Ranomafana National Park in Madagascar, which 
was created in 1991. It finds that the opportunity 
costs to local communities amounted to US$ 3.37 
million or US$ 39 per household per year, but were 
greatly exceeded by the global- and national-scale 
benefits. Earlier studies of the Mantadia National Park 
Madagascar (Kramer et al. 1995) and Mount Kenya 
National Park in Kenya (Emerton 1998) reached similar 
conclusions.

These studies indicate that, in theory, those gaining 
from the protected areas should be able to compensate 

local communities and still be better off. Historically, this 
compensation to communities has rarely happened. This 
highlights a challenge and an opportunity in a green 
forest sector for capturing the global benefits and creating 
redistribution mechanisms that are able to compensate 
local communities and improve their livelihoods. 

As far as environmental effects are concerned, although 
the creation of a protected area does not guarantee 
environmental effectiveness and many are being 
encroached on, there are positive examples suggesting 
that this investment option merits further attention. 
Protected areas are considered critical for conserving 
residual tropical-forest biodiversity (Lee et al. 2007; 
Rodrigues et al. 2004). Studies in South-east Asia show that 
parks and reserves consistently recorded larger numbers 
of endemic bird species and higher population densities 
than surrounding human-modified areas (Lee et al. 2007).

Figueroa and Sánchez-Cordero (2008) evaluated the 
effectiveness of Mexican Natural Protected Areas 
(NPAs) for preventing deforestation. They constructed 
an effectiveness index, based on the protected areas’ 
percentage of transformed areas, the rate and absolute 
extent of change in these areas, the comparison between 
rates of change observed inside the protected area and 
in an equivalent surrounding area, and between the NPA 
and the state(s) in which it is located. They found that 
over 54 per cent of NPAs were effective in preventing 
land-use or land-cover change.

3 3 Investing in PES

There are no precise statistics on the amount of money 
currently channelled into PES schemes, but Canby 
and Raditz (2005) estimate this as being hundreds 
of millions of US$. The majority of this money comes 
from governments directly or from international donor 
support. These funds cover two main types of cost: the 
payment to the landholder or forest concession holder, 
compensating for the opportunity cost of forgone land-
use, along with the costs of any actions necessary for 
conservation such as fencing or employment of guards, 
and the transaction costs of designing, setting up and 
operating the payment scheme, including contract 
management, fund management, the transfer of funds 
and monitoring.

The evidence on the social and economic impacts of PES 
schemes is mixed, both in terms of the extent to which 
the poorest groups participate in the schemes and the 
extent of livelihood benefits for those who do (Engel et 
al. 2008; Porras et al. 2008). Evidence of impact on non-
participants is particularly scanty, and largely confined 
to observations in Costa Rica where a high proportion 
of those receiving payments hire labour to carry out 

171



Towards a green economy

conservation-related work (Ortiz Malavasi et al. 2003; 
Miranda et al. 2003).

The two national PES schemes involving forest 
conservation in Costa Rica and Mexico provide 
contrasting experiences in terms of the nature of 
participants, reflecting to some extent differences in 
land and forest-tenure regimes. In Costa Rica, where 
most land is held privately, small farmers have very 
little participation in the PES scheme in spite of efforts 
made to prioritise the poorest regions (Porras 2010).  
In Mexico, a high proportion of forest land is held as 
common property by local communities and even 
though criteria for selecting priority areas were 
primarily biophysical, the poorest groups were fairly 
well-represented. In 2003 and 2004, 72 per cent and 
83 per cent respectively of the total paid out went to 
forests associated with marginalised population centres 
(Muñoz-Piña et al. 2008). 

Local schemes such as at Pimampiro in Ecuador and 
Los Negros in Bolivia have achieved a fairly wide 
participation of local forest landowners, albeit over a 
small area, partly because they have been able to adapt 
to local circumstances (Porras et al. 2008). In Los Negros, 
for example, the majority of landowners did not have 
clear land title, but the scheme went ahead on the basis 
of local recognition of farmers’ landholding (Robertson 
and Wunder 2005). 

Analysis of the livelihood benefits of PES schemes in 
several Latin American countries has given varied results; 
in general they have been welcomed by participants. 
The cash payments, with some exceptions, appear to be 

relatively insignificant when compared with opportunity 
costs and household income (Porras et al. 2008). This has 
led some researchers to conclude that the payments 
function more as support, providing recognition of 
existing good practice, rather than constituting a real 
incentive for land-use change (Ortiz Malavasi et al. 2003; 
Kosoy et al. 2007). 

Non-financial benefits, such as capacity building, 
strengthening of land and resource tenure are therefore 
often considered to be significant. For example, PES 
schemes have been found to strengthen resource 
management and social coordination capacities of 
the community institutions involved (Tacconi et al. 
2009). Capacity building is commonly reported as a 
benefit from PES schemes (i.e. increasing agricultural 
productivity in Pimampiro, Ecuador (Echavarría et al. 
2004); apicultural training in Bolivia measured at US$ 
35 per participant (Asquith and Vargas 2007). However, 
for Tacconi et al. (2009) there is little evidence available 
about the long-term impact of capacity-building 
activities, for instance whether new knowledge and 
skills were applied in practice.

The evidence on the effectiveness of PES in reducing 
deforestation is also mixed, reflecting difficulties in 
establishing a clear counterfactual of what would 
have happened in the absence of the scheme and in 
predicting the location of deforestation (Cropper et al. 
2001; Nelson and Hellerstein 1997). The national scheme 
in Costa Rica reflects reductions in national deforestation 
rates after the scheme started, but much of the research 
on this scheme throws doubt on a causal link between 
the two (Box 6). The same can be said for the Mexico 

Box 6: Research on the impact of PES on deforestation in Costa Rica

In Costa Rica’s Virilla watershed Miranda et al. (2003) 
asked PES participants about their motivations and 
found that many of them planned to retain their forests 
regardless of the scheme. But as forest clearance 
is prohibited by law, this may have influenced the 
responses of the landholders as they might not want 
to state openly that they would contemplate illegal 
activity. These responses only represent a snapshot in 
time. It is unclear how these motivations would change 
as macroeconomic and microeconomic conditions 
change. Another study examined the characteristics 
of land included in the PES scheme. In the isolated 
Peninsula of Osa, for example, it was found that land 
under protection contracts corresponds mainly to 
forest that may not be in direct danger of being 
converted because of its remoteness and difficult 
access (Sierra and Russman 2006). 

Analysis by Sanchez-Azofeifa et al. (2007) at a national 
level found that although the average deforestation 
rate dropped from 0.06 per cent per year in 1986-
1997, to 0.03 per cent per year in the first phase of the 
PES programme 1997-2000, there was no significant 
difference in the rate of deforestation between areas 
in the national PSA scheme and areas that were not. 
They suggest that this could reflect lack of targeting 
of areas under deforestation pressure and also the 
impact of previous forest conservation policies, 
including a 1997 legal restriction on forest clearing. 
Similar results were found in a more recent study 
by Robalino et al. (2008) i.e., the efficiency of PES in 
reducing deforestation between 2000 and 2005 was 
also low. Less than 1 per cent of the parcels of land 
enrolled in the programme each year would have 
been deforested without payments.
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national scheme (PSAH). The only major study so far of 
this scheme, (Muñoz-Piña et al. 2008) found that much 
of the land being put under payments was not at risk of 
being converted because of its low opportunity costs. In 
2003, only 11 per cent of the participating hectares in 
the scheme were classified as having high or very high 
deforestation risk. This increased to 28 per cent in 2004 
but fell again to 20 per cent in 2005. 

A common thread in this research is the importance of 
targeting specific areas in improving the effectiveness 
of PES. Robalino et al. 2010, noting that in Costa Rica 
there was improvement in 2000-05 compared with the 
1997-2000 period, argue that targeting areas affected 
by some deforestation pressure and including spatially-
differentiated payments are two plausible next steps 
to improve the effectiveness of the scheme. This also 
points to the importance of developing monitoring 
and verification schemes and data collection (including 
the use of easily available GIS databases) that can help 
identify additional areas.

The PES experience also shows that while challenges 
have been faced in achieving environmental objectives 
and ensuring the participation of small-scale forest 
owners and marginalised groups, there has been 
considerable learning and adaptation to make 
improvements. In particular, ways have been found 
of including landowners without formal land title in 
PES schemes. The most important actions appear to 
be to introduce environmental and social criteria for 
targeting, actively promoting the PES option amongst 
groups that would not otherwise get involved and/
or to reduce transaction costs. The involvement of 
intermediaries or facilitating organisations that have 
a community development mission is also important 
(Grieg-Gran 2008).

The main constraint on the expansion of PES schemes 
has been lack of funds to scale up from pilot projects. 
Even national-level schemes such that in Costa Rica 
have been constrained by lack of resources, with 
applications to enter the scheme greatly exceeding 
the funds available (Porras et al. 2008). If a REDD+ 
mechanism is negotiated, there will be a step 
change in the amount of funds available: the sums 
currently involved in the readiness phase are already  
significant. 

However, if payment schemes are implemented at 
much larger scales and in locations where governance 
is weak, facilitators will have to guard against elite 
capture and more attention will have to be given to 
strengthening the land tenure of local communities 
(Bond et al. 2009). Attention to such safeguards will 
need to be a part of any investment in scaling up  
PES under REDD+.

3 4 Investing in improved forest 
management and certification 

This investment approach recognises the importance 
of the production of timber, fibre, and energy in natural  
forests; if managed well, they need not conflict with the 
provision of other ecosystem services. Moreover, the ability 
to generate returns from forests through timber harvesting 
that are high enough to compete with other land uses is an 
important factor preventing total conversion. 

Since the early 1990s, various sets of timber-harvesting 
guidelines on Reduced Impact Logging (RIL) have been 
produced in different regions of the world, designed to 
reduce the adverse environmental impacts associated 
with tree felling, yarding and hauling (Putz et al. 2008). 
Some of the requirements of RIL imply higher costs 
for logging companies, in the form of new equipment, 
safety gear, technically qualified supervisors, reductions 
in the area harvested and/or the need to use helicopter 

Box 7: Research on the 
profitability of Reduced 
Impact Logging (RIL)

Studies of the costs and benefits of improved 
forest management produce conflicting results. 
Two studies in the Brazilian Amazon, in Tapajos 
National Forest (Bacha and Rodriguez 2007) and 
Paragominas (Barreto et al. 1998) have concluded 
that RIL can be highly profitable. But Putz et al. 
(2008) highlight other studies that have shown 
conventional logging to be more profitable 
(Healey et al. 2000) or have given mixed results 
(Applegate 2002). They conclude that it is not 
possible to draw general conclusions about the 
financial viability of RIL because of the wide 
range of forest conditions and practices that 
influence profitability in the tropics. 

An earlier review of cost information in over 
250 RIL studies (Killmann et al. 2002) concluded 
that RIL does cost more, but not as much as 
expected. Activities where RIL involved higher 
costs included planning, where the median 
difference (10 observations) was US$ 0.28 per 
m3, and felling, where RIL was US$ 0.56 per m3 
higher than conventional logging or 48 per cent 
higher. It is possible that the experience gained 
with RIL techniques since this review was carried 
out has led to a reduction in costs and a greater 
chance of profitability, as reflected in the more 
recent studies from Brazil cited above.
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or cable systems to log areas with steep slopes (Putz 
et al. 2008). Given the planning it entails, RIL should 
involve less wastage of saleable timber and there were 
high hopes when it was first promoted that it would be 
sufficiently financially attractive for logging companies 
to adopt it as part of their normal practice. 

The evidence on its financial benefits is mixed though, 
reflecting the wide range of forest practices and 
conditions (see Box 7).

Reduced Impact Logging is just one aspect of SFM 
criteria and indicators used in national standards and 
in voluntary certification schemes which describe more 
comprehensively the elements of good practice. There 
are a number of cost-increasing requirements beyond 
RIL, which makes it unlikely that increased efficiency will 
be sufficient to offset these. 

The experience from Africa and Gabon in particular has 
shown that meeting government SFM standards can 
be challenging (Box 8). SFM management plans are 
expensive and, as a result, there has been limited uptake. 

Many schemes have emerged to certify forest 
management against SFM standards, as well as wood 
tracking systems to ascertain sustainable and/or legal 

wood sources. Independent inspectors assess a mix of 
forest management documentation and actual field 
practice. There are two international approaches with 
widespread support: FSC and PEFC. Both also offer 
chain-of-custody certification, tracing products from 
SMFs and verifying they are not contaminated by other 
(potentially unsustainable) products. The logistics can 
be challenging, especially for pulp, where many wood 
sources are mixed. It usually operates through an 
electronic system of tagging logs with bar-codes and 
tracking subsequent products. 

Companies opting for certification not only have to meet 
the costs of any improvements needed to meet the 
standards, but also the direct costs or transaction costs 
of the certification application. For small forest areas 
these can be relatively significant (Bass et al. 2001). The 
direct costs of FSC certification have been estimated to 
range between US$ 0.06 and US$ 36 per hectare certified, 
depending on the size of forest area, as unit costs decline 
with scale (Potts et al. 2010). In certification, links to markets 
and the possibility of premiums or improved access to 
high value markets provide the incentive for investment .

An analysis of the impact of forest certification by Cashore 
et al. (2006) used case studies from 16 countries in four 
regions (sub-Saharan Africa, Asia-Pacific, Eastern Europe 
and Russia and Latin America). Positive social effects 
were consistently reported, including improved pay and 
conditions for workers, the development of community 
infrastructure and the provision of training. There was 
less consistency in these case studies and other recent 
literature on the market benefits of certification for 
the companies concerned, raising concerns about its 
financial sustainability in some areas (Box 9). 

While a niche market may exist for some certified 
timber, many companies (especially in developing and 
transitional countries) produce for local and national 
markets. In these cases, tools such as FSC certification 
will not provide a significant impact on prices received 
(Cashore et al. 2006). Studies of certification in Africa, 
Eastern Europe and Latin America provide support for this 
finding. Nevertheless, in three tropical-forest countries in 
Asia and the Pacific, there is some evidence of positive 
market benefits from certification. In other cases, in South 
Africa and Finland, certification is found to be beneficial in 
maintaining existing market share (Box 9).

Box 9 provides examples of both positive and negative 
cost-benefit ratios related to the uptake of certification. 

Certification has so far been taken up by forest 
operations of all sizes in developed countries, as well 
as by larger companies (often plantation companies) 
in developing nations. None of the ten largest certified 
forests are in the tropics and few certified forests are 

Box 8: The high cost of SFM 
plans in Gabon 

Rough calculations show that to invest in a 
15,000 hectare concession (for locals) a sum of 
US$ 4,505,000 is needed, of which US$ 2,850,000 
(63 per cent) will go towards the development 
of a management plan and the rest into various 
associated studies and impact assessments, 
the most costly being those of fauna. These 
figures do not include management training 
and other costs such as licenses. Sustainable 
forest management has complex requirements. 
To formulate a Sustainable forest management 
(SFM) plan for a concession, an inventory of 
forest resources is needed and funds are required 
for associated mapping, in-forest measurement 
and assessment, and development of the plan 
and a process for implementation. These actions 
alone entail heavy investments. In addition, the 
Forestry Code for Gabon calls for low-impact 
logging practices; workers’ compounds must be 
established for at least 25 years, and associated 
agricultural sites must be taken into account 
and studied in advance. 
Source: Gumbo (2010)
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community-run (FSC 2010). This reflects challenges 
in interpreting and meeting social standards locally, 
addressing insecure rights and assets of tropical forest 
land-holders and managers, and poor access to capital, 
skills and markets (Bass 2010). 

However, there are some important exceptions that 
suggest these challenges could be overcome. Mexico 
contains more than 700,000 hectares of community-
managed FSC-certified natural forest, spanning 33 
communities with stands ranging from 56 hectares 
to 252,000 hectares. Most of these (26 out of 33) cover  
less than 20,000 hectares (Robalino et al. 2010). The 
Mpingo Conservation Project in Tanzania was awarded 
an FSC group certification for its community forests in 
2009 and Kikole village, one of the project’s constituent 
rural communities, sold the world’s first harvest of 
FSC-certified African blackwood in January 2010  
(FSC 2009). 

In terms of the environmental impacts of certification, there 
is a general perception that certification has been taken 
up by forest enterprises that were already practising good 
forest- management. Some support to this perception 
is given by the geographic pattern of the uptake of 
certification, which is heavily concentrated (80 per cent 

in the case of FSC) in temperate and boreal areas (FSC 
2010). The evidence on the impact of forest certification 
on biodiversity has been reviewed by van Kuijk et al. 
(2009) who concluded that while there is no conclusive 
quantitative evidence about the effects, the good forest-
management practices associated with certification are 
beneficial for biodiversity. These include reduced impact 
logging, riparian buffer zones, green tree retention in 
clearcuts, protected areas within forest management units 
and biodiversity corridors. The review also showed that 
many species and ecosystems are negatively affected by 
any form of logging, highlighting the need for a mix of 
conservation areas and production areas of forest.

A more recent review and expert survey (Zagt et al. 2010) 
draws a heavily qualified conclusion that certification 
has helped reduce biodiversity loss in the tropics. The 
caveats to this conclusion relate to the limited area of 
certified natural forest in the tropics and the range 
of extra-sectoral threats to tropical forests which 
certification can do little to address.

In short, while there are some positive examples of 
premiums being received by developing country 
producers, and good evidence of positive social impacts, 
the slow pace of expansion of forest certification in 

Box 9: Costs and benefits of certification for producers

In Uganda, there is no internal market for certified 
products and most exports are destined for other 
African countries that do not require certification 
(Gordon et al. 2006). Paschalis-Jakubowicz (2006) 
reported that although FSC certification increased costs 
for private producers, this was not reflected in the price 
of lumber in Polish markets. In Guatemala and Mexico, 
economic benefits of certification have generally not 
lived up to expectations, despite major government 
initiatives encouraging its use in communities and 
industry (Carrera Gambetta et al. 2006; Anta Fonseca 
2006). In Guatemala, the direct and indirect costs 
of certification in the Maya Biosphere reserve have 
been estimated to range between US$ 0.10 and US$ 
1.90 per certified hectare per year, US$ 8-107 per 
hectare harvested per year, and US$ 4.2-52.9 per m3 
of harvested round timber. This indicates considerable 
variation but suggests that for some forest owners 
the costs are very high. While premiums have been 
obtained, they are not high (in the case of certified 
mahogany, US$ 0.05-0.10 per board feet, equivalent 
to less than 10 per cent of the sales price), and it 
was found that prices for non-certified wood soon  
caught up (Carrera Gambetta et al. 2006). 

Malaysia has benefited from an average premium 
of 37 per cent on sawn timbers (see Shahwahid et 
al. 2006). Muhtaman and Prasetyo (2006) found 
that Perum Perhutani in Indonesia received a 15 
per cent price premium, and Wairiu (2006) reported 
an increase in price per cubic metre for Solomon 
Islands Eco-forestry (SIEF) timber marketed 
through Village Eco-Timber Enterprises (VETE) in 
the Solomon Islands. 

A survey of the furniture industry in South Africa 
found that although FSC certification does not 
lead to price premiums, there are other benefits in 
maintaining existing markets and contributing to 
quality control (Morris and Dunne 2003) cited in 
Blackman and Rivera 2010).

In Finland, a survey of perceptions of certified and 
non-certified wood products companies found 
that certification was not considered to improve 
financial performance or to result in premiums 
but was important for signalling environmental 
responsibility and maintaining market share (Owari 
et al. 2006 cited in Blackman and Rivera 2010).
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tropical and sub-tropical areas suggests that more 
proactive support is needed for scaling up. The 
evidence on environmental impact shows that there is 
potential, but that investment in certification needs to 
be accompanied by other measures aimed at protecting 
high conservation-value forest, controlling illegal 
logging and policies directed at other sectors. 

3 5 Investing in planted forests 

Investment in planted forest can take a number of 
forms. It can be for productive purposes and range from 
systems using native species to high-yield plantations. 
Alternatively, trees can be planted to promote ecological 
restoration and ecosystem services, as in the case of 
China (Box 10), although use of timber and fuelwood in 
such cases is often not precluded. A distinction is often 
made between reforestation and afforestation.5 

Historically, governments have played a strong role in 
subsidising plantations, often providing as much as 75 

5. Afforestation refers to planting of trees on land that has not had forest 
cover for many years (for more than 50 years under the rules of the Clean 
Development Mechanism) and that is therefore not considered forest land. 
Reforestation refers to planting of trees on land that has had forest cover 
removed recently (e.g. within the last 50 years) and that therefore can be 
considered as forest land. 

Box 10: Afforestation in China: 
The Sloping Land Conversion 
Programme

The Sloping Land Conversion programme (or 
Grain for Green programme) started in 1999 with 
a goal to convert around 14.7 million hectares of 
erosion-prone farmland to forest within critical 
areas of the watershed of the Yangtze River and 
Yellow River in China by 2010 (Bennett 2008). 
This includes 4.4 million hectares of farmland 
on slopes greater than 25 degrees (Ibid.). 
There was also a goal to afforest a similar area 
of wasteland (Ibid.). Total investment has been 
US$ 4.3 million per year (Porras et al. 2008). By 
the end of 2003, 7.2 million hectares of cropland 
had been converted and 4.92 million hectares 
of barren or wasteland had been afforested 
(Xu et al. 2004). By the end of 2006, the area 
of cropland converted had reached 9 million 
ha (Chen et al. 2009). This was a considerable 
increase over previous trends for conversion of 
cropland to forests, estimated at just 1.2 million 
ha from the late 1980s to 2000 (Bennett 2008).

per cent of total costs (Canby and Raditz 2005). This has 
been particularly significant in low- and middle-income 
countries, where governments have justified large 
subsidies in order to increase domestic timber supplies, 
supply industry with low-cost wood, and even to relieve 
pressure on natural forests (Canby and Raditz 2005). 
Global subsidies for plantations between 1994 and 1998 
totalled US$ 35 billion, of which US$ 30 billion went 
to non-OECD countries (van Beers and de Moor 2001; 
Canby and Raditz 2005).

In Brazil, for many years, industrial forest plantations 
were promoted for production purposes (fibre for pulp 
and charcoal) through national government financial 
incentives (Viana et al. 2002). But several programmes 
now promote reforestation for ecosystem services. 
For example, in Piraçicaba in Sao Paulo state, the local 
authorities in charge of water supply provide assistance 
to farmers in the form of seedlings and technical 
assistance to restore riparian forests (Porras et al. 2008). 
A number of countries have invested in mangrove 
restoration in order to improve sea defences.

The cost of planting forests and the rate of return on 
investment varies according to the species, location, 
and whether planting is for productive or protective 
purposes. Differences in assumptions about the inclusion 
of opportunity costs of the land or the land price also lead 
to variations in reported costs (van Kooten and Sohngen 
2007). Table 6 gives an indication of the variation in costs. 
Taking the range of costs in Table 6 and an annual increase 
of 5 million hectares, the current level of investment 
in extending the forest area could range from US$ 1.25 
billion to over US$ 40 billion per year. 

The rate of return on private investment in planted 
forest for productive purposes can be very high. 
Estimates made by Cubbage et al. (2009) of the financial 
viability of industrial plantations based on exotic 
species indicate that excluding land costs, returns 
for exotic plantations in almost all of South America – 
Brazil, Argentina, Uruguay, Chile, Colombia, Venezuela, 
and Paraguay – could be substantial, with an internal 
rate of return (IRR) of 15 per cent or more. Yet the record 
of public incentives in plantations has been poor, with 
the wrong choice of sites, poor genetic material, poor 
maintenance and location too far from markets (Bull et 
al. 2006; Cossalter and Pye Smith 2003). Changes in local 
and global markets are also a major factor affecting rate 
of return. The depressed timber prices on world markets 
at the end of the 1990s and the early years of the last 
decade led to smallholder plantations in the Philippines 
becoming unprofitable (Bertomeu 2003).

The social impacts of reforestation can be very 
controversial, particularly where it involves large-
scale plantations run by private companies because 
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of concerns about land grabs, withdrawal of access 
to local communities to common-property forest 
resources and replacement of perceived degraded or 
low-value common property forest, or land important 
for food production, by forest plantations (WRM 
2008a). Other reviews acknowledge these issues but 
point out that in some areas plantations can provide 
benefits to the local poor. Garforth, Landell-Mills and 
Mayers (2005) highlighted the employment generated 
by the plantation sector in South Africa, directly and 
indirectly in small-scale processing and retailing and 
supporting industries, estimating that about 7 per cent 
of the population depend on the sector. Bull et al. (2005) 
pointed to extensive outgrower schemes and social 
programmes of HIV AIDs, education and job training as 
benefits from plantations in the Southern Hemisphere. 
But Garforth et al. (2005) stressed that significant 
investment in local bargaining power is needed for 
outgrower schemes to offer routes out of poverty. 

Small-scale reforestation on the part of communities 
or small farmers has been less controversial because 
it is often an important livelihood option introduced 
with a poverty- reduction aim. Farmers in India have 
become important suppliers of wood as a result of such 
programmes (Saigal 2005). A number of reforestation 
schemes have been targeted at the provision of 
ecosystem services, notably carbon sequestration. 
While some case studies have been generally positive, 
e.g. Miranda et al. 2004, on Costa Rica and Wunder and 
Albán (2008) on PROFAFOR in Ecuador, concerns have 

been raised about the long time scales involved for 
benefits to accrue to farmers and the need for capacity 
building. The Sloping Land Conversion Programme 
in China was welcomed by farmers in its early years 
because the compensation offered outweighed the loss 
of agricultural return (Xu et al. 2004). However, surveys 
in five provinces found that there were shortfalls for a 
significant proportion of farmers from 7 per cent to 77 
per cent (Uchida et al. 2005; Xu et al. 2004). 

The environmental impacts of reforestation and 
afforestation vary considerably. Plantations can be 
contentious owing to their more intensive use of water 
and chemicals, as well as introduction of exotic and 
genetically modified tree species. There has been much 
criticism of monoculture plantations of exotic species 
(WRM 2008b). Recognising plantations’ high potential 
to produce wood, potentially taking pressure off natural 
forests, their sustainability is often conferred at the 
landscape level rather than within the plantation – siting 
plantations on less biologically and culturally important 
land within a land-use mosaic, so that the landscape as a 
whole provides the range of goods and services required.

Even where tree planting is for protective purposes 
rather than production, much depends on the way 
programmes are carried out. The mangrove-planting 
programme in Vietnam has been widely hailed for its 
environmental benefits. It involved an investment of 
US$ 1.1 million in planting (carried out by volunteers) 
and protecting 12,000 hectares of mangroves but 

Table 6: Costs of reforestation and afforestation 

Activity Location Cost/ha Reference

Restoring eucalyptus woodlands S.E Australia € 285–(passive i.e. natural regenera-
tion) –€ 970 (active i.e. replanting)

Dorrough and Moxham (2005) in 
Neßhöver et al. (2009)

Restoration of degraded stands Atlantic forest, Brazil € 2,600 Instituto Terra (2007)

Replanting of mangroves Thailand US$ 8,240 plus US$ 118/ha per year for 
maintenance Sathirathai and Barbier (2001) 

Reforestation for carbon sequestration 
and wood Costa Rica US$ 1,633

Based on payment in national PES 
scheme of US$ 980/ha (Robalino et 
al. 2010) which covers 60% of costs 
(Miranda et al. 2004)

Reforestation for carbon sequestration 
and wood Ecuador US$ 1,500 Wunder and Albán (2008)

Afforestation India various regions
US$ 413 (2001 prices). Mean of 25 
estimates from 21 studies ranging from 
US$ 12 to US$ 755

Balooni (2003)

Industrial forest plantation Sabah, Malaysia (Acacia mangium) US$ 921–1,052 (2001 prices) Chan and Chiang (2004)

Industrial forest plantations

Average for Southern hemisphere,  
USA and China – main species US$ 957

Cubbage et al. (2009) excludes land 
costs, and uses 8% discount rate.

Uruguay (Eucalyptus globules) US$ 500

US (Douglas fir) US$ 1,300

Colombia (Pinus tecunumani and 
Eucalyptus) US$ 1,800
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saved US$ 7.3 million per year on dyke maintenance 
(Neßhöver et al. 2009). In contrast, mangrove 
restoration in the Philippines produced poor results 
because trees were planted in the wrong places leading 
to low survival rates (Neßhöver et al. 2009). 

Similarly, the Sloping Land Conversion Programme in 
China, although effective in bringing about tree planting 
on large areas of land, has problems of low survival 
rates and lack of technical support (Bennett 2008). The 
suitability of this approach for drier regions of China 
has also been questioned, for example by Zhang et al. 
(2008), who estimated that in the sub-alpine region of 
south-western China, afforestation would reduce water 
yield by 9.6 - 24.3 per cent, depending on the type of 
species and the climatic conditions. Another study (Sun 
et al. 2006) which applied a simplified hydrological 
model across the diverse regions of China, estimated 
higher annual water yield reductions from afforestation 
from 50 per cent in the semi-arid Loess Plateau region 
in the north to 30 per cent in the tropical south. 

To conclude, private investment in reforestation has 
a place in a green forest sector to ensure sufficient 
supplies of wood. But it needs to take place within 
management of the landscape and should not 
replace natural forests, nor land that is important 
for subsistence food production. The economies of 
scale of planted forests, particularly high-yield, fast-
growing, single-species plantations are such that 
market forces will drive expansion. But incentives 
are often given in forms that lead to their replacing 
natural forests. The CDM also was restricted to 
reforestation and afforestation, putting natural forest 
management at a further disadvantage in developing 

countries. As stressed by Bull et al. (2005) incentives to 
plantations should be directed instead at promoting 
forest ecosystem services and social development. 
Governance conditions are also required that will tilt 
the balance away from those planted forests that do not 
support many ecosystem services towards those that 
do. It is important that certification schemes continue 
to provide criteria for planted forests, including high-
yield plantations, to encourage best practice while not 
putting sustainable timber harvesting from natural 
forest at a disadvantage. 

3 6 Investing in agroforestry

Agroforestry encompasses a wide range of practices 
as demonstrated by a definition given in a recent 
assessment (Zomer et al. 2009): “Agroforestry systems 
range from subsistence livestock silvo-pastoral 
systems to home gardens, on-farm timber production, 
tree crops of all types integrated with other crops, 
and biomass plantations within a wide diversity 
of biophysical conditions and socioecological 
characteristics. The term has come to include the 
role of trees in landscape level interactions, such 
as nutrient flows from forest to farm, or community 
reliance on fuel, timber, or biomass available within 
the agricultural landscape.”

Zomer et al. (2009) estimate that as much as 1 billion 
hectares of agricultural land could currently be 
considered as agroforestry if a threshold of 10 per 
cent tree cover is taken. With a higher threshold of 30 
per cent tree cover, the area of agroforestry would be 
considerably lower at 375 million hectares, but still 

Table 7: Rate of return of agroforestry compared with conventional farming

Type of agroforestry system Location Rate of return/comparison with conventional farming Reference

Silvo-pastoral Central and South 
America 4–14% Pagiola et al. (2007)

Peruvian Amazon Lower return than shifting agriculture with short time horizon but 
higher return over a longer period Mourato and Smith (2002)

Three strata: 1) fruit trees, 2) 
banana, papaya, lemon 3) spices

Northern 
 Bangladesh

Agroforestry is more profitable than conventional farming with or 
without the inclusion of family labour costs and less risky Rahman et al. (2007) 

Mixed agroforestry, timber, hor-
ticulture, agriculture – timber 
harvested after 15 years

Chittagong Hill 
Tracts, Southern 
Bangladesh

Agroforestry gives lower annual return per land unit than shifting 
cultivation in year 1, 5, 9 and 13 and higher in other years. Agroforestry 
has a higher NPV over 15 years at 10% discount rate

Hossaiin et al. (2006)

Contour hedgerows Eastern Visayas, 
Philippines

Through soil conservation and improved yields increases agricultural 
profits by average US$ 53/household or 6% of total income but 
outweighed by opportunity costs of land and labour. 
Excludes on-farm benefits such as fuelwood and fodder as well as long 
run and external benefits

Pattanayak and Mercer (1998)

Fertiliser tree fallows Zambia Over 5 years at 30% discount rate, agroforestry is more profitable than 
continuous maize with no mineral fertilisers Ajayi et al. (2006)

Rotational woodlots Tanzania Agroforestry has an NPV of US$ 388/ha, six times that of conventional 
maize 

Franzel 2004 cited in Ajayi et al. 
(2006)
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significant. They conclude that trees are an integral 
part of the agricultural landscape in all regions 
except North Africa and West Asia. Agroforestry 
is relatively important in Central America, South 
America and South-east Asia, where there are many 
long-standing management traditions as well as 
new scientific forms of agroforestry, but agroforestry 
is also practiced on large proportion of Africa’s land 
area. 

As with reforestation, the costs and rates of return of 
agroforestry systems vary considerably depending 
on location, species and management type. FAO 
(2005b) cites a review by Current and Scherr (1995) 
of agroforestry practices in Central America and 
the Caribbean which found that in 2/3 of the cases, 
Net Present Value (NPV) and returns to labour were 
higher than for the main alternative practices. Some 
more recent studies in different locations that have 
compared the profitability of agroforestry systems 
with conventional farming systems are shown in 
Table 7. They are generally consistent with the 
conclusions in Current and Scherr (1995) but show 
the importance for the results of time horizons, 
discount rates and the range of benefits included. A 
common conclusion of the studies that find in favour 
of the profitability of agroforestry is that it requires 
considerably higher investment in the early years. 
This constitutes a major obstacle to its adoption. 

The Food and Agriculture Organization of the United 
Nations’ review of the benefits of agroforestry (FAO 
2005b) cited a number of positive impacts for farmers, 
an additional source of cash income, provision of 
products such as fodder for livestock, fuelwood and 
fertiliser in the form of nitrogen-fixing trees, that the 

farmer would otherwise have to buy, decreased risk 
because of the wider range of products on the farm, 
and the ability to earn income throughout the year 
and accrue benefits at different times, over the short, 
medium and long term.

Research on the payments for agroforestry scheme 
introduced in Costa Rica in 2004 as an additional 
eligible activity in the national PES scheme, provides 
some evidence on the social impact of providing 
incentives for agroforestry (Cole 2010). A high 
proportion (78 per cent) of the farmers interviewed 
reported an increase in income. This was not from 
sale of harvested timber but from money left over 
after planting and maintenance costs were covered. 
This was particularly important in indigenous 
communities because of their strong dependence 
on subsistence farming and little other opportunity 
for outside income. However, farmers commonly 
viewed the plantings as a savings account for future 
generations and saw little short-term benefit. While 
the payments were concluded to be effective in 
overcoming initial economic and technical obstacles, 
the need for ongoing capacity building and support 
from strong local organisations was highlighted. 

A number of projects and programmes have promoted 
the wider adoption of agroforestry on the basis of its 
significant on-site and off-site environmental benefits. 
The Alternatives to Slash and Burn programme 
showed that tree-based farming systems, whether 
mixed or monocultural, had significant carbon storage 
benefits, in part due to its limited soil cultivation 
and consequent oxidation of soils, in part due to 
making use of many vertical layers of vegetation. 
It has been estimated that in Sumatra, Indonesia, 

Box 11: Evidence on the impact of incentives for silvo-pastoral practices 

Around US$ 4.5 million was invested in payments to 
farmers in Central America and Colombia to fund a 
transition to greater use of silvo-pastoral practices in 
cattle ranching. The payments to farmers were based 
on a scoring system for environmental services.

Research on the implementation of this scheme in 
Quindío, Colombia (Rios and Pagiola 2009) shows 
a significant difference between participants and 
the control group after four years of payments. Only 
13 per cent of the land area in the control group 
experienced any change in land use and the effect 
of this change was to increase the environmental 
service score by 7per cent. In contrast, changes 
in land-use practices extended to 44 per cent of 

the area occupied by participants in the payment 
scheme and the environmental service score 
increased by 49 per cent. Similar conclusions based 
on casual observation of neighbouring areas are 
drawn for the silvopastoral scheme in Matiguás-Rio 
Blanco, Nicaragua (Rios and Pagiola 2009). 

Although water-related services were not a focus of 
the payment scheme, some positive impacts were 
also found. The silvo-pastoral scheme in Quindío, 
Colombia monitored water quality upstream and 
found a rapid drop in turbidity, biological oxygen 
demand (BOD) and coliforms after measures had 
been taken to reforest riverbanks and protect them 
from livestock entry (Pagiola et al. 2007). 
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rubber agroforestry systems store about 116 tonnes 
of carbon per hectare, 45 per cent of the amount 
stored by undisturbed natural forests (254 t/C per 
ha), whereas continuous cultivation of cassava stores 
only 39 tonnes of carbon per hectare (Tomich et al. 
2001). The Food and Agriculture Organization of the 
United Nations (2005b) cites evidence of various 
types of environmental benefits from agroforestry. In 
Sumatra (Murniati et al. 2001) showed that households 
with diversified agroforestry systems depend less on 
gathering forest products from protected areas than 
farmers cultivating wetland rice. In the USA, trees 
planted as wind breaks have been estimated to 
increase crop yield significantly, for example, by 23 
per cent for winter wheat (Kort 1988). More recently, 
the GEF-funded Silvopastoral project in Colombia, 

Costa Rica and Nicaragua, which targeted areas of 
degraded pasture, provides some rigorous evidence 
of the environmental benefits of creating incentives 
for agroforestry (Box 11). 

In general, agroforestry has potential to be both 
beneficial to farmers and to provide offsite-benefits 
in the form of carbon sequestration, reduced 
sedimentation in surface water, and maintenance 
of a wider basis of biodiversity than agriculture. But 
the economic evidence shows that farmers need 
both financial assistance and technical assistance 
in making the transition to modern forms of 
agroforestry. Investment in incentive schemes 
combined with longer-term technical support can 
be effective in promoting its expansion. 
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4  Modelling green investment in forests 
In this section we examine the impacts at a global 
level of increasing investment in two of the options 
discussed in the previous section: private investment 
in reforestation and public investment in payments to 
avoid deforestation. This is because both are highly likely 
to play a role in climate-change mitigation and will form 
part of a post-2012 international climate agreement. 

4 1 The green investment scenario 

Under the global model developed for the Green 
Economy Report by the Millennium Institute, the green 
investment scenario (G2) allocates 0.034 per cent of 
global GDP to reforestation and incentives for avoiding 
deforestation/forest protection between 2011 and 
2050.6 This equates to US$ 40 billion (in constant 2010 
US dollar prices) per year on average, with 54 per cent or 
US$ 22 billion directed to reforestation and 46 per cent 
or US$ 18 billion per year to avoided deforestation. 

This is similar in order of magnitude to estimates made 
in the 1990s of the amount of investment needed 
for sustainable forest management in production 
forests of US$ 33 billion per year (Tomaselli 2006) and 
estimates made in recent years for the cost of avoiding 
deforestation, which range from US$ 5 billion to US$ 15 
billion per year (Stern 2007; Grieg-Gran 2006) to US$ 17-
28 billion (Kindermann et al. 2008). The amount indicated 
for avoiding deforestation also compares well with the 
estimate of US$ 12-17 billion per year made in Section 
3.2 of the investment needed for effective management 
of protected forests (based on Balmford et al. 2002).

4 2 The baseline scenario: 
business-as-usual

In the model, the baseline scenario or business-as-usual 
(BAU) for the forest sector replicates the historical trend 
from 1970 and assumes no fundamental changes in 
policy or external conditions going forward to 2050. 

Under business-as-usual, the projection is for a steady 
decrease in forest cover from 3.9 billion hectares in 2010 
to 3.7 billion hectares by 2050. As a result, carbon storage 
in forests will decline from 523 Gt in 2009 to 431 Gt in 
2050. The contribution of the forest sector to global GDP 
and employment is projected to grow at 0.3 per cent per 
year between 2010 and 2050 to reach US$ 0.9 trillion and 
25 million jobs by 2050. This is in line with growth rates in 
the sector between 1990 and 2006 (FAO 2009). 

4 3 Investing to reduce deforestation

The cost of avoiding deforestation is assumed to start 
at US$ 1,800 per hectare, increasing to US$ 2,240 per 
hectare by 2050. This is based on the global average 
value added per hectare of crop production plus the 
value added of forest products per hectare (measured 
in constant 2010 US$ prices), which is taken to represent 
the opportunity cost if forests are conserved with no 
extraction of forest products or clearing. This approach 
to estimating opportunity cost is somewhat different 
from that taken in a number of studies on this topic (e.g. 
Grieg-Gran 2006; Börner et al. 2010), which add together 
the present value of agricultural revenues net of cost 
discounted over several years and the stumpage fees for 
timber, but the result is within the range of most such 
estimates.7 It can be considered a generous estimate 
of the opportunity cost as in many locations the 
returns to converting forests to smallholder agriculture, 
subsistence and cash crops and to cattle ranching are 
considerably lower than US$ 1,800 per hectare. This 
figure is more representative of higher-value land uses 
such as oil palm (see Grieg-Gran 2006; Chomitz et al. 
2006; Börner et al. 2010).

Nevertheless, the cost of designing and administering a 
payment scheme, the so-called transaction costs, can be 
considerable, particularly in developing countries and 
in remote forest areas. While existing national-level PES 
schemes in Costa Rica and Mexico have administration 
costs of well below 10 per cent of the overall amount 
spent (Wunder et al. 2008), analysis of the Bolsa Floresta 
scheme in Amazonas state in Brazil indicates a much 
higher proportion, around 40 per cent (Viana et al. 2009). 
The cost figure used in this model is high enough to 
incorporate some provision for transaction costs. 

6. The 0.034 per cent of GDP for forest-related investments is part of an 
integrated green investment scenario, G2, in which a total of 2 per cent of 
global GDP is allocated to a green transformation of a range of key sectors. 
The results of this scenario, in which the 2 per cent is additional to current 
GDP, is generally compared to a corresponding scenario in which an 
additional 2 per cent of global GDP is allocated following existing business-
as-usual trends, BAU2. In the case of the forestry sector, there is no significant 
difference between the BAU2 scenario and the BAU scenario, which also 
projects a business-as-usual path but without additional investments (see the 
Modelling chapter for more explanation of the scenarios). Hence the green 
investment scenario (G2) can be compared to the BAU which also represents 
the model’s projections of future trends on a business as usual path.

7. It is equivalent to the cost of purchasing the land or the cost of making 
annual payments (as in PES schemes) to compensate for forgone annual 
returns to land over an appropriate time period (30-50 years) discounted 
at an appropriate rate. 
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The investment would enable payments to be made to 
forest landholders over a steadily expanding area, with 
the yearly increase reaching 6.76 million hectares by 
2030 and then decreasing to 6.66 million hectares by 
2050, in effect reducing the annual rate of deforestation 
by just over 50 per cent, as shown in Figure 2. This is 
consistent with other studies, which have predominantly 
estimated the cost of reducing deforestation by 50 per 
cent (Stern 2007; Eliasch 2008; Kindermann et al. 2008). 

4 4 Investing in planted forest

The cost of planting forests is assumed to be US$ 1,630 
per hectare based on the costs of reforestation in 
Costa Rica’s national PES scheme, which pays farmers 
US$ 980 per hectare (Robalino et al. 2010) to cover 60 
per cent of the costs of establishment (Miranda et al. 
2004). As shown in Table 6, this is within the range of 
costs estimated for production planted forests, which 
is the type of reforestation under consideration here. 

The modelling examines the full cost to a landowner of 
establishing a planted forest rather than the incentive 
payment that might make such a land use competitive. 
On average, the investment allocated will cover the cost 
of reforesting an additional 9.6 million hectares per year 
or 386 million hectares over the 40-year period. 

4 5 Impacts of investment in reducing 
deforestation and in planted forest

The economic and environmental impacts of the green 
investment scenario are shown in Table 8. In the short 
term the reduction in deforestation leads to a decrease 
in the value added of the forest sector (wood, wood 
processing and pulp and paper) so that it is 1.7 per cent 
below the baseline in 2013. Similarly, employment is 2 
per cent below the baseline level in 2013. However, this 
does not take account of the economic impacts on other 
sectors such as tourism, which may benefit from the 
reduction in deforestation and also the economic value 
of the reductions in carbon emissions. In the longer term, 
as the area of planted forest increases, value added in 
the conventional forest-based industries rises to US$ 
10.4 trillion, some 19 per cent above BAU. The increase is 
accompanied by growth in employment from 25 million 
to 30 million worldwide, or 20 per cent above business-
as-usual (Figure 3). 

The main environmental impact is on the area of natural 
forest, which in 2050 is 8 per cent more extensive in the 
green investment scenario than under BAU, and on the 
total area of forest (natural and planted) which in the 
green investment scenario is 21 per cent more extensive 
in 2050 than under BAU and 14 per cent higher than 
the current forest area. This has positive implications for 
biodiversity and carbon storage and results in reduced 
greenhouse gas emissions. The increase in the forest 
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Table 8: Forests in 2050 under the green 
investment scenario and business-as-usual (BAU)*

* See footnote 6.

Key forest-sector 
indicators in 2050 BAU Green investment 

scenario (G2)

Natural forest area 3.36 billion ha 3.64 billion ha

Deforestation rate ha/
year 14.9 million ha 6.66 million ha

Planted forest area 347 million ha 850 million ha

Total forest area 3.71 billion ha 4.49 billion ha

Carbon storage in forests 431 billion tonnes 502 billion tonnes 

Gross value added US$ 0.9 trillion US$ 1.4 trillion 

Employment 25 million 30 million
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Figure 2: Deforestation reduction under the green 
investment scenario (G2)

Figure 3: Employment under the green investment 
scenario (G2) and business-as-usual (BAU)
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area is made possible by the investments in improved 
agricultural productivity (see the Agriculture chapter). 
This means that demand for agricultural production can 
be met from a smaller area of land, freeing up land for 
reforestation or afforestation. It also means that there is 
less pressure on natural forest. 

These projections indicate the potential of increasing 
green investment in the forest sector. But much depends 
on how the investment is made and in what policy and 
institutional context. As discussed above, reforestation 
programmes do not always work financially, socially or 
environmentally, and the small amount of investment 

in avoiding deforestation so far, mainly in the national 
PES schemes in Costa Rica and Mexico, has struggled 
to demonstrate cost-effectiveness. Large investment 
programmes on the scale modelled here will be more 
challenging although they can draw lessons from the 
existing experience. Global aggregate projections of 
this nature cannot, owing to limitations of their design, 
capture the differences in response between tropical 
countries and non-tropical countries, or between 
countries with high forest cover and low forest cover, or 
between high income and low income countries. They do, 
however, indicate what can be achieved at a global level 
in the appropriate policy and institutional conditions. 
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5  Enabling conditions

Increased investment needs to be catalysed and backed 
up by improvements in forest governance, institutions 
and policy (UNFF 2009). Enabling conditions are needed 
to motivate the private sector and forest communities 
to make investments in sustainable forest management 
and downstream activities, and to support public-sector 
investments and ensure they realise value. 

This section discusses important enabling conditions, 
including: forest governance and policy reform, actions 
to tackle bad practice in forestry and extra-sectoral 
drivers of forest loss, and information technology to 
characterise forest assets. 

5 1 Forest governance and  
policy reform

An overarching requirement is to ensure that good 
forest governance is in place at the national level 
based on specific, country-led analysis of the economic, 
social and institutional drivers of forest loss. This good 
governance includes a vision for the future of a country’s 
forests, and of forest-based economies, which addresses 
the sustainable and equitable provision of all forest 
ecosystem services. It also includes a policy framework 
that balances global and national public goods with 
private goods and community requirements, captures 
the value of forest ecosystem services in private and 
public decision-making, and creates clear incentives 
for good practice and disincentives for bad practice. In 
addition, it includes transparent, secure and fair rights to 
forest resources and allocation mechanisms especially 
for forest-dependent groups such as indigenous peoples. 
The fundamentals of good governance in a country (rule 
of law, freedom of association, respect for property 
rights, accountable legislature, etc.) will be critical.

At an operational level, good forest governance includes 
forest management principles, and a related hierarchy of 
criteria, indicators and standards that support progress 
from mere legality to SFM. It also includes participation 
of forest stakeholders – with special support to poor 
communities and indigenous peoples. Furthermore, 
it includes transparent and accessible databases and 
accountability mechanisms that record forest use by 
stakeholders and are linked to incentives and sanctions. 
Subsidies, fiscal instruments and other means to get the 
price right for given forest ecosystem services should 
also be covered, ensuring that externalities are reflected 
in payments for services. Finally, good forest governance 

should include a capacity-developing, step-wise 
approach, helping stakeholders to continually improve 
forest management. 

5 2 Tackling illegal logging

Illegal logging is a serious problem. The international 
trade in illegally sourced wood products was estimated 
to be worth US$ 8.5 billion in 2008. Sustainably produced 
wood products will not be able to compete if large 
volumes are produced illegally or unsustainably, with   
low production costs, unreported taxes and royalties 
and unfair prices below market price. Because there are 
even larger volumes of illegal wood products that do not 
enter international trade and are consumed within the 
producing country, the actions that the governments 
of producing countries take to tackle illegal logging are 
likely to have leverage effects. However, the governments 
of countries that import wood products and the financial 
institutions that back forestry and manufacturing of 
wood products can also play an important role.

The 1998 G8 meeting was catalytic in drawing attention 
to illegal logging and setting in motion a significant 
international policy process – one that is increasingly 
influential and has recently reduced illegality, although 
has not yet stopped it. Subsequent intergovernmental 
agreements, in particular the Forest Law Enforcement and 
Governance (FLEG) processes coordinated by the World 
Bank, have helped to raise awareness of the issue and 
have resulted in agreements that “all countries that export 
and import forest products have a shared responsibility 
to undertake actions to eliminate the illegal harvesting of 
forest resources and associated trade”.8 

The initiatives involve governments of importer 
countries increasingly excluding illegal products from 
their markets: by setting up border mechanisms to 
prohibit imports; by using public procurement policy 
to create protected markets for legal products; by using 
their own legal systems more aggressively to target 
companies involved in importing illegal goods; and by 
offering information and encouragement to importing, 
processing and retailing companies to control their 
supply chains. The USA became the first country to 
ban the import and sale of illegally harvested wood, 
and to require declaration of species and country of 

8. Europe and North Asia FLEG Ministerial conference, 2005 St. Petersburg 
Declaration. Available at http://194.84.38.65/files/specialprojects/enafleg/ 
25dec_eng.pdf
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origin, extending the Lacey Act to wood products. The 
European Union has established a licensing system 
based around Voluntary Partnership Agreements 
(VPAs), which are negotiated with cooperating exporter 
countries (Box 12) under the Forest Law Enforcement, 
Governance and Trade (FLEGT) Action Plan. 

The success of these tools will depend upon how 
extensive the uptake is and how well they close off the 
opportunities for circumvention by e.g. trade through 
third countries. This is highlighted in a recent study of 
illegal logging trends up to 2008 (Lawson and MacFaul 
2010), which notes that there has been a reduction in 
illegal logging and in trade of illegally sourced wood 
products – although importing country measures had 
played a relatively small role in this. While FLEGT and 
the Lacey Act can be expected to have an impact in 
the future, the main challenge is the arrival of illegally-
sourced wood via third party processing countries, 
notably China. The authors note that governments in 
processing countries are not taking adequate action to 
address illegal logging (Lawson and MacFaul 2010). 

Further and more widespread improvement requires 
a transformation of forest governance in producing 
countries with wider stakeholder participation in the 
allocation of forest resources, and the determination of 
laws so that there is greater legitimacy for laws relating 
to forests and timber harvesting (as emphasised in 
5.1). Both carrots (support for skills training in SFM, 
independent verification of SFM, and preferential 
government procurement for SFM) and sticks (tightening 
up laws and enforcement against illegal logging 
and marketing) are needed. The measures taken by 
consuming countries may help to promote this broader 
governance improvement, as the process of negotiating 
the VPAs has involved the inclusion of partner-country 
civil society in the negotiations (Brack 2010). 

5 3 Mobilising green investment

Investment in forests can target conserving existing 
areas of primary forest, promote expansion of forests 
through regeneration and reforestation, improve forest 
management in existing forests of different types, and 
increase the number of agroforestry systems. Each of 
these will have different attractions for specific investors, 
e.g. agroforestry for agricultural investors aiming for 
long-term resilience in food and other markets. There 
is increasing evidence that private investments that 
seek long-term growth and security are attracted to 
well-managed forestry (such as pension funds, as 
well as specialist vehicles such as forest bonds). More 
recently, social stock exchanges and partnerships with 
corporations and government have revealed significant 
scope for social investments in locally-controlled forestry. 

Because of the public-good nature of some forest 
ecosystem services, however, businesses and forest 
landholders usually do not perceive a sufficient incentive 
to make green investments in forests. Where such 
investments indicate a positive rate of return for society as 
a whole, investment by the public sector can be warranted: 
to provide forest ecosystem services directly; to provide 
financial incentives to the private sector to make green 
investment competitive; and/or to prevent unsustainable 
forest management. Central to this will be a hard-headed 
examination of national competitiveness in sustainable 
forest management, and effective regimes supporting 
financial rewards for producing forest ecosystem services, 
and notably Global Public Goods (GPGs).

A major incentive measure is public wood procurement, 
which has had a significant impact in a few importing 
countries and can have a knock-on effect on private 
procurement policy. Six EU countries including the UK 
(Box 13) have established procurement policies. These 
public procurement systems are driven by the power of 
public spending in the EU (which accounts for 16-18 per 
cent of GDP). They differ in some aspects, e.g.: whether 
they separate out legal and sustainable categories; 
whether they include social norms; and how they verify 

Box 12: The EU licensing system 
for legal wood products

The EU’s licensing system is based on VPAs with 
producing countries. These VPAs put in place 
a licensing system in each country, to identify 
legal products and license them for import 
to the EU. Unlicensed, and therefore possibly 
illegal, products will be denied entry to the 
EU. The agreements include: capacity-building 
assistance to set up the licensing scheme, 
improved enforcement and, if necessary, 
reform laws; and provisions for independent 
scrutiny of the validity of the issue of the 
licenses, as well as verifying legal behaviour 
through the chain of custody of the timber. The 
VPAs’ impact is as yet unknown: the first two 
agreements with Ghana and Republic of Congo 
were signed too recently (September 2008 and 
March 2009, respectively) for any impact to be 
discernible. As developing a licensing system 
is estimated to take two years, the first FLEGT-
licensed timber will not enter the market until 
late 2010. Negotiations are also underway with 
Cameroon, Central African Republic, Malaysia, 
Indonesia and Liberia (Brack 2010). 
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non-certified imports. Public procurement policies for 
timber also exist for Japan and New Zealand, as well 
as some local authorities in the EU and USA. There is 
clearly room for improvement but a good start has 
been made.

Another incentive is in the hands of key investors, such as 
the IFC and major private banks, which operate coherent 
controls and have specific policies for sustainable forest 
investment. Most of them have already stopped investing 
in unsustainable forestry and forest industry, and require 
certification associated with all forest investment (HSBC 
2008). Some financial institutions have followed the lead 
of NGOs such as Tropical Forest Trust, Rainforest Alliance 
and Woodmark in promoting a step-wise approach to 
improving practice that culminates in full certification. 
A stepwise approach presents less of a challenge – and 
possibly more of an attractive business proposition 
– than the big stretch that is often required to move 
straight to full SFM certification. HSBC for example, is 
allowing five years to progress to certification (HSBC 
2008). 

5 4 Levelling the playing 
field: Fiscal policy reform and 
economic instruments

Forests are not so much a sector as a resource, which other 
sectors and livelihood systems use, e.g. the energy sector 
(low-cost wood can move in and out of energy markets) 
and the agriculture sector (forests can be a continuing 
source of food and an asset to be liquidated for farming). 
Policy measures which favour competing activities for 

9. Available at http://www.cpet.org.uk/evidence-of-compliance/category-
a-evidence/approved-schemes.

forest land and demand for the products derived from 
these activities can undermine efforts to conserve and 
sustainably manage forests. Mining and infrastructure 
projects, often prioritised for their contribution to 
government revenue, can have destructive direct impact 
on forests and indirect impacts through opening up 
remote areas. Government regulation of such projects 
and the due diligence procedures of financial institutions 
that back these projects provide important levers for 
good practice in siting, construction and operation to 
mitigate impacts on biodiversity. 

Some governments and financial institutions are 
actively promoting biodiversity offsets to ensure that 
areas of rich biodiversity such as tropical forest that are 
unavoidably lost through capital development projects 
are offset through conservation actions to restore forest 
elsewhere or reduce risks. Engaging with a wide range 
of stakeholders is also critical, asking the question: 
which supply or demand factors (including particular 
specific goods and services) are tipping markets and 
governance regimes towards environmentally-sound, 
fairer, and more competitive outcomes? Which factors 
are mutually supportive and could lead to leveraged 
outcomes if more widely applied? The ecosystem 
approach can be used as a common framework for 
assessing potential trade-offs and synergies between 
sectors and stakeholders. 

The most significant driver in terms of forest area is 
agriculture. For much of the 1980s and 1990s, the 
subsidies given to agriculture resulted in farming being 
the biggest cause of deforestation, and often also of 
inequity between farmers, where subsidies tend to be 
captured by larger farmers. With the onset of structural 
adjustment programmes, subsidies for key agricultural 
inputs such as fertiliser were reduced or phased out 
altogether in many developing countries. However, 
agriculture remains the engine of development of most 
low-income countries and is the focus of national and 
international efforts to ensure food security, particularly 
in response to the recent food price spike. Thus, it is 
not surprising that agriculture remains favoured over 
forests, if by means other than input subsidies – in 
particular, through water allocation systems, artificially 
low irrigation charges and infrastructure expansion, and 
roads. Today, the drive for biofuels expansion, often 
with substantial government support, is a new source of 
unequal competition and pressure on natural forests. 

It is unrealistic to expect support to agriculture to be 
removed altogether if development and food security 
objectives are to be met. Agroforestry is one means to 
increase synergies between the two sectors. Mechanisms 
such as REDD provide incentives for forest conservation 
but will be undermined if agriculture is still subsidised 
in ways that are not coordinated with forest policy. Ways 

Box 13: Wood procurement 
policy in the UK

The UK central government’s wood procurement 
policy started with a requirement to source only 
legally-produced forest products (compulsory 
for all government contracts). A requirement for 
sustainable forestry was originally optional, but 
became mandatory from 2009, albeit with a six-
year exemption for FLEGT countries (CPET 2010).

The UK policy recognises FSC and PEFC , and 
includes an independent Central Point of 
Expertise on Timber (CPET) to advise specifiers, 
contractors, etc.9
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should be sought for them to be mutually reinforcing 
(See Box 14). The chapter on Agriculture sets out the 
types of investment in sustainable agriculture that can 
meet world food needs and support conservation of 
natural forests and expansion of forest area. 

5 5 Improve information 
on forest assets 

In determining the relative priority to give to the forest 
sector versus agriculture and other sectors and to the 
range of forest ecosystem services, governments need to 
have better information on forest stocks, flows and cost-
benefit distribution. This should go beyond counting 
trees and measuring area to assessing the magnitude, 
value and quality of forest ecosystem services. To do 
this requires information technology that can handle 
complexity. Geo-referenced information is needed on 
forest resources and the ecosystem services they provide. 
The associated economic, social and environmental 
benefits of forest ecosystem services also need to be 
captured in monitoring and economic statistics and 
included in multi-criteria analysis as basis for decision-
making. There is adequate experience to take this to 
scale, so that countries have an accurate assessment 
of the stocks and flows of ecosystem services and 
who benefits from them. This is also needed to access 
ecosystem services markets that demand verification, 
and to improve the case made in public expenditure 
reviews.

At present, there are considerable uncertainties in 
estimating the value of ecosystem services at the 
local, national and particularly at the global level, 
reflecting gaps in information on biophysical linkages 
and how they depend upon both the type of forest 
and its management, and the site-specific nature of 
much of the research done to date. Publicly supported 
research on ecosystem services is needed to reduce 
the gaps in information and to document more fully 
the contribution made by the forest sector to the 
economy, livelihoods and social development in 
different downstream sectors. Improved knowledge 
of ecosystem services is essential for ensuring the full 
value of forests is acknowledged in wider development 
decisions. The link between forests and water supply 
particularly requires better information.

5 6 Making REDD+ a catalyst for 
greening the forest sector

There is no clear and stable global regime to attract 
investment in Global Public Goods (GPGs), and to assure 
their production in ways that are effective, efficient 
and equitable. Yet such a regime is essential to tip the 

finance and governance balance in favour of longer-
term, sustainable forest management. Management 
for GPGs, as opposed to wood production alone, also 
opens up the prospect of new types of forest-related 
employment, livelihoods and revenues, including 
management partnerships with local communities. 
However, standards that support the co-production of 
local benefits with global benefits will be needed, as 
well as effective systems for local control of forests, to 
ensure livelihood benefits are realised and an equitable 
distribution of costs and benefits.

Payments for the climate regulation services of forests 
through the CDM and REDD+ mechanisms offer perhaps 
the greatest opportunity for countries and landholders 
to capture the value of their forest ecosystem services. 
The experience with PES provides valuable lessons for 
developing effective and equitable REDD+ mechanisms. 
Considerable work needs to be done, however, to resolve 
the issue of additionality10, that is to ensure that payments 
are targeted at forest conservation and enhancement 
activities which would not otherwise take place. This has 
proved challenging for existing PES schemes.

10. Additionality is aimed at improving efficiency.

Box 14: The effect of financial 
support to livestock in Brazil

A study of the livestock sector in Brazil highlights 
the challenges for policy coordination with 
forestry. Financial support from the Brazilian 
National Development Bank (BNDES) has 
played a significant role in the expansion of the 
livestock sector. The major part of this support 
has been targeted at purchase of stock, with 
less than 6 per cent of the funds being used to 
promote improvement of pastures. However, 
studies made by EMBRAPA, the Brazilian 
government agricultural research agency 
indicate that, with improvements in livestock, 
feed and management, it would be possible 
to increase the number of livestock by 42 per 
cent, while reducing the area of pasture by 
35 per cent from its 2006 level. As the area of 
pasture in the Brazilian Amazon increased by 44 
per cent between 1985 and 2006, driving much 
of the deforestation there, this has important 
implications for REDD: redirecting government 
support to improve pastures could reinforce 
efforts to control deforestation and restore 
forest cover.
Source: Smeraldi and May (2009)
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However, this appears to discriminate against 
countries and forest landholders who have already 
conserved forests or taken early action. Determining 
the counterfactual or reference level of forest-related 
emissions – from forests that would otherwise not be 
conserved – is also challenging, as this is not necessarily 
the same as the formal development plans laid out by the 
country concerned; neither is it necessarily determined 
by whether forest conversion is permitted by national 
law. While there is scope for technical improvements in 
assessing deforestation and degradation and measuring 
forest carbon, determining reference emission levels into 
the future requires political negotiation (Bond et al. 2009). 

The methodological guidance that came out of the 
Copenhagen COP was for reference emission levels in 
REDD+ to be based on historical rates adjusted for national 
circumstances (UNFCCC 2010). Reaching agreement on 
how these adjustments will be made will require both 
better understanding on the part of forest countries of 
how different rules on adjustment will affect them, and 
a pragmatic approach that recognises existing efforts to 
conserve forests and improve forest management. 

Safeguards are also needed to protect the rights of 
forest-dependent people, particularly when these 
rights derive from traditional systems, rather than 
formal legal systems and to ensure that those who 
bear the costs of REDD+ schemes, in terms of land 
and resource restrictions, receive an appropriate 
share of the benefits. Specific models need to be 
developed for small-scale producers and local 
communities. As with protected areas, long-term 
effectiveness and efficiency of REDD+ schemes 
may often depend critically on ensuring these 
benefits for local stakeholders. Some projects in the 
voluntary carbon market, or as part of readiness 
activities and project design standards such as 
those of the Climate Community and Biodiversity 
Alliance, are showing how these equity issues can 
be addressed at the project level. At the national and 
international level, the payment against performance 
approach being promoted in some bilateral deals 
could employ a broader concept of performance 
– one that incorporates not only emission 
reductions, but also considerations of equity and  
local co-benefits.
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6  Conclusions
Understanding and accounting for the full range of 
services provided by forests is the most important task 
for the sector in a green economy. The active protection 
of tropical forests, for example, is now widely perceived 
as a crucial ecosystem management priority and a 
cost-effective way to reduce global carbon emissions. 
While the loss of forest carbon can be offset by planting 
trees, and some growing timber demand can be met by 
plantations, the loss of primary forest is often irreversible. 
Competing demand for forest land, especially from 
agriculture, is likely to continue driving deforestation. 
Policy measures beyond the forest sector, such as 
agricultural subsidies, are therefore at least as important 
as policies within the forest sector and innovative 
policies that exploit synergies between the two sectors 
will be especially valuable. 

There are reasons for optimism, but greening the forest 
sector requires a sustained effort. Various standards 
and certification schemes have provided a sound basis 
for practising sustainable forest management, but 
their widespread uptake requires a strong mandate 
and consistent policies and markets. Protected areas, 
although controversial from the beginning, remain an 
important option for preventing the permanent loss 
of critical ecosystems and biodiversity. Their effective 
and equitable enforcement remains a challenge. The 
emerging PES and REDD+ schemes are ambitious and 
innovative avenues for funding the greening of the 
forest sector. Their interface with existing standards, 
certification schemes and networks of protected areas, 
however, needs to be monitored to ensure they build on 
or learn from earlier experiences. 

Investment in greening the forest sector should 
consider sustainable forest management, PES and 
REDD+, planted forest, agroforestry, and indeed 
protected areas, although the modelling exercise – 
for illustrative purposes – focused only on reducing 
deforestation and increasing the area of planted forest. 

Investing in greening the sector may involve short-term 
sacrifices in terms of income and jobs, as the forest 
stock in general requires time to grow or recover. This 
is why compensation schemes – whether national or 
international – are essential for communities.

Countries face a choice, whether to allow the prevailing 
forest transition to take its course or to change their 
forest economy to sustain a mix of forest goods 
and services that adds value and confers long-term 
resilience. Forests have tended to be associated with 
benefiting only the early phases of the development 
transition, where their intentional liquidation produces 
other forms of capital. Yet Sweden, Finland, Canada 
and other countries demonstrate how forests can 
play a sustained role in high-income countries, too. 
Maintaining forests in such countries has not inhibited 
wealth creation or labour markets; rather, there are 
significant forward linkages to many economic sectors 
with real opportunities for investment and related 
growth in wealth and jobs. These sectors could in 
turn, benefit from the renewable, recyclable, and 
biodegradable inputs that forests can provide. There 
are also highly significant public benefits in terms of 
biodiversity, health and recreation that are provided at 
relatively low cost.

The prospect of payments for ecosystem services 
such as carbon and biodiversity extends this practical 
proposition to those countries – notably low and middle-
income – that are bold enough to make policy choices 
in favour of investing in the ecological infrastructure 
of forests, but that do not yet have the resources to 
invest in a modern forest industry. Protecting forests to 
maintain biodiversity and reduce carbon emissions do 
not require intensive management inputs, although they 
do require scrutiny and protection, and stable financial 
mechanisms. The alternative, a steady stripping of forest 
assets where the wider costs are unsupportable and the 
benefits are often uncertain, is no longer tenable.

189



Towards a green economy

References
Ajayi, O.C., Akinnifesi, F.K., Mullila-Mitt,i J., DeWolf, J.J., and Matakala, 

P.W. (2006). “Adoption of agroforestry technologies in Zambia: Synthesis 
of key findings and implications for policy”. Paper presented at the 
Agricultural Consultative Forum (ACF) Policy and Stakeholders’ Workshop, 
7 December 2006, Lusaka, World Agroforestry Centre.

Angelsen, A. (2007). Forest cover change in space and time: Combining 
the von Thünen and forest transition theories.  World Bank Policy Research 
Working Paper 4117, February.

Angelsen, A. and Wertz-Kanounnikoff, S. (2008). “What are key design 
issues for REDD and the criteria for assessing options?” in A. Angelsen 
(ed.) Moving ahead with REDD: Issues, options and implications. Center for 
International Forestry Research (CIFOR), Bogor, Indonesia.

Angelsen A. (2009). Introduction in Angelsen A. with Brockhaus, M., 
Kanninen, M., Sills, E., Sunderlin, W. D. and Wertz-Kanounnikoff, S. (eds.) 
Realising REDD+ national strategies and policy options.  CIFOR,  Bogor, 
Indonesia.

Anta Fonseca, (2006). “Forest certification in Mexico.” in Cashore, B et al., 
(eds.) Confronting sustainability: Forest certification in developing and 
transitioning countries. Report Number 8. Yale School of Forestry and 
Environmental Studies.

Applegate, G.B. (2002). “Financial costs of reduced impact timber 
harvesting in Indonesia: Case study comparisons.” in Enters, T., et al. (eds.), 
International conference proceedings on applying reduced impact 
logging to advance sustainable forest management, Kuching, Sarawak, 
Malaysia. Food and Agriculture Organization of the United Nations (FAO), 
Regional Office for Asia and the Pacific, Bangkok, Thailand.

Asquith, N. and Vargas, M.T. (2007). “Fair deals for watershed services in 
Bolivia”.  Natural Resource Issues, No 7. International Institute for 
Environment and Development. London.

Bacha, C.J.C. and Rodriguez, E.L.C. (2007).  “Profitability and social 
impacts of reduced impact logging in the Tapajós National Forest, Brazil 
– A case study”. Ecological Economics, 63, pp. 70-77.

Balmford, A., Bruner, A., Cooper, P., Costanza, R., Farber, S., Green,  R. E., 
Jenkins, M., Jefferiss, P., Jessamy, V., Madden, J., Munro, K., Myers, N., 
Naeem, S.,  Paavola, J., Rayment, M., Rosendo, S., Roughgarden, J., 
Trumper, K., and Turner, R. K. (2002). “Economic reasons for conserving 
wild nature”. Science, 297, pp. 950-953.

Balooni, K. (2003). “Economics of wastelands afforestation in India, a 
review”. New Forests, 26, pp. 101-136.

Barreto, P., Amaral, P., Vidal, E., and Uhl, C. (1998). “Costs and benefits of 
forest management for timber production in eastern Amazonia”. Forest 
Ecology and Management, 108, pp. 9-26.

Bass, S. (2010).  Global overview of sustainable forest management 
approaches. Background paper for the Forests chapter, Green Economy 
Report.

Bass, S., Nussbaum, R., Morrison, E. and Speechly, H. (1996). Paper 
farming: The role of plantations in the sustainable paper cycle. No. 5, 
Towards a Sustainable Paper Cycle Sub-Study Series, IIED, London.

Bass, S., Thornber, K., Markopoulos, M., Roberts, S., and Grieg-Gran, M., 
(2001). Certification’s impacts on forests, stakeholders and supply chains. 
Instruments for sustainable private sector forestry series. IIED, London.

Bennett, M.T. (2008). “China’s sloping land conversion program: 
Institutional innovation or business as usual?” Ecological Economics, Vol. 
65, Issue 4, pp. 699-711.

Bertomeu, M.G. (2003). “Smallholder maize-timber agroforestry 
systems in Northern Mindano, Philippines: Profitability and contribution 
to the timber industry sector”. Paper presented at the International 
Conference on Rural Livelihoods, Forests and Biodiversity, 19-23 May, 
Bonn, Germany.

BEST. (2009). Malawi: Biomass energy strategy study.  A report 
prepared for the Government of Malawi (GoM). The EU, Brussels, Belgium.

Binswanger, H.P. (1991). “Brazilian policies that encourage 
deforestation in the Amazon”. World Development, Vol. 19, Issue 7, pp. 
821-829.

Blackman, A. and Rivera, J. (2010). The evidence base for environmental 
and socioeconomic impacts of ‘sustainable certification’. Discussion 
Paper 10-17, Resources for the Future, Washington D.C., USA.

Bond, I., Grieg-Gran, M., Wertz-Kanounnikoff, S., Hazlewood, P., Wunder, 

S., and Angelsen, A. (2009).  “Incentives to sustain forest ecosystem 
services: A review and lessons for REDD”. Natural Resource Issues, No. 16. 
International Institute for Environment and Development (IIED), London, 
with CIFOR, Bogor, Indonesia, and World Resources Institute, Washington 
D.C.

Börner J., Wunder S., Wertz-Kanounnikoff, S., Rügnitz Tito, M., Pereira, L., 
and Nascimento, N. (2010). “Direct conservation payments in the Brazilian 
Amazon: Scope and equity implications”, Ecological Economics, Vol. 69, Issue 
6, pp. 1272–1282.

Brack, D. (2010). Controlling illegal logging:  Consumer-country 
measures. Briefing paper. Chatham House, London.

Browder, J.O. (1988). Public policy and deforestation in the Brazilian 
Amazon in Repetto, R. and Gillis, M. (eds.), Public policies and the misuse of 
forest resources. Cambridge University Press. pp. 247–297.

Bruinsma, J. (2009). “The resource outlook to 2050. By how much do land, 
water use and crop yields need to increase by 2050?” Technical paper from 
the Expert Meeting on How to Feed the World in 2050. Food and Agriculture 
Organization of the United Nations (FAO), Rome.

Bruner, A., Hanks, J. and Hannah, L. (2003). “How much will effective 
protected area systems cost?” Presentation to the Vth IUCN World Parks 
Congress, 8–17 September, Durban, South Africa.

Bull, G.Q., Bazett, M., Schwab, O., Nilsson, S., White, A., and Maginnis, S. 
(2006). “Industrial forest plantation subsidies: Impacts and implications”, 
Forest Policy and Economics, Vol. 9, No. 1.

Canby, K. and Raditz, C. (2005).  “Opportunities and constraints to 
investment: Natural tropical forest industries”. Forest Trends, Washington 
D.C.

Carle, J., and Holmgren, P. (2008). “Wood from planted forests a global 
outlook 2005-2030”, Forest Products Journal, Vol. 58, Issue 12, pp. 6-18.

Carrera Gambetta, F., Stoian, D., Campos, J.J., Morales, J., and Pinelo, G. 
(2006). “Forest certification in Guatemala.”  in Cashore, B. et al. (eds.) 
Confronting sustainability: Forest certification in developing and 
transitioning countries. Report Number 8. Yale School of Forestry and 
Environmental Studies.

Cashore, B., Gale, F., Miedinger, E., and Newsom, D. (eds.) (2006). 
Confronting sustainability: Forest certification in developing and 
transitioning countries. Report Number  8. Yale School of Forestry and 
Environmental Studies.

Chan, H.H. and Chiang, W. C. (2004).  Impact of incentives on the 
development of forest plantation resources in Sabah, Malaysia in Enters, T., 
and Durst, P. (eds.) What does it take? The role of incentives in forest plantation 
development in Asia and the Pacific, RAP Publication  2004/27, Asia-Pacific  
Forestry Commission, Food and Agriculture Organization of the United 
Nations (FAO), Regional Office for Asia and the Pacific, Bangkok, Thailand.

Chape, S., Harrison, J., Spalding, M., and Lysenko, I. (2005). “Measuring 
the extent and effectiveness of protected areas as an indicator for meeting 
global biodiversity targets”. Phil. Trans. R. Soc. B, Vol.  360, pp. 443–455.

Chen, X. D., Lupi, F., He, G.M. and Liu, J.G. (2009). “Linking social norms to 
efficient conservation investment in payments for ecosystem services”. 
Proceedings of the National Academy of Sciences of the United States of 
America (PNAS), Vol. 106, pp. 11812-11817.

Chomitz, K., Buys, P., De Luca, G., Thomas, T.S., and Wertz-Kanounnikoff, S. 
(2006). At loggerheads? Agricultural expansion, poverty reduction and 
environment in tropical forests. The World Bank, Washington, D.C.

Coad, L., Campbell, A., Miles, L. and Humphries, K. (2008). The costs and 
benefits of forest protected areas for local livelihoods: A review of the 
current literature. Working Paper, revised 21May, UNEP-WCMC.

Cole, R.J. (2010).  “Social and environmental impacts of payments for 
environmental services for agroforestry on small-scale farms in southern 
Costa Rica”. International Journal of Sustainable Development & World 
Ecology, Vol. 17, No. 3, pp., 208–216.

Cossalter, C. and Pye-Smith, C. (2003). Fast-wood forestry – myths and 
realities. Center for International Forestry Research, Jakarta, Indonesia.

Costello, C. and Ward, M. (2006). “Search, bioprospecting and biodiversity 
conservation”.  Journal of Environmental Economics and Management, Vol. 
52, Issue 3, pp. 615-626.

CPET. (2010). “Executive summary of UK government timber 
procurement advice note.” Central Point of Expertise on Timber. Available 

190



Forests

at: http://www.cpet.org.uk/files/TPAN%20April%2010.pdf.
Cropper, M., Puri, J. and Griffiths, C. (2001). “Predicting the location of 

deforestation: The role of roads and protected areas in North Thailand”, 
Land Economics, Vol. 77, No. 2.

Cubbage F., MacDonagh, P., Balmelli G., Rubilar, R., de la Torre, R., 
Hoeflich,V., Murara, M., Kotze, H., Gonzalez R., Carrero, O., Frey, G., 
Koesbandana, S., Morales Olmos,V., Turner, J., Lord, R., Huang, J., and Abt, R. 
(2009). Global forest plantation investment returns. XIII World Forestry 
Congress, Buenos Aires, Argentina, 18-23 October.

Current, D. and Scherr, S. (1995). “Farmer costs and benefits from 
agroforestry and farm forestry projects in Central America and the 
Caribbean: Implications for policy”. Agroforestry Systems, 30, pp. 87–103.

De Groot, R. et al. (2010). Integrating the ecological and economic 
dimensions in biodiversity and ecosystem service valuation in TEEB – The 
Economics of Ecosystems and Biodiversity:  The Ecological and Economic 
Foundations.

Dorrough, J. and Moxham, C. (2005).  “Eucalypt establishment in 
agricultural landscapes and implications for landscape-scale restoration”. 
Biological Conservation, 123, pp. 55-66.

Echavarría, M., Vogel, J. Albán, M., and Meneses, F. (2004).  The impacts of 
payments for watershed services in Ecuador. Emerging lessons from Pimampiro 
and Cuenca. Markets for Environmental Series Report No. 4. IIED, London.

Eliasch, J. (2008). The Eliasch Review – climate change: Financing global 
forests. UK Office of Climate Change.

Emerton, L. (1998).  Mount Kenya: The economics of community 
conservation. Community conservation in Africa Paper No. 6, Institute for 
Development Policy and Management, University of Manchester.

Engel, S., Pagiola, S., and Wunder, S. (2008). “Designing payments for 
environmental services in theory and practice: An overview of the issues”. 
Ecological Economics, Vol. 65, No. 4, pp. 663-674.

FAO. (2001). Global forest resources assessment 2000, Food and 
Agriculture Organization of the United Nations, Rome.

FAO. (2005a). Forest resources assessment 2005, Food and Agriculture 
Organization of the United Nations, Rome.

FAO. (2005b). State of the world’s forests 2005, Food and Agriculture 
Organization of the United Nations, Rome.

FAO. (2009).  State of the world’s forests 2009, Food  and Agriculture 
Organization of the United Nations, Rome.

FAO. (2010). Global Forest Resources Assessment 2010, Food and 
Agriculture Organization of the United Nations, Rome. Available at: www.
fao.org/forestry/fra2010

FCPF. (2010) Readiness Preparation Proposal (R-PP) Socialist Republic of 
Vietnam. Forest Carbon Partnership Facility, World Bank, Washington D.C.  
Available at: http://www.forestcarbonpartnership.org/fcp/sites/ 
forestcarbonpartnership.org/files/Documents/PDF/Oct2010/Viet%20
Nam%20draft%20R-PP%20Oct%202010.pdf

Ferraro, P. (2002). “The local costs of establishing protected areas in low 
income nations: Ranomafana National Park, Madagascar”, Ecological 
Economics, Vol. 43, Issue 2, pp. 261-275.

Figueroa, F., and Sánchez-Cordero, V. (2008). “Effectiveness of natural 
protected areas to prevent land use and land cover change in Mexico”. 
Biodiversity Conservation, 17, pp. 3223–240.

Franzel, S. (2004). “Financial analysis of agroforestry practices.” in 
Alavalapati, J.R.R., and Mercer, D.E. (eds.), Valuing Agroforestry Systems. 
Kluwer Academic Publishers, Netherlands, pp. 9-37.

FSC. (2009). Forest stewardship council milestones annual report 2009. 
Forest Stewardship Council, Bonn, Germany.

FSC. (2010). Global FSC certificates:  Type and distribution. Forest 
Stewardship Council, Bonn, Germany.

Garforth, M., Landell-Mills, N. and Mayers, J. (2005). “Plantations, 
livelihoods and poverty.” in Garforth, M. and Mayers J. (eds.) Plantations, 
privatization, poverty and power: Changing ownership and management of 
state forests. Earthscan, UK and USA.

Geist, H.J., and Lambin, E.F. (2002). “Proximate causes and underlying 
driving forces of tropical deforestation”. Bioscience, Vol. 52, Issue 2.

Gordon, E., Eba’a Atyi R., Ham, C., Polycarp Musimani Mwima, Eilu, G., 
Biryahwaho, B., Gombya-Ssembajjwe., B., Njovu, F. and Cashore, B. (2006). 
Forest certification in Sub-Saharan Africa in Cashore, B., Gale, F., Miedinger, 
E., and Newsom, D. (eds.) Confronting sustainability: Forest certification 
in developing and transitioning countries. Report Number 8. Yale 
School of Forestry and Environmental Studies.

Grieg-Gran, M. (2006). The cost of avoiding deforestation. 
Background paper for the Stern Review of the Economics of Climate 
Change. IIED, London.

Grieg-Gran, M. (2008). Equity considerations and potential impacts 
on indigenous or poor forest-dependent communities. Background 
Paper No.9 for Bond et al. 2009 op cit.

Gumbo, D. (2010). Regional review of SFM and policy approaches to 
promote it – Sub-Saharan Africa. Background Paper for the Forests 
chapter, Green Economy Report.

Gutman, P. and Davidson, S. (2007). A review of innovative 
international financial mechanisms for biodiversity conservation – with a 
special focus on the international financing of developing countries’ 
protected areas.  WWF-MPO  Washington D.C., October 2007. Available 
at: http://www.cbd.int/doc/meetings/pa/wgpa-02/ information/
wgpa-02-inf-08-en.pdf

Hatfield, R. and Malleret-King, D. (2004). “The economic value of the 
Virunga and Bwindi Mountain Gorilla protected forests: Benefits, costs and 
their distribution amongst stakeholders”. Paper presented at the “People 
in Parks: Beyond the Debate” conference, March 2004. International School 
of Tropical Forestry, Yale University.

Healey, J.R., Price, C., Tay, J. (2000). “The cost of carbon retention by 
reduced impact logging”, Forest Ecology and Management, 139, pp. 237–
255.

Hope, C., and Castillo-Rubio, J. (2008).  A first cost benefit analysis of 
action to reduce deforestation. Background paper for Eliasch Review, op. 
cit.

Hossaiin, M.A., Alam, M.A., Rahman, M.M., Rahaman, M.A., and Nobi, 
M.N. (2006). “Financial variability of shifting cultivation versus agroforestry 
project: A case study in Chittagong Hill Tracts.” International

Journal of Agriculture and Biology, Vol. 8, No. 1.
HSBC. (2008). Forest land and forest products sector policy. HSBC, 

Available at: http://www.hsbc.com/1/PA_1_1_S5/content/assets/ 
csr/080905_forest_land_and_forest_products_sector_policy_summary.
pdf

Hyde, W.F. (2005). Limitations of sustainable forest management: In an 
economics perspective.  Chapter 9. in Kant, S. and Berry, R. (eds.) 
Institutions, Sustainability, and Natural  Resources. Vol. 2 Institutions for 
Sustainable Forest Management Series, Springer, The Netherlands.

IEA. (2007). Key world energy statistics 1973 & 2005. International Energy 
Agency, Paris.

IIED. (2003). Valuing forests: A review of methods and applications in 
developing countries. Environmental Economics Programme, International 
Institute for Environment and Development, London.

Instituto Terra. (2007). Restoration of the Atlantic Forest (Mata Atlântica), 
cited in Neßhöver et al. 2009.

ITTO. (2006). Status of tropical forest management 2005. ITTO Technical 
Series  No  24. International Tropical Timber Organization, Yokohama, Japan.

James, A.N., Gaston, K.J., and Balmford, A. (1999).“Balancing the earth’s 
accounts. Commentary”. Nature, Vol. 401, September.

Killmann, W., Bull, G.Q., Schwab, O., and Pulkki, R.E. (2002).  Reduced 
impact logging: Does it cost or does it pay? in Enters, T., Durst, P.B., 
Applegate, G.N., Kho, P.C.S., and Man, G. (eds.). Applying Reduced Impact 
Logging to Advance Sustainable Forest Management: International 
Conference Proceedings (26 February to 1 March 2001, Kuching, Malaysia), 
Food and Agriculture Organization of the United Nations (FAO). Available 
at: ftp://ftp.fao.org/docrep/fao/005/AC805E/Ac805E00.pdf

Kindermann, G., Obersteiner, M., Sohngen, B., Sathaye, J., Andrakso, K., 
Rametsteiner, E., Schlamadinger, B., Wunder, S., and Beach, R. (2008). 

“Global cost estimates for reducing carbon emissions through avoided 
deforestation”, Proceedings of the National Academy of Science (PNAS), Vol. 
105, No. 30, pp. 10302-10307.

Kort, J. (1988).  “Benefits of windbreaks to field and forage crops”. 
Agriculture, Ecosystems and the Environment, 22/23, pp. 165–190.

Kosoy, N., Martinez-Tuna, M., Muradian, R. and Martinez-Alier J. (2007). 
“Payments for environmental services in watersheds:  Insights from a 
comparative study of three cases in Central America.”  Ecological Economics, 
61, pp. 446–455.

Kozak, R, (2007). Small and medium forest enterprises: Instruments of 
change in the developing world. Rights and Resources Initiative, 
Washington, D.C.

191



Towards a green economy

Kramer, R.A., Sharma, N., and  Munasinghe, M. (1995). Valuing tropical 
forests: Methodology and case study of Madagascar. Environment Paper 
No. 13, The World Bank: Washington, D.C.

Landell-Mills, N., and Porras I. (2002). Silver bullet or fools’ gold: A global 
review of markets for forest environmental services and their impacts on 
the poor.  International Institute for Environment and Development (IIED), 
London.

Lawson, S., and MacFaul, L. (eds.) (2010). Illegal logging and related trade: 
Indicators of the global response. Chatham House, London.

Lebedys, A. (2007). Trends and current status of the contribution of the 
forestry sector to national economies. A paper prepared for the FAO work 
programme component on financing sustainable forest management. 
1990-2006 Working paper: FSFM/ACC/08.

Lee, T. M., Sodhi, N. and Prawiradilaga, D. (2007). “The importance of 
protected areas for the forest and endemic avifauna of Sulawesi 
(Indonesia)”. Ecological Applications, Vol. 17, Issue 6, pp. 1727–41.

Mather, A. (1992). “The forest transition”. Area, 24, pp. 367-379.
May, P.H., Veiga, F., Denardin, V., and Loureiro, W. (2002) in Pagiola, S., 

Bishop, J. and  Landell-Mills, N. (eds.), Selling forest environmental services 
market-based mechanisms for conservation and development. Earthscan 
Publications, London.

May, P.H., Boyd, E., Veiga, F., and Chang, M. (2004). Local sustainable 
development effects of forest carbon projects in Brazil and Bolivia. A view from 
the field. International Institute for Environment and Development (IIED), 
London.

Miranda, M., Porras, I.T., and  Moreno, M.L. (2003). The social impacts of 
payments for environmental services in Costa Rica. A quantitative field 
survey and analysis of the Virilla watershed, IIED, London.

Miranda, M., Porras, I.T., and  Moreno, M. (2004). The social impacts of 
carbon markets in Costa Rica: A case study of the Huetar-Norte region, IIED, 
London.

Morris, M., and Dunne, N. (2003). “Driving environmental certification: 
Its impact on the furniture and timber products value chain in South 
Africa”. Geoforum, Vol. 35, Issue 2, pp. 251-266.

Mourato, S. and Smith, J. (2002). Can carbon trading reduce deforestation 
by slash-and-burn farmers? Evidence from the Peruvian Amazon in Pearce, 
D.W., Pearce, C., and Palmer, C. (eds), Valuing the environment in developing 
countries: Case studies. Cheltenham: Edward Elgar: 358-376.

Muñoz-Piña, C., Guevara, A., Torres, J.M., and Braña, J. (2008). “Paying for 
the hydrological services of Mexico’s forests: Analysis, negotiations and 
results.” Ecological Economics, Vol. 65, Issue 4, pp. 725-736.

Muhtaman, D., and Prasetyo, F. (2006). “Forest certification in Indonesia.” 
in Cashore, B. et al. (eds.), Confronting sustainability: Forest certification in 
developing and transitioning countries. Report Number 8. Yale School of 
Forestry and Environmental Studies.

Mullan, K., and Kontoleon, A. (2008). Benefits and costs of forest 
biodiversity: Economic theory and case study evidence. Final Report, June.

Murniati, Garrity, D.P., and Gintings, A.N. (2001). “The contribution of 
agroforestry systems to reducing farmers’ dependence on the resources of 
adjacent national parks”. Agroforestry Systems, 52, pp. 171–184.

Nair, C.T.S., and Rutt, R. (2009). “Creating forestry jobs to boost the 
economy and build a green future”, Unasylva, Vol. 60, No. 233. pp. 3-10. 
Available at: ftp://ftp.fao.org/docrep/fao/012/i1025e/i1025e02.pdf

Nelson, G.C., and Hellerstein, D. (1997). “Do roads cause deforestation? 
Using satellite images in econometric estimation of land use.” American 
Journal of Agricultural Economics, Vol. 79, Issue 2.

Neßhöver, C., Aronson, J. and Blignaut J. (2009). Investing in ecological 
infrastructure in TEEB – The Economics of Ecosystems and Biodiversity for 
National and International Policy Makers.

Openshaw, K. (1997a). Malawi: Woodfuel Production, Transport and 
Trade; A Consolidated Report. Report prepared for the Government of 
Malawi. Alternative Energy Development (now part of the International 
Resources Group), Washington, D.C. 

Openshaw, K. (1997b). Malawi: Biomass Energy Strategy Study. Report 
prepared for the World Bank by Alternative Energy Development (now 
part of International Resources Group), Washington, D.C.

Openshaw, K. (2010). “Can biomass power development?” Gatekeeper, 
144, April, International Institute for Environment and Development (IIED), 
London.

Ortiz Malavasi, R., Sage Mora, L.F., and Borge Carvajal, C. (2003). Impacto 
del programa de pago por servicios ambientales  en Costa Rica como medio 
de reducción de pobreza en los medios rurales. RUTA, San José, Costa Rica.

Owari, T., Juslin, H., Rummukainen, A., and Yoshimura, T. (2006). 
“Strategies, functions and benefits of forest certification in wood products 

marketing: Perspectives of Finnish suppliers”, Forest Policy and Economics, 
Vol. 9, No. 4, pp. 380–91.

Pagiola, S., Bishop J., and Landell-Mills, N. (2002). “Market-based 
mechanisms for conservation and development.” in Pagiola, S., Bishop, J. 
and Landell-Mills, N. (eds.), Selling Forest Environmental  Services Market- 
Based Mechanisms for Conservation and Development. Earthscan 
Publications, London, UK.

Pagiola, S., Ramírez, E., Gobbi, J., De Haan, C., Ibrahim, M., Murguetio, E., 
and Ruiz J.P. (2007).  “Paying for the environmental services of silvopastoral 
practices in Nicaragua”, Ecological Economics, Vol. 64, Issue 2, pp. 374-385.

Paschalis-Jakubowicz, P. (2006). “Forest certification in Poland.”  in 
Cashore, B. et al., (eds.), Confronting sustainability: Forest certification in 
developing and transitioning countries. Report Number 8. Yale School of 
Forestry and Environmental Studies.

Pattanayak, S., and Mercer, D. E. (1998). “Valuing soil conservation 
benefits of agroforestry:  Contour hedgerows in the Eastern Visayas, 
Philippines.” Agricultural Economics, 18, pp. 31-46.

Pearce, D.W. (2001). “The economic value of forest ecosystems.” 
Ecosystem Health, Vol. 7, Issue 4, pp. 284-296.

PEFC. (2010). Statistical figures on PEFC certification. Information 
updated on 31 December 2010, Available at: http://register.pefc.cz/ 
statistics.asp.

PEFC. (2011). Forest certification progresses in China. Available at: 
http://www.pefc.org/news-a-media/general-sfm-news/news-detail/ 
item/695-forest-certification-progresses-in-china

Perrot-Maître, D. (2006). The Vittel payments for ecosystem services: a 
“perfect” PES case? International Institute for Environment and Development 

(IIED), London.
Porras, I., Grieg-Gran, M., and Neves, N. (2008). All that glitters: A review of 

payments for watershed services in developing countries. International 
Institute for Environment and Development (IIED), London.

Porras, I. (2010).  Fair and green? The social impacts of payments for 
environmental services in Costa Rica.  International Institute for Environment 
and Development (IIED), London.

Poschen, P. (2003). “Globalization and sustainability: The forestry and 
wood industries on the move - social and labour implications,” European 
Tropical Forest Research Network News, Autumn/Winter pp. 43–45.

Potts, J., van der Meer, J., and Daitchman, J. (2010). The state of 
sustainability initiatives review 2010: Sustainability and transparency. 
International Institute for Sustainable Development (IISD), Winnipeg, 
Canada and the International Institute for Environment and Development, 
(IIED), London.

Putz, F.E., Sist, P., Fredericksen, T., and Dykstra, D. (2008). “Reduced- 
impact logging: Challenges and opportunities”. Forest Ecology and 
Management, 256, pp. 1427-1433.

Rahman, S.A., Farhana,  K.M., Rahman, A.H.M.M., and Imtiaj, A. (2007). 
“An economic evaluation of the multistrata agroforestry system in Northern 

Bangladesh”.  American-Eurasian Journal of Agricultural & Environmental 
Sciences, Vol. 2, Issue 6, pp. 655-661.

Rausser, G. and Small, A. (2000).“Valuing research leads: Bioprospecting 
and the conservation of genetic resources”. Journal of Political Economy, 
Vol. 108, Issue 1, pp. 173-206.

Rice, R. (2002). Conservation concessions: our experience to date. 
Conservation International. Presented at the annual meetings of the 
Society for Conservation Biology, Canterbury, UK.

Richardson, M. (2010).  “Indonesia moving to reduce forest loss, warming 
emissions”. Japan Times, 21 June. Available at: http://search. japantimes.
co.jp/cgi-bin/eo20100621mr.html

Rios, A., and Pagiola, S. (2009). Poor household participation in 
payments for environmental services in Nicaragua and Colombia, MPRA 
Paper No. 13727, Available at: http://mpra.ub.uni-muenchen.de/13727/ 

Robertson, N., and Wunder, S. (2005). Fresh tracks in the forest: Assessing 
incipient payments for environmental services initiatives in Bolivia. CIFOR.

Robalino, J., Pfaff, A., Sanchez, F., Alpizar, C. L. and Rodriguez, C.M. (2008). 
Deforestation impacts of environmental services payments: Costa Rica’s 
PSA program 2000–2005. Presented at the World Bank workshop on the 
economics of REDD, 27 May. Discussion Paper Series. Environment for 
Development and Resources for the Future, Washington, D.C. 

Robalino, J., Herrera, L.D., Villalobos, L. and Butron, S. (2010). Forest 
management and policies in Latin America, Background paper for the 
Forests Chapter, Green Economy Report.

192



Forests

Rodrigues, A.S.L., Andelman, S.J., Bakarr, M.I., Boitani, L., Brooks, T.M., 
Cowling, R.,M., Fishpool, L.D.C., da Fonseca, G.A.B., Gaston, K.J., Hoffmann, 
M., Long, J.S., Marquet, P.A., Pilgrim, J.D., Robert, L., Pressey, R.L., Schipper, J., 
Sechrest, W., Stuart, S.N., Underhill, L.G., Waller, R.W., Watts, M.E.J. and Yan, 
X. (2004). “Effectiveness of the global protected area network in 
representing species diversity”, Nature, Vol. 428, Issue 8, pp. 640–43.

Saigal, S. (2005).  Joint management of state forest lands: Experience 
from India in Garforth, M. and Mayers, J. (eds.), Plantations, Privatization, 
Poverty and Power: changing ownership and management of state forests. 
Earthscan, UK and USA.

Sanchez-Azofeifa, G.A., Pfaff, A., Robalino, J.A., and Boomhower, J.P. 
(2007).  “Costa Rica’s payment for environmental services program: 
Intention, implementation, and impact”, Conservation Biology, Vol. 21, 
Issue 5, pp. 1165-173.

Sathirathai, S., and Barbier, E. (2001). “Valuing mangrove conservation in 
Southern Thailand.” Contemporary Economic Policy, Vol 19, No. 2, pp. 109-
122.

Schmitt, C. B. et al. (2009). “Global analysis of the protection status of the 
world’s forests.” Biological Conservation, Vol. 142, Issue 10, pp. 2122-2130.

Shahwahid, H.O., Awang Noor, A.G., Ahmad Fauzi, P., Abdul Rahim N., 
and Salleh  Shahwahid, M. (2006). “Forest certification in Malaysia” in 
Cashore, B. et al., (ed.) Confronting sustainability: Forest certification in 
developing and transitioning countries. Report Number 8. Yale School of 
Forestry and Environmental Studies.

Shvidenko, A., Barber, C.V., and Persson, R. (2005). “Forests and woodland 
systems.” Chapter 21 in Hassan, R.,Scholes,R., and Ash, R. (eds.) Ecosystems 
and human well-being : Current state and trends : Findings of the 
Condition and Trends Working Group. Island  Press, Washington, D.C.

Sierra, R. and Russman, E. (2006) “On the efficiency of the environmental 
service payments: A forest conservation assessment in the Osa Peninsula, 
Costa Rica.” Ecological Economics 59: 131-141.

Simpson, R.D., R.A. Sedjo and Reid, J.W. (1996). “Valuing biodiversity for 
use in pharmaceutical research”. Journal of Political Economy, Vol. 104, Issue 
1, pp. 163-183.

Smeraldi, R. and May, P. (eds.) (2009).  A hora da conta Pecuária Amazônia 
e Conjuntura, Amigos da Terra, Amazônia Brasileira.

Stern, N. (2007).  The Stern Review: The economics of climate change. 
Cambridge University Press. Cambridge, UK.

Strassburg, B., and A. Creed (2009). Estimating terrestrial carbon at risk 
of emission. Applying the terrestrial carbon group 3 filters approach. 
Policy Brief 6 Discussion Draft. Terrestrial Carbon Group.

Sun, G., Zhou, G., Zhang, Z., Wei, X., McNulty, S.G. and Vose, J.M. (2006). 
“Potential water yield reduction due to forestation across China.” Journal of 

Hydrology, Vol. 328, No. 3-4.
Sun, C., Liqiao Chen,L., Chen,L., Han,L., and Bass, S. (2008). Global forest 

product chains: Identifying challenges and opportunities for China through a 
global commodity chain sustainability analysis. IISD.

Tacconi, L., Mahanti, S. and Suich, H. (2009). Assessing the livelihood 
impacts of payments for environmental services:  Implications for avoided 
deforestation. Presented at the XIII World Forestry Congress. Buenos Aires, 
Argentina,  18–23 October.

TEEB (2009).  The Economics of Ecosystems and Biodiversity for National 
and International Policy Makers.

Tomaselli, I. (2006).  Brief study on funding and financing for forestry 
and forest-based sector, United Nations Forum on Forests (UNFF).

Tomich, T.P., van Noordwijk, M., Budidarsono, S., Gillison, A., Kusumanto, 
T., Murdiyarso, D., Stolle, F., and Fagi, A.M. (2001). Agricultural intensification, 
deforestation and the environment: Assessing tradeoffs in Sumatra, 
Indonesia in Lee, D.R. and Barrett, C.B. (eds.), Tradeoffs  or synergies:  
Agricultural intensification,  economic development  and the environment. 
CABI, Wallingford, UK.

Uchida, E., Jintao X., and Rozelle, S. (2005).  “Grain for green: Cost- 
effectiveness and sustainability of China’s conservation set-aside program.” 
Land Economics, Vol. 81, No. 2, pp: 247-264.

UNDP. (2000). World Energy Assessment. Energy and the challenge of 
sustainability. United Nations Development Programme, United Nations

Department of Economic and Social Affairs and World Energy Council. 
United Nations Development Programme, New York. Available at: http:// 
www.undp.org/energy/activities/wea/drafts-frame.html

UNEP/ILO/IOE/ITUC. (2008). Green jobs: Towards decent work in a 
sustainable, low-carbon world. United Nations Environment Programme 
(UNEP), Nairobi.

UNFCCC. (2010). Decision 4/CP.15 in Report of the Conference of the 
Parties on its fifteenth session, held in Copenhagen  from 7 to 19 December 
2009. Addendum 30 March.

UNFF. (2009). Report of the Secretary-General on Finance and other 
means of implementation for sustainable forest management (E/ 
CN.18/2009/9), United Nations Forum on Forests Eighth Session, New York,  
20  April-1 May.  Available at:  http://www.un.org/esa/forests/ documents-
unff.html#8,

van Beers, C. and de Moor, S. (2001). Public subsidies and policy failures: 
How subsidies distort the natural environment, equity and trade and how to 
reform them. Cheltenham: Edward Elgar.

van Kooten, G.C.  and Sohngen, B. (2007).  “Economics of Forest 
Ecosystem Carbon Sinks: A Review,” Working Papers 2007-02, University of 
Victoria, Department of Economics, Resource Economics and Policy 
Analysis Research Group.

van Kuijk, M., Putz, F.E., and Zagt, R. (2009). Effects of forest certification 
on biodiversity. Tropenbos International, Wageningen, the Netherlands.

Vedeld, P., Angelsen, A. Sjaastad, E., and Kobugabe Berg, G. (2004). 
Counting on the environment forest incomes and the rural poor. 
Environmental Economics Series, Paper No. 98, World Bank Environment 
Department, World Bank, Washington, D.C.

Viana, V.M., May, P., Lago, L., Dubois, O., and Grieg-Gran, M. (2002). 
Instrumentos para o manejo sustentável do setor florestal privado no Brasil 
(Instruments for Sustainable Private Sector Forestry in Brazil), International 
Institute for Environment and Development (IIED), London.

Viana,  V.M.  (2009). Financing   REDD: Meshing markets with government 
funds.  IIED briefing,  March. International Institute for Environment and 
Development, London.

Viana, V.M., Grieg-Gran, M., della Mea, R. and Ribenboim, G. (2009). The 
costs of  REDD: lessons from  Amazonas. IIED briefing, November. 
International Institute for Environment and Development, London.

Wairiu, M. (2006). Forest certification in Solomon Islands in Cashore, B. et 
al., (eds.), Confronting sustainability: Forest certification in developing and 
transitioning countries. Report Number  8. Yale School of Forestry and 
Environmental Studies.

World Bank. (2004). Sustaining forests: A development strategy, 
Washington, D.C.

WRM. (2008a). Oil palm and rubber plantations in Western and Central 
Africa: An overview, WRM Briefing, December. World Rainforest Movement. 

WRM. (2008b). Regional perspectives on plantations, an overview on 
the Mekong basin WRM Briefing, December. World Rainforest Movement.

WRM. (2008c). Regional Perspectives on Plantations, An Overview on 
Western and Central Africa; WRM Briefing, December. World Rainforest 
Movement.

Wunder, S.,  and Albán, M. (2008).  “Decentralized payments for 
environmental services:  The  cases of Pimampiro  and PROFAFOR  in 
Ecuador”, Ecological Economics, Vol. 65, Issue 4, pp. 685-698.

Wunder, S., Engel, S., and Pagiola, S. (2008). “Taking stock:  A comparative  
analysis of payments for environmental services programs in developed 
and developing countries”, Ecological Economics, Vol. 65, Issue 4, pp. 834-
852.

Xu, Z., Bennett, M., Tao, R., and Xu, J. (2004). “China’s sloping land 
conversion program four years on: Current situation, pending issues.” The 
International Forestry Review (Special Issue: Forestry in China – Policy, 
Consumption and Production in Forestry’s Newest Superpower),  Vol. 6, 
Issues 3-4, pp. 317-326.

Zagt, R.J., Sheil, D., and Putz, E. (2010). Biodiversity conservation in 
certified forests: An overview in Sheil, D., Putz, F.E. and Zagt, R.J. (eds.), 
Biodiversity conservation in certified forests. Tropenbos International, 
Wageningen, the Netherlands.

Zhang, Y., Liu, S., Wei, X., Liu, J., and Zhang, G. (2008). “Potential impact of 
afforestation on water yield in the subalpine region of Southwestern 
China”, Journal of the American Water Resources Association, Vol. 44, No. 5, 
pp. 1144-1153.

Zomer, R., Trabucco, A., Coe,  R. and Place, F. (2009).  Trees on farm: 
Analysis of global extent and geographical patterns of agroforestry. ICRAF 
Working Paper no. 89. World Agroforestry Centre, Nairobi.

193





Investing in energy and resource efficiency
Part II



Investing in energy and resource efficiency

iS
to

ck
ph

ot
o/

Ca
rm

en
 M

ar
tín

ez
 B

an
ús



Investing in energy and resource efficiency
Renewable energy



Acknowledgements
Chapter Coordinating Authors: Ton van Dril, Raouf Saidi and 
Xander van Tilburg, Energy Research Centre of the Netherlands 
(ECN) and Derek Eaton (UNEP).

Derek Eaton and Fatma Ben Fadhl (in the initial stages of the 
project) of UNEP managed the overall preparation chapter, 
including the elaboration of modelling scenarios, the handling 
of peer reviews, interacting with the coordinating authors on 
revisions, conducting supplementary research and bringing the 
chapter to final production.

The lead authors who contributed technical background papers 
and other material for this chapter were Lachlan Cameron 
(ECN), Suani Coelho (Brazilian Reference Center on Biomass, 
CENBIO) Heleen de Coninck (ECN), Amit Kumar (Tata Energy 
and Resources Institute, TERI, India), Alexandra Mallet (Sussex 
University, UK), Joyce McLaren (National Renewable Energy 
Laboratory, NREL, USA), Tom Mikunda (ECN), Jos Sijm (ECN), 

Raouf Saidi (ECN), Laura Würtenberger (ECN), Peter Zhou (EECG 
Consultants). Additional material was prepared by Andrea M. 
Bassi, John P. Ansah and Zhuohua Tan (Millennium Institute); 
Andrew Joiner and Tilmann Liebert (UNEP), Ana Lucía Iturriza 
and Yasuhiko Kamakura (ILO).

We would like to thank the many colleagues and individuals 
who commented on various drafts and provided specific inputs 
and advice, including John Christensen (UNEP Risoe Centre 
on Energy, Climate and Sustainable Development, Denmark), 
Yasuhiko Kamakura (ILO), Punjanit Leagnava (UNEP), Anil 
Markandya (Basque Centre for Climate Change, Spain), Mohan 
Munasinghe (Munasinghe Institute for Development, Sri Lanka), 
David Ockwell (Sussex University, UK), Martina Otto (UNEP), Ian 
Parry (IMF), Mark Radka (UNEP), Serban Scrieciu (UNEP), Virginia 
Sonntag-O’Brien (REN21), Shannon Wang (OECD), Peter Wooders 
(IISD), and Dimitri Zenghelis (Grantham Research Institute, 
London School of Economics and Political Science, UK).

Copyright © United Nations Environment Programme, 2011
Version -- 02.11.2011

198



Renewable energy

Contents
List of acronyms                                                                                                                                                                    201

Key messages                                                                                                                                           202

1  Introduction                                                                                                                                   204
1.1 The energy sector and the position of renewable sources of energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

2  Challenges and opportunities                                                                                                   206
2.1 Energy security. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
2.2 Climate change  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
2.3 Impacts of energy technologies on health and ecosystems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
2.4 Energy poverty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208

3  Investing in renewable energy                                                                                                  210
3.1 Recent trends in renewable energy investment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
3.2 Technical advances and cost competitiveness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
3.3 Externalities, subsidies and cost competition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
3.4 Employment potential in renewable energy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
3.5 Investment required for renewable energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

4  Quantifying the implications of investing in renewable energy                                     221
4.1 Business-as-usual (BAU)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
4.2 Green investment scenarios  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222

5  Overcoming barriers: enabling conditions                                                                            226
5.1 Policy commitment to renewable energy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
5.2 Risks and returns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
5.3 Financing mechanisms  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
5.4 Electricity infrastructure and regulations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232
5.5 Innovation and R&D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
5.6 Technology transfer and skills. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234
5.7 Sustainability standards  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235

6  Conclusions                                                                                                                                     236

References                                                                                                                                                 237

199



Towards a green economy

List of figures
Figure 1: Evolution of fossil fuel prices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
Figure 2: Renewable energy share of global final energy consumption, 2009  . . . . . . . . . . . . . . . . . . . . . . . . . 205
Figure 3: Global new investment in renewable energy in US$ billions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
Figure 4:  Range in recent levelised cost of energy for selected commercially available renewable-
energy technologies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
Figure 5: External costs of energy sources related to global health and climate change. . . . . . . . . . . . . . . . 215
Figure 6: Trends in BAU and G2 scenarios in total energy consumption and renewable 
penetration rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
Figure 7: Trends in BAU and G2 scenarios: power generation (left axis) and renewable penetration 
rate in power sector (right axis)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
Figure 8: Total employment in the energy sector, and its disaggregation into fuel and power, and 
energy efficiency under the G2 scenario. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
Figure 9: Total energy-related emissions and reductions under G2 by source, relative to BAU   . . . . . . . . . 225
Figure 10:  Policies for supporting renewable energy technologies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
Figure 11 : Public finance mechanisms across stages of technological development  . . . . . . . . . . . . . . . . . . 231
Figure 12: Illustrative financing options for the poor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
Figure 13: Public-sector low-carbon R&D spending per capita as a function of GDP per capita and 
CO2 emissions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234

List of tables
Table 1: Primary energy demand by region in the IEA Current Policies scenario  . . . . . . . . . . . . . . . . . . . . . . . 204
Table 2: World primary energy mix in the IEA Current Policies scenario. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
Table 3: Millennium Development Goals and links to energy access  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
Table 4: Stages of technological maturity   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
Table 5: Learning rates of electricity-generating technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
Table 6: Energy technologies for power generation in the EU – moderate fuel price scenario  . . . . . . . . . . 216
Table 7: Mitigation project costs per tonne of CO2 (US$ at 2007 prices), given different values for natural 
gas prices  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
Table 8: Employment in renewable energy, by technology and by country. . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
Table 9: Average employment over life of facility. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
Table 10: Lifespan of selected power and transportation assets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
Table 11: Comparison of energy mix in 2030 and 2050 in various GER and IEA scenarios. . . . . . . . . . . . . . . 224
Table 12: Emission abatement shares from GER modelling compared with IEA   . . . . . . . . . . . . . . . . . . . . . . . 224

List of boxes
Box 1: Carbon markets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
Box 2: Tunisia’s Solar Energy Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
Box 3: Brazilian ethanol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
Box 4: Grameen Shakti programme in Bangladesh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232

200



Renewable energy

List of acronyms
AGECC Advisory Group on Energy and 

Climate Change
BAU Business-as-usual
CCS Carbon capture and storage 
CDM  Clean Development Mechanism 
CENBIO Brazilian Reference Center on 

Biomass
CO2 Carbon dioxide
DEFRA  Department for Environment, Food 

and Rural Affairs (UK)
ECN Energy Research Centre of the 

Netherlands
EEA European Environment Agency
EIA Energy Information Administration
ELI  Environmental Law Institute
EREC European Renewable Energy Council 
ESMAP Energy Sector Management 

Assistance Programme
EU European Union
EU ETS European Union Emissions Trading 

Scheme
GDP Gross domestic product
GER Green Economy Report
GHG Greenhouse gas
GNESD Global Network on Energy for 

Sustainable Development
GSI  Global Subsidies Initiative
HRS High Road Strategies 
IEA  International Energy Agency
IIASA  International Institute for Applied 

Systems Analysis
ILO International Labour Organization
IOE International Organisation of 

Employers
IPCC Intergovernmental Panel on Climate 

Change
IQ  Intelligence quotient
IRENA International Renewable Energy 

Agency 
ITIF The Information Technology and 

Innovation Foundation
ITUC  International Trade Union 

Confederation
LCOE Levelised cost of energy 
MDGs  Millennium Development Goals
MI Millennium Institute

NH3  Ammonia
NMVOCs Non-Methane Volatile Organic 

Compounds
NOX  Nitrogen oxides
NRC  National Research Council
NREL  National Renewable Energy 

Laboratory
OECD  Organisation for Economic Co-

operation and Development
OPEC  Organization of the Petroleum 

Exporting Countries
PFM  Public Finance Mechanism
PM10 Particulate matter of 10 microns in 

diameter or smaller
PV Photovoltaic
R&D  Research and development
REN  Renewable energy
RPS  Renewables portfolio standard 
SHSs  Solar household systems
SO2 Sulfur dioxide
SRREN  Special Report on Renewable 

Energy Sources and Climate Change 
Mitigation (IPCC)

T21 Threshold 21 model (Millennium 
Institute)

UN DESA  United Nations Department of 
Economic and Social Affairs

UNCTAD  United Nations Conference on Trade 
and Development

UNDP  United Nations Development 
Programme

UNEP  United Nations Environment 
Programme

UNEP SEFI  United Nations Environment 
Programme Sustainable Energy 
Finance Initiative

UNFCCC  United Nations Framework 
Convention on Climate Change

UNIDO  United Nations Industrial 
Development Organization 

WEO  World Energy Outlook
WHO  World Health Organization
WMO  World Meteorological Organization
WTO  World Trade Organization
WWEA World Wind Energy Association

201



Towards a green economy

Key messages
1.  Investments in renewable energy have grown considerably with major emerging economies 
taking the lead. For 2010, new investment in renewable energy is estimated to have reached a record 
high of US$ 211 billion, up from US$ 160 billion in 2009. The growth is increasingly taking place in non-
OECD countries, especially the large emerging economies of Brazil, China and India.

2. Renewable energy can make a major contribution to the twin challenges of responding to a 
growing global demand for energy services, while reducing the negative impacts associated 
with current production and use. Investments in renewable energy are making a growing contribution 
towards mitigating climate change, but to stay below a 2 degree Celsius increase in average global 
temperature, these developments need to be significantly enhanced. Renewable energy has other social 
and environmental benefits, including mitigating or avoiding many health problems and impacts on 
ecosystems caused by the extraction, transportation, processing and use of fossil fuels.

3. Renewable energy can help enhance energy security at global, national and local levels. 
Most of the future growth in energy demand is expected to occur in developing countries, and against a 
background of rising fossil fuel prices and resource constraints; this raises serious concerns about energy 
security.  In off-grid areas, renewable energy sources can ensure a more stable and reliable supply of energy.  
Examples include local mini-grids and household level PV or biogas systems.

4. Renewable energy can play an important role in a comprehensive global strategy to eliminate 
energy poverty. In addition to being environmentally unsustainable, the current energy system is also 
highly inequitable, leaving 1.4 billion people without access to electricity and 2.7 billion dependent on 
traditional biomass for cooking. Many developing countries have a rich endowment of renewable energy 
that can help meet this need.

5. The cost of renewable energy is increasingly competitive with that derived from fossil fuels. 
Improved cost-competitiveness is due to rapid R&D progress, economies of scale, learning effects through 
greater cumulative deployment and increased competition among suppliers. In the European context, for 
example, hydro and on-shore wind can already compete with fossil fuel and nuclear technologies, and 
off-shore wind will soon be competitive with natural gas technologies. Solar energy for water heating 
purposes (low temperature solar thermal) is commercially mature and commonly used in China and many 
other parts of the world.

6. Renewable energy services would be even more competitive if the negative externalities 
associated with fossil fuel technologies were taken into account. These include both the current 
and future health impacts of various air pollutants, as well as the costs necessary to adapt to climate 
change and ocean acidification resulting from CO2 emissions. The existing evidence clearly shows that the 
external costs from fossil fuel technologies are substantially higher than those of most renewable energy 
alternatives.
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7. Substantially increasing investments in renewable energy can be part of an integrated 
strategy to green the path of global economic development. Modelling studies carried out for the 
Green Economy Report (GER) project that an average annual investment of approximately US$ 650 billion 
over the next 40 years in power generation, using renewable energy sources and second-generation 
biofuels for transport, could raise the share of renewable energy sources in total energy supply to 27 per 
cent by 2050, compared with less than 15 per cent under a business-as-usual (BAU) scenario. Increased use 
of renewable energy sources could contribute more than one-third of the total reduction in greenhouse 
gas emissions (GHG) of 60 per cent achieved by 2050, relative to BAU. 

8. A shift to renewable energy sources brings many new employment opportunities, but not 
without transitional challenges. Due to the higher labour intensity of various renewable energy 
technologies compared with conventional power generation, increased investment in renewable energy 
will add to employment, especially in the short-term, according to modelling conducted for the GER. 
Overall impacts on employment of investing in renewable energy, taking into account possible effects 
in fossil fuel-related sectors, will vary by national context, depending on supportive policies, available 
resources and national energy systems.

9.  Policy support will need to be expanded considerably to promote accelerated investment 
in renewable energy. These investments carry enhanced risks, such as those typically associated with 
the development and diffusion of new technologies, exacerbated by high upfront capital costs. A range of 
public support mechanisms have been developed to mitigate risks and to enhance returns. The growing 
competitiveness of renewable energy has been achieved in part due to policy support to overcome barriers.  

10. Government policy to support increased investment in renewable energy needs to be 
carefully designed in an integrated manner; there is no one-size-fits-all approach. The range 
of regulatory policies, fiscal incentives and public financing mechanisms to support renewable energy 
is broad and can be complemented with support to R&D as well as other measures, such as those to 
stimulate investments in adapting grid infrastructure. The diversity of circumstances among countries, 
including existing energy systems and potential renewable development, requires that policy frameworks 
be carefully designed and tailored to specific situations.
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1  Introduction
This chapter assesses the options for increasing 
investment in greening the energy sector by increasing 
the supply from renewable energy technologies.1 The 
current highly carbon-intensive energy system depends 
on a finite supply of fossil fuels that are getting harder 
and more expensive to extract leading to concerns 
about national energy security in many countries. The 
challenges are compounded by the need to provide 
clean and efficient energy services to the 2.7 billion 
people without access. It is, thus, not sustainable in 
economic, social, and environmental terms. Furthermore, 
the current state of the energy sector leaves many 
countries exposed to large swings in oil import prices 
and also costs billions in public subsidies.

Greening the energy sector will require improvements in 
energy efficiency and a much greater supply of energy 
services from renewable sources, both of which will lead 
to reducing greenhouse gas emissions (GHG) and other 
types of pollution. In most instances, improvement in 
energy efficiency has net economic benefits. Global 
energy demand is still likely to grow in order to 
meet development needs, in the context of growing 
populations and income levels. Greening the sector 
also aims to end “energy poverty” for the estimated 1.4 
billion people who currently lack access to electricity. 
Moreover, 2.7 billion people who are dependent on 
traditional biomass for cooking need healthier and 

more sustainable energy sources (IEA 2010a). Modern 
renewables offer considerable potential for enhancing 
energy security at global, national and local levels. In 
order to secure all these benefits, enabling policies are 
required to ensure that the investments are made for 
greening the energy sector.

This chapter is structured as follows: Section 1 briefly 
describes features of world energy supply and the 
growing role of renewable sources of energy within it. 
Section 2 discusses the challenges and opportunities 
related to the energy sector, and the potential 
contribution of renewable energy. Section 3 reviews 
investments in renewable energy, covering recent trends, 
developments in cost-competitiveness, the importance 
of externalities, employment effects and expected 
investment needs. Section 4 presents the results of 
green investment scenarios (from the GER modelling 
chapter), in which investments in renewable energy 
are considerably expanded, as part of an integrated 
strategy also addressing energy efficiency and other 
aspects of demand. Section 5 discusses the barriers to 
increasing investments in the renewable energy sector 
and the policies to address these. Section 6 concludes 
the chapter.
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Figure 1: Evolution of fossil fuel prices
Source: Energy Centre the Netherlands (ECN)

1. The demand issue of energy efficiency is comprehensively covered in 
other chapters such as those on buildings, transport and manufacturing.

Table 1: Primary energy demand by region in the 
IEA Current Policies scenario
Source: IEA (2010d)

Total energy 
demand [Mtoe]a

Growth rate 
[%] 

Share in total 
energy demand 

[%]

2008 2035 2008-2035b 2008 2035

OECD 5,421 5,877 0.3 44.2 32.6

Non-OECD 6,516 11,696 2.2 53.1 64.8

Europe/Eurasia 1,151 1,470 0.9 9.4 8.1

Asia 3,545 7,240 2.7 28.9 40.1

China 2,131 4,215 2.6 17.4 23.4

India 620 1,535 3.4 5.1 8.5

Middle East 596 1,124 2.4 4.9 6.2

Africa 655 948 1.4 5.3 5.3

Latin America 569 914 1.8 4.6 5.1

Worldc 12,271 18,048 1.4 100.0 100.0

a. Million tons of oil equivalent. b. Compound average annual growth rate. c. World includes 
international marine and aviation bunkers (not included in regional totals), and some countries/
regions excluded here.
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1 1 The energy sector2 and the position 
of renewable sources of energy

World primary energy demand3 is expected to continue 
growing. The International Energy Agency’s (IEA) Current 
Policies scenario, which assumes no major change in 
policies as of mid-2010, projects a growth rate of 1.4 per 
cent per year up to 2035 (Table 1). The fastest growth is 
expected in non-OECD countries with a projected rate 
of 2.2 per cent per year, particularly in China and India 
and other emerging economies in Asia and the Middle 
East. Many non-OECD countries are also expected to see 
large increases in imports of oil or gas or both.

Energy demand is growing against the backdrop of 
fluctuating, but generally increasing fossil-fuel prices 
(see Figure 1). Expenditure on oil alone increased from 
1 per cent of global GDP in 1998 to around 4 per cent at 
the peak in 2007, and is projected to remain high in the 
period to 2030 (IEA 2008b). 

Findings from this chapter indicate that the share of 
renewables in total energy supply is expanding and 
that the greening of the energy sector can contribute 
to the growth of income, jobs and access by the poor 
to affordable energy, which are other objectives of 
sustainable development. Worldwide investment in 
renewable energy assets – without large hydropower – 
grew by a factor of seven from US$ 19 billion in 2004 to 
US$ 143 billion in 2010. For OECD countries the share 
of renewable energy sources in total primary energy 
demand has risen from 4.6 per cent in 1973 to 7.7 per 
cent in 2009 (IEA 2010d).

This chapter follows the IEA definition of renewable 
energy:

Renewable energy is derived from natural processes 
that are replenished constantly. In its various forms, it 
derives directly or indirectly from the sun, or from heat 
generated deep within the earth. Included in the definition 
is energy generated from solar, wind, biomass, geothermal, 
hydropower and ocean resources, and biofuels and 
hydrogen derived from renewable resources (IEA 2008a).

Figure 2 indicates the share of renewable energy in 
global final energy consumption in 2009 at 19 per cent. 

Wind/solar/biomass/geothermal
power –generation 0.7%
Biofuels 0.6%

Biomass/solar/geothermal
hot water/heating 1.5%
Hydropower 3.4%

Traditional biomass 10%

Fossil fuels
81%

Nuclear
2.8%

Renewables
16%

Figure 2: Renewable energy share of global final energy consumption, 2009 
Source: REN21 (2011) 

2. While comprehensive figures are lacking, the energy sector comprises 
somewhat more than 5 per cent of world GDP, indicating its importance for 
the economy as a whole

3. Primary energy refers to the energy contained in an energy resource 
before it is subject to transformation processes, where losses – sometimes 
substantial – always take place.
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2  Challenges and opportunities
The global community and national governments are 
faced with four major challenges with respect to the 
energy sector: 1) concerns about energy security; 2) 
combating climate change; 3) reducing pollution and 
public-health hazards; and 4) addressing energy poverty. 
Greening the energy sector, including by substantially 
increasing investment in renewable energy, provides 
an opportunity to make a significant contribution to 
addressing these challenges.

2 1 Energy security

Increasing energy demand together with rising energy 
prices raise concerns about energy security, a topic 
which covers a range of issues but primarily is associated 
with the reliability and affordability of national energy 
supply. Such concerns are particularly relevant for low-
income countries, but also for emerging and developed 
economies, where a relatively high dependence on a 
limited range of suppliers can mean higher risks to the 
security of national energy supply due to geo-political 
and other developments. Risks to national energy 
security can also carry downwards to impinge on energy 
security at local levels.

The IEA’s Reference Scenario, the trends of which are 
depicted in Tables 1 and 2, represent a baseline of how 
global energy markets would evolve without policy 
changes (IEA 2009a). In the scenario, oil importing 
countries (especially developing countries and emerging 
economies) are expected to become increasingly 
dependent on OPEC countries for oil. While total non-
OPEC output is expected to remain about constant 
until 2030, production in OPEC countries is projected 
to increase, especially in the Middle East. OPEC’s share 
in the world oil market consequently rises from 44 per 
cent in 2008 to 52 per cent in 2030, above its historical 
peak in 1973. For natural gas, increases in exports are 
mainly projected to come from Russia, Iran and Qatar, 
which would increase the world economy’s energy 
dependency on these countries (IEA 2009a).

The increase in oil prices since 2002 has increased 
pressure on the balance of payments of developing 
countries (Figure 1). To protect consumers from increased 
fossil-fuel prices, some countries have increased their 
fuel subsidies putting additional strain on government 
budgets, and underpinning the demand for fossil fuel 
imports. Oil accounts for 10 to 15 per cent of total 
imports for oil- importing African countries and absorbs 
over 30 per cent of their export revenue on average 

(UNCTAD 2006, ESMAP 2008a). Some African countries, 
including Kenya and Senegal, devote more than half 
of their export earnings to energy imports, while India 
spends 45 per cent. Investing in renewable sources that 
are available locally – in many cases abundantly – could 
enhance energy security for such countries (GNESD 
2010). Energy security would then be influenced more 
by access to renewable technologies, including both 
their affordability as well as the capacity to adapt and 
deploy those technologies. Diversifying the energy 
matrix thus presents both a considerable challenge and 
opportunity for oil importing countries.

2 2 Climate change

The Intergovernmental Panel on Climate Change’s (IPCC) 
fourth assessment report (IPCC 2007) underscored the 
importance of mitigating future human-induced climate 
change – mostly driven by the combustion of fossil fuels 

– and adapting to the changes that occur. Estimates of 
the damages of climate change and costs of mitigation 
and adaptation vary widely. Substantial damages will 
occur even with a rapid greening of the energy system, 
but will be much higher if no action is taken. The annual 
global costs of adapting to climate change have been 
estimated by the United Nations Framework on Climate 
Change Convention (UNFCCC 2009) to be at least US$ 49 

- US$ 171 billion by 20304. About half of these costs will 
be borne by developing countries. Moreover, climate 
change is likely to worsen inequality because its impacts 
are unevenly distributed over space and time and 
disproportionately affect the poor (IPCC 2007).

The Intergovernmental Panel on Climate Change 
(2007) and International Energy Agency (IEA) (2008c) 
estimate that in order to limit the rise of average global 
temperature to 2 degrees Celsius, the concentration of 
GHGs should not exceed 450 parts per million (ppm) 
CO2-eq. This translates to a peak of global emissions in 
2015 and at least a 50 per cent cut in global emissions by 
2050, compared with 2005. In 2009, the G8 committed 
to an 80 per cent cut in their emissions by 2050 in 
order to contribute to a global 50 per cent cut by 2050, 

4. This estimate is very rough, approximate and conservative; it does 
not include key sectors of the economy such as energy, manufacturing, 
retailing, mining, and tourism, nor the impacts on ecosystems and the 
goods and services they provide. Other studies that take into account 
additional direct and indirect impact of climate change related to water, 
health, infrastructure, coastal zones, ecosystems, etc., have assessed that 
cost of adaptation to be 2-3 times greater than that put forward by the 
UNFCCC (IIED 2009). In general, adaptation costs should only be interpreted 
as lower-bound estimates of the possible economic impacts of climate 
change (see also Stern 2006).
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although a precise baseline was not specified. The 80 per 
cent reduction would yield some space for developing 
countries to have a less stark reduction trajectory while 
reaching the global 50 per cent target. There are still 
large uncertainties, however, concerning how to reach 
the emission reduction goals and the two-degree target 
agreed by most countries at the UN Climate Change 
Conference in Copenhagen in 2009. If pledges made 
subsequent to the conference were implemented 
together with other policy options under consideration 
in the negotiations,5 emissions in 2020 are projected to 
reach 49 GtCO2-eq, which leaves a gap of at least 5 GtCO2-
eq relative to the projected level required for the two-
degree target of 39-44 GtCO2-eq (UNEP 2010b). In the 
IEA Current Policies Scenario, fossil fuels are projected to 
continue dominating energy supply in 2030 (see Table 2). 
Additionally, several models project that GHG emissions 
will rise fastest in high-growth countries such as China 
and India (IEA 2010b, 2010d).

A shift from fossil fuels to renewable energy in the 
energy supply can contribute to achieving ambitious 
emissions-reduction targets, together with significant 
improvements in energy efficiency. To reduce emissions 
to a level that would keep the concentration of GHGs at 
450 ppm in 2050, the IEA projects that renewable energy 
would need to account for 27 per cent of the required 
CO2 reductions, while the remaining part would 
result primarily from energy efficiency and alternative 
mitigation options such as carbon capture and 
sequestration (CCS) (IEA 2010b). A major part of the CO2 
reductions resulting from the promotion of renewables 
would take place in developing countries.

2 3 Impacts of energy technologies 
on health and ecosystems

There are high indirect costs associated with the 
pollution arising from combustion of fossil and 
traditional fuels. The release of both black carbon 
particles (from incomplete combustion of fossil fuels) 
and other forms of air pollution (sulphur and nitrogen 
oxides, photochemical smog precursors, and heavy 
metals, for example) have a detrimental effect on public 
health (UNEP and WMO 2011). Indoor air pollution from 
burning solid fuel accounted for 2.7 per cent of the 
global burden of disease in 2000 and is ranked as the 
largest environmental contributor to health problems 
after unsafe drinking water and lack of sanitation (WHO 

2006). Burning fossil fuels costs the United States about 
US$ 120 billion a year in health costs, mostly because of 
thousands of premature deaths from air pollution (NRC 
2010). This figure reflects primarily health damage from 
air pollution associated with electricity generation and 
motor vehicle use. According to the IEA, the costs of air 
pollution controls worldwide amounted to about € 155 
billion in 2005 and are estimated to triple by 2030 (IIASA 
2009; IEA 2009a).6 Renewable energy can mitigate or 
avoid many of these public health risks caused by the 
mining, production and combustion of fossil fuels. 

The use of fossil and traditional energy sources in both 
developed and developing countries also impacts global 
biodiversity and ecosystems through deforestation, 
decreased water quality and availability, acidification of 
water bodies, and increased introduction of hazardous 
substances into the biosphere (UNEP 2010a). These 
impacts also reduce the natural capabilities of the planet 
to respond to climate change. 

Renewable energy technologies are not without impacts 
and careful planning to address possible environmental 
and social impacts are essential. Production of biofuels, 
for example, can have negative impacts on biodiversity 
and ecosystems, while the environmental and social 
impacts of large-scale hydropower can be significant. 
The World Commission on Dams has provided guidelines 
for reducing possible negative impacts of hydropower 
development. First-generation biofuels have also 
received substantial attention for their impacts due to 
land-use change and agricultural production practices, 
leading to the development of biofuel sustainability 
standards (see Section 5.7). Increased mining activity 
and deforestation could result from increased use of 
renewable energy sources requiring rare earth elements, 

Table 2: World primary energy mix in the IEA 
Current Policies scenario
Source: IEA (2010d)

Total energy 
use

[Mtoe]
Growth rate
2008-2035a 

[%]

Share in total 
energy mix

[ % ]

2008 2035 2008 2035 

Coal 3,315 5,281 1.7 27.0 29.3

Oil 4,059 5,026 0.8 33.1 27.8

Gas 2,596 4,039 1.7 21.2 22.4

Nuclear 712 1,081 1.6 5.8 6.0

Hydro 276 439 1.7 2.2 2.4

Biomass and 
 agricultural waste  
and/or residueb

1,225 1,715 1.3 10.0 9.5

Other renewables 89 468 6.3 0.7 2.6

Total 12,271 18,048 1.4 100.0 100.0

a. Compound average annual growth rate. b. Includes traditional and modern uses.

5. These options include countries moving to higher ambition, conditional 
pledges; and the negotiations adopting rules that avoid a net increase in 
emissions from (a) “lenient” accounting of land use, land-use change and 
forestry activities, and (b) the use of surplus emission units (UNEP 2010b). .

6. The IEA calculation includes international costs of pollution control 
equipment and has been done using a four per cent (social) real discount 
rate. All costs and prices are expressed in constant € 2005 and include 
“current policy” pollution control legislation.

207



Towards a green economy

and this is an area getting increased attention to reduce 
possible negative impacts as much as possible (IPCC 
2011).

2 4 Energy poverty

Expanding access to energy is a central challenge for 
developing countries. Reliable and modern energy 
services are needed to facilitate poverty reduction, 
education and health improvements, as reflected in a 
number of studies (GNESD 2007, 2010; Modi et al. 2006) 
identifying access to energy services as crucial for the 
achievement of most of the Millennium Development 
Goals (MDGs). Table 3 shows the link between various 
MDGs and modern energy access.

The scale of the challenge is massive with 1.4 billion 
people currently lacking access to electricity, and 2.7 
billion depending on traditional biomass for cooking 
in developing countries as calculated by IEA, UNDP 
and UNIDO (IEA 2010a). In Sub-Saharan Africa 80 per 
cent of people rely on traditional use of biomass for 
their cooking, making it the region with the highest 
dependence on this energy source. While 53 per cent 
of urban populations in sub-Saharan Africa have access 
to electricity, the figure for the rural population is only 
8 per cent (UNDP 2007). This rural-urban electrification 
imbalance contributes to a highly uneven spatial 
distribution of economic activity, encouraging larger 
and more rapid rural-urban migration. On average, 26 
per cent of people have access to electricity in sub-
Saharan Africa, ranging from 3 per cent in Burundi, 
Liberia and Chad, to 75 per cent in South Africa and to 
92 per cent in Togo at the top (UNDP and WHO 2008). 
Unless dedicated new efforts are implemented, the IEA 
estimates that by 2030 1.2 billion people will still lack 
access to electricity and the number relying on biomass 
will even rise slightly to 2.8 billion. In some African 
countries, the share of the population without access 
to electricity might even increase. Renewable energy 
sources offer some cost-effective solutions to solving 

energy poverty; one of the opportunities is explored in 
the next section.

Solutions for energy access
There are various technological options to addressing 
the energy-poverty challenge described above. 
Implementing most of these options requires additional, 
publicly-financed investment, including development 
assistance, as the commercial market potential is likely to 
remain limited in some cases. Public-private partnerships 
may be one option along with promising alternative 
financing mechanisms, including cost- recovery from 
users, and are discussed in section 4 below.

In terms of technologies for electricity delivery, there are 
potentially three broad options for expanding access. First, 
existing centralised grids can be expanded to non-served 
areas, potentially based on new renewable sources of 
energy. Second, decentralised mini-grids can be installed 
to link a community to a small generating plant. Third, 
off-grid access can be facilitated by producing electricity 
for a single point of demand. The optimal mix of these 
options for any given country is determined by the 
availability of energy resources, the regulatory and policy 
environment, the institutional and technical capacity, 
geographic considerations, and relative costs (AGECC 
2010). Intelligent planning should allow for the flexibility 
to integrate these systems as countries develop.

Grid expansion is generally the lowest-cost option 
in urban areas and in more densely populated rural 
areas. Successful expansion has been achieved 
recently on a large scale in China, South Africa and 
Vietnam. Grid expansion at a regional level in Africa 
could facilitate hydropower trading among countries, 
thereby supplying low-cost power while reducing the 
continent’s vulnerability to varying oil prices and its 
carbon emissions (World Bank 2009).

In remote locations, off-grid and mini-grid options tend to 
be more cost effective than expanding existing electricity 
grids. Renewable off-grid solutions – small hydro, mini-

Table 3: Millennium Development Goals and links to energy access
Source: based on GNESD (2007) and Modi et al. (2006)

Millennium Development Goal How modern energy will help attain the MDGs

1
Eradicate extreme poverty and hunger by 
reducing the proportion of people whose 
income is less than US$ 1 per day (in US$ PPP)

Increases household incomes by improving productivity in terms of time saving, increasing output, and value-
addition, and diversifying economic activity.
Energy for irrigation increases food production and access to nutrition.

2, 3 Achieve universal primary education and 
promote gender equality

Provides time for education, facilitating teaching and learning by empowering especially women and children to 
become educated on health and productive activities, instead of traditional energy related activities.

4, 5, 6 Reduce child and maternal mortality and 
reduce disease

Improved health through access to clean water, cleaner cooking fuels, heat for boiling water, and better 
agricultural yields.
Health clinics with modern fuels and electricity can refrigerate vaccines, sterilise equipment, and provide lighting.

7 Ensure environmental sustainability
Cleaner fuels, renewable energy technologies, and energy efficiency can help mitigate environmental impacts at 
the local, regional and global levels.
Agricultural productivity and land-use can be improved to run machinery and irrigation systems.
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wind, bio-energy, and the increasingly popular solar 
household systems (SHSs) – have the potential to 
alleviate rural energy poverty and even to displace costly 
diesel-based power generation (GNESD 2010; IEA 2010a; 
REN21 2011). Furthermore, they can contribute to the 
decoupling of energy supply and GHG emissions, and 
avoid increasing fuel imports for low-income countries. 
SHSs typically generate around 30 to 60 watts from a PV 
module and include a rechargeable battery to power, for 
example, 4 to 6 compact fluorescent lamps, a TV, and 
potentially a mobile-phone charger. The technology is 
also useful for providing clean drinking water. The price 
in Asia for an average system ranges from US$ 360 – 480 
for 40 peak watts, thus US$ 8–11/watt, while in Africa 
it is higher at US$ 800 (e.g. in Ghana) for 50 watts, thus 
US$ 16–17/watt (ESMAP 2008b). The main advantage of 
renewable off-grid solutions is that running costs are very 
low, although upfront investments are still high.7

The availability and diffusion of clean biomass 
technologies, such as improved and alternative cook 

stoves and biogas systems, which reduce unsustainable 
and inefficient use of firewood and hazardous air 
pollution, can constitute an intermediate step to 
the provision of modern energy services for rural 
populations dependent on biomass. In fact, some 
have singled out clean biomass technologies for 
households and small industries as a priority for Africa, 
with the potential of developing industries suitable for 
rural areas and to leap-frog development of energy 
technologies (Karekezi et al. 2004). Projections by the 
IEA, UNDP and UNIDO (IEA 2010a) for ensuring universal 
access to modern cooking facilities by 2030 recognise 
this potential and include 51 per cent of the investment 
target of US$ 2.6 billion per year allocated to biogas 
systems and 23 per cent to advanced biomass cooking 
stoves, both in rural areas.

For many remote rural areas and for a large proportion 
of the 1.4 billion who lack access to energy, renewable 
energy sources thus present an increasingly viable 
option for addressing their unmet demand. IEA, UNDP 
and UNIDO (IEA 2010a) estimated investment to ensure 
access to electricity for all by 2030 at US$ 756 billion, 
corresponding to a relatively modest sum of US$ 36 
billion per year, the bulk of which would be for off-
grid systems, including various renewable options, in 
addition to conventional diesel generation.8

7. Potential financing mechanisms are discussed in section 5.3.

8. The estimated investment needs are not broken down by IEA, UNDP 
and UNIDO (IEA 2010a) according to energy source, but in discussing 
opportunities for renewables, the potential promise of combining different 
sources of renewable energy in a power system supplying rural mini-grids 
is highlighted.
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3  Investing in renewable energy
Both the challenges and opportunities facing the energy 
sector call for scaling up investment in renewable energy. 
This section summarizes recent investment trends in 
renewable energy and the associated evolution of the 
competitiveness of renewable energy technologies. This 
is followed by an analysis of how this competiveness is 
distorted by the lack of mechanisms to account for the 
larger negative externalities associated with the use 
of fossil fuels, reviewed in Section 2. The section then 
discusses the potential employment potential offered 
by renewable energy. The section closes with a review 
of estimates of the future investment required to meet 
the challenges of growing energy demand and climate 
change mitigation, complementing needed investments 
to improve energy efficiency across sectors.

3 1 Recent trends in renewable 
energy investment

During the past 10 years the growth of investment in 
renewable energy has been rapid, albeit from a low base. 
From 2004 to 2010, total investments into renewable 
energy exhibited a compound annual growth rate of 
36 per cent9. There were a number of reasons for this 
performance:

 ■ The relatively easy access to capital for project 
developers and technology manufacturers in the 
developed world and major emerging economies and 
low interest rates supported the growth of renewable 
energy technologies;

 ■ For some renewable energy technologies, 
technological developments have led to a significant 
decline in costs and increased reliability of the technology, 
which have made investments more attractive;

 ■ High oil prices contributed to the interest in renewable 
energy investments; and

 ■ Regulatory support for renewable energy 
technologies increased over the past 10 years. Between 
2004 and early 2011, for example, the number of countries 
that have supportive renewable energy policies in place 
rose from about 40 to almost 120 (REN21 2011).

For 2010, Bloomberg New Energy Finance estimates that 
global new investment in renewable energy hit a new 
record of US$ 211 billion. This is an increase of more than 
30 per cent from the US$ 160 billion invested globally in 
2009 and the US$ 159 billion in 2008 (UNEP SEFI 2011). 

The global financial crisis that began in 2008 appears 
to have temporarily reduced investment in renewable 
energy, with growth in new investments slowing in 2008 
and 2009 (see Figure 3). Despite more difficult access to 
capital, especially the availability of debt finance, the 
sector as a whole has so far proven to be fairly resilient.

This buoyancy may be due partly to the stimulus 
provided by discretionary fiscal packages in many 
countries (IEA 2009b) launched in 2008 and 2009, 
some of which included support for renewable energy 
(HSBC 2009). In the US, for example, there were two 
separate packages, with a total of around US$ 32 billion 
allocated to renewable energy.10 South Korea and China 
also included renewable energy investments in their 
stimulus spending programmes. An estimated US$ 194 
billion in green stimulus funding had been allocated 
to support clean energy globally, including renewable 
energy technologies, energy-smart technologies, 
carbon capture and storage, and transport (UNEP SEFI 
2011). Less than 10 per cent had actually been spent by 
the end of 2009, and just under half by the end of 2010. 
The delay reflects the time it takes for spending to be 
approved through administrative processes, and the 
fact that some projects were only formally presented 
after the programmes were announced.

The investments in renewable energy in emerging 
economies have been growing rapidly since 2005 (UNEP 
SEFI 201111). In that year OECD countries accounted for 
almost 77 per cent of global investment in renewable 
energy.12 By 2007, however, the share of non-OECD 
countries had risen to 29 per cent and further increased 
to 40 per cent in 2008 (Bloomberg New Energy Finance 
database). In 2008, for example, China was the second-
largest country for renewable energy investments after 
Spain, with the US ranking third. Brazil was ranked fourth 
and India seventh. China took the lead though in 2009, 
maintaining this position in 2010, with US$ 49 billion 
in new investment in renewable energy. Overall, from 
2005 to 2008, investments in renewable energy assets 
grew by more than 200 per cent in OECD countries, but 

9. The Emergency Economic Stabilization Act and the American Recovery 
and Reinvestment Act; these included the extension of the Production Tax 
Credits for wind and the Investment Tax Credit for solar.

10. The Emergency Economic Stabilization Act and the American Recovery 
and Reinvestment Act; these included the extension of the Production Tax 
Credits for wind and the Investment Tax Credit for solar.

11. See also previous editions of the UNEP SEFI Sustainable Energy 
Investment Trends Report (UNEP SEFI 2008a, 2009, 2010).

12. New financial investment in renewable energy excludes small scale 
systems, as well as corporate and government investment in R&D, which are 
included in Figure 5 and accounted for US$ 68 billion, or almost one-third, 
of the US$ 211 billion total in 2010 (UNEP SEFI 2011).
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by more than 500 per cent in non-OECD countries. In 
2010, new financial investments in renewable energy 
by developing countries, at US$ 72 billion, edged past 
the amount invested that year by developed countries, 
at US$ 70.5 billion (UNEP SEFI 2011). This recent rapid 
growth has led to predictions that developing economies 
may well soon have larger installed renewable energy 
generating capacity than the OECD countries (ITIF 2009, 
Pew Charitable Trusts 2010).

Among developing countries, by far the largest share 
of investments in renewable energy has been in the 
three large emerging economies of China, India and 
Brazil, which together account for almost US$ 60 billion, 
or 90 per cent. Other developing countries, while 
representing only 10 per cent of the total, are also 
experiencing accelerated growth, with Latin America 
(excluding Brazil) seeing investments almost tripling, 
Asia rising almost one-third, and Africa increasing five-
fold in 2010 (UNEP SEFI 2011). These investments tend 
though to be concentrated still in a limited number of 
countries. For renewable energy investments to expand 
on a large scale in other developing countries, however, 
major efforts are needed to develop infrastructure such 
as transmission and distribution systems, improve the 
functioning of financial markets and other institutions, 
and provide a supportive incentive framework.

In addition to installing significant renewable energy 
capacity, fast-growing emerging markets have also 
built up large equipment manufacturing industries in 
the sector, both for export to the global market and for 
local use. China has, for example, become the world’s 
largest producer of solar PV panels and solar water 
heaters. The government has supported investment 
in manufacturing capacity for renewable energies, for 
example, by establishing preferential electricity tariffs 
for the solar industry.

3 2 Technical advances and 
cost competitiveness

As renewable energy technologies have matured 
their costs have come down, making many of them 
increasingly competitive with other energy technologies. 
This section briefly reviews such developments, drawing 
on recent reviews of relative maturity and costs of 
different energy technologies (for example, IPCC 2011; 
IEA 2010b, c, d). 

Overall, the IPCC (2011) review of renewable energy 
technologies concluded that technical potential, at a 
global level, does not present a constraint to continued 

growth in the use of these technologies. In its assessment, 
the review also found that a growing number of these are 
technically mature and are being deployed at significant 
scale. Table 4 shows the stages of maturity of principal 
renewable energy technologies according to four stages 
of maturity: research and development; demonstration 
and deployment; diffusion; and commercially mature. The 
most mature technology is hydropower, which currently 
meets 16 per cent of the world’s electricity demand. Many 
hydropower installations are large-scale where impacts 
potentially can be significant on livelihoods, biodiversity, 
water supply, etc. In order to address potential adverse 
impacts installations should follow sustainability 
guidelines as developed by the World Commission on 
Dams or other best practices.13 Smaller-scale hydropower 
projects, by contrast, have fewer such impacts and have 
great potential in many developing countries. In terms 
of sustainable biomass applications, the production of 
sugarcane bioethanol-based transport fuels in Brazil 
is a commercially mature technology (see Box 3 in 
Section 5). Onshore applications of wind energy are also 
commercially mature, while offshore wind energy is in 
the diffusion phase and, in some situations, approaching 
the commercially mature phase. 

Solar energy technologies for heating purposes (low 
temperature solar thermal), are commercially mature 
and commonly used in many parts of the world. 
Solar PV for electricity in small-scale applications is 
approaching commercial maturity, such as solar roof-
top home systems or solar lanterns in off-grid areas, but 
is generally still dependent on subsidies or price support 
mechanisms. Concentrating solar thermal power has 
been in the demonstration and deployment phase for 
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Source: UNEP SEFI (2011)

13. For example, the International Hydropower Association’s Hydropower 
Sustainability Assessment Protocol; available at: http://hydrosustainability.
org/
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some time and diffusion has recently begun in a few 
locations. Geothermal energy can be harnessed for heat 
in almost any temperate climate, and in some locations 
also for power generation. It is mature in many countries, 
including among others Italy, Kenya, New Zealand, 
the Philippines and the United States; Iceland and El 
Salvador, for example, derive over 15 per cent of their 
electricity needs from geothermal sources (IPCC 2008). 

Diffusion and commercial maturity of many renewable 
energy technologies reflects ongoing, and in some 
notable cases rapid, improvements in their cost 
competitiveness. Figure 4 from the IPCC (2011) illustrates 
cost estimates (per kWh) under a levelised cost of 
energy analysis (LCOE) for principal renewable energy 
technologies, grouped according to three principal 
uses: electricity generation, heat and fuel for transport. 
The figure highlights the large range of variability of 
(unsubsidized) cost estimates for any given technology. 
For each of the three groups of technologies, the 
costs can be compared to a corresponding range from 
non-renewable technologies, which also depend on 
assumed prices for fossil fuels. Overall the IPCC review 
demonstrates that costs of renewable technologies are 
increasingly competitive with fossil fuel technologies, 

though this is dependent on specific circumstances, 
such as locations with favourable resource conditions 
or without other low-cost energy options. The analysis 
also indicates though that further rapid deployment is 
dependent on supporting policies (discussed below in 
Section 5). 

The IPCC (2011) review of renewable energy technologies 
also illustrates the pace at which costs have declined for 
some specific technologies. For example, average global 
PV module prices dropped from about US$ 22 per watt 
in 1980 to less than US$ 1.5 per watt in 2010 (IPCC 2011)14. 
Cost reductions are driven by R&D, achieving economies 
of scale, learning effects through deployment and 
increased competition among suppliers, although the 
relative importance of individual factors is not always 
fully understood. 

The importance of learning effects, which refers to the 
tendency for the costs of new technologies to decline 
as cumulative production or cumulative investment in 
R&D, and thus experience and know-how, increases is 

Table 4: Stages of technological maturity 
Source: Based on Table 1.3 in IPCC (2011)

Aquatic plant-derived fuels

Hydropower

Biofuels

Wind

Solar

Geothermal

Ocean

Higher-altitude wind generator

Research and Development Demonstration and 
Deployment Diffusion Commercially Mature

Solar fuels

Submarine geothermal

Ocean currents

Hydrokinetic turbines

Pyrolysis-based biofuels
Lignocellulose sugar-based biofuels

Wind kites

Solar cooling

Engineered geothermal systems

Wave
Tidal currents
Salinity gradients
Ocean thermal energy conversion

Gasification-based power
Lignocellulose syngas-based biofuels

Offshore, large turbine

Solar cooking
Concentrating PV
Concentrating solar thermal power

Run-of-river
Reservoirs
Pumped storage

Traditional usage
Cookstoves
Domestic heating
Small/large-scale boilers
Anaerobic digestion
Combined heat and power
Co-firing fossil fuels
Combustion-based power
Sugar and starch-based ethanol
Plant and seed oil-based biodiesel
Gaseous biofuels

Onshore, large turbines
Distributed, small turbines
Turbines for water pumping

Photovoltaic (PV)
Low temp solar thermal
Passive solar architecture

Direct use applications
Geothermal heat pumps
Hydrothermal, binary cycle
Hydrothermal, condensing flash

Tidal range

14. The IPCC (2011) cites Bloomberg New Energy Finance as the source of 
these price estimates, which are calculated in US$ with 2005 as the base 
year.
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The lower range of the levelised cost of energy for each RE technology is based on a combination of the most favourable input-values, whereas the upper range is based on a 
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Biomass Heat:
1. Municipal solid waste based CHP
2. Anaerobic digestion based CHP
3. Steam turbine CHP
4. Domestic pellet heating system

Solar Thermal Heat:
1. Domestic hot water systems in China
2. Water and space heating

Geothermal Heat:
1. Greenhouses
2. Uncovered aquaculture ponds
3. District heating
4. Geothermal heat pumps
5. Geothermal building heating

5. Palm oil biodiesel

Biofuels:
1. Corn ethanol
2. Soy biodiesel
3. Wheat ethanol
4. Sugarcane ethanol

Biomass:
1. Cofiring
2. Small scale combined heat and power, CHP 
    (Gasification internal combustion engine)
3. Direct dedicated stoker & CHP
4. Small scale CHP (steam turbine)
5. Small scale CHP (organic Rankine cycle)

Solar Electricity:
1. Concentrating solar power
2. Utility-scale PV (1-axis and fixed tilt) 
3. Commercial rooftop PV
4. Residential rooftop PV

Geothermal Electricity:
1. Condensing flash plant
2. Binary cycle plant

Hydropower:
1. All types

Ocean Electricity:
1. Tidal barrage

Wind Electricity:
1. Onshore
2. O�shore

Biofuels 

Notes: Medium values are shown for the following subcategories, sorted in the order as they appear in the respective ranges (from left to right):

Transport FuelsHeatElectricity

Figure 4:  Range in recent levelised cost of energy for selected commercially
available renewable-energy technologies
Source: IPCC (2011)
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illustrated by Table 5. This shows a range of percentage 
declines in the investment cost of various technologies 
associated with a doubling of cumulative production 
capacity.15 Thus, the investment costs of solar PV decline, 
on average, by between 18 and 28 per cent as production 
capacity is doubled, compared to a lower decline of 
between 5 and 7 per cent for advanced coal. In general, 
the learning rates are higher for less mature energy 
technologies, such as wind and solar, whose cumulative 
production capacity or knowledge stock is usually much 
smaller than conventional technologies. Consequently, 
the investment costs – and, hence, total production 
costs – may decline much faster over time for renewable- 
energy technologies than for conventional technologies.

Most importantly, the analysis does not take two forms 
of market distortions into account: energy subsidies, 
which heavily favour fossil fuel technologies, and the 
differences in unaccounted external costs, which are 
generally larger for fossil fuel technologies. These are 
reviewed in the next section.

3 3 Externalities, subsidies 
and cost competition

The considerable externalities generated by fossil fuel 
energy sources include both the current and future 
health impacts of various air and other pollutants, as 
well as the costs necessary to adapt to climate change 
and ocean acidification resulting from CO2 emissions. 
In many cases, there is a lack of political willingness to 
apply mechanisms to price these externalities. Failure to 
do so distorts the relative costs and returns of investing 
in renewable energy compared to fossil fuel alternatives.

The health externalities from fossil fuel energy usage 
are widespread and difficult to translate into monetary 
terms. In a recent study on global health, the World Health 
Organization found external environmental risks accounted 

for up to 10 per cent of the global death and disease 
burden; over half of which is a direct result of fossil fuel use 
(WHO 2009). ExternE, a project funded by the European 
Commission, cites increased morbidity rates, congestive 
heart failure, and a loss of IQ in children among the many 
externalities readily assessed due to air particulate matter 
and byproducts of fossil fuel combustion.16 A study from 
Harvard Medical School showed the true cost of energy 
from coal in the United States to include an externalised US$ 
0.27 per kWh (Epstein et al. 2011), compared to an average 
cost of energy production of US$ 0.09 per kWh of electricity 
production (EIA 2011). By way of comparison, a study of 
government energy subsidies to the fossil fuel industry by 
the Environmental Law Institute demonstrates US subsidies 
for coal in the same year at US$ 0.27 per kWh (ELI 2009).

Climate change-related externalities from fossil fuel 
combustion affect consumers directly through changes 
in weather patterns, loss of arable land/agricultural yield, 
increased water scarcity, and diminished ecosystems 
(NRC 2010). Largely a result of CO2 emissions, these 
impacts are difficult to assess in monetary terms and 
require complex cost-benefit analysis compared with 
energy usage. A study of the external cost of electricity 
production in the EU by the European Environmental 
Agency (EEA 2008) examined the specific damage costs 
associated with emissions of CO2, as well as impacts 
associated with other air pollutants (NOx, SO2, NMVOCs, 
PM10, NH3); in 2008 traditional fossil fuel electricity-
generation externalities were estimated to reach 25.9 
Eurocent/kWh (in the EU-27).

Figure 5, from the IPCC SRREN (2011), displays the 
additional cost (in US cents) per kilowatt hour of energy 
produced by the most common renewable and fossil 
sources over facility lifecycles, differentiating between 
costs in terms of health impacts and those due to climate 
change. The figure illustrates the wide range of estimates 
available for both categories of external costs. In 
general, external costs from generating electricity from 
coal or gas-fired plants produces higher externalities 
than renewable energy technology alternatives, with 
differences on the graph being larger than they appear 
due to the logarithmic scale. In addition, the median 
external costs of climate change impacts from the use 
of coal or gas for electricity generation exceed the 
health impacts by about one order of magnitude.17 
There is evidence, though, indicating that an integrated 
approach addressing both air pollutants and GHG 
emissions can be considerably less costly than dealing 

Table 5: Learning rates of electricity-generating 
technologies
Learning rates of electricity-generating technologies 
in bottom-up energy system models (per cent)
Sources: Messner (1997), Seebregts et al. (1999), Kypreos and Bahn (2003), and Barreto 
and Klaassen (2004)

Technology Investment cost reduction (%)

Advanced coal 5-7

Natural gas 
combined cycle 10-15

New nuclear 4-7

Fuel cell 13-19

Wind power 8-15

Solar PV 18-28

15. These rates have been either assumed or estimated econometrically, 
based on expert knowledge or empirical studies. For a review of the 
literature on learning curves, including 42 learning rates of energy 
technologies, see McDonald and Schrattenholzer (2002) and Junginger et 
al. (2008).

16. See http://www.externe.info/

17. Except where carbon capture and storage (CCS) is potentially possible.
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with those issues separately (IPCC 2007), strengthening 
the argument for taking measures to control air pollution. 

The size of the externalities calculations indicates that 
various renewable technologies would already be 
competitive if important external costs were internalised 
to producers and consumers, but are primarily 
illustrative as there are acknowledged uncertainties in 
climate-change modelling and the calculation of the 
resulting damage costs. Because these external costs are 
not adequately reflected in energy prices, consumers, 
producers and decision-makers do not receive accurate 
price signals that are necessary to reach decisions about 
how best to use resources. 

Governments should, though, consider these externalities in 
formulating policy and strategy for the energy sector. Table 
6 by the European Commission (2008) is an example of how 

incorporating the external costs of CO2 emissions, together 
with expected cost reductions for various technologies can 
alter the competitiveness, in economic terms, of renewable 
energy technologies in the EU. The table, providing a 
range of estimates for various technologies, under a 
moderate fuel-price scenario illustrates how some sources 
of renewable electricity – in particular hydro and wind – 
can compete with fossil fuels and nuclear technologies in 
the EU. It also shows that in the EU the production cost of 
electricity from on-shore wind could soon be competitive 
with natural gas technologies. For biomass in the EU, the 
wide range reflects uncertainties in the costs of biomass. 
Costs of other renewable energy technologies, namely 
those for which only prototypes presently exist, are still 
significantly higher than conventional technologies.18 
The cost of electricity generated in the EU by solar PV is 
projected to fall by around a factor of three by 2030, but 
it is expected to remain considerably more expensive than 
that generated by other sources.

Table 6 also illustrates the important role played by 
the carbon price in assessing the cost-competitiveness 
of renewable energy generation compared with that 
derived from fossil fuels. The scenarios assume that 
each tonne of CO2 directly emitted attracts a levy of  
€ 0/ tCO2 in 2007, € 41/tCO2 in 2020 and € 47/tCO2 in 
2030. This assumes a relatively steep rise compared 
with the current (2011) levels of € 10-15, highlighting 
the potential of carbon markets (see Box 1).19 If the 

Renewable Energy
(B) Solar Thermal
(B) Geothermal
(B) Wind 2.5 MW O�shore
(B) Wind 1.5 MW Onshore
(C) Wind O�shore
(B) Hydro 300 kW
(B) PV (2030)   
(B) PV (2000)  
(C) PV Southern Europe
(C) Biomass CHP 6 MWel 
(D) Biomass Grate Boiler ESP 5  
      and 10 MW Fuel  

Coal Fired Plants
(A) Existing US Plants
(B) Coal Comb.C n=46%
(B) Coal n=43%
(B) Lignite Comb.C n=48%
(B) Lignite n=40%
(C) Hard Coal 800 MW
(C) Hard Coal Postcom. CCS
(C) Lignite Oxyfuel CCS

Natural Gas Fired Plants
(A) Existing US Plants
(B) Natural Gas n=58%
(C) Natural Gas Comb.C
(C) Natural Gas Postcom.CCS

Health

Climate Change

1010.10.01
External Costs [US$ cent/kWh] 

Figure 5: External costs of energy sources related to global health and climate change (logarithmic scale)
Source: IPCC (2011)

18. Note that steam cycle power plants require a reliable supply of 
water that in many areas is an increasingly valuable commodity subject 
to competing uses.  Hence the analysis presented in Table 6 makes 
conservative assumptions concerning production costs of electricity from 
fossil fuels. 

19. The Fourth Assessment Report of the IPCC (2007) reviewed damage 
cost estimates in peer-reviewed literature at the time of preparation of the 
assessment (up to 2005), reporting an average of US$ 12 per tonne of CO2, 
and an upper bound at US$ 95 per tonne of CO2. As discussed below, a more 
recent review by the German Aerospace Centre and Fraunhofer Institute for 
System and Innovation Research (DLR/ISI, 2006) proposed a much higher 
range of € 15-280 per tonne of CO2, based primarily on a modelling report 
for the UK Department for Environment, Food and Rural Affairs (DEFRA).
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full range of externalities from carbon emissions such 
as air pollution-related health hazards were included 
in carbon pricing, the relative position of renewable 
energy would be strengthened considerably. Minimum 
standards on fossil-fuel plants, which would raise the 
production costs of fossil fuels, could also increase the 
competitiveness of renewable energy.

The competitive position of renewable energy would 
be strengthened if subsidies for fossil fuels were also 
phased out. In many developing countries, government 
support to the energy sector is used to decrease the 
price of energy consumption to below market levels 
in the belief that this will reduce poverty and spur 
economic growth. Economically, the most efficient 
approach to making renewable energy attractive for 
large-scale market penetration is to remove all subsidies 
on fossil fuel and impose a price on carbon (for example 
through fossil-fuel taxes), and then to use the proceeds 
to subsidise renewable energy for a set duration and to 

provide targeted subsidies to poor households. Phasing 
out fossil-fuel subsidies is difficult because doing so has 
impacts throughout the economy and affects those with 
vested interests. Any politically-viable reform would 
thus have to be well planned and probably phased in 
gradually.

Using a price-gap methodology, IEA estimated that 
fossil-fuel-related consumption subsidies amounted 
to US$ 342 billion in 2007 (IEA 2010d), US$ 557 billion 
in 2008 (IEA, OPEC, OECD and World Bank 2010), when 
fossil-fuel prices rose to particularly high levels, and 
US$ 312 billion in 2009 (IEA 2010d). Subsidies for 
producers of fossil fuels are estimated to be in the order 
of US$ 100 billion per year (GSI 2009). This support, 
totalling approximately US$ 500-700 billion per year, 
for conventional energy (mostly fossil fuels) creates 
an uneven playing field for the adoption of renewable 
energy. By comparison, the IEA (2010d) estimated 
government support for electricity from renewables and 

Table 6: Energy technologies for power generation in the EU – moderate fuel price scenario
Source: European Commission (2008)

Energy 
source Power generation technology Production cost of electricity (COE) Life cycle GHG emissions

State-of-
the-art 

2007
€ 2005/MWH

Projection 
for 2020

€ 2005/MWH

Projection 
for 2030

€ 2005/MWH

Net 
efficiency 

2007

Direct 
(stack) 

emissions
Kg CO2/MWh

Indirect 
emissions

Kg CO2eq/MWh

Life cycle 
emissions

Kg CO2eq/MWh

Fuel price 
sensitivity

Natural 
gas

Open cycle gas turbine (GT) - 65-75b 90-95b 90-100b 38% 530 110 640 Very high

Combined cycle gas turbine 
(CCGT)

- 50-60 65-75 70-80 58% 350 70 420 Very high

CCS n/a 85-95 80-90 49%c 60 85 145 Very high

Oil

Internal combustion diesel 
engine - 100-125b 140-165b 140-160b 45% 595 95 690 Very high

Combined cycle oil-fired 
turbine - 95-105b 125-135b 125-135b 53% 505 80 585 Very high

Coal

Pulverised coal combustion 
(PCC)

- 40-50 65-80 65-80 47% 725 95 820 Medium

CSS n/a 80-105 75-100 35%c 145 125 270 Medium

Circulating fluidised bed 
combustion (CFBC) - 45-55 75-85 75-85 40% 850 110 960 Medium

Integrated gasification 
combined cycle (IGCC)

- 45-55 70-80 70-80 45% 755 100 855 Medium

CSS n/a 75-90 65-85 35%c 145 125 270 Medium

Nuclear Nuclear fission - 50-85 45-80 45-80 35% 0 15 15 Low

Bio-
mass

Solid biomass - 80-195 85-200 85-205 24%-29% 6 15-36 21-42 Medium

Biogas - 55-215 50-200 50-190 31%-34% 5 1-240 6-245 Medium

Wind
On-shore farm - 75-110 55-90 50-85 - 0 11 11

Nil
Off-shore farms - 85-140 65-115 50-95 - 0 14 14

Hydro
Large - 35-145 30-140 30-130 - 0 6 6

Nil
Small - 60-185 55-160 50-145 - 0 6 6

Solar
Photovoltaic - 520-850 270-460 170-300 - 0 45 45 Nil

Concentrating solar power - 170-250d 110-160d 100-140d - 120d 15 135d Low

a. Assuming fuel prices as in “European Energy and Transport: Trends to 2030 – Update 2007” (barrel of oil US$ 54.5 (US$-2005) in 2007 and US$ 63 (US$-2005) in 2030). b. Calculated assuming base load 
operation. c. Reported efficiencies for carbon capture plants refer to first-of-a-kind demonstration installations that start operating in 2015. d. Assuming the use of natural gas for backup heat production.
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for biofuels at US$ 57 billion in 2009. Realigning these 
subsidies is the most obvious way to alter the market 
advantage in favour of sustainable energy production, 
as was recognised by the G20 in 2009 when it pledged to 
phase out “inefficient and wasteful” fossil-fuel subsidies 
(Victor 2009; GSI 2009, 2010). The IEA has calculated that 
a complete removal of consumption subsidies would 
reduce CO2 emissions by 5.8 per cent, or 2 Gt, in 2020 
(IEA 2010d).

3 4 Employment potential 
in renewable energy

Employment in the renewable energy sector has become 
substantial – in 2010 more than 3.5 million people 
worldwide were estimated to be working either directly 
or indirectly in the sector. A small group of countries 
currently account for the majority of jobs, especially 

Brazil, China, Japan, Germany and the United States 
(see Table 8). China accounts for the largest number, 
with total employment in renewable energy in 2010 
estimated at more than 1.1 million workers (Institute 
for Labor Studies et al. 2010). In Germany, the industry 
employed 278,000 people in 2008, with 117,500 new 
jobs having been created since 2004 (UNEP, ILO, IOE and 
ITUC 2008). These five countries are also those with the 
largest investments in renewable energy assets, R&D, 
and production.

Among technologies, wind energy generation has 
undergone particularly rapid growth, jobs having more 
than doubled from 235,000 in 2005 to 550,000 in 2009 
(WWEA 2010). The most dynamic growth took place in 
Asia, where employment grew by 14 per cent between 
2007 and 2009, followed by North America. Among 
power generation options, solar PV offers the higher 
employment rates, though this is likely to decrease 

Box 1: Carbon markets

Carbon markets are an instrument for reducing 
carbon emissions and targeting greenhouse-gas 
externalities from fossil-fuel use. They are essentially 
a group obligation to limit the total emissions of 
specified sources. A limited amount of tradable 
emission allowances are sold or given gratis, thus 
creating an artificial market from which a carbon price 
can emerge. This price imposes extra costs on the use 
of fossil fuels, making non-fossil based alternatives 
more competitive. These alternatives can include not 
only renewables, but also energy-efficiency measures, 
nuclear power generation, carbon capture and storage 
(CCS) and the reduction of non-CO2 greenhouse 
gases. As of 2010, the two most prominent schemes 
for developing markets for carbon emissions are the 
EU Emissions Trading Scheme (EU-ETS) and the Clean 
Development Mechanism (CDM). These are actually 

interlinked as the ETS is the principal market in which 
CDM credits are traded. Owing to the low current 
carbon prices and uncertainty about their future 
levels, however, carbon pricing mechanisms have not 
yet led to large-scale deployment of renewables.

The return on investment for renewable energy 
projects, relative to fossil fuel alternatives, is sensitive 
to both the carbon price and market power prices, 
in addition to the specific support measures for 
renewables. The carbon price is in turn sensitive to 
policy decisions. Table 7 illustrates, for example, that 
wind energy, assuming set capital and operating 
costs, can go from being an expensive carbon 
mitigation option at low natural gas prices, to a cost-
effective technology in its own right at higher natural 
gas prices.

Table 7: Mitigation project costs per tonne of CO2 (US$ at 2007 prices), given different values for 
natural gas prices
Source: Ecosecurities Consulting (2009)

Typical project
Natural gas price

US$ 2.00/MMBtu US$ 4.00/MMBtu US$ 8.00/MMBtu

Coal mine methane capture US$ 5.77 US$ 0.79 Negative

Large-scale wind energy US$ 47.08 US$ 8.50 Negative

Coal-to-gas fuel-switching* US$ 15.12 US$ 72.44 US$ 187.07

Pulverised coal CO2 capture** US$ 279.99 US$ 220.86 US$ 102.59

* Assumes coal prices stay constant. ** Lost electricity sales are assumed due to the energy penalty associated with CO2 capture.
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alongside PV cost declines (see Table 9) which does not 
incorporate more recent cost declines from the last five 
years20). 

Further growth in employment in renewable energy 
generation will depend on such factors as the size of 
investment, the choice of available technologies to invest 
in, further maturing of technologies, overall progress in 
economic development, market size, national regulation, 
and the quality and cost of the labour force. The Green Jobs 
Report (UNEP, ILO, IOE and ITUC 2008) estimated that, with 
strong policy support, up to 2.1 million people could be 
employed in wind energy and 6.3 million in solar PV by 2030. 

More recently, Bloomberg New Energy Finance 
conducted a green jobs analysis on the wind and solar 

sectors in 2009. The findings were that the solar sector 
could expect significant net job creation between 
2008 and 2025 (from 173,000 to 764,000), although 
the wind sector would only see modest gains (from 
309,000 to 337,000). These more modest numbers for 
wind reflect the current policy environment, as well 
as ongoing technological developments, in particular 
sharp increases in productivity and thus lower demand 
for labour. Jobs created by the renewable energy 
sector can be safer, in terms of potential health risks, 
compared to employment within the fossil fuel energy 
sector, ensuring longer term employment periods and 
increased human capital (IPCC 2011).

Large-scale electricity technologies with high up-
front investments are capital intensive, whether 
renewable or conventional (see Table 9). Biomass, as 
well as coal production and transport are, by contrast, 
labour intensive. Small-scale technologies tend to be 
labour intensive in manufacturing and installation. In 
general, for most renewable energy technologies, the 
manufacturing, construction and installation phases are 
the ones that offer the greatest job-creation potential. 
The opposite is true for fossil-fuels such as coal and 
natural gas.

In some cases, the growth of employment in the 
renewable energy industry may compensate for some job 
losses elsewhere in the energy sector, at least in aggregate 
terms if not for individual workers. A recent study in 
Aragon, Spain, for example, found that the renewable 

Table 8: Employment in renewable energy, by technology and by country
Source: REN21 (2011)

Estimated employment worldwide Selected national estimates

Denmark Germany Italy Japan Spain US Brazil China India

Technology

Biofuels > 1,500,000 730,000

Wind power ~ 630,000 24,000 100,000 28,000 40,000 85,000 14,000 150,000 10,000

Solar hot water ~ 300,000 7,000 250,000

Solar PV ~ 350,000 120,000 26,000 14,000 17,000 120,000

Biomass power - 120,000 5,000 66,000

Hydropower - 7,000 8,000

Geothermal - 13,000 9,000

Biogas - 20,000

Solar thermal power ~ 15,000 1,000 1,000

Total > 3,500,000
Notes: 
> : at least
~: approximately
Estimates are rounded to nearest 1,000 or 10,000 as all numbers are rough estimates and not exact. Estimates come from different sources, detailed in REN21 (2011), some of which have been calculated based on installed capacity. There are significant 
uncertainties associated with most of the numbers presented here, related to such issues as accounting methods, industry definition and scope, direct vs. indirect jobs, and displaced jobs from other industries. Despite the existence of some national estimates 
for employment in biomass power, hydropower and geothermal, there are no reliable estimates of worldwide employment.

Table 9: Average employment over life of facility 
(jobs per megawatt of average capacity)
Source: UNEP, ILO, IOE and ITUC (2008)

Average emplyment over life of facility
(Jobs per megawatt of average capacity)

Manufacturing, 
construction, 

instalation

Operating & 
maintenance/
fuel processing

Total

Solar PV 5.76-6.21 1.20-4.80 6.96-11.01

Wind power 0.43-2.51 0.27 0.70-2.78

Biomass 0.40 0.38-2.44 0.78-2.84

Coal-fired 0.27 0.74 1.01

Natural gas-fired 0.25 0.70 0.95

Note: Based on findings from a range of studies published in 2001-04. Assumed capacity factor is 
21% for solar PV, 35% for wind, 80% for coal, and 85% for biomass and natural gas.

20. More recent studies (for example, Wei et al. 2010), not captured in 
Table 9. show continued cost declines for renewable energy technologies, 
including  lower employment factors.
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energy industry generates between 1.8 and 4 times more 
jobs per MW installed than conventional sources (Llera 
Sastresa et al. 2010). China’s growing labour force in 
renewable energy generation may be partially offset by 
job losses, estimated at more than half a million by the 
Chinese Academy of Social Sciences, resulting from the 
closing of more than 500 small inefficient power plants 
between 2003 and 2020 (Institute for Labor Studies et 
al. 2010). Presumably, labour retrenchment will take the 
form of not replacing workers that retire. In other cases, 
redeployment of workers to other sectors will be needed, 
accompanied by targeted retraining programmes.

3 5 Investment required 
for renewable energy

Forecasts for future investment needs are based on 
estimated costs of meeting climate change mitigation 
targets, while still satisfying the growing demand for 
energy. For the 450 ppm scenario, the IEA’s World Energy 
Outlook 2010 (IEA 2010d) projects that a total additional 
investment in low-carbon technologies and energy 
efficiency (not only renewable energy) of US$ 18 trillion 
is needed in the period 2010 to 2035.21 Only US$ 2.2 
trillion (or 12 per cent) is incurred in the first 10 of these 
25 years, but more than half in the second decade, 2020-
2030. The World Energy Outlook 2010 does not specify 
the proportion or amount of these totals to be devoted 
only to renewable energy, but analysis in the previous 
year’s Outlook estimated the needed investments in 
renewables by 2020 at US$ 1.7 trillion under the 450 
ppm scenario (IEA 2009a).

There are a number of other analyses with varying 
estimates of the investments required in renewable 
energy. The World Economic Forum (2010) suggests 
that to limit the global average temperature increase 
to 2°C, global investment in clean energy needs to 
reach US$ 500 billion per annum by 2020, while current 
policies imply that this figure would likely only reach 
US$ 350 billion per annum by 2020. Greenpeace and 
the European Renewable Energy Council (Greenpeace/
EREC 2010) estimate that a total additional investment 
in renewable energy over 2007-2030 of US$ 9.0 trillion 

(averaging US$ 390 billion per year) is required for the 
“Advanced Energy [R]evolution scenario”.22 The target of 
this scenario is the reduction of CO2 emissions down to 
a level of around 10 Gt per year by 2050, and a second 
objective of phasing out of nuclear energy.23 

New Energy Finance estimated that for CO2 to peak 
before 2020, annual investments in renewable energy, 
energy efficiency and carbon capture and storage need 
to reach US$ 500 billion by 2020, rising to US$ 590 
billion by 2030.24 This represents an annual average 
investment of 0.44 per cent of GDP between 2006 and 
2030. In summary, various sources estimate the capital 
investments into renewable energies required for 
mitigating climate change to be around US$ 500 billion 
per year until 2020.

For climate mitigation, however, it is not only the scale of 
investments into renewable energy capacity that is crucial, 
but also the timing of these investments. This is due to 
the risk of  locking-in a high-carbon power infrastructure 
because the energy sector is characterised by long life 
spans of power plants and distribution infrastructure 
(see Table 10). The carbon emissions in the decades to 
come are, therefore, determined by today’s investment 
decisions. The early retirement or retrofitting of power 
assets, for example, tends to be very expensive and careful 
transition strategies are therefore needed (Blyth 2010).

Some studies also show that any significant delays in 
action by governments and the private-sector to move 
the energy sector onto a low-carbon growth path 
will lead to significantly higher costs to reach a given 
mitigation target. For example, the IEA (2009a) estimates 
that every year of delay in moving the energy sector 
onto the 450 ppm trajectory would add approximately 
US$ 500 billion to the global costs for mitigating climate 
change. Such modelling is sensitive to assumptions 
about marginal abatement costs at different points in 
time, but the outcomes are broadly consistent with other 
studies. Another study (Edmonds et al. 2008) estimates 
that delaying mitigation actions in developing countries 
after 2012 could double the total discounted costs to 

Table 10: Lifespan of selected power and 
transportation assets
Source: Stern (2006)

Infrastructure Expected lifetime (years)

Hydro station 75++

Building 45+++

Coal station 45+

Nuclear station 30-60

Gas turbine 25

Aircraft 25-35

Motor vehicle 12-20

21. These estimates are additional to investment costs projected under the 
Current Policies Scenario.

22. The total projected investment over 2007-2030 in renewable energy 
for the Reference scenario is US$ 5.1 trillion and for the Advanced Energy 
[R]evolution, US$ 14.1 trillion. The IPCC (2011) selected this scenario as 
one of four illustrative scenarios, out of its review of 164 scenarios from 16 
different large-scale models. The Advanced Energy [R]evolution represents 
a scenario in which considerable investments are made in reducing growth 
in energy demand, and without the use of CCS to reduce GHG emissions.

23. The [R]evolution scenario has a similar target, but assumes a technical 
lifetime of 40 years for coal-fired power plants, instead of 20 years; the 
estimated additional investment needed for this scenario averages to US$ 
229 billion per year above the Reference scenario.

24. As quoted in UNEP SEFI (2009).
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society by year 2020, with even greater cost increases by 
years 2035, and 2050, respectively.

It is important to note that the estimated costs of 
eliminating energy poverty are much smaller than 
estimates of energy investments to cope with growing 
energy demand or to address the challenge of mitigating 
climate change. In April 2010, the UN Secretary-General’s 
Advisory Group on Energy and Climate Change (AGECC 
2010) published a report, which estimates the required 
capital investment for universal modern energy access 
to meet basic needs25 to be US$ 35-40 billion per year 

through 2030. For improving energy efficiency in low-
income countries, the same report estimates the need 
for an average of US$ 30-35 billion per year. A portion 
of these costs could be accounted for by renewable 
energy technologies (as discussed in section 2 above). A 
bigger push to invest in renewable energy more broadly 
need not, though, come at the expense of the relatively 
modest costs of ensuring universal access to modern 
energy.

25. Energy required for cooking, heating, lighting, communication, 
healthcare and education.
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4  Quantifying the implications of 
investing in renewable energy

To assess the implications of increasing investments in 
greening the world economy, including greening the 
energy sector, the Millennium Institute (MI) conducted a 
quantitative analysis based on its Threshold 21 national 
model (T21) adapted for the purpose of the global 
Green Economy Report (T21-Global). Described in more 
detail in the modelling chapter, T21-Global is a system 
dynamics model of the global economy in which the 
economic, social, and environmental spheres interact 
with each other.

This modelling exercise covers both energy supply and 
demand. Energy supply is broken down into electricity 
and non-electricity. It includes a variety of fossil-fuel 
sources as well as nuclear, biomass, hydro and other 
renewable sources. Fossil-fuel production is based on 
stocks and flows, including discovery and recovery 
processes. Fossil-fuel prices are endogenous in the model, 
i.e. determined as a result of the interactions between 
the forces of supply and demand considered within the 
model. Energy demand is determined by GDP, energy 
prices, and technology (i.e. level of energy efficiency), 
and is disaggregated by source according to the IEA 
classification. In the model, GDP is also dependent on 
energy demand, which implies a feedback mechanism 
that plays an important role in the various scenarios.

The scenarios modelled for the next few decades up to 
2030 and 2050 include: 1) business-as-usual (BAU), which 
is based on the historical trajectory and assumes no major 
change in policy and external conditions; 2) allocating 1 
or 2 per cent of the global GDP as additional investments 
into business as usual – BAU1 and BAU2 respectively; and 
3) allocating 1 or 2 per cent of the global GDP as additional 
investments to green 10 economic sectors – G1 and G2, 
respectively. Under G2, the energy sector receives a much 
larger allocation, bringing the analysis closer to the policy 
targets of reducing GHG emissions to levels necessary to 
maintain atmospheric concentrations of CO2 at 450 ppm. 
The presentation below focuses, therefore, on G2 and its 
comparison with BAU2.26

4 1 Business-as-usual (BAU)

The BAU scenario in the GER modelling analysis is similar 
to the WEO 2009 Reference Scenario27 (IEA 2009a), in 
which world energy resources are generally adequate to 
meet demand in the foreseeable future. With respect to 
oil, however, the long-term picture is of serious concern, 
even with a peak of conventional oil projected to take 
place after 2035.

This BAU scenario should be interpreted as representing 
how energy use would evolve over the next 40 years if 
current trends were simply extrapolated. This assumption, 
however, ignores important potential consequences of 
climate change on economic activity or other aspects of 
human well-being, and is thus optimistic in terms of the 
likely implications of following a BAU path.

In the BAU scenario, the current growth (2.4 per cent 
annually) of world primary energy demand slackens 
between 2010 and 2050 to an average yearly increase 
of 1.2 per cent, due to slowing population growth and 
economic growth. Despite slower growth, however, 
global energy demand still increases by about one-third, 
from approximately 13,000 Mtoe today to almost 17,100 
Mtoe in 2050. Similarly, world electricity demand would 
continue to grow, but at a much slower pace (from 
above 3 per cent now to 1.1 per cent per year by 2050).

Under BAU, fossil fuels remain the dominant source of 
energy, with a constant share of about 80 per cent through 
to 2050. Currently, renewable energy supplies some 13 
per cent of world’s energy demand, most of which is 
traditional biomass and large-scale hydropower. Under the 
BAU scenario, energy from modern renewables (excluding 
hydro, traditional biomass and agricultural waste and 
residues) would continue to register the strongest – but 
gradually reduced – growth rates (from around 3 per cent 
per year now to 1.1 per cent during 2030-2050).28 Among 
the other sources in the energy mix, nuclear energy 
continues to expand, but the annual growth rate in supply 
drops from 1.3 per cent in short term to 0.6 per cent in the 
long run. Constant growth of coal and natural gas (1.3 per 
cent and 1.5 per cent annual growth respectively) and the 
projected decline in oil in the mid to longer term allows 
coal and natural gas to account for the largest shares of 
demand: 24 per cent for natural gas, 33 per cent for coal 

26. More detail on the scenarios, including G1, is presented in the 
modelling chapter.

27. At the global aggregated level, this is also reasonably similar to the 
WEO 2010 (IEA 2010d) Current Policies Scenario. 

28 Increases in the supply of energy from modern renewables are more 
modest than growth in total investments reviewed in Section 3.1, as the 
latter include total financial investments.
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and 24 per cent for oil in 2050. The share of other sources of 
energy remains almost constant through to 2050.

With respect to energy end-uses, the transport sector 
surpasses industry under BAU to become the largest 
energy consumer (29 per cent) by 2050. The annual growth 
rates for transport and industry are 1.4 per cent and 1.0 
per cent respectively. The residential sector, which is most 
directly influenced by population growth, is projected 
to exhibit the fastest growth throughout the simulation 
period (1.7 per cent per year) to reach 28.9 per cent of 
total energy demand in 2050. All these trends imply that 
under BAU, energy-related CO2 emissions will grow from 
28 Gt in 2007 to 41 Gt in 2030, and 50 Gt in 2050.

4 2 Green investment scenarios

The renewable energy subsector receives an additional 0.52 
per cent of global GDP in the G2 scenario, on top of current 
investment and capacity trends in the sector.29 These 
investments are mostly directed into the supply of renewable 
energy. A considerable portion of the remainder of the 
investment portfolios is also invested in energy efficiency, 
particularly in the transport, buildings and industry sectors. 
Such investments on the demand side interact with supply-
side investments, particularly through the (endogenised) 
price for fossil fuels. The effects of investments in curbing 
the growth of demand are discussed in other chapters, but 
are also summarised in this section.

The following is a discussion on the different results 
from G2 and BAU, focusing on energy savings on the 
demand side, the penetration rate of renewable energy 
on the supply side, jobs and GHG emissions. The effects 
on GDP at the global aggregate level are covered in the 
modelling chapter of this report, as it is difficult to isolate 
such effects by inter-related sectors such as energy 
and manufacturing. As mentioned above, compared 
with G1 the allocation of additional investments under 
G2, with a heavy concentration on energy supply and 
use, is designed to achieve the maximum reduction 
in emissions, based on existing knowledge and 
assumptions.

Effects on energy demand – achieving energy savings 
Under the G2 scenario, additional green investments 
totaling US$ 651 billion (at constant US$ 2010 prices, 
same unit for monetary values below) per year over the 
next 40 years are allocated to improve efficiency for end-
use energy demand.30 These are concentrated in power 
use (across sectors) and in fuel use in both industry (see 
also HRS-MI 2009) and transport (transport investments 
are analysed in detail in the Transport chapter as funds 
are mostly allocated to the expansion of the public 
transport network as opposed to increased efficiency).

Under G2, these energy savings efforts curb total 
primary energy demand by 15 per cent by 2030 and by 
34 per cent by 2050, compared with BAU, with demand 
reaching 14,269 Mtoe in 2030 and 13,051 Mtoe in 2050. 
Total fossil-fuel demand is 41 per cent lower than under 
BAU in 2050.31 The lower energy consumption generates 
considerable savings on energy expenditure. Avoided 
capital and fuel costs in the power sector, for example, 
result in savings averaging US$ 760 billion per year 
between 2010 and 2050. As explained above and in other 
chapters, these results are driven by the expansion of the 
public transportation network (rail and buses) and by 
improvements in energy efficiency (e.g., in the industrial 
and buildings sector), as well as the increased use of 
renewable energy and energy recovered from waste.

Effects on energy supply – raising the penetration rate 
of renewable energy
In G2, the energy supply sector receives additional 
investments of US$ 656 billion per year between 2010 and 
2050 to expand biofuel production and power generation 
using renewables. The unit costs of investments applied in 
the simulations are based on estimates in the IEA’s Energy 
Technology Perspectives 2010 (IEA 2010b) and a range 
of other published sources (detailed in the Modelling 
chapter and its technical annex).32

Additional investments in energy supply go to both 
the use of renewables in power generation and biofuel 
production. Fifty per cent of the additional investment 
(US$ 327 billion (G2) per year over the 40-year period) is  
allocated to power generation.33 The power-generation 
investment is further divided into nine areas: eight 
power-generation options plus carbon capture and 
storage (CCS). Two of the renewable power- generation 
options dominate:

 ■ Solar power generation: 35 per cent of power-
generation investment (additional US$ 63 billion in 2011 
under G2) with an average additional investment of US$ 
114 billion per year over the 40-year period.

29. As published and projected by IEA (2010b, 2010d).

30. These are investments in the remainder of the G2 investment portfolio, 
as described above; i.e. G2 allocates 0.52 per cent of GDP of investments to 
renewable energy supply, and an additional portion of the total 2 per cent 
of GDP portfolio to energy efficiency in the sectors described.

31. Somewhat similarly, fossil fuel demand is 48 per cent lower under G2, 
compared to BAU2.

32. In general, the scenarios do not significantly alter current trends of 
development of nuclear energy, and the potential for developing carbon 
capture and storage (CCS) is kept fairly modest, in order to focus the 
analysis on renewable sources.

33. It is important to recall that the amounts of investment modeled in 
the G2 scenario (and also G1) are additional to existing investment trends 
in the energy sector, including in renewable energy sources. The amounts 
cited here for the investment scenario are therefore substantially lower 
than figures of total investment, for example, in renewable energy, as 
published by Bloomberg New Energy Finance, UNEP SEFI and others, that 
are elsewhere in this chapter.
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 ■ Wind power generation: 35 per cent of power 
generation investment in 2011, declining to 15 per cent 
in 2050 (additional US$ 63 billion in 2011 under G2), 
with an average additional investment of US$ 76 billion 
per year over the 40-year period.

Biofuel production accounts for the other 50 per cent of the 
energy investment, with an average additional investment 
of US$ 327 billion per year over the 40-year period under 
G2. Increments in biofuel production are assumed to shift 
from first generation to second generation biofuels, using 
agricultural residues. In general, second-generation biofuels 
considerably reduce the pressure on diverting agricultural 
land from food production in the simulations.34 In 2025 and 
2050, the production of second-generation biofuels, from 
agricultural and forestry residues, is projected to reach 490 
billion litres of gasoline equivalent (lge) and 844 billion lge, 
meeting 16.6 per cent of world liquid fuel consumption 
by 2050 (21.6 per cent when first generation biofuels are 
also considered). Around 37 per cent of agricultural and 
forestry residues would be needed in the G2 scenario. In 
case residues above 25 per cent are not available or usable 
(as indicated by the IEA 2010b), marginal land is assumed to 
be used for growing crops for biofuels. 

The substitution of investments in carbon-intensive 
energy sources for investment in clean energy will 

increase the penetration rate of renewables to 27 per 
cent of total primary energy demand by 2050 under G2, 
compared with 13 per cent under BAU. In the power sector, 
renewables (including hydro, waste, wind, geothermal, 
solar, tidal and wave) will account for 45 per cent of total 
electricity generation by 2050, substantially higher than 
the 24 per cent under BAU. The share of fossil fuels, coal in 
particular, will decline accordingly to 34 per cent in 2050, 
compared with 64 per cent in the BAU scenario, mostly 
due to the expansion of renewables (Figure 6, Figure 7, 
and Table 11). Table 11 compares the resulting energy mix 
under G2 to the IEA’s BLUE Map 450 Scenario as published 
in the ETP 2010 (IEA 2010b). The results are similar in 
terms of renewables penetration and differ primarily in 
terms of the lower share of nuclear energy in G2, as this 
technology is not targeted with additional investments. 
As discussed below, this partly explains the fact that 
the G2 scenario does not receive the same amount of 
emissions reduction as the BLUE Map 450 Scenario. 

In general, G2 can be seen as conservative relative to 
some more ambitious scenarios that have been modeled 
by other. The results of G2 are relatively close, though, 
to the median found by the IPCC (2011) in their review 
of 164 global scenarios from 16 different large-scale 
integrated models.35 These scenarios cover a wide range 
of renewable energy penetration rates, with the highest 
reaching approximately 43 per cent of primary energy 
supply in 2030 and 77 per cent in 2050. More than half of 
the reviewed scenarios resulted in the share of renewable 
energy in primary energy supply reaching at least 17 per 
cent by 2030, and at least 27 per cent by 2050, compared 
with 19 per cent and 27 per cent, respectively, under G2. 
On the other hand, most baseline scenarios reviewed by 
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Figure 7: Trends in BAU and G2 scenarios: power 
generation (left axis) and renewable penetration 
rate in power sector (right axis)

Figure 6: Trends in BAU and G2 scenarios in total 
energy consumption (left axis) and renewable 
penetration rate (right axis)

34. Note that investments in the agricultural sector, as part of the green 
investments scenarios, are also increasing the productivity of land, thus also 
reducing the potential conflict between biofuels and food production.

35. The IPCC (2011) review was conducted before the GER modelling 
results were published; see Krey and Clarke (2011) for more details of the 
IPCC review, which does cover studies published during or after 2006. Of 
the 164 scenarios reviewed, 26 (about 15 per cent) constitute baseline 
scenarios.
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the IPCC show moderately stronger deployment of RE 
than BAU from the GER modelling.

Effects on employment – increasing jobs from 
greening the energy sector
The total employment in the energy supply sector is 
projected to decrease slightly over time in the BAU scenario, 
from 19 million in 2010 to 18.6 million in 2050, owing to 
increasing labour productivity in fossil-fuel extraction 
and processing. In the green investment scenarios, there 
is some short-term net job creation primarily because 
of the higher labour intensity of renewable energy 
generation compared with thermal power generation. 
In the longer term, increasing productivity also leads to 
a roughly comparable decline, reaching 18.3 million in 
2050 in the G2 case. Between 330,000 and 1 million jobs 
would be created in the production and processing of 
biofuels and agriculture residues, which would rise to 3 
million if a mix of agricultural residues and conventional 
feedstock is used. There is a major shift in employment, 
however, with growth in renewable power generation and 
biofuels production matched by a considerable decline 
in coal extraction and processing, and to some extent 
gas production (Figure 8). The additional investment in 
energy efficiency in the buildings sector36 also included 
in the G2 scenario, however, leads to an additional 5.1 
million jobs in 2050. The net effect is thus a projected 
increase in energy-sector employment of approximately 
21 per cent over a comparable BAU scenario.37

It should be noted that the modelling of renewable-
energy investment includes only “direct jobs” that will 
substitute new jobs from not expanding energy of 
other sources (in the case of increased demand) or even 
replace existing jobs in other energy technologies. It 
does not include “indirect jobs” – created or displaced 

– in sectors that supply energy industries. These are 

the sectoral effects, whereas the wider effects on 
output and jobs in the rest of the economy38 (covered 
in the Modelling chapter) depend on how the relative 
availability and price of capital, labour and energy are 
affected as a result of increased investment in renewable 
energy. It should also be pointed out that considerable 
net job creation can imply higher-cost energy, which 
can constrain economic growth and development. 
Finally, the global analysis does not capture effects on 
specific countries. Some of these, such as oil-exporting 
countries, may well see negative effects on employment 
in the energy sector.

Effects on GHG emissions
Under the green investment scenarios, global energy 
intensity (in terms of Mtoe/US$ billion GDP) declines 
by 36 per cent by 2030, and the cumulative global 
energy- related CO2 emissions would be considerably 
mitigated by 2050 (Figure 9). Under G2, emissions are 
approximately 60 per cent lower in 2050 as compared to 
BAU. In absolute amounts, this corresponds to a decline 
from 30.6 Gt of energy-related CO2 emissions in 2010 to 
about 20 Gt in 2050 (see Figure 9).

Table 12 compares the contribution to emissions 
reduction under G2 from both demand- and supply-side 
investments with those of the IEA’s BLUE Map scenario. 
Both exercises project a contribution to emissions 
abatement of 46 per cent from supply-side investments. 
The green investment scenario G2, however, does not 

Table 12: Emission abatement shares from GER 
modelling compared with IEA 

*WEO 450 
Scenario

*ETP BLUE 
Map G2 G2

2030 2050 2030 2050

End-use electricity 
efficiency 49%

19% 22% 27%

Fuel efficiency 35% 23% 28%

Industry 7% 6%

Transportation 8% 16% 22%

Supply-side abatement 50% 46% 54% 46%

Power generation from 
low carbon sources (RE 
& Nuclear)

30% 27% 39% 33%

Biofuels 3% 6% 5%

CCS 17% 19% 9% 7%

NB: Columns may not add up to 100% due to rounding. *Additional sources: IEA (2010b, 2010d)

Table 11: Comparison of energy mix in 2030 and 
2050 in various GER and IEA scenarios

% 2030 2050
*WEO GER *WEO GER *ETP GER

Scenarios Current 
Policies BAU 450 G2 BLUE 

Map G2

Coal 29 31 19 25 15 15

Oil 30 28 27 24 19 21

Gas 21 23 21 23 21 25

Nuclear 6 6 10 8 17 12

Hydro 2 2 3 3

29

4

Biomass and 
wastes 10 8 14 12 16

Other RE 2 3 5 5 8

Total 100 100 100 100 100 100

*Additional sources: IEA (2010b, 2010d)

36. These are essentially for the buildings sector, as potential job 
implications of investments in energy efficiency in industrial and transport 
sectors could not be captured.

37. The point of comparison for employment generation is the simulated 
effects of an additional investment of 2 per cent of GDP in current 
investment patterns (see the Modelling chapter for more details).

38. Also sometimes referred to as “induced jobs” (NREL 1997).
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fully achieve the emissions reductions projected by IEA 
as necessary for limiting atmospheric concentrations to 
450 ppm.39 Part of this difference is due to the positive 
effect of various green investments on overall economic 
growth (GDP) that, in turn, results in increased energy 
demand, a form of the rebound effect. In addition, the 
green investment scenarios do not include substantially 

increased investments in nuclear power, nor in CCS, 
both major components of the IEA’s BLUE Map 450 
scenario (see Table 11 and Table 12). Note also though 
that only about a quarter of the scenarios reviewed for 
the IPCC (2011) SRREN result in a CO2 concentration 
not exceeding 440 ppm by 2100, and more than half 
lead to concentrations by the end of the century in 
the range of 440 to 600 ppm. Thus, the G2 investment 
scenario constitutes a relatively conservative emissions 
reductions path, but one which is more feasible than 
more ambitious projections.
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Figure 8: Total employment in the energy sector, and its disaggregation into fuel and power, and energy 
efficiency under the G2 scenario
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39. However, as explained in the Modelling chapter, with the potential 
carbon sequestration of the measures to green the agricultural sector, the 
G2 is expected to reduce the concentration of CO2 to 450 ppm by 2050.
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5  Overcoming barriers: 
enabling conditions
The preceding analysis has explored the results from 
increased investments in renewable energy, in terms 
of energy savings, penetration of renewable energy, 
increased jobs, and reduced GHG emissions. However, 
as noted in section 3, current levels of investment in 
renewable energy are still below what is needed to 
address the challenges facing the energy sector outlined 
earlier in the chapter. This section discusses the barriers 
to increasing investments in renewable energy and the 
measures that are needed to address these barriers.

The major barriers and respective policy responses may 
be grouped under the following headings: 1) energy 
policy framework; 2) risks and returns associated with 
renewable energy investments, including fiscal policy 
instruments; 3) financing constraints for renewable 
energy projects; 4) electricity infrastructure and 
regulations; 5) market failure related to investments in 
innovation and R&D; 6) technology transfer and skills; 
and 7) sustainability standards.

5 1 Policy commitment to 
renewable energy

In general, the growth in investment and deployment 
of renewable energy technologies, documented above, 
has been driven by an increasing number and variety 
of policies (IPCC 2011). These are reviewed below 
in the subsequent sub-sections. Individual policies 
to overcome various barriers to renewable energy 
development and deployment are most effective when 
they are part of a broad enabling policy framework, 
which builds on complementarity between a range of 
measures operating at multiple stages of the chain from 
research and development, through to deployment and 
diffusion. An enabling policy framework for renewable 
energy includes clear commitments to long-term 
development of the sector. Such commitment can 
be manifested by targets for investment in additional 
capacity and penetration rates within the energy mix. 
When supported by other enabling policies, setting 
targets to achieve these goals can send a strong signal 
to potential investors.

Important targets for energy access have been 
announced at the international level. The AGECC (2010) 
calls on the UN and its Member States to commit 
themselves to two achievable goals: universal access to 

modern energy services and a global energy intensity 
reduction of 40 per cent by 2030. The report highlights 
that, “Delivering these two goals is key to achieving 
the [MDGs], improving the quality and sustainability of 
macroeconomic growth, and helping to reduce carbon 
emissions over the next 20 years”.

Many countries have already adopted targets for 
renewable energy. By early 2011, there were national 
policy targets in 98 countries, including all 27 EU member 
states (REN21 2011).40 A large number of these targets 
concern renewables’ shares of electricity production, 
and generally fall in the range of 10-30 per cent within 
the next 1-2 decades. Targets are also set for the share of 
renewable energy in total primary or final energy supply, 
installed capacities of various specific technologies, the 
total amounts of energy production from renewables, 
or for the share of biofuels in transportation fuels. 
While earlier many targets were set for the 2010-2012 
timeframe, targets set more recently concern the next 
decade to 2020 or beyond. For example, EU countries 
have set a target of 20 per cent of their final energy 
supply to be provided by renewable sources by 2020.

Policy targets for renewable energy have also been 
established in many developing countries. In fact, 
more than half of the national targets have been set 
by developing countries. Between 1997 and 2010, the 
number of developing countries with national targets 
doubled from 22 to 45. Developing countries with 
targets for 2020 or beyond include, among others, Brazil, 
China, Egypt, India, Kenya, the Philippines and Thailand. 
Box 2 illustrates the example of Tunisia, which has 
been encouraging the use of renewable energy since 
2004. In addition to such national targets, there are 
many countries with sub-national targets at the state or 
provincial level.

The REN21 Global Status Report 2011 (REN21 2011) 
illustrates that a number of countries had either met 
their targets for 2011 or were about to do so. Finland 
and Sweden had already met their targets for 2020. The 
report also indicates though that some countries have not 
met their targets, while others have revised their targets 
downwards. For example, India missed its target for 2 GW 
of added wind power in 2010. The US reduced its target for 

40. The following description and examples of policy targets here are 
based on information from the REN21 Global Status Report 2011 (REN21 
2011).
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about 950 million litres of advanced cellulosic biofuels by 
2011 (as originally envisioned in the Energy Independence 
and Security Act of 2007) to about 25 million liters, due 
to difficulties in financing commercial production. The 
range of experience highlights the need to adjust targets 
according to evolving conditions. The achievement of 
targets requires a strategy of tailored policy measures, 
discussed in the further in the following sections.

5 2 Risks and returns 

As is the case in other sectors, the nature of risks, relative 
to expected returns, influences the incentive to invest 
in renewable energy. If a project or company has an 
expected risk-adjusted rate of return on investment 
that is sufficiently high, it is considered an interesting 
opportunity for financing. Taking first the risks in 
renewable energy projects, these can be categorised as 
follows (UNEP SEFI, New Energy Finance and Chatham 
House 2009):

 ■ Technical and project-specific risks, including risks 
associated with lead times, construction costs, novelty of 
the technology, fuel and resources, and operations and 
management. Newer technologies have higher risks than 
traditional ones. As long as investors are unfamiliar with 
a technology and there is little in-country expertise, the 
perceived risk is high. Resource availability may also be 
an issue for specific technologies like geothermal where 
determination of good locations is costly and subject 

to uncertainty. Some resource dependency also occurs 
with hydro, wind, and biomass-based technologies. Risks 
will therefore differ at regional or national levels.

 ■ Country-specific institutional risks such as stability 
of the government, reliability of the legal system, 
transparency of business dealings, currency risks, and 
general instability due to wars, famine and strikes. For 
large-scale investments in a specific country, a long-term 
stable policy regime with a sound legal basis is needed;

 ■ Political risk and regulatory risks, such as 
unexpected changes in policy or uncertainty about 
the future direction of policy. Given the long pay-back 
periods, the contribution of policies to predictability, 
clarity and long-term stability in the investment climate, 
are viewed as critical in being able to stimulate more 
investments;41 and,

 ■ Business and market risks, including: 1) financial 
risks relating to the capital structure of the project such 
as high upfront capital intensity and the project’s ability 
to generate enough cash flow; 2) economic risks relating 
to interest rates, exchange rates, inflation, commodity 
prices, counterparty credit risk; and 3) market risks 
associated with, for example, future electricity and carbon 
prices (which may also be influenced by political and 
regulatory risks). Most renewable energy technologies 
are less vulnerable to the price and availability of fuel 
during the operation of a project. Those technologies 
that are dependent on biomass, however, do face 
potential market-price risks if the opportunity cost of 
biomass production is related to agricultural commodity 
prices and also because a reduction in fossil-fuel prices 
can make renewable energy less competitive in fuel and 

Box 2: Tunisia’s Solar Energy Plan

In order to become less dependent on energy 
imports and the volatile prices of oil and gas, the 
Government of Tunisia decided to develop the 
country’s potential for renewable energy generation. 
A 2004 law on energy management provided a 
legal framework. In 2005, funding mechanisms 
such as the National Fund for Energy Management 
became available for deploying renewable energy 
technologies and increasing energy efficiency. 
Between 2005 and 2008, clean energy plans enabled 
the government to save nearly € 900 million in energy 
expenditures (equivalent to 10 per cent of primary 
energy consumption), with an initial investment in 
clean energy infrastructure of only € 260 million. The 
renewable energy supplies and energy efficiency 
measures are expected to have reduced total energy 

consumption from conventional sources by about 20 
per cent in 2011. In December 2009, the government 
presented the first national Solar Energy Plan and 
other complementary plans with the objective of 
increasing the share of renewable energy sources to 
4.3 per cent of total energy generation in 2014, up 
from the current level of 0.8 per cent. The objective 
is to transform Tunisia into an international clean-
energy hub. The Solar Energy Plan is based on 
three main technologies: solar PV, concentrating 
solar power and solar water heating systems, and 
comprises 40 renewable energy projects. The Plan’s 
budget through to 2016 is € 2 billion, while its savings 
on energy imports are expected to reach more than 
20 per cent per year by the end of that year.
Source: Agence Nationale pour la Maîtrise de l’Énergie (2009)

41. This includes either anticipating or being able to adapt to unanticipated 
adverse effects from the deployment of a new renewable energy project. A 
prominent example is the production of biofuels, in which the EU and the 
US have adjusted their respective policy support
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power markets. Such risks may be reduced with second 
generation, relative to first generation biofuels.

Various government initiatives, including regulatory 
policies, fiscal incentives and public financing 
mechanisms, can reduce many of these risks and thus 
increase expected returns (Ecofys 2008). Such measures 
include offering long-term policy commitment to 
increased deployment of renewable energy investment, 
helping to mitigate political and regulatory risks. 
Shorter-term political commitment is similarly important. 
Owing to the long-lead times for project development, 
clarity over the development of regulation in support of 
renewable energy over a five-year horizon is desirable. 
Political and regulatory risks, as well as some country-
specific risks, can also be reduced through government-
sponsored initiatives to share risks, including through 
loan guarantees (discussed again under section 5.3) or 
public participation in the project or related infrastructure 
investments. Technical and project-specific risks can 
be addressed through action to improve permitting 
procedures, as well as grid connection procedures in 
the case of power generation projects. Well-designed 
measures to reduce the above risks have been estimated 
to decrease the production costs by as much as 30 per 
cent, in a European context (Ecofys 2008).

A range of further public support mechanisms can also 
enhance returns to investments in renewable energy, 
by either helping to lower costs or to enhance income. 
Measures to reduce costs include subsidies and fiscal 
measures, such as investment tax deduction, production 
tax deduction, and preferential depreciation schemes. 
Public finance mechanisms, such as loans, also lower 
risks to investors and this particular type of support is 
discussed in more detail in the next section.

Direct subsidies for renewable energy have been used to 
provide assistance in the early stages of market diffusion. 
In July 2009, for example, China initiated the Golden 
Sun Policy, which provides subsidies for 500 MW of PV 
projects until 2012 to temporarily support the domestic 
solar industry in response to reduced demand for PV 
panels in Germany and Spain. The policy supports large-
scale PV, which complements the existing Solar Roofs 
Program that began in March 2009 (REN21 2010). Such 
subsidies can be in the form of investment support and 
grants to reduce capital costs, or in the form of operating 
support. Currently, they are estimated at US$ 27 billion 
in 2007 for renewables (excluding hydroelectricity) and 
US$ 20 billion for biofuels at the global level, clearly 
dwarfed by subsidies to fossil fuels.

Subsidies, however, need to be judiciously designed. 
Subsidies will most likely need to be adjusted over time 
in order to be efficient, and such changes are likely to 
be opposed by businesses or consumers who benefit 

from them. Such support also needs to take into account 
requirements of international agreements, in particular 
the rules and regulations of the WTO. Box 3 gives the 
example of Brazil, which used taxes on petrol to cross-
subsidise ethanol from sugarcane.

Taxes can be an alternative fiscal measure to subsidies 
(or used in combination) in order to shape the structure 
of incentives facing producers and consumers in energy 
markets. A tax is one of the most efficient measures for 
addressing the externalities of carbon emissions in energy 
production and use. Given the pervasiveness of energy 
use and, thus, the broad tax base, it may be desirable 
on both efficiency and equity grounds to embed such 
tax measures in a broader fiscal reform package with a 
view to offsetting a carbon tax with reductions in other 
taxes, especially those which distort markets; this would 
produce a win-win for society as a whole.

Renewable energy producers, for example, may be 
granted exemptions from general energy taxes. Such 
measures are potentially most effective where overall 
energy taxes are high, such as in Nordic countries (IEA 
2008e). The United States and Sweden, for example, 
provide a 30 per cent tax credit for solar PV, France offers 
a 50 per cent income tax credit, and Australia provides 
rebates up to AUS$ 8/watt (REN21 2010).

In addition to measures to reduce costs for renewable 
energy investments, governments employ a range of 
production support measures to enhance the income 
earned on such investments. These include obligation 
schemes, such as renewable portfolio standards for 
energy utilities mandated by government (discussed 
below under section 5.4) or feed-in tariffs.

Support mechanisms can elicit private investment 
in renewable energy, and while most support is 
implemented in high-income countries, incentives 
are becoming common place in developing countries. 
Currently 79 countries have at least some form of 
regulatory policy, such as a renewable quota, and 80 
countries have at least one form of fiscal incentive in 
place (REN21 2011). Public finance and investment 
are being utilised, but at a slower rate than other 
mechanisms. In most support schemes the government 
must be actively involved to assure investment certainty. 

Feed-in tariffs, much like preferential pricing, guarantee 
payment of a fixed amount per unit of electricity 
produced or a premium on top of market electricity 
prices. Feed-in schemes can be flexible and tailored; 
for example, tariffs can be based on technology-
specific costs, possibly decreasing over time to follow 
actual cost reductions. This instrument is popular with 
project developers for the long-term certainty it can 
provide and, thereby, a considerable reduction of 
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market risk (IEA 2008e). To achieve the required returns, 
incentive mechanisms such as feed-in tariffs need to be 
guaranteed for 15-20 years, though the level of support 
can be expected to decrease.

By early 2011, feed-in tariffs had been implemented in 
more than 61 countries and 26 states/provinces, more 
than half of which have been enacted since 2005 (REN21 
2011). Developing countries are increasingly employing 
feed-in tariffs, including 13 lower middle-income 
countries and three lower-income countries, as of early 
2011. Ecuador, for example, adopted a new system of 
feed-in tariffs in early 2011, building on an earlier policy 
dating from 2005 (REN21 2011). Kenya introduced a 
feed-in tariff on electricity from wind, biomass and 
small- hydro power in 2008 and extended the policy in 
2010 to include geothermal, biogas and solar-generated 
electricity (AFREPREN/FWD 2009).

As with any kind of positive support, the design of feed-in 
tariffs is crucial for their success. Important issues include 
tariff levels, graduated tariff decreases over time, time 
periods for support, the formula for cost-sharing among 
different groups of consumers, minimum or maximum 
capacity limits, payment for net versus gross generation, 
limitations based on type of ownership and differential 
treatment of technology sub-classes. For example, rates 
for solar PV feed-in tariffs have recently been (or are 
in the process of being) revised in various countries in 
reaction to price reductions of PV panels, and thus the 
declining cost of installations (REN21 2010, 2011).

Apart from feed-in tariffs, which are basically financed by 
cross subsidies among electricity users, the feebate has 

also been proposed as alternative regulatory measure 
to enhance incentives to invest in renewable power 
generation. Feebates have been applied in the transport 
sector on vehicle emissions (Small 2010). In the power 
sector, feebates would impose a per kWh charge on 
generators in proportion to any difference between 
their average emissions per kWh and the industry as a 
whole, and a rebate to generators with below average 
emissions per kWh. Feebates could thus have little 
overall effect on energy prices, enhancing their overall 
feasibility and acceptability, and be revenue-neutral.

Initiatives to price carbon emissions would likely also 
have an important impact on the returns to renewable 
energy investments (see Box 1 in Section 3). At the 
international level, the most important policy initiative 
that would alter the relative profitability of renewables 
would be a framework agreement on carbon emissions 
that established a robust pricing mechanism for full cost 
accounting of health and climate externalities. With 
estimates reviewed by the IPCC (2007) ranging up to 
US$ 95 per tonne of CO2, these additional costs of fossil 
fuels would make a variety of renewables attractive 
and spur wider investment and adoption over time. 
Accompanying measures would also be required though 
to minimise negative impacts on energy poverty.

Some possibilities for selecting and adapting these various 
support measures to the level of technological maturity 
and market development is illustrated in Figure 10. Support 
to earlier stages of innovation and R&D is discussed 
further in section 5.5. Policies, incentives and mechanisms 
influencing risks and returns as discussed above generally 
contribute as deployment is initiated (in niche markets) 

Box 3: Brazilian ethanol

The Brazilian Alcohol Program (Proalcool) was 
established in 1975 for the purpose of reducing 
oil imports by producing ethanol from sugarcane. 
Incentives aimed at both production and consumption 
of ethanol, including vehicle technology advancement 
through flexible fuel engine development, made 
petroleum substitutes competitive on the Brazilian 
energy market (United Nations 2011). The ethanol 
costs declined along a “learning curve” as production 
increased at an average rate of 6 per cent per year, from 
0.9 billion gallons in 1980 to 3 billion gallons in 1990 
and to over 15 billion gallons by 2005 (IEA 2006). The 
unlevelised cost of ethanol in 1980 was approximately 
three times the cost of petrol, but cross-subsidies paid 
for the price difference at the pump. The subsidies 
came mostly from taxes on petrol and were thus 
paid by vehicle drivers. The democratization of Brazil 

provided an increasingly deregulated ethanol market, 
culminating in the termination of Proalcool and the 
removal of all remaining ethanol subsidies in 1999.  
Cumulative subsidies to ethanol are estimated to 
have amounted to about US$ 50 billion over the 
20- year period ending in 1995, but were more 
than offset by a cumulative reduction of petroleum 
imports amounting to US$ 100 billion by the end 
of 2006 (IEA 2006). As of 2006, Brazil accounted for 
over 50 per cent of the world’s ethanol exports (IEA 
2006).  Other measures, such as the requirement 
that vehicle manufacturers provide so-called flex 
fuel vehicles that could operate on either ethanol or 
petrol, also supported the market for biofuels. These 
were introduced in 2003 to accommodate higher and 
fluctuating prices for sugar which had reduced the 
incentive to produce ethanol.
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and as competitiveness improves. Measures targeting 
consumption and demand may be more relevant at later 
stages of diffusion and market development.

5 3 Financing mechanisms

As mentioned in the previous section, public finance 
mechanisms are one group of public support measures 
that governments can use or promote in order to influence 
the specific risk/ return profile of renewable energy 
technologies. These Public Finance Mechanisms (PFM, 
see Figure 11), can be categorised by stage of economic 
development, by stage of technological development, 
by type of investors, by type of risk to private investors, 
or by addressing specific barriers or constraints (UNEP 
SEFI 2005; UNEP/ Vivid Economics 2009; UNEP SEFI, 
New Energy Finance and Chatham House 2009). Public 
Finance Mechanisms vary from simple grants to complex 
conditional funding structures. As a general rule, PFMs aim 
at complementing the private sector and not substituting 
for it as part of an integrated and coherent enabling 
environment alongside regulations, taxes and subsidies. 
In high- and middle-income countries, one of the key aims 
of PFMs is to mobilise (or leverage) as much private capital 
for investments as possible (UNEP SEFI 2008b). Exceptions 
may occur in developing country contexts, where there is 

very limited private-sector involvement. Here, PFMs can 
be part of programmes to create and catalyse markets.

Even when risk-return ratios are favourable, one of 
the specific financing barriers that renewable energy 
projects may face can be due to high up-front capital 
costs or small project-size. Small-scale projects are at a 
disadvantage in attracting large mainstream investors 
such as pension funds. This can be a particularly relevant 
constraint in developing countries. Small project sizes 
also lead to planning and transaction costs that are high 
relative to the overall project cost.

Over the past decade, a variety of formal and informal 
financial institutions and financing arrangements have 
emerged that offer facilitate small-scale products for the 
energy-poor in rural areas. Figure 12 gives an overview 
of the various options available to the poor at different 
levels of poverty.42 

The smallest projects are found in consumer-driven 
renewable energy solutions in developing countries, 
such as solar home systems. The high transaction 
costs involved call for innovative consumer finance 
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42. A broader discussion of the role of the financial services and investment 
sector in supporting the greening of the energy sector is included in the 
finance chapter of this report
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mechanisms that address the particular needs of rural 
developing country customers. These mechanisms 
can make renewables attractive and cost effective for 
addressing energy poverty in off-grid situations (Box 4).

Beyond private companies and governments, however, 
bilateral and multilateral development assistance 
agencies are also expected to scale up funding while 
collaborating with existing energy programmes and 
funds43 to administer and distribute resources (IEA 
2010d). Engaging developing countries in the global 
mitigation challenge will require international funding 
and the agreement to establish the Copenhagen 
Green Climate Fund at the 2009 UNFCCC conference 
represents potentially significant progress in this area. 
Countries producing renewable energy may also benefit 
from increased revenues from selling emissions credits 
(through the CDM) or green certificates, and lower risk 

5 4 Electricity infrastructure 
and regulations

The increased use of renewable energy in power 
generation faces specific barriers due to the demands 
it makes on existing electricity infrastructure. Electricity 
generation by wind and solar PV adds variability and 
lower predictability to the power system, requiring 
more attention to the design and regulation of energy 

systems and markets (Owen 2006; Heal 2009; IEA 2008d). 
More reserve capacity, storage or increased trade 
between countries or regions is needed to provide the 
necessary flexibility to match demand with variability 
in supply. Smart grids with variable cost pricing and 
micro-metering is a new area of development with the 
potential to provide increased demand flexibility and 
enhance energy efficiency.

The additional investment costs for adapting the 
distribution and transmission systems, though 
substantial, should be manageable. For example, the 
ECF (2009) roadmap 2050 indicates that the investments 
required to expand the grid and effectively reduce 
intermittency challenges amount to around 10 per cent 
of overall investment in electricity generation.

In some situations, vested interests and control of 
access to the grid by incumbent power companies can 
pose barriers for independent providers of power from 
renewable sources. Similarly, oil companies may impede 
the distribution of biofuels through networks, such as 
pipelines, that they control. The construction sector 
may be reluctant to integrate renewable heating and 
cooling technology in their practices and building codes. 
Authorities have to be alert to signals from renewable 

Box 4: Grameen Shakti programme in Bangladesh

Grameen Shakti (or Grameen Energy in English), 
founded in 1996, provides electrification to rural 
communities in Bangladesh through a market-
based approach: micro-credit. The experience of 
Grameen Shakti provides an example of successful 
entrepreneurship combined with effective energy 
policy.  Capitalising on the network and experience 
of the Grameen Bank, Grameen Shakti provides soft 
credits through different financial packages to make 
solar-home systems (SHSs) available and affordable 
to rural populations. By creating a market for solar 
energy and providing multiple advantages over 
kerosene, Grameen Shakti succeeded in installing 
over 320,000 SHSs by December 2009. 

One aspect that has been essential to the success of 
the program has been the creation of partnerships 
with indigenous organizations that have succeeded 
in cutting programme costs and increasing 
business development (United Nations 2011). 
Government financial and policy support provided 

the coordination necessary for safe investments 
in renewable energy. Through effective policy 
guidelines, the industry had a greater potential for 
success and future growth (IPCC 2011). Grameen 
Shakti has also installed numerous improved 
cooking stoves and biogas plants that contribute 
to the reduction of woody biomass use and, in turn, 
decrease indoor pollution, while biogas technology 
further helps with sustainable waste management. 

Grameen Shakti aims to install over 1 million SHSs 
by 2015, and simultaneously provide the necessary 
maintenance, while training the necessary 
technicians and users, thereby generating local 
employment, and generating social value through 
stakeholder engagement. Grameen Shakti 
demonstrates the potential that can be mobilised 
to reduce energy poverty efficiently, while also 
contributing to mitigate climate change, with 
innovative financing and business models in 
partnership with public support (Wang et al. 2011).

43. Such as the Climate Investment Funds, the Global Environment Facility 
and GTZ’s Energising Development (IEA 2010d).
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energy companies and move quickly to address such 
market entry barriers.

Regulations may thus be needed to promote the types 
of investments in infrastructure necessary for further 
development of electricity from renewable sources. 
In Europe, for example, the 2009 Renewable Energy 
Directive requires EU countries to provide acceleration 
of authorisation procedures for grid infrastructure, 
including coordinated approval of grid infrastructure 
with administrative and planning procedures.

Beyond regulations on electricity infrastructure, 
governments can establish obligations for renewable 
energy consumption or production more generally (as 
discussed in section 5.2). In an obligation system – also 
referred to as a renewables portfolio standard (RPS) 
or renewable energy target – a minimum amount or 
proportion from eligible renewable energy sources 
is prescribed. The obligation is typically imposed on 
consumption, often through supply or distribution 
companies. The implementation of an obligation system 
usually involves a penalty for non-compliance to ensure 
that the obligated parties meet their renewable energy 
purchase obligations (Gillingham and Sweeney 2010).

Obligations for renewables, however, can only be 
implemented when supply has developed sufficiently 
to ensure price competition among suppliers. They 
are typically used for mature technology and may 
be the successor of fiscal incentives or subsidies (see 
Figure 10). For investors, the perceived policy risks of 
obligations are smaller than those of subsidies, since 
they are not subject to government budget decisions. 
As of early 2011, there were 10 national and at least 30 
state/provincial/regional jurisdictions with RPS policies 
(REN21 2011). Most of these require renewable power 
shares between 5 and 20 per cent.

5 5 Innovation and R&D

The technological development of renewable energy 
faces barriers due to the market failures inherent in 
innovation. Knowledge spillovers from research and 
development activities to create better products at lower 
costs benefit both consumers and other enterprises, but 
the potential innovator may not receive sufficient share 
of these to justify the investments (Gillingham and 
Sweeney 2010). Furthermore, new technologies can be 
intuitive and easily learned, which contributes to cost 
reductions, which others are also able to apply. Both 
situations result in a general under-investment along all 
stages of the innovation chain.

There is little systematic evidence quantifying the 
extent of this market failure in renewables and thus to 

what extent investment and innovation in this sector 
would be higher if the market failure were eliminated. 
Nonetheless, the costs of some of the important 
technologies for renewable energy have declined 
steeply as installed capacity has increased, as seen 
above in section 3.3 in the discussion of learning effects 
for solar PV (IPCC 2011). These learning effects represent 
an important spillover benefit, as the cost reductions are 
generated and disseminated throughout the industry 
relatively “free-of-charge” (Jamasb 2007).

To achieve a socially optimal rate of innovation, therefore, 
policy support is needed (Tomlinson et al. 2008; Grubb 
2004). In particular, public support for R&D is essential 
for supporting high-risk, fundamental research with a 
long-term perspective, whilst the private sector tends 
to focus on near-competitive technologies and shorter-
term demonstration projects.

The public sector can support research institutes and 
academic institutions, fund research programmes 
targeted at specific technologies, and supply grants or 
use other means support to private-sector R&D efforts. 
Energy research has been found to be most effective 
when targeted R&D programmes, e.g. “technology 
push” projects, are joined seamlessly with “market pull” 
policies on deployment (IEA 2010b; IPCC 2011; United 
Nations 2011).

Research and development for the energy sector in the 
28 IEA member countries has recently shown signs of 
growth, having been stagnant for some time. In 2006, 
when the share of renewables was just above 10 per 
cent, R&D spending in real terms was only slightly above 
levels registered 30 years earlier (IEA 2008e). In 2009, R&D 
and deployment in renewable energy by governments 
and business totalled US$ 24.6 billion (UNEP SEFI 2010). 
Government support to R&D increased in that year by 
50 per cent, accounting for US$ 9.7 billion. Corporate 
spending, at US$ 14.9 billion, declined somewhat, 
reflecting the economic recession. There are also many 
differences between countries in terms of public R&D 
expenditure (see Figure 13).

In developing countries, R&D for renewables may 
warrant specific attention, although there are many 
positive signs already. In many cases, local technical 
capabilities for developing or adapting technologies 
are virtually absent. The focus here should be on 
creating capacity to facilitate technology transfer, adapt 
technologies to local market conditions and support 
private-sector players that install, manufacture, operate 
and maintain the technologies. At the 2010 UNFCCC, 
COP16 in Cancun, Mexico countries agreed to establish 
a Climate Technology Mechanism. Its purpose is to 
accelerate the development and transfer of climate 
friendly technologies, especially to developing countries, 
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to address both climate mitigation and adaptation 
(UNFCCC 2010). However, the exact functioning of 
the mechanism’s two components – the Technology 
Executive Committee and the Climate Technology 
Centre and Network – remains to be specified.

Market failures in innovation notwithstanding, 
considerable cumulative benefits can accrue to 
countries that generate first-mover advantages from 
leading development in the renewable energy sector. 
Simulation modelling has illustrated how overall 
economic competitiveness can improve when a 
country or region, in this case the EU, commits itself to 
unilateral climate-change mitigation action involving 
the penetration of renewables on a large scale (Barker 
and Scrieciu 2009).

5 6 Technology transfer and skills

Technology transfer is the flow of knowledge, experience 
and equipment from one area to another. Often, 
technology transfer is exclusively seen as being from 
an industrialised country to a developing country, but it 
can also be between developing countries or even from 
urban areas to rural areas.

Like other new technologies, renewable energy faces 
barriers that relate to technology transfer. Before a 
technology can be transferred successfully, enabling 
conditions need to be fulfilled, such as institutional and 
adaptive capacity, access to finance, and both codified 
and tacit knowledge of the technology. In developing 
countries, especially in remote rural areas, however, 

such conditions are often not present. Even when the 
economic feasibility of renewable energy options in 
those areas is favourable, these barriers can prevent 
their application.

Recent studies have argued that, in order to allow 
developing countries to adopt renewable energy 
technologies in the local and regional context, the 
capacity to maintain and operate the systems is not 
sufficient by itself; indigenous innovation capabilities 
also need to be addressed (Ockwell et al. 2009; Bazilian et 
al. 2008; United Nations 2011). The required capabilities 
to undergo the process of adaptive innovation are 
considerable and depend on a knowledge infrastructure 
usually encompassing centralised R&D and requiring 
higher levels of education. Indeed, the flows of technology 
and knowledge are of vital importance for technology 
transfer to developing countries (Ockwell et al. 2009).

A related issue is skill shortages. Employment in 
the renewable energy industry requires some skills 
that do not necessarily coincide with those found 
in the traditional energy industry. In Germany, for 
example, the renewable energy industry has recently 
experienced a shortage of skilled workers. Lehr et al. 
(2008) reported that almost all energy sub-sectors lack 
skilled workers, the most acute shortage being skills in 
hydro energy, biogas and biomass technologies. Wind-
energy companies in Europe have also reported an 
acute shortage of highly-skilled workers. The shortage 
is most pressing for manufacturing and development, 
particularly engineering, operations and management, 
and site-management activities. The sector also needs 
skilled employees in R&D.
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5 7 Sustainability standards

Renewable energy is not synonymous with sustainability. The 
term renewable refers largely to the naturally regenerative 
nature of the energy source, whereas sustainability has a 
broader scope, including economic, social and environmental 
considerations. Although renewable energy technologies 
are generally perceived as being more sustainable compared 
to nonrenewable sources, due to smaller environmental 
impacts, there is still a need to develop agreed standards 
to reduce and manage these impacts. The environmental 
and social impacts of large hydropower reservoirs are one 
prominent example, including their potential to release 
carbon dioxide and methane from decaying biomass in 
tropical locations. Concern about minimizing impacts has 
led to the development of policy principles and guidelines 
under the coordination of the World Commission on Dams. 
Biofuels are another example, as their production in some 
circumstances has been associated with unsustainable land 
use and land-use change, with potential consequences 
for GHG balances, biodiversity and food security; at the 
same time, there is also a risk of excessive water use 
and contamination (UNEP 2009).44 Different renewable 
technologies may, therefore, rank differently according to 

varying sustainability criteria. Methodologies to quantify 
effects and trade-offs are still under development.45

For biofuels, the sustainability challenge is slowly being 
addressed on the project and policy level. National 
biofuels policy, regulatory frameworks, international 
standards, and environmental impact assessment 
methodologies increasingly incorporate sustainability 
criteria and standards. For example, sustainability 
criteria for biofuels and bio-liquids were developed 
and adopted in the EU Renewable Energy Sources 
Directive (EU Directive 2009/28/EC), to be implemented 
by member states. Certification schemes can be used 
for validating the fulfillment of sustainability criteria. 
However, many countries lack the institutional capacity 
to effectively implement and enforce certification 
schemes, inhibiting the development and adoption of 
sustainability standards for biofuels.

Another challenge is balancing stringency and flexibility, 
as manifested in the introduction of sustainability 
standards for biofuels in the EU, which has led to trade 
disputes within the WTO. Overly rigid standards would 
be a disincentive for producers to enter the market 
and may limit investment, particularly in developing 
countries (Devereaux and Lee 2009). Policy makers, 
therefore, need to balance long-term sustainability 
concerns with shorter-term interests when promoting 
renewable energy.

44. Impacts on GHG balances vary depending on feedstock, location, input 
and production methods, previous land use, conversion technology, all 
throughout the life-cycle (UNEP 2009).

45. See for example ongoing climate policy planning guidance work by 
UNEP: http://www.MCA4climate.info.
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6  Conclusions
The challenges posed to the global community and 
national governments, in terms of energy security, 
climate change, health impacts, and energy poverty are 
pressing, making the greening of the energy sector an 
imperative. The existing challenges are exacerbated by 
the expected growth in the global demand for energy, 
as population and incomes rise. Shifting from fossil fuels 
to renewable energy plays a critical role in greening the 
energy sector, along with other changes, in particular 
raising energy efficiency.

The cost effectiveness of renewable energy technologies 
has evolved considerably in recent decades. Many 
renewable energy technologies are maturing rapidly 
and their costs becoming competitive with fossil fuel 
alternatives. Consequently, the investments in deploying 
renewable energy increased dramatically in the last decade. 

These developments have been driven by a range of 
policies. National targets for renewable energy are 
spreading. A number of governments have supported 
innovation to help reduce costs, while many more are 
increasingly putting in place regulations, fiscal incentives 
and financing mechanisms that mitigate risks and 
increase returns to investing in renewable energy. At 
the international level, the formal creation in 2011 of the 
International Renewable Energy Agency  (IRENA) indicates 
a willingness of governments to work collaboratively in 
expanding the role of renewable energy.

Despite encouraging progress, a number of roadblocks 
still remain on the route towards a green energy sector. 
Most importantly, the overall incentive framework under 
which the energy sector operates has not yet been 
reconfigured to consistently support the development 
and deployment of renewable energy technologies and 
a managed phasing-out of emissions from fossil fuel 
sources. This is due to both vested interests and an energy 
system, comprised of both hardware, such as electricity 
infrastructure, and software, in the form of organisations 
and institutions, that are locked in to supporting 
conventional energy technologies. Although developing 
countries may have fewer cumulative investments 
in conventional energy systems, they face financial 
constraints and also a shortage of institutional and human 
capacity to acquire and manage new technologies. 

To reduce such roadblocks, policymakers need to take 
an integrated approach that supports various stages 
of the development and diffusion of renewable energy 
technologies within an overall strategy that also 
addresses the rest of the energy system, on both supply 
and demand sides. In so doing, there is considerable 
scope for governments to work with market forces to 
create a level playing-field for the further growth of 
renewable energy. Phasing out subsidies for fossil fuels 
and pricing in health and environmental externalities 
from fossil-fuel combustion can speed up the 
transformation of the energy sector, though attention 
needs to be paid to impacts on low-income groups. 

Increasing investments in renewable energy, as part of 
a green economy strategy spanning all major sectors, 
can contribute to reducing health and environmental 
impacts from energy production and use, while 
ensuring the basis for long-term economic growth. 
Such a strategy is based on the substitution of fossil 
fuel energy with renewable energy, savings from 
energy efficiency in manufacturing, buildings and 
construction, and transport, and behavioural change. 
Such an integrated strategy can increase national energy 
security and reduce carbon emissions while providing 
new employment opportunities that may, in global 
terms, more than compensate for jobs that disappear. 
This, however, should not prevent policymakers from 
recognising that in specific countries, depending on 
the extent to which fossil-fuel subsidies are phased 
out and negative externalities addressed, there could 
be net declines in employment, at least in the short 
term. The focus should be on specific countries and on 
practical ways of building capacity and skills to facilitate 
a transition to a green economy.

In order also to play a role as part of an integrated 
strategy to reduce energy poverty, specific aspects of 
renewable energy development needs to be tailored to 
the circumstances in rural areas where the majority of 
the poor in developing countries live. Mini-grids and off-
grids may provide a cost-effective means of delivering 
electricity to the poor, while also reducing growth in 
GHG emissions. This requires additional financing flows, 
as well as continued development of new financing 
models.
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Key messages
1. As currently configured, manufacturing has a large material impact on economy, environment 
and human health. Manufacturing is responsible for around 35 per cent of global electricity use, over 
20 per cent of CO2 emissions and over a quarter of primary resource extraction. Along with extractive 
industries and construction, manufacturing currently accounts for 23 per cent of global employment.  
It also accounts for up to 17 per cent of air pollution-related health damage. Estimates of gross air 
pollution damage range from 1 to 5 per cent of global Gross Domestic Product (GDP). 

2. Key resource scarcities − including easily recoverable oil reserves, metal ores and water – will 
challenge the sector. As industries resort to lower-grade ores, more energy is required to extract 
useful metal content. Improved recovery and recycling will increasingly become a decisive factor 
for both economic performance and environmental sustainability. The same applies to water use by 
industry, which is expected to grow to over 20 per cent of global total demand by 2030. 

3. Win-win opportunities exist, if manufacturing industries pursue life-cycle approaches and 
introduce resource efficiency and productivity improvements. This requires supply and demand-
side approaches, ranging from the re-design of products and systems to cleaner technologies and 
closed-cycle manufacturing. If the life of all manufactured products were to be extended by 10 per cent, 
for example, the volume of resources extracted could be cut by a similar amount.  The costs of end-
of-pipe pollution control can be reduced by cleaner production approaches in management, cleaner 
raw material selection, and cleaner technologies that reduce emissions and integrate by-products into 
the production value chain. With the use of alternative production equipment, processes and inputs, 
returns on investment can be substantial and with relatively short payback periods.

4. Key components of a supply-side strategy include remanufacturing – for example of vehicle 
components – and the recycling of heat waste through combined heat and power installations. 
Closed-cycle manufacturing extends the life-span of manufactured goods, making revamped goods 
available for re-use, and reduces the need for virgin materials. Repair, reconditioning, remanufacturing 
and recycling are fairly labour-intensive activities, requiring relatively little capital investment.  
Remanufacturing operations worldwide already save about 10.7 million barrels of oil each year, or an 
amount of electricity equal to that generated by five nuclear power plants. 
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5. While direct job effects of greening manufacturing may be neutral or small, the indirect 
effects are significantly higher. Manufacturing has become increasingly automated and efficient, 
which has been accompanied by job losses. This can be countered by life-cycle approaches and 
secondary production, for example, in the form of recycling, to secure jobs, for which safe and decent 
working conditions are of paramount importance. 

6. Green-investment-scenario modelling for manufacturing suggests considerable improvements 
in energy efficiency can be achieved. By 2050, projections indicate that industry can practically 

“decouple” energy use from economic growth, particularly in the most energy-intensive industries. Green 
investment will also increase employment in the sector. Tracking progress will require governments to 
collect improved data on industrial resource efficiency.

7. Innovation needs to be accompanied by regulatory reform, new policies and economic 
instruments in order to enable energy and broader resource-efficiency improvements. 
Environment-related levies, including carbon taxes, will be required to ensure producers include the 
cost of externalities in their pricing calculations. Mindful that manufacturing is not a uniform industry, 
governments need to consider approaches that meet the realities of specific industries and their value 
chains that often stretch across national economies. Governments are also challenged to find mixes of 
policies and regulatory mechanisms that best suit national circumstances. Developing countries have 
a strong potential to leapfrog inefficient technologies by adopting cleaner production programmes, 
particularly those that provide support to smaller companies, many of which serve global value chains. 
Of special importance to manufacturing is the introduction of recognised standards and labels, backed 
by reliable methodologies.
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1  Introduction
Manufactured products are a key component of human 
consumption, whether as finished or semi-finished goods. 
Manufacturing processes are a key stage in the life-cycle 
of material use, which begins with natural resource 
extraction and ends with final disposal. Basic industries 
such as cement, aluminum, chemical and steel supply 
the semi-finished, or intermediate goods, used to build 
houses, cars, and other appliances used in daily life. Other 
industrial sectors produce finished goods such as clothing, 
leather, fine chemicals, electrical and electronic products. 

In Our Common Future (1987), the Brundtland 
Commission foresaw industrial operations that are more 
efficient in resource use, generate less pollution and 
waste, are based on the use of renewable resources, 
and that minimise irreversible impacts on human health 
and the environment. This vision became the drive for 
concepts such as Cleaner Production promoted by UNEP 
and others since the 1980s. It remains a challenge for 
manufacturing industries world-wide, highlighting a 
need for more fundamental change in which the purpose 
of products and side-effects of manufacturing become a 
source of inspiration for re-design and beneficial output 
(Braungart and McDonough 2008).

In order to implement a strategy of sustainable use 
of natural resources based on integrated resource 
management and resource efficiency, policy 
interventions supplemented by voluntary initiatives are 
needed at each stage of the life-cycle of production and 
use. The balance between upstream and downstream 
interventions is up for policy debate. Upstream policy 
interventions, for example, at the stage of mineral 
extraction or forest harvesting, to minimise adverse 
environmental impacts or to charge users appropriately 
for depletion or appropriation of resource rents, would 
have the effect of raising input prices to manufacturing 
companies. 

Policy interventions targeted at manufacturing 
companies with the aim of reducing pollution to air 
and water, safeguarding health from exposure to toxic 
chemicals, and emitting greenhouse gases can also have 
the effect of increasing the cost of using resource inputs. 
These, together with other measures, can be powerful 
drivers in encouraging manufacturing industries to 
become more efficient in their use of natural resources 
and energy. Measures intended to improve the 
performance of markets for secondary raw materials 
and to encourage recycling can help to improve the 
performance of manufacturing companies in reducing 
their use of virgin raw materials. These are all building 

blocks for moving us closer to the vision described in 
Our Common Future.

1 1 Structure of the chapter 

The chapter starts with a brief sketch of global 
manufacturing and its importance to developing 
economies. It then explains the choices of manufacturing 
branches, which are the main focus of the chapter , the 
environmental pressures associated with them, recent 
trends in decoupling economic growth from those 
pressures and a definition of green manufacturing.

Section 2 describes the costs of failure to implement 
a strategy of greening manufacture. These relate to 
excessively rapid depletion of natural resources, which 
could adversely affect future economic growth, the 
negative externalities of industrial air pollution and the 
use of hazardous substances.

Section 3 outlines a number of strategic approaches to 
encourage green manufacturing that involve investment 
in innovation, cleaner energy technologies, resource 
efficiency and a transition to green jobs. This includes a 
supply-side strategy involving the redesign of processes and 
technologies employed in the major materials-intensive 
subsectors of the manufacturing sector, including closed-
cycle manufacturing where feasible. It also includes 
a demand-side strategy to change the composition of 
demand, both from within industry and from end-users. 

Section 4 argues that there are many opportunities for 
investments that can lower costs by using less material, 
energy and water. At the micro-level this can translate 
into an increase in profitability, if the rate of return on 
such investment is greater than that of an alternative 
investment. The section provides numerous examples 
of green investments highlighting, in particular, their 
impacts on energy savings and CO2 emissions reductions, 
water savings and employment creation. However, the 
process of transition may be slowed by the problem of 
lock-in, owing to the capital-intensive nature of many 
manufacturing processes and long plant lives.

Section 5 presents the results of model-based quantitative 
analysis done for this study that shows how investing to 
improve resource efficiency in manufacturing can often 
be profitable to business and increase employment 
while reducing environmental pressure. At the macro-
level it can mean greater Gross Domestic Product (GDP) 
and a higher level of environmental services. 
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Section 6 discusses the enabling conditions for a green 
transformation in manufacturing. The various types 
of policy measures are discussed in some detail. These 
include regulatory and control mechanisms, economic 
or market-based instruments; fiscal instruments and 
incentives; voluntary action, information and capacity 
building.

1 2 Manufacturing in the 
global economy 

During the 20th century, the growth of manufacturing 
was phenomenal. World steel production, for example, 
rose by a factor of six between 1950 and 2000 to over 
1.2 billion metric tonnes (World Steel Association, 2009). 

Aluminum production doubled between 1980 and 2005 
(USGS 2009). The growth of industrial production has 
also been accompanied by increasing pressure on the 
environment. Industry is responsible for over a third of 
global electricity use and over a fifth of CO2 emissions 
(WRI 2007; IEA 2008). 

Manufacturing has been a major driver of overall 
economic growth in developing countries since 1995. 
During this period, developing countries’ GDP nearly 
doubled. In 2009, Manufacturing Value Added (MVA) 
grew by 2.5 per cent while in some major industrial 
countries it dropped by more than 10 per cent (UNIDO 
2010). Following the start of the global financial crisis 
in 2008, a collapse in industrial production in 2009 was 
drastic in many countries dependent on manufacturing 
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exports. In a front-page article entitled “The collapse 
of manufacturing”, The Economist (2009), noted the 
challenges governments face in dealing with the varied 
and constantly changing difficulties in the world’s 
manufacturing industries. Governments are often slow 
to design and amend manufacturing programmes. 

If anything, the recent financial crisis highlighted a 
broader shift in the location of centres of manufacturing 
that supply global value chains. The contribution of 
manufacturing to developing world GDP increased to 
almost 22 per cent by 2009, compared with 18 per cent in 
1990 (UNIDO 2010). Broadly defined, industry (excluding 
agriculture and services, but including manufacturing, 
extractive industries and construction) accounted for 
about 23 per cent of global employment, representing 
over 660 million jobs in 2009, and grown by more than 
130 million since 1999 (ILO 2011). In manufacturing, the 
chemical, iron and steel, and paper and pulp industries 
generate the highest revenues. However, in terms of 
employment, the textile sector (highly important for 
Lesser Developed Countries (LDC) and developing 
countries) and the basic metals sector (highly important 
for transition and developed countries) are leading, each 
accounting for 20-25 per cent of global employment in 
manufacturing (ILO 2010). 

1 3 Scope and definition

This chapter focuses on those manufacturing sub-
sectors that are energy-intensive or heavy users of 
natural resources. It excludes power generation as well 
as food and refined petroleum products, which are dealt 
with in the chapters on agriculture and energy. The 
following manufacturing sub-sectors are given special 
attention in this chapter: 1

 ■ Iron and steel (ISIC 241) Cement (ISIC 239)

 ■ Chemicals and chemical products (ISIC 20)

 ■ Pulp and paper (ISIC17)

 ■ Aluminum (ISIC 242)

 ■ Textile and leather (ISIC 13 + 15)

 ■ Electrical and electronic products (ISIC 26 + 27)

Throughout the analysis in the above subsectors, it 
should be noted that manufacturing is not a uniform 
sector and that geographic dispersion in its value chains 
is part of the complexity that the industry faces. Figure 1 
illustrates where the products of some of the above-listed 
manufacturing industries go. The breakdown signals 
end products such as buildings, vehicles and consumer 
products that end-users are familiar with from their daily 
lives. It signals resource intensive consumption clusters 
related to housing and transport (cf the buildings and 
transport chapters). This is a reminder of insights from 
following a value-chain approach, considering green 
innovations upstream and downstream. Some would say 
the point of departure for green intervention needs to 
be design, since most of the business cost of production 
is determined during the initial design stage. A range of 
options, upstream and downstream, will be considered 
in this chapter.

In terms of CO2 emissions, the branches of manufacturing 
covered in this chapter account for 22 per cent of global 
emissions. Emissions from the iron and steel, cement 
and chemical industries account for most of them, while 
industries such as textiles and leather can generate 
significant negative externalities if their effluents are not 
handled properly. The electrical and electronic goods 
industries have a crucial role in the global economy, 
with 18 million jobs (ILO 2007), and account for most of 

1. The International Standard Industrial Classification of All Economic 
Activities (ISIC), Revision 4 (United Nations 2008) divides manufacturing into 
24 divisions, which are in turn divided into numerous groups and classes. 
The activities discussed in this chapter include those found in all or parts 
of eight of the ISIC divisions. Among the manufacturing industries not 
discussed explicitly in this chapter are glass, ceramics, wood products and 
machinery. This chapter needs to be read in conjunction with the Energy, 
Buildings, Forests, Waste and Water chapters of the Green Economy Report.

Figure 2: Global material extraction in billion tonnes, 
1900-2005  Industrial production drives most of the 
ores extraction, and significant parts of biomass and 
construction
Source: Krausmann et al. (2009)
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the growth in manufacturing at present. They too have 
harmful environmental impacts if hazardous chemicals 
and metals in production and final disposal are not 
carefully managed. 

Historically, GDP has grown more rapidly than material, 
energy and labour inputs required to produce it. This 
has been owing to a combination of structural change, 
as service consumption sectors have grown faster than 
material consumption, technical change, which, has 
reduced material and labour inputs (e.g. automation) per 
unit of production, and more stringent environmental 
policies, which have driven up the cost of using some 
pollution-intensive inputs. This resulted, among others, 
in relative decoupling of resource input from output 
and absolute decoupling of some of the associated 
environmental pressures. Yet resource- efficiency gains 
have been offset by economic and population growth: 

overall emissions, energy use and material use continued 
to grow despite lower emissions, energy and material use 
per unit output (Figure 2). Without absolute decoupling, 
continuous economic growth implies continuously 
higher energy and resource demands, to levels that put 
the health of our natural resource base at risk. 

The greening of manufacturing is essential to any effort 
to decouple environmental pressure from economic 
growth. Green manufacturing differs from conventional 
manufacturing in that it aims to reduce the amount 
of natural resources needed to produce finished 
goods through more energy- and materials-efficient 
manufacturing processes that also reduce the negative 
externalities associated with waste and pollution. This 
includes more efficient transport and logistics, which 
can also account for a significant percentage of the total 
environmental impact of manufactured products.
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2  Challenges – the risks 
and costs of inaction
The new economic reality for manufacturing industries 
today include key structural changes such as the 
globalisation of production with transnational supply and 
demand, strong economic growth in Asia (notably China) 
and an increase of raw material prices. The following 
analysis focuses on the challenges of natural resource 
scarcity, the external costs of air pollution, as well as risks 
associated with hazardous substances and waste. 

2 1 Natural resource scarcity 

Resource scarcity is an increasing threat to future 
economic growth and a real challenge to the 
manufacturing industries, especially scarcity of fresh 
water, oil and gas, and some metals. Secure resource 
provision needs to be supported by healthy ecosystems, 
the vitality of which depends on biodiversity. The TEEB 
for business report (TEEB 2012) highlights what is called 
the “impacts and dependencies” of the manufacturing 
industry on biodiversity and ecosystem services, 
reflecting the footprint of facilities and the pollution 
arising from production processes, as well as the role of 
suppliers of raw materials or semi-finished goods. These 
linkages are often complex and sector- specific. In the 
case of direct impact and dependency on biodiversity, 

the industries most implied include the pulp and paper 
industry as well as the textile and leather industry. If 
one considers high dependence on specific ecosystem 
services, this points to a wider range of industries. What 
they face is dependencies that pose risks associated with 
operations, markets, finance, regulations and reputation. 
A clear operational risk is that of increased scarcity and 
cost of natural resources.

Land use is mainly a problem related to agriculture and 
food production, rather than industrial production (UNEP 
2010a). The exception may be the future production of 
biomass for energy and feedstock purposes in industry. 
But industry is likely to face a significant challenge with 
regard to water in some countries or regions although 
it is responsible for less than 10 per cent of water use 
globally. Agriculture dominates with 70 per cent, 
followed by the energy sector and domestic uses, each 
with 10 per cent (UNESCO 2009). 

Owing to expected high growth of industrial production, 
water use by industry is expected to grow to over 20 per 
cent of global total demand by 2030 (Water Resources 
Group 2009). At the same time, by 2030 a potential water 
shortage of 40 per cent of expected demand, compared 
to maximum sustainable supply, is projected at the 
global level. The extent to which industry drives water 
demand is highly differentiated by region and river basin 
(World Bank 2008; Figure 3). The implications of this are 
that industries operating in regions of high water stress, 
and regions where industrial water demand is relatively 
important compared with other water demand, must 
improve their water productivity greatly or relocate to 
more water-abundant locations. This is particularly true 
for industries with high water use, such as the paper and 
pulp, textiles and leather and the steel industries.

Demand for water by industry (and for the electric power 
sector) increasingly competes with water demand by 
agriculture and urban consumers. In addition, all of this 
needs to be balanced with water demand by ecosystems 
and biodiversity. Water treatment is a necessary 
precondition for industrial (or consumer) water use. 
About half of industrial water use is for cooling purposes, 
and about a fifth of this water is lost as vapor, but much 
of the other four-fifths can be used downstream for 
other purposes (although the discharge of heated water 
can be harmful to aquatic ecosystems). The best way 
to reduce water loss for cooling large central power 

0

20

40

60

80

100

IndustryDomesticAgriculture

Sub-
Saharan

Africa

South
Asia

Middle
East

& North
Africa

Latin
America

&
Caribbean

Europe
&

Central
Asia

East
Asia

&
Paci�c

%

Figure 3: Water demand in end-use by region 
Source: World Bank (2008)

252



Manufacturing

facilities is to find productive uses for the heat. This 
strategy, called co-generation or combined heat and 
power (CHP), is applicable in urban areas, industrial 
parks and in buildings generally, but its widespread 
application requires a major change in the structure 
of the electric power grid. Other industrial water uses 
include quenching of hot coke or red hot steel ingots, 
wood pulping, washing, rinsing and dyeing of textiles, 
tanning of leather and surface finishing of metals 
(including electroplating). These uses leave polluted 
and sometimes toxic waste streams that need treatment 
(which uses even more water), and whose costs in many 
instances are not reflected in the cost of production. 

Reserves of easily recoverable oil are diminishing, 
stimulating technological innovation to extract oil from 
deep ocean underwater reservoirs and non-conventional 
sources, such as oil and tar sands, and natural gas from 
shale, as a close substitute for many uses of petroleum. 
Since the early 1980s the amount of new oil discovered 
each year has been less than the amount extracted and 
used (Figure 4). The overall peak is only a question of 
time. However, market forces including high prices may 
reduce demand and increase the use of substitutes, 
causing demand to peak before supply. Some think 
peak oil may still be 20 years in the future. Others think 
it has happened already (Campbell and Laherrère 1998; 
Campbell 2004; Heinberg 2004; Strahan 2007). 

The energy and other costs of replacing oil exploration 
and development are rising. The energy return on 
investments in energy (EROIE) of oil discovered in the 

1930s and 1940s was about 110, but for the oil produced 
in the 1970s it has been estimated at 23, while for new 
oil discovered in that decade it was only 8 (Cleveland et 
al. 1984). Decades ago, only 1 per cent of the energy in 
oil discovered was needed to drill, refine and distribute 
it, but since then the EROIE has declined drastically. In 
the case of deep-water oil, the EROIE is not above 10. For 
Canadian tar sands the EROIE appears to be only about 
3, which means that a quarter of all the useful energy 
extracted is needed for the extraction itself. These costs 
are reflected in the rising price of oil (and gas, which is a 
partial substitute) and are a sign of increasing oil scarcity. 

High quality metal ores are also gradually being 
depleted (OECD 2008). While absolute scarcity is not yet 
perceived as an immediate problem for most metals, 
the indicators on the life expectancy of reserves (cf 
Tables 1 and 2) show that lower grade ores must be 
used. However, in order to do so more energy is needed 
to extract the useful metal content, adding marginally 
to GHG emissions. And whilst metals appear above 
ground in our economies in increasing quantities, a 
UNEP Resource Panel report on metals has shown the 
opportunity for much improved recycling rates (UNEP 
2010a). Metals such as iron and steel, copper, aluminum, 
lead and tin enjoy recycling rates that vary between 
25 and 75 per cent globally, with much lower rates in 
some developing economies. Improved recovery and 
recycling rates are also important for high-tech specialty 
metals that are needed in manufacturing to make key 
components for products that range from wind turbines 
and photovoltaic panels to the battery packs of hybrid 

Figure 4: Discovery rate of oil trend, 1965-2002
Source: Heinberg (2004)
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cars, fuel cells and energy-efficient lighting systems. 
(UNEP 2010a). With respect to the availability of critical 
metals, the EU published in 2010 a list of 14 critical metals 

or groups of metals that are important to its economy, 
where supplies may be adversely affected by shortages 
or political tension (Graedel 2009).

Table 1: Global resource extractions, by major groups of resources and regions
Source: (OECD 2008)

WORLD OECD BRIICS* RoW**

Rate of change Rate of change Rate of change Rate of change

2002 1980–2002 2002–2020 2002 1980–2002 2002–2020 2002 1980–2002 2002–2020 2002 1980–2002 2002–2020

Amounts extracted (billion tonnes)

Total 55.0 36% 48% 22.9 19% 19% 17.7 67% 74% 14.4 35% 63%

Metal ores 5.8 56% 92% 1.8 41% 70% 2.2 110% 100% 1.9 30% 104%

Fossil energy 
carriersa 10.6 30% 39% 4.1 12% 6% 3.7 58% 59% 2.9 31% 60%

Biomassb 15.6 28% 31% 4.5 11% 6% 5.9 49% 33% 5.2 25% 50%

Other mineralsc 22.9 40% 54% 12.6 21% 21% 5.9 81% 115% 4.4 58% 63%

Per capita (tonne/capita)

Total 8.8 -4% 22% 20.0 0% 8% 6.0 19% 51% 6.7 -16% 20%

Metal ores 0.9 11% 58% 1.5 19% 54% 0.7 51% 73% 0.9 -19% 51%

Fossil energy 
carriersa 1.7 -8% 14% 3.6 -6% -4% 1.3 13% 38% 1.3 -18% 18%

Biomassb 2.5 -9% 8% 3.9 -6% -4% 2.0 7% 15% 2.4 -22% 11%

Other mineralsc 3.7 -1% 27% 11.0 2% 10% 2.0 30% 86% 2.0 -2% 21%

Per unit of GDP (tonne/1,000 US$d)

Total 1.6 -26% -14% 0.8 -33% -24% 4.6 -35% -32% 4.5 -21% -26%

Metal ores 0.2 -15% 11% 0.1 -20% 9% 0.6 -18% -23% 0.6 -24% -8%

Fossil energy 
carriersa 0.3 -29% -19% 0.1 -37% -32% 1.0 -38% -38% 0.9 -24% -28%

Biomassb 0.4 -30% -24% 0.2 -37% -32% 1.5 -42% -48% 1.6 -27% -32%

Other mineralsc 0.6 -24% -11% 0.4 -32% -22% 1.5 -29% -17% 1.4 -8% -26%

Notes: a. Crude oil, coal, natural gas, peat. b. Harvest from agriculture and forestry, marine catches, grazing. c. Industrial minerals, construction minerals. d. Constant 1995 
US$. * BRIICS = Brazil, Russia, India, Indonesia, China and South Africa. ** RoW = Rest of the World

Table 2: Life expectancies of selected world reserves of metal ores
Source: OECD (2008)

Metal oresa 1999 reserves 
(tonnes)

1997–99 average 
annual primary 

production 
(tonnes)

Life expectancy in yearsb, at three growth rates in primary 
productionb

Average annual 
growth in 

production 
1975–99 (%)

0% 2% 5%

Aluminium 25 x 109 123.7 x 106 202 81 48 2.9

Copper 340 x 106 12.1 x 106 28 22 18 3.4

Iron 74 x 1012 559.5 x 106 132 65 41 0.5

Lead 64 x 106 3,070.0 x 103 21 17 14 -0.5

Nickel 46 x 106 1,133-3 x 103 41 30 22 1.6

Silver 280 x 103 16.1 x 103 17 15 13 3

Tin 8 x 106 207.7 x 103 37 28 21 -0.5

Zinc 190 x 106 7,753.3 x 103 25 20 16 1.9

Notes: a. For metals other than aluminium, reserves are measured in terms of metal content. For aluminium, reserves are measured in terms of bauxite ore.
b. With current production and consumption patterns, technologies and known reserves.
c. Life expectancy figures were calculated before reserves and average production data were rounded. As a result, the life expectancies in years (columns 4, 5, 6) may 
deviate slightly from those derived from reserves and average production (columns 2 and 3).
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Against this background, resource-intensive sectors face 
a multitude of challenges. First, rapidly industrialising 
economies are building their infrastructure rapidly and 
requiring large amounts of resources. Competition over 
access to resources is likely to grow. Second, high quality 
metal ores are gradually being depleted. This leads to use 
of lower grade ores, which require much more energy 
to extract its useful metal component. Third, at local 
level resource extraction can have significant impacts 
on ecosystems and landscape. Mitigating these impacts 
through environmental policy or industry initiatives can 
also increase the cost of extraction. Fourth, there are 
risks of security of supply and price volatility. 

Not all industrial production sectors are equally affected 
by these challenges, and not all materials are equally 
important in terms of economic or environmental 
impacts. This is illustrated by Figure 6 that combines 
information about physical material use in Europe with 
the life-cycle environmental impacts per kilogram of 
material (UNEP 2010b). Many minerals that dominate 
consumption by mass are of marginal importance 
for global warming, human toxicity, land use, or 
an integrated “Environmentally Weighted Material 
Consumption” index (van der Voet 2005). Indeed, 
environmental impacts are dominated by fossil fuels, 
their derivatives (such as plastics) and biotic materials 
(UNEP 2010b).

Resource scarcities – absolute or relative, actual or 
perceived – impact the prices of commodities and 
manufacturing inputs. Since the mid-2000s, commodity 
prices have shown an increasing volatility, which is 
mainly owing to a series of energy, financial and food 
crises. Economic recession, in turn, reduces demand 
for oil and can be followed by an equally drastic price 
decline that is further exaggerated by speculation. Thus, 
price volatility can seriously inhibit long-term green 
investment. 

Since the early 2000s, other commodity prices, especially 
non-ferrous metals, have also been sensitive to short-
term factors such as the boom in China coupled with 
recession in the US, depreciation of the US dollar (all 
commodities are priced in US$) and speculative activity 
(Figure 5). In 2008, commodity prices exceeded previous 
records from the 1970s. Higher prices induce investment 
in alternatives, but excessive volatility tends to have the 
opposite effect, because it prevents rational planning.

It is important to differentiate between short and 
long-term impacts and trends. When prices for natural 
resources rise because long-term trends in demand 
begin to exceed long-term trends in supply, or when 
governments internalise some of the environmental 
costs of natural resource extraction or use to business, 
the response of market participants can facilitate the 

adjustment process. Manufacturers are more likely 
to adopt innovative technologies that can improve 
resource efficiency. To the extent that this is not fully 
sufficient to absorb the increase in costs, the selling price 
of their products will increase, providing an incentive for 
consumers to search for less costly substitutes in the 
market place. Meanwhile, exploration and development 
of additional resources will occur, and markets will reach 
a new equilibrium at a higher price that stimulates 
innovation.

2 2 The external costs of 
industrial air pollution

Most manufacturing processes cause, to varying degrees, 
air, water and soil pollution – costs to society and the 
environment that need to be accounted, or internalised, and 
reduced. In this section, the focus is on air pollution. Besides 
GHG emissions, industrial facilities release pollutants such 
as particulate matter, sulphur dioxide, nitrogen dioxide, 
lead, and chemicals that react to form ground-level ozone. 
These hazardous air pollutants can cause health and safety 
problems that are well known and degrade ecosystems. 
Some studies have sought to quantify the health and 
other costs of air pollution. For instance, the cost of air 
pollution in China, which was estimated in 2005 at 3.8 per 
cent of GDP, was found to be mainly driven by increasing 
industrialisation, which depends on coal-fired power plants 
and is led by an increasing urban population (World Bank 
2007; Wan You and Qi 2005). Chinese coal on average 
contains 27 per cent ash and up to 5 per cent sulphur. 
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In the USA, damage from air pollution, mostly (95 per 
cent) in the form of health costs, is estimated to amount 
to between 0.7 per cent and 2.8 per cent of GDP. This 
estimate depends on assumptions about the value of 
life, as a function of age, and the relationship between 
exposure and mortality (Mendelsohn and Muller 2007). 
The USA data, taken from 10,000 locations, are consistent 
with European data. In Europe, the greatest contributors 
to emissions of particulate matter in 2000 were from the 
energy and electric power sectors (30 per cent), road-
transport (22 per cent), manufacturing (17 per cent) and 
agriculture (12 per cent) (Krzyzanowski et al. 2005). 

The cost estimates presented in Table 3 are based on 
human health effects, including premature mortality, 
chronic illness, such as bronchitis and asthma, and 
several acute illnesses. Muller and Mendelsohn (2007) 
also measure the damages from reduced crop and timber 

yields, impaired visibility, deterioration of man-made 
materials, and diminished recreation services, although 
the health-related damages constitute 95 per cent of the 
total (not counting GHGs). Another 2009 assessment, 
by the U.S. National Research Council (2009), found that 
burning fossil fuels costs the USA about US$ 120 billion 
a year in health costs, mostly because of thousands of 
premature deaths from air pollution.

The International Energy Agency (IEA) and the 
International Institute for Applied Systems Analysis 
(IIASA) have estimated the cost of control policies for 
air pollution caused by the combustion of fossil fuels 
to be US$ 190 billion in 2005, some of it paid and some 
unpaid. This cost is projected to increase in a BAU 
scenario by a factor of three by 2030, owing to higher 
activity levels and increasingly stringent controls (IEA, 
IIASA 2009). However, the avoided costs to health and 
the environment are much greater, resulting in a highly 
favourable balance of benefits and costs. In addition, the 
costs of end-of-pipe pollution controls can be reduced 
by cleaner production approaches in management, 
cleaner raw material selection and cleaner technologies 
that reduce emissions and integrate by-products into a 
production value chain.

Air pollution and climate change are linked in several 
ways, and they could be beneficially addressed by 
integrated policy (Raes 2006). The analysis, using (IIASA) 
GAINS (Greenhouse Gas and Air Pollution Interactions 
and Synergies) model, reveals that significant co-
benefits on local air quality can be expected from 
reduced Greenhouse Gas Emissions (GHG) emissions 
and that climate change mitigation measures would cut 
SO2, NOx and particulate matter emissions at no extra 
cost and reduce local negative health impacts from fine 
particulate matter accordingly (IIASA 2009).

2 3 Hazardous substances and waste 

Other significant environmental externalities at a 
global scale include impacts associated with hazardous 

Figure 6: Relative contribution of material groups 
to environmental problems (EU27 + Turkey)
Source: UNEP (2010b)
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Table 3: Cost of air pollution from sulphur 
dioxide, nitrogen dioxide, and volatile organic 
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Source: Adapted from World Bank (2008); Markandya and Tamborra (2005); Strukova et 
al. (2006); Bobylev et al. (2002); Mendelsohn and Muller (2007).

Country Year GDP (per cent)

China 2008 1.16-3.8

European Union 2005 2

Ukraine 2006 4

Russia 2002 2-5

USA 2002 0.7-2.8
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substances and waste. The waste sector produces 
pressure on the environment through releases from 
landfills, domestic and commercial waste-water 
treatment and industrial wastewater. According to 
Havranek (2009), the waste management sector in the 
EU in 2005 generated external costs of € 2.7 billion 
(assuming a low figure of € 21 per tonne of CO2eq 
emissions). A large component of this was owing to 
emissions of methane. For comparison, in the same year, 
the chemical industry in EU27 produced € 3.6 billion of 
external costs attributed to GHG emissions, which is a 
similar order of magnitude.

Releases of toxic substances cause health and safety 
problems and ecosystem degradation. Some countries 
have made significant progress by applying cleaner 
production, product substitution and end-of-pipe 
measures. In developed countries, toxic emissions have 
been one of the few success stories, with releases and 
exposure diminishing while production and GDP grew. 
This is related to the fact that most toxic substances are 
emitted as small mass flows, and for which substitution 
or emission reducing measures are relatively easy to 
achieve. Production patterns have changed radically, 
with industries based in developed countries focusing 
on high-value chemicals and pharmaceuticals. The 
manufacture of high production volume (HPV) 
chemicals, on the other hand, has been progressively 
migrating to developing countries, where regulatory 
frameworks are often lacking and where costs for the 
sound management of industrial (hazardous) waste are 
rarely internalised. 

In the absence of good waste management, the following 
industries in particular may face toxicity challenges: 

 ■ Textile industry and leather industry in relation to 
dying and tanning products; 

 ■ Paper and pulp industry in relation to bleaching 
processes and related water emissions; 

 ■ Chemical and plastics industry, depending on the 
type of chemicals produced; and

 ■ High-temperature processes such as in the cement 
and steel industry, where the formation of by-products 
or emissions of metals can be a problem.

Data provided by the International Council of Chemical 
Associations indicate that worldwide chemical sales 
in 2007 were € 1.8 trillion, a 28 per cent increase from 
2000 (Perenius 2009). Over 60 per cent of these sales 
originated in Organisation for Economic Co-operation 
and Development (OECD) countries (€ 1.1 trillion). 
The BRIICS (Brazil, Russia, India, Indonesia, China, 
and South Africa) countries account for another 20 
per cent of these sales (€ 400 billion in 2007). Of the 
hundreds of thousands of chemicals on the market, 
only a small fraction has been thoroughly evaluated 
to determine their effects on human health and the 
environment. Some chemicals that have been used in 
large quantities for many years are now suspected of 
carcinogenicity or teratogenicity. Some of the most 
toxic and dangerous chemical products (such as DDT) 
have been phased out, at least in the OECD countries. 
Adverse human health effects of chemicals include 
acute and chronic poisonings, neurodevelopmental 
disorders, reproductive/developmental disorders and 
cancer (WHO 2004). Preventing chemical pollution 
at the source avoids generating harmful wastes and 
emissions while reducing and eliminating costs of 
cleanup.

Gaps in applying standards for industrial safety and 
accidents give historical examples of the risks and 
societal costs that can be associated with industrial 
production, in particular where hazardous substances 
are involved. International Labour Organisation (ILO) 
global figures for 2003 indicated that there were about 
358,000 fatal and 337 million non-fatal occupational 
accidents in the world; an additional 1.95 million died 
from work-related diseases. The number of deaths 

Table 4: Examples of major industrial accidents and related economic and social costs 
Source: Adapted from Mannan (2009), Grande Paroisse - AZF (2010), Kuriechan (2005) and BP (2010).

Location Date Cost (US$) Number of fatalities and injured

Chemical industry

Bhopal, India 03/12/1984
US$ 320 million in claims & compensation; US$ 10 million in economic, medical, social, 
environmental rehabilitation. However, the Indian government estimated the cost of the 
Bhopal disaster at US$ 3.3 billion. 

2,800 fatalities and estimated 170,000 
long-term adverse health effects 

Toulouse, France 21/09/2001 € 2 billion (environmental and social cost) 31 fatalities and 4,500 injured 

Oil & Gas industry

North Sea 06/07/1988 US$ 3.4 billion (mostly clean-up cost) 167 fatalities

Gulf of Mexico 20/04/2010
US$ 6.1 billion (as of 09/08/2010), (containment, relief, grants to the US Gulf states, 
claims paid, and federal costs); creation of a US$ 20 billion escrow account for clean-up 
and other obligations.

11 fatalities (oil platform workers)
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caused by hazardous chemicals alone was estimated at 
651,000. When taking into account compensation, lost 
working time, interruption of production, training and 
retraining, medical expenses, social assistance etc., these 
losses are estimated annually at 5 per cent of the global 
gross national product. Latest ILO estimates indicate that 
the global number of work-related fatal and non-fatal 
accidents and diseases does not seem to have changed 
significantly in the past ten years. One complication in 
manufacturing and ship-building is the distribution of 
occupational safety and health (OSH) obligations in the 
principal contractor–subcontractor relationship (ILO 
2009).

The cost of industrial accidents represents a great source 
of public and private expenditure and social distress. 
Over the past three decades, a rough cost assessment of 
only a few of the major industrial accidents worldwide 
shows that a minimum of US$ 40 billion have been 
spent on addressing the damages. If smaller incidents 
are taken into account, the real economic cost is likely to 
double, while deaths and injuries would be on the scale 
of several hundreds of thousands. Some major incidents 
are listed in Table 4. Clearly, there are global benefits 
in human and environmental health associated with 
cleaner and safer industrial production, which has to be 
part of a transition to green manufacturing.
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3  Opportunities – Strategic options 
for the manufacturing sector
In its Vision 2050 report, the World Business Council on 
Sustainable Development (WBCSD) (2010) describes 
a world in which the manufacturing industries follow 
life-cycle approaches that enable dematerialisation and 
expanded service systems. In a sustainable world of 
about 9 billion people by 2050, a complete range of new 
products and services is offered, based on high longevity, 
low embodied water, as well as low-energy and material 
content. This transition will not happen overnight, and 
it will require substantial investment. A major challenge 
is one of transition in industrial production, to become 
less carbon and material intensive while at the same 
time preserving jobs or reinvesting in completely new 
employment opportunities. This is particularly relevant 
for developing and emerging economies that currently 
invest heavily in conventional production infrastructure. 
Both at the country and industry sector level, improved 
resource-efficiency and decoupling offers the opportunity 
of competitive advantage and a sustainable future.

To what extent will green investments in efficiency have 
a more favorable payoff than conventional investments? 
Big companies normally set their hurdle Rate of Return 
on Investment (ROI) at around 25 per cent, pre-tax. There 
is overwhelming evidence of significant opportunities 
for efficiency investments that yield much higher rates 
of return, even under current economic conditions. The 
economic opportunities increase dramatically at higher 
carbon prices.

3 1 Decoupling and 
competitive advantage 

As indicated earlier, historical evidence shows that 
declining energy intensity in industry and relative 
decoupling have typically been offset by increases in 
energy demand associated with higher levels of GDP. 
In addition, there may have been additional demand 
for energy as an input owing to a decline in its relative 
price and to the increase in economic growth owing 
to the gain in resource efficiency itself; the two effects 
together are sometimes called the rebound effect. 
Overall emissions, energy use and material use have kept 
on growing despite lower emission, energy and material 
use per unit output as seen in Figure 7 (Krausmann et 
al. 2009). Resource extraction per capita has been stable 
or increasing only slightly. What economies world-wide 
need is absolute decoupling of the environmental 

pressure associated with resource consumption from 
economic growth. This will be easier to achieve to the 
extent that resource use itself becomes more efficient.

In recent decades, OECD countries have decreased 
their extraction intensity per US$ of GDP, reflecting 
some decoupling of primary resource extraction from 
economic growth. This trend is expected to continue. 
The main drivers are increased applications of more 
material-efficient technologies (technology effect), 
shifts from the primary and secondary sectors towards 
the service sector (structural effect), and associated 
increases in material-intensive imports (trade effect) 
owing to outsourcing of material-intensive production 
stages to other world regions (OECD 2008). For the world 
as a whole, of course, there is no trade effect because 
one country’s imports are another country’s exports. 

The decoupling of material use from GDP growth has been 
less pronounced in fast-growing transition economies 
that need to build infrastructure, which requires more 
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resources (in mass terms) than in economies with low 
growth rates (Bleischwitz 2010). Similarly, the energy-
intensive industrial sectors are not equally affected. 
The cement industry drives large material flows, but of 
relatively non-scarce resources such as limestone and 
clay. Iron ore and bauxite are not particularly scarce, and 
near substitutes are available. The paper and pulp and 
the natural fibre-based textile industry use renewable 
resources where the challenge is to avoid using them 
beyond the maximum sustainable yield. The challenges 
for the electrical and electronic industry may be more 
fundamental. High grade (>1per cent) and easy-to-
refine copper ores are becoming scarcer and low-grade 
ores need more energy in the extraction and refining 
stages. Rarer metals such as silver, indium and tellurium 
are mostly extracted from other metallurgical wastes. 

One of the major effects of the globalised nature 
of the world economy is the increasing shift of the 
manufacturing base from developed to developing 
and transition economies. This means that associated 
environmental damages from local pollution are also 
shifting. Accordingly, decoupling energy use and CO2 
emissions from GDP growth needs to be considered 
in the international context, rather than in terms of 
individual countries (see OECD 2008a). The relationship 
between Global Competitiveness Index ratings, material 
productivity and the introduction of leading technology 
strategies have been highlighted in recent research 
by Bleischwitz et al. (2009, 2010). A correlation was 
performed between resource productivity, Domestic 
Material Consumption (DMC) and competitiveness 
data by the World Economic Forum. Covering 26 
countries, it showed a positive relationship between the 
material productivity of economies (measured by GDP 
in purchasing power parity US$ per kg DMC) and their 
competitiveness index scores.

Improving the environmental efficiency of production 
at the global level can occur through technology and 
knowledge transfer from developed economies or through 
technology spillovers that occur as a result of international 
investment and globalised supply chains. With demand 
increasingly being driven from outside the advanced 
economies, these transfers and spillovers have dual 
benefits – not just reducing the extent of environmental 
damage exported from developed countries, but also 
helping developing economies shift to a more resource-
efficient growth path (Everett et al. 2010).

3 2 Innovation in supply and demand

Making society more efficient with regard to the use of 
energy, water, land and other resources is a challenge 
that requires changes along the full chain of production 
and consumption. Authors such as Von Weizsäcker et 

al. (1997, 2009) have suggested that one way to realise 
“Factor X”2 improvements in resource productivity would 
be a radical change in end-use products, new ways of 
(e.g. shared) using products (e.g. sharing), and changes 
in consumption habits. This includes consideration 
of concepts such as “sufficiency” and asking critical 
questions about the function and service of proposed 
products.

It also requires a life cycle approach, which is what 
the WBCSD (DeSimone and Popoff 1997) has pursued 
in promoting the concept of eco-efficiency over the 
last decade. This concept focuses on those resource 
efficiency measures that also generate a positive rate 
of return to business on the required investments. 
Eco-efficiency provides a graphic tool for combining 
different measures, yet still has shortcomings in allowing 
quantification and comparison based on empirical 
indicators. The guidelines behind eco-efficiency 
include reducing the material and energy intensity of 
products, enhancing material recyclability, extending 
product durability and increasing the service intensity 
of products. Eco-efficiency in manufacturing can be 
measured through indicators related to resource-
use intensity and environmental-impact intensity. 
Considering its application at national level, UNESCAP 
(2009) has defined the following as key indicators for 
manufacturing in the Asia Pacific Region:

Resource-use  
intensity:

Environmental  
impact intensity:

Energy intensity [J/GDP]
Water intensity [m3/GDP] 
Material intensity [DMI/GDP]

CO2 intensity [t/GDP]
BOD intensity [t/GDP]
Solid waste intensity [t/GDP]

Considering the full life-cycle and chain of supply and 
demand, Tukker and Tischner (2006) proposed a range 
of step-change measures along a full production-
consumption chain, and speculated about their factor 
efficiency potential. Importantly, this reflects a full 
value-chain perspective, one that reflects product and 
service combinations as well as producer and user or 
consumer challenges. The entry point in this chapter 
is the upstream side and base industries such as steel 
and iron, cement, chemicals, paper and pulp and 
aluminum – industries that supply primary materials for 
the manufacturing of products such as cars, buildings 
and refrigerators that end-users know from daily life. 
Considering the full value chain can identify a range of 
areas for innovation and green investment, including 
product design and development (PD), material and 

2. “Factor X” relates to a factor 4 or 10 improvement in energy and resource 
efficiency. Achieving factor X would in some cases require the application 
of disruptive new technologies. In addition, the concept of “exergy” 
promoted by Ayres (2010) and others focuses specifically on “useful energy” 
(as opposed to static energy and mass) and efficiency as a ratio of useful 
output compared to resource input.
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energy substitution (MES), process modification 
and control (PM) and new, cleaner technologies and 
processes (CT). These become the building blocks in 
either a supply or demand-side strategy for improving 
resource efficiency in manufacturing. 

A supply-side strategy involves redesign and improving 
the efficiency of processes and technologies employed 
in the major materials-intensive subsectors of the 
manufacturing sector (ferrous metals, aluminum, 
cement, plastics, etc.). On the other hand, if a green 
economy means improving not only productivity but 
also efficiency by a factor of four or more, a demand-side 
strategy is also required. 

A demand-side strategy involves changing the 
composition of demand, both from within industry 
and from final consumption. This requires modifying 
output, i.e. to use final goods embodying materials and 
energy much more efficiently and/or to design products 
that require less material in their manufacturing. For 
instance, the need for primary iron and steel from 
energy-intensive integrated steel plants can be reduced 
by using less steel downstream in the economy (i.e. in 
construction, automobile manufacturing, and so on). 
Design for dismantling is a key step in advancing re-use 
and recycling of, for example, metals contained in the 
end-product. 

The supply-side and demand-side approaches consist 
mainly of the following components: 

 ■ Re-design products and/or business models 
so that the same functionality can be delivered with 
fundamentally less use of materials and energy. This also 
requires extending the effective life-time of complex 
products and improving quality, by incorporating repair 
and remanufacturing into a closed-cycle system; 

 ■ Substitute green inputs for brown inputs wherever 
possible. For example, introduce biomass as a source of 
chemical feedstocks. Emphasise process integration and 
upgrade of process auxiliaries such as lighting, boilers, 
electric motors, compressors and pumps. Practice good 
housekeeping and employ professional management;

 ■ Recycle internal process wastes, including waste-
water, high temperature heat, back pressure, etc. 
Introduce CHP if there is a local market for surplus 
electric power. Use materials and energy with less 
environmental impact, e.g. renewables or waste as 
inputs for production processes. Advance recyclability 
of materials used and find or create markets for process 
wastes such as organics; 

 ■ Introduce new, cleaner technologies and improve 
the efficiency of existing processes to leapfrog and 

establish new modes of production that have a 
fundamentally higher material- and energy efficiency. 
To start with, major savings potential in manufacturing 
lies in improving the resource efficiency of existing 
processes; and

 ■ Redesign systems, especially the transportation 
system and urban infrastructure down-stream, to utilise 
less resource-intensive inputs. The first target must be 
to reduce the need for and use of automotive vehicles 
requiring liquid fuels in comparison to rail-based mass 
transportation, bus rapid transit and bicycles. 

Note that these transitional changes will occur 
automatically only to the extent that they are perceived 
by business managers and owners to increase 
competitiveness. Moreover, the manufacturing sectors 
are intermediates, which means that what they produce 
depends both on the availability and cost of raw materials 
and on the demand from downstream sectors, final 
consumers and governments. The latter can influence 
business decision-making by introducing new standards 
or subsidies. To ensure that a strategic transition to 
sustainable industrial production is realised in different 
parts of the world, both public and private investment 
in leap-frogging technologies would be highly desirable.

Despite technological advances, there will always be 
some inefficiency and waste. What is possible, however, 
is to use resources much more efficiently than it is used 
now. There is plenty of room for doing so. The USA’s 
economy today converts primary energy into useful work 
– mechanical, chemical or electrical  – with an aggregate 
efficiency of 13 per cent (Ayres and Warr 2009; Ayres 
and Ayres 2010). IEA data suggest that Russia, China and 
India remain less energy efficient than the USA (at least 
in the industrial sectors) (IEA 2009b). Japan, the UK and 
Austria are more efficient, overall, than the USA (20 per 
cent) (Warr et al. 2010). But this still means that more 
than 80 per cent, or four-fifths, of the high quality energy 
extracted from the earth is wasted. To cut that waste 
by only a quarter or a third could produce significant 
economic gains. From a macro-economic perspective, 
this is an enormous opportunity.

Closed-loop, circular systems in manufacturing 
Drawing on the principles of industrial ecology, closed-
cycle manufacturing is a particularly ambitious approach 
to supply-side innovation. This concept refers to an ideal 
manufacturing system that maximises the useful life of 
products and minimises the waste and loss of valuable and 
scarce metals. At a broader systems level, another version 
of closed-cycle manufacturing is industrial symbiosis or 
eco-industrial parks. They are modeled on the Kalundborg 
(Denmark) example, within which wastes from certain 
manufacturing operations can be used as raw materials 
for others. In Kalundborg an oil refinery that produces 
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low temperature waste heat (warm water) is used for 
greenhouses suppling organic raw materials for a drug 
company that manufactures insulin. There is a coal-burning 
power plant from which desulfurization wastes are used by 
a wallboard manufacturer (Ehrenfeld and Gertler 1997). 
Although there have been a number of attempts to create 
eco-parks – there are now over a hundred around the world 
– it has been hard to reproduce such synergies elsewhere. 
One reason is the need for an eco-park to grow around a 
fairly large (and long-lived) basic industry that generates 
predictable wastes, with usable elements or components 
that smaller operations next door can utilise. And while 
policies should certainly promote the construction of 
more green factories and clusters of green factories, a 
greater challenge in developing economies today is how 
to retrofit, convert, and install more efficient and cleaner 
processes in existing factories.

At the product level, closed-cycle manufacturing 
achieves life-cycle efficiency by facilitating maintenance 
and repair, reconditioning and remanufacturing, with 
dismantling and recycling at the end, in contrast to 
today’s linear throw-away paradigm. The usual one-
way flow of products from the factory to the salesroom 
is changed to a two-way flow. If the useful life of all 
manufactured products (and buildings) were to be 
extended by 10 per cent, the volume of virgin materials 
(except fuels) extracted from the environment would be 
cut by a similar amount, other things being equal, and 
resource prices would tend to fall. This would eliminate 
jobs for miners, but it would employ more people in 
downstream stages – especially repair and renovation 
and recycling – and cut costs through the supply chain 
all the way to final consumers, who would then have 
more disposable income. It is important to recognise 
that radical change is seldom painless. Schumpeter’s 
phrase “creative destruction” (1942) expresses this idea 
very well. Extending product life may also cut the rate 
of technological improvement. The lifetime extension of 
a product through increased reuse and recycling often 
results in relatively higher energy consumption levels 
because recent technological improvements have not 
been embodied in the reused products (such as cars and 
refrigerators). Life-cycle assessment of many products 
shows that most of the environmental pressure arises 
from their use and disposal rather than from the direct 
and indirect impacts of their production. The inability to 
capture technological improvements is especially acute 
in the area of electric power generation, where tough 
new source standards have inhibited the replacement of 
old generating facilities. 

Remanufacturing is also becoming increasingly 
significant, particularly in areas such as motor-vehicle 
components, aircraft parts, compressors, electrical 
and data communications equipment, office furniture, 
vending machines, photocopiers and laser toner 

cartridges. The Fraunhofer Institute (see UNEP et al. 
2008) in Germany has calculated that remanufacturing 
operations worldwide save about 10.7 million barrels of 
oil each year, or an amount of electricity equal to that 
generated by five nuclear power plants. They also save 
significant volumes of raw materials. In the USA, it has 
been estimated that re-manufacturing is a US$ 47 billion 
business that employs over 480,000 people (UNEP et al. 
2008). In terms of employment and economic impact, 
the remanufacturing industry rivals such giants as 
household consumer durable goods, steel mill products, 
computers and peripherals, and pharmaceuticals.3 

Some companies are now introducing specialised 
collection, sorting and dismantling plants around 
the world, either to save spare parts or to produce 
low-cost versions of their top-of-the line products. 
This encourages product redesign to facilitate the 
process. Caterpillar is probably the world’s largest re-
manufacturer, with a global turnover of US$ 1 billion 
and plants in three countries. About 70 per cent of a 
typical machine (by weight) can be re-used as such, 
while another 16 per cent is recycled (Black 2008). 
Large diesel engines are routinely re-manufactured. 
Aircraft are essentially remanufactured continuously 
by replacement and reconditioning of most parts other 
than the body and frame (which is why some DC-4 and 
DC-6 aircraft manufactured in the 1930s or 1940s were 
still in use 50 years later.) Xerox and Canon, which began 
remanufacturing photocopiers in 1992, are among the 
companies that have pushed this concept.

The major obstacle to re-manufacturing is that 
strategies for extending the useful life of manufactured 
products depend upon active cooperation from original 
equipment manufacturers (OEM). The OEMs have resisted 
this approach to date. In fact, the current trend is exactly 
the opposite: products are increasingly being made 
as un-repairable as possible, so that old products are 
discarded and usually sent directly to landfills. Another 
barrier is the fact that most products are not sold directly 
by their manufacturers or agents. This makes collection 
and return difficult. Original equipment manufacturers 
would have difficulty providing warranties for products 
remanufactured by other firms. Also, some companies 
are reluctant to market re-manufactured products in 
competition with their own new machines. Instead, 
customers are encouraged to replace old, but still 
functioning products with new ones. This problem is less 
acute in product categories (such as computers) with 
rapidly changing technologies, where new products 
have much greater functionality than reconditioned 
or re-manufactured old ones. Most consumer product 
companies see repaired, renovated or remanufactured 

3. For an analysis of over 7,000 remanufacturing firms in the USA, see 
the database and research by Lund (1996) and Hauser and Lund (2003) at 
Boston University, Available at www.bu.edu/reman/ 
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products as directly competing with their new products 
and will continue to do so unless legislation is enacted or 
pricing differentials are introduced.

Three central components in the waste minimisation 
hierarchy are the 3Rs: reduce, re-use and recycle (see the 
Waste chapter). Following repair and remanufacturing 
to enable the re-use of products, recycling is a key step 
in the closed manufacturing system. This can support 
the use of the by-products of production processes, 
whilst also providing solutions in the substitution of 
inputs in manufacturing. The most important input 
substitution in the metals industry per se is the use of 
scrap in place of ore. In the US and Europe half or more 
of the carbon steel production is now based on scrap. 
Scrap is routinely sorted into grades, depending on the 
presence of contaminants. Research on ways to separate 
contaminant metals from the iron is needed, if only to 
facilitate recovery of the chromium, zinc, copper and so 
on. Yet, surprisingly, the recycling rate for iron and steel 
has dropped in recent years from a high of 60 per cent in 
1980 to 35 per cent in 2006. The IEA projections assume 
that the decline will reverse and that a recycling rate of 
around 55 per cent will be achieved by 2050 (IEA 2009b). 
However, a significantly higher rate may be achieved by 
appropriate policy interventions, including measures to 
advance recyclability and design for dismantling.

Recycling is especially energy-efficient in the cases of 
aluminum and copper. Recycled aluminum requires only 
five per cent as much energy as primary production, but 
the recycled product, which often contains alloying 
elements, is not easy to roll into sheets or foil. Effective 
ways to purify the recycled metal (and to recover the 
alloying elements) would be very valuable. In the case 
of copper, a single tonne of metal requires the mining 
and processing of anywhere from 100 to 300 tonnes of 
ore (depending on the country), so the recycled copper 
requires much less energy than the virgin metal from ore 
(Ayres et al. 2003).

One of the most important (and under-exploited) near-
term opportunities for improving energy efficiency in 
industrial processes lies in recycling high-temperature 

waste heat from processes such as coke ovens, blast 
furnaces, electric furnaces and cement kilns, especially 
for electric power generation using combined heat and 
power (decentralised CHP). Virtually all of these examples 
are technically suitable for small combined heat and 
power plants with paybacks of the order of four years, 
providing only that the power can be utilised locally.4 The 
pulp and paper industry has reported heavy investment 
in CHP technology to reduce energy consumption, noting 
that CHP installations allow savings of between 30–35 
per cent of primary energy (UNEP 2006). Where CHP is 
not an option, the next example of input substitution 
is the use of waste fuel, such as biomass or municipal 
waste. 

On the demand side, numerous measures can reduce 
absolute water use through efficiency and recycling 
measures. Recycling waste water from a variety of 
industrial processes is increasingly important because of 
the scarcity of fresh water in conjunction with growing 
demand for water in many parts of the developing world, 
such as northern China and India. The world market for 
water treatment in 2008 was US$ 374 billion, of which 
US$ 70 billion was in the US alone. Half of this market 
could be served by new modular systems using magnetic 
separation technology, which has been successfully 
applied to mining and industrial wastes as well as 
municipal wastewater (Kolm et al.1975; Svoboda 2004). 

Water used in chemical wood pulping is mostly recycled 
internally to recycle the chemicals. Metallurgical, 
chemical, textile and other surface-finishing operations 
generate polluted wastewater that must be treated before 
it can be re-used. In the longer term, there are numerous 
possibilities for reducing the need for water treatment 
after use by making the processes more efficient or 
cleaner. In particular, the need for industrial cooling water 
can and should be reduced dramatically by introducing 
co-generation of electricity to take advantage of high-
temperature heat that is currently wasted.

4. Under current rules in most countries, only electric power companies 
can sell electricity. This means that the utilities are also monopolist buyers. 
The price at which they are willing to buy electricity from other producers is 
often too low to make the investment worthwhile.
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4  Investment and 
resource efficiency 
Making the investment decision to pursue green 
manufacturing opportunities requires careful 
consideration of real net benefits and longer term 
consequences of decisions made today. This includes 
consideration of research, development and design 
options that enable users and consumers to move away 
from the throwaway consumption paradigm. Some 
technology innovations hold potential for drastic gains 
in resource efficiency, while others – such as carbon 
capture and storage (CCS) – may bring more costs than 
benefits. The cases of energy and water resources display 
the importance of having appropriate regulations 
and pricing in place. The area of human resources and 
employment highlights the importance of carefully 
considering direct and indirect impacts, as well as the 
role of taxes, price elasticity and rebound effects. 

4 1 Investing in material 
and energy efficiency 

To create a greener economy, many believe that 
fundamental changes are needed – changes which some 
have referred to as a social-technological transition (Geels 
2002). The magnitude of the challenges is underscored 
by the fact that current unsustainable systems (socio-
technical regimes) are locked-in by a multitude of 
demand- and supply-side-related factors. Yet, if the 
concept of closed-cycle manufacturing could be extended 
to mass-market products such as cars, washing machines, 
refrigerators and air-conditioners, the potential benefits 
to society would be significant. Firstly, by extending 
the average life-span of manufactured goods, the 
need for extracting virgin materials is correspondingly 
reduced. In the second place, repair, reconditioning, and 
remanufacturing are fairly labour-intensive activities, 
requiring relatively little capital investment. Thus, 
governments of developing countries have an interest 
in promoting imports of used goods that are capable 
of being remanufactured, not only in reducing global 
GHG emissions and resource consumption, but also in 
maintaining domestic employment and availability of 
modestly-priced goods for domestic consumption. 

Most cleaner technology innovations will struggle to 
attract venture capital under current conditions, even 
in industrialised countries. Venture capital firms are 
looking for investment opportunities that offer high 
margins and require low capital expenditures and 

low-cost testing of their market potential. Changing 
this situation to encourage innovation, especially in 
transitional and developing countries, depends on the 
enabling conditions (section 5). Those innovations that 
have attracted venture capital interest in recent years 
are mostly related to the Internet or renewable energy. 
While investment in core clean energy (including energy 
efficiency) decreased in 2009, owing to the global 
economic downturn, there was a record investment in 
wind power (UNEP SEFI 2010).

The field of electronics recycling is another promising 
area for research and development. Currently, there is 
some recycling of television sets to recover lead and 
glass, but e-recyclers mostly try to recover silver and 
gold, without recovering other scarce metals. New 
processes exist for recovering liquid crystal, indium metal 
and glass (LCD) from discarded flat-panel TV screens 
(Black 2008). These LCD panels constitute an increasing 
share of electronic waste, and the recovery process may 
be profitable enough to justify significant investment 
in a more structured approach to the electronic waste 
recovery problem as a whole.

Design initiatives in these areas are clearly within the 
scope and in the interests of manufacturers, because 
they contribute to competitiveness and cut costs. 
However there is another type of design innovation 
that is more directly relevant to overall resource 
efficiency, while being less profitable to manufacturers 
per se. This involves design changes to permit easier 
reconditioning, re-manufacturing and (finally) recycling 
of scarce metals. For example, it is important to facilitate 
the separation of electrical and electronic components 
from structural components of appliances and vehicles. 
This is important both to recycle rare metals (silver, gold, 
platinum, indium, etc.) that are increasingly being used 
in electronic products, and to reduce the extent to which 
these same metals (especially copper) become unwanted 
contaminants of secondary (recycled) aluminum and 
steel. Clearly, there is a huge opening for design-for-
reparability, re-manufacturability and recyclability, i.e. 
for closed-loop manufacturing. In the case of used cars, 
open international markets currently provide incentives 
for material leakages that could be turned into business 
opportunities by using closed-loop systems. 

A 2010 report from the Greco Initiative Regional 
Activity Centre for Cleaner Production (Greco Initiative) 
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described the effects of applying many of the strategies 
discussed here to a variety of manufacturing industries 
in the Mediterranean region. The study found that with 
the use of alternative machines and production input, 
ROI can be substantial. In the automotive industry ROI 
reached 250 per cent, in textiles 26 per cent, in chemicals 
9 per cent, and in electronics 6 per cent, with payback 
periods varying between 3.4 and 11.3 months. However, 
the magnitudes of identified savings were not large. On 
the energy-efficiency front, case studies from around the 
world show similar levels of economic and environmental 
benefits from energy-efficiency initiatives (Table 5).

The IEA (2008, 2009b) scenarios – aimed at realising 
emission levels by 2050 that limits GHG concentrations to 
450 ppm and average temperature rise to 2-3oC – imply 
high expectations of both technological innovation 
and regulation. It presents a BAU scenario that includes 
regular resource- and energy-efficiency improvements, 
implementation of best-practice technologies, and 
profitable recycling and valorization options that 
firms can implement profitably under existing market 
conditions5. The energy efficiency or carbon-reducing 
measures presented in the BLUE scenario would be more 
difficult to implement, and less likely to yield positive 
returns on investment6. For example, the scenario 
assumes the use of expensive forms of carbon-neutral 
electricity, including power plants equipped with CCS to 
achieve almost two-thirds of the required reductions of 
CO2. The IEA is frank in spelling out the cost implications, 
explaining that the drastic reductions in the BLUE 
scenario would require the widespread use of regulatory 
policy instruments, such as economic instruments, that 

5. This includes resource-efficiency measures such as enhanced steel, 
paper and aluminum recycling, and the use of secondary fuels and solid 
waste as secondary raw materials in cement kilns.

6. Unfortunately, IEA (2009a) does not provide information on which 
energy efficiency measures presented in the BLUE scenario can be 
implemented with positive returns for industry. 

would gradually increase the price of carbon to US$ 150 
per tonne of CO2 by 2050.

The case of CCS shows the advantage of an integrated 
resource-efficiency perspective, as opposed to pursuing 
investment decision-making focused on single measures 
(such as carbon emissions) at the cost of lower resource-
efficiency and lower economic growth. CCS systems 
involve capturing, liquefying and injecting CO2 deep into 
the earth’s crust. CCS requires flue gases to be filtered 
and passed through a chemical process that dissolves the 
carbon dioxide in another chemical, then compresses and 
liquefies the carbon dioxide so that it can be pumped or 
shipped to a long-term storage site. The problem is that 
CCS requires a lot of energy. CCS systems being considered 
for cement plants today could double a current market 
price of US$ 70 per tonne. In the case of electric power, a 
500 megawatt power plant would need to use between 25 
per cent and 40 per cent of its output to capture and store 
the CO2 (Metz et.al. 2005). This would increase the number 
of power plants needed to supply the same amount of 
electric power to the rest of the economy by a factor of 4/3 
to 5/3, adding significantly to the cost of electric power.

4 2 Investing in water efficiency 

Water scarcity and hence the costs and benefits of 
reducing water scarcity are highly region-specific. 
Overall, by 2030 there is expected to be a water gap 
between potential demand and reliable supply (4,200 
bio m3) of 40 per cent of potential demand (6,900 bio 
m3). Industry is currently responsible for an estimated 10 
per cent of global water demand, the energy sector for 
an equivalent amount and agriculture for 70 per cent. 
The fraction used by industry will probably rise beyond 
20 per cent in the next decades, in line with the growth 
of industrial production (Water Resources Group 2009; 
OECD, 2007; World Bank 2008; UNESCO 2009). 

Table 5: Examples of investment and environmental returns from energy-efficiency initiatives in 
developing countries
Source: Adapted from Energy Efficiency Asia UNEP, SIDA, GERIAP, Energy Foundation Ghana, ABB Switzerland

Countries  Sector Energy-efficiency initiatives ROI Payback CO2 savings

Bangladesh Steel Reparation of leaks and insulation of pipelines 260% 3.5 months 137 tons/year

China Chemicals Installation of a heat recovery system to recover heat for a CHP 96% 7 months 51,137 tons/ year

Ghana Textiles Installation of hi-tech de-scaling equipment for the boiler and steam 
pipes. Water conservation measures resulted in comparable savings. 159% 4 months Not available 

Mongolia Cement Improvements in the dust control system (filter bags) using new 
electric motors. 552% 2 months 11,007 tons /year

Honduras Sugar Replacement of steam turbines in the crushing mill with electric 
motors, powered by CHP; surplus electricity sold to the grid Not available 1 year Not available

See the following links accessed June 2010: http://www.energyefficiencyasia.org/, http://www.ghanaef.org/publications/documents/2savingenergyindustry.pdf
and  http://www04.abb.com/global/seitp/seitp202.nsf/0/316e45d4d67ae21bc125751a00321e72/$file/Sugar+mill+case+study.pdf
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In some countries with high water stress, such as 
Jordan, Egypt, Tunisia, and Turkey, it has been estimated 
that unsustainable use of groundwater now already 
reduces GDP by 1-2 per cent (World Bank 2007). For 
these countries alone, this would imply a GDP loss of 
around US$ 10 billion. This report refrains from making 
extrapolations on a global scale owing to the strong 
regional character of the water gap problem. But since 
the physical water gap has to be closed, the question is 
how this can be done most cost-effectively.

The Water Resources Group (2009) has done probably 
the most comprehensive study globally into cost curves 
for measures that could close the water gap in four 
regions (China, India, South Africa and the Sao Paolo 
area in Brazil). Total costs of all measures (including in 
other sectors as industry) to close the water gap are 
US$ 5.9 billion in India, US$ 21.7 billion in China, US$ 0.3 
billion in Sao Paulo and negative in South Africa. These 
numbers typically represent 0.5 per cent or less of GDP. 

The measures to be taken in the industries examined in 
this chapter show a mixed picture. In India, measures 
to close the water gap have to be taken predominantly 
in agriculture and to a lesser extent in industry. Most 
water conservation measures technically possible in 
industry would yield a positive social benefit-cost ratio. 
However, their commercial profitability at the enterprise 
level depends upon water-pricing policies. In China, 
the paper and pulp, steel and textile industries are 
well positioned to enhance water efficiency at a profit 
for themselves, whereas the picture is unclear in South 
Africa. The findings for the textile industry in China are 
in conformity with anecdotic case studies Turkey, where 
industrial users also pay for water supply and treatment, 
revealing a payback period of 3-5 years (Kocabas et al., 
2009). However, in South Africa such investment would 
not seem to be profitable for industry because users do 
not pay a sufficiently high percentage of the costs of 
water supply and treatment.

Steel production facilities are often situated close to 
the ocean for shipping purposes and can use seawater 
for cooling purposes. A subsidiary of Arcelor in Brazil 
uses seawater for 96 per cent of total water used for its 
steel manufacturing. In South Africa, the proximity of a 
RAMSAR wetland has caused Saldanha Steel to build a 
zero-effluent plant, showing that it is possible for the 
steel industry to achieve zero water pollution levels (Von 
Weizsaecker 2009).

Improved monitoring of water use through emerging 
water accounting methods is an area where 
manufacturing companies can learn from agrifood 
industries. The Waterfootprint Network has highlighted, 
however, that the diversity of industrial products, the 
complexity of manufacturing production chains and 

differences between countries and companies makes 
it more realistic to determine average amount of water 
used for industrial products per unit of value (e.g. 80 litres 
per US dollar) rather than per unit or by the weight of the 
product.7 Faced with unpredictable climate conditions, 
manufacturing industries are starting to investigate 
this more closely. In a benchmark survey of reporting 
on water use by a hundred multinational corporations, 
CERES (2010) found that 10 of the 15 chemical companies 
examined disclosed market opportunities related to 
products intended to save water or improve water 
quality. Four companies disclosed new investments in 
research and development (R&D) to bring more water 
efficient products to the market. For example, Dow 
Chemicals reported on the construction of a new Water 
Technology Development Center to support its goal of 
driving a 35 per cent reduction in the cost of water reuse 
and desalination technologies by 2015.

4 3 Investing in a transition 
to green jobs 

The industries analysed in this chapter employ more 
than 70 million workers8. During recent years these 
sectors have exhibited differing employment trends. 
Iron and steel, chemicals, pulp and paper and cement 
sectors have observed stagnating or declining levels 
of employment. Conversely, electrical and electronic 
products and textiles have experienced an expansion in 
their employment levels.

The manufacturing industries face serious deficits in 
decent work. From shortcomings related to occupational 
health and safety to rising informality, various 
dimensions of decent work are compromised. For 
example, operations in the iron and steel industry may 
expose workers to a wide range of hazards or conditions 
that could cause incidents, injury, death, ill health or 
diseases. The ship-breaking industry in Asia, a major 
supplier of recycled steel, is illustrative of poor health 
and safety conditions. In the textile sector, the need 
for greater flexibility is the root cause of relocations, a 
greater reliance on sub-contracting arrangements and 
consequent instability of employment.

Greening the manufacturing sector entails changes 
in the level and composition of jobs. In the metals 
value chain, for instance, significant green job creation 
opportunities are expected from the use and recycling 
of valuable byproducts and scraps. On the other hand, 

7. The Waterfootprint Network has calculated industrial water uses that 
range from nearly 100 litres per US$ in the USA to 20-25 litres per US$ in 
China and India, Available at www.waterfootprint.org/

8. According to the ILO, the textiles industry employs 30 million workers; 
electric and electronic products 18 million; chemical industries 14 million, 
iron and steel 5 million, pulp and paper 4.3 million, aluminum 1 million, and 
cement 850,000. All figures are approximations.
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efficiency improvements in manufacturing tend to 
reduce the need for workers in the same industry unless 
there is a resulting increase in demand (rebound). While 
the impact of greener practices on employment should 
not be overestimated, the empirical evidence supports 
positive effects of green practices on jobs. Direct effects 
of greening options may be neutral or small, but the 
indirect effects could be much larger (Lutz and Giljum 
2009). This indicates that the economy would gain, 
especially in employment terms, from the introduction 
of greener production systems (Box 1). It must be noted 
that technological innovations are typically labour-
saving and have often been accompanied by job losses.

After significant restructuring in the last century and 
increased automation and computerization in recent 
years, metals manufacturing is no longer the source of 
jobs it once was. Business-as-usual projections for the 
steel industry in Europe and the USA suggest job losses 
of 40,000-120,000 over the next two decades, faced with 
growing competition from Asia where production costs 
(wages) are lower. A BAU scenario in a study on climate 
action by the European Trade Union Confederation 
(ETUC et al. 2007) projected that up to 2030, the 
de-localisation of 50 to 75 MT of steel outside the EU, or 
the equivalent of 25- 37 per cent of current production, is 
possible. This would have an impact of 45,000 to 67,000 
direct job losses, to which 9,000 to 13,000 outsourced 
direct jobs are to be added – resulting in a total loss of 
54,000 to 80,000 jobs directly related to production. In 
an alternative scenario, where European authorities and 
industry were assumed to pursue a low carbon strategy, 
it is estimated that 50,000 direct jobs, internal and 
outsourced, could be saved in the European iron and 
steel industry. This strategy would involve investment in 
R&D, installing more efficient technologies and applying 
a tariff on steel imports based on carbon content, thus 
enabling steel production by low carbon processes to be 
competitive.

Similarly, the capital intensive aluminium industry 
cannot be expected to be a major source of green jobs. 
The same applies to the less labour-intensive cement 
industry, where the introduction of more energy- 
efficient plants in major producing countries such as 
China and India will lead to fewer workers required there 
as well. In this scenario, greening becomes a critical 
factor for competitive advantage (delivering low carbon 
products) and job retention rather than job generation. 

Against this background, secondary production 
(recycling), therefore, becomes a proxy for a greener 
industry (UNEP et al. 2008). This requires appropriate 
processing equipment and recovery systems, supported 
by effective government regulations. Japan has largely 
abandoned domestic primary production and switched 
to secondary production and imports. In the EU, 

secondary production of aluminum provided 40 per cent 
of total output by 2006. The world’s largest producer of 
aluminum, China, is increasing its secondary production 
and faces shortages in availability of scrap metals. In the 
cases of India and Brazil, which has the highest recovery 
rate in the world for aluminum cans, endemic poverty is 
a key factor in driving recycling. This raises the challenge 
of ensuring decent work in an industry (recycling) where 
work can be dangerous, unhealthy and poorly paid.

Experience from the consumer electronics industry, 
producing products with increasingly short life-cycles, 
has shown how a growing problem of e-waste – going 
to destinations such as China, India, Pakistan and 
Bangladesh – results in environmental and health 
problems for both workers and society (owing to heavy 
metals and organic contaminants ending up in water and 
the food chain). While recycling is of great value in terms 
of resource conservation, it can entail dirty, undesirable 
and even dangerous as well as unhealthy work. 

In the metals value-chains, there are significant job-
creation opportunities to be found in the use and 
recycling of valuable byproducts and scraps. Around 21 
million tonnes of ferrous slags were recovered from iron 
and steel mills in the USA in 2005 (van Oss 2006). This 
provided employment for over 2,600 people. Assuming 
comparable labour productivities in other countries, 
extrapolating USA data to other countries suggests that 
slag recycling worldwide might employ some 25,000 
people (UNEP et al. 2008). Recycling of steel itself saves 
up to 75 per cent of the energy needed to produce virgin 
steel. In sectors such as the automotive industry and 
construction, steel recycling rates can reach up to 100 
per cent. Less developed recycling systems and related 
infrastructure in developing countries result in lower 
recycling rates. A report by UNIDO (2007) has put the 
share of secondary (recycled) steel at 4 per cent in India, 
10 per cent in China and 25 per cent in Brazil.

In the pulp and paper industry, where modernised and 
more efficient plants require fewer workers, recycling 
is the fastest growing source of substitute as well as 
new, green employment (UNEP et al. 2008). Recycling is 
labour-intensive and creates more jobs than incineration 
and land filling. This comes in addition to major savings 
in GHG emissions and landfill waste avoided. Paper 
comprises about a third of all municipal solid waste. 
Paper waste, growing faster than any other material in 
countries like China, is driven by increasing population 
growth, urbanisation and consumption patterns. For 
all materials considered here, studies have shown that 
recycling is preferable to landfills and incineration 
not only on an environmental basis but also since it 
creates more jobs. Related regulations on, for example, 
packaging will also impact job creation in the recycling 
industry. 
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Industries such as steel and aluminum can expect growing 
demand from new markets in the form of clean-tech 
such as solar technologies, being an important source 
of materials and components required for these. These 
potentials can be identified by considering industries 
not in isolation, but as part of a broader value- chain 
that contains possible hidden economic opportunities. 
Following this approach, a study by Gereffi et al. (2008) in 
the USA shows the example of how solar manufacturing 
can replace jobs lost in automotive manufacturing. 
Infinia Corporation has developed a concentrating solar-
dish system specifically designed to be mass-produced 
by Tier 1 and Tier 2 auto manufacturers in the USA. Infinia 

included US auto suppliers from the very beginning in 
product development and design. The product can be 
manufactured on existing auto production lines which 
have high surplus production capacity. Infinia estimates 
each unit of auto production capacity can be retooled to 
produce 10 units of their Solar Power System, producing 
120,000 MW of solar capacity and securing as many as 
500,000 manufacturing jobs. In cases like these, where 
certain jobs are potentially replaced with jobs in another 
sector, calls have emerged for a “fair and just transition” 
in which those harmed by the changes are adequately 
assisted and the new opportunities created shared by 
specific groups of worker constituencies. 

Box 1: Steel production with higher components of recycled materials. 
Direct and indirect impacts on jobs. Estimation for the EU27:

In a 2007 study (European Commission 2007), GHK 
Consultants evaluated the economic significance of 
the environment in terms of employment, output and 
value added associated with the range of activities 
that make use of, or contribute to, environmental 
resources in the EU27. Input-output tables for each 
Member State were used to estimate the indirect and 
hence total economic impacts of defined activities 
that are linked to environmental resources. The 
study also considered policy interventions directed 
to improve resource efficiency. One of the policy 
scenarios examined assumes a switch of 10 per cent 
by value in raw material inputs to steel production 
from virgin materials to recycled materials. As a 
result of the intervention, positive total impacts are 
reported for output and employment. The results 
can be summarised as follows:

 The initial direct impact is neutral as the reduction 
in output from one sector is met by an increase in 
output from another sector. However, the net indirect 
(including induced) impact of this substitution leads 

to an increase in output of nearly € 197 million and 
an extra 1,781 jobs. Adding the direct and indirect 
effects indicates that this substitution would add € 
197 million of output and 3,641 (1,860 direct and 
1,781 indirect) jobs. 

The net positive impact on jobs and output is mainly 
owing to the supply-chain effect of the recycled 
materials sector. The recycled materials sector uses 
inputs from many other sectors, thus creating more 
jobs and wealth. If the substitution were to lead to an 
increase in the costs to the steel sector – since inputs 
of recycled materials cost more than virgin materials 
– this would be reflected in the cost of steel and 
paid by users of steel. Output and profits of the steel 
sector would be expected to fall due to higher costs 
of steel products. The ability to pass costs on to users 
will depend on factors such as the price elasticity of 
demand for steel. According to parameters of the 
model used, the steel sector could pass on 45 per 
cent of its unit costs to its customers and would 
have to absorb the rest as reduced profits.

Output (million Euros) Jobs (FTE)

Direct impacts

Virgin material sector: loss of output and jobs -489.0 -4,092.0

Recycled material sector: gain in output jobs 489.0 5,952.0

Net direct impact (1) 0.0 1,860.0

Indirect impacts

Virgin material sector: fall in demand for inputs and subsequent fall  
in output from suppliers to the virgin material -83.0 -753.0

Recycled materials sector: Increase in demand for inputs and  
subsequential increase in demand from various sectors 280.0 2,534.0

Net direct impact (2) 197 1,781.0

Total impact (3)=(1)+(2) 197.0 3,641.0
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As suggested by the US auto industry case, creating 
new job opportunities may lie in the introduction 
of new technologies, looking beyond just efficiency 
improvements, and considering possibilities that lie 
in diversification and in the value chains that provide 
green technologies such as solar and wind power. The 
IEA estimates that for every US$ billion invested in clean-
energy technology, 30,000 new jobs will be created. 
As indicated by Martinez-Fernandez et al. (2010) these 
figures must be dealt with cautiously, without ignoring 
job losses and social stress that will go with a period of 
transition.

Remanufacturing and recycling of scarce metals provide 
primary opportunities in the manufacturing sector 
per se. Significant opportunities may also lie in the 
area of industrial symbiosis (new products from old 
processes), highlighting also the importance of broader 
systemic (cross-sectoral) impacts as considered in the 
modelling (see next section) done for this report. Public 
policies, such as extended producer responsibility or 
returnable deposits, can help to promote closed cycle 
manufacturing and extend product life cycles, thereby 
saving resources and creating more jobs in maintenance, 
repair, remanufacturing and recycling. Collection and 
sorting of used or end-of-life products (reverse logistics) 
could be a significant employer. Shifting taxes away 
from labour on to waste emissions and/or materials 
extraction could also be an effective way of creating 
more jobs by cutting labour costs vis a vis direct energy 
costs, or capital costs. 

4 4 Growth and rebound – lessons 
for developing markets 

The eventual advent of peak oil means that the supply 
of cheap oil and gas cannot be expected to continue in 
the future. Future economic growth will depend more 
than in the past on technological progress and capital 
deepening because growth in the world labour force is 
projected to slow gradually. The rate of energy efficiency 
increase has been slowing down since the 1960s. An 
acceleration of technological progress vis-a-vis resource 
efficiency seems possible, but it is unlikely to happen 
without an unprecedented global effort. 

Future economic growth is expected to be driven by 
emerging countries, led by China and India. However, 
they are expected to shift away from their current 
emphasis on export-oriented growth to more domestic 
demand-driven growth, as growth of the labour force and 
rural-urban migration slows, leading to wage increases, 
and as social safety nets are put in place or strengthened. 
Increased consumption relative to savings will reduce 
global imbalances, but their GDP growth rates will also 

slow. The greatest resource-efficiency effort is required 
in weaker developing country economies where most of 
the population increase will take place, and where the 
economic and social impacts of resource scarcity and 
commodity price volatility will probably be most severe 
(Shin 2004).

Economic growth is evidently the primary means of 
reducing global poverty, although it has a less direct 
impact on inequality. Increased demand from urbanising 
populations for products and services and productivity 
growth will be the basic drivers of economic growth. 
Increased resource efficiency can be expected to 
explain part of the future growth in productivity. This is 
the reason why some point to a likely rebound effect-
usually on the basis of historical examples and evidence 
of the Jevons paradox– and question the extent to which 
investment in efficiency will really cut resource use. 
There is little doubt that technological innovations–by 
increasing efficiency, cutting the cost of basic materials 
and energy, and by increasing labour productivity–have 
been the main drivers of economic growth in the past. 
Lower cost of inputs generates increased demand for 
existing goods or for new products and services that did 
not exist previously. 

There is not just one rebound channel or mechanism, 
but several, which include: more intensive use of 
energy-consuming equipment by current users because 
of a higher energy efficiency and thus a lower effective 
energy cost; purchase of larger units or units with more 
energy-consuming functions/services and consequently 
more energy use (e.g. vehicles with air-conditioning); 
more energy- and resource-efficient technologies diffuse 
to new sectors and applications (including households), 
which partly undoes savings resulting from per-unit 
improved efficiency; re-spending of money savings 
owing to energy conservation on other energy-intensive 
goods and services (income effect); creation of new 
demand (i.e. new users) owing to a lower market price 
of energy if initial energy savings are large; and diffusion 
of more energy-efficient general purpose technologies 
like batteries or computers (Van den Bergh 2008, 2011). 
These examples all depend ultimately upon price or cost 
reductions owing to efficiency gains. However, the next 
few decades are almost certainly going to experience 
significant energy prices increases, once the costs of 
CO2 abatement have been set at levels sufficiently 
high to stabilise atmospheric CO2 and have been fully 
internalised to users. In this case, greater take-up of more 
efficient technologies will help to abate the otherwise 
negative impacts on economic growth resulting from 
higher energy prices. Yet energy-efficiency proposals 
cannot rely on higher oil prices as such, with others 
alternatives like coal available. This reality underlines the 
need to have appropriate regulatory policies in place.
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5  Quantifying the 
implications of greening 

5 1 Business-as-usual trends

Summarising findings from the Millennium Institute’s 
T21 model for investment scenarios up to 2050, we start 
with BAU in manufacturing. The IEA projects that under 
all scenarios, GDP will quadruple between 2010 and 
20509 and manufacturing (as defined for purposes of this 
chapter) will contribute 27.6 per cent of GDP and 24.2 per 
cent of global employment in 2050. Yet, if peak oil occurs 
sooner than the IEA assumes, the global economic growth 
rate may be much lower than foresaw by the IEA (2009). 

Heavy reliance on energy and manufacturing industries 
account for one-third of global energy use and 25 per 
cent (6.7 Gt) of total world emissions, 30 per cent of which 
comes from the iron and steel industry, 27 per cent from 
non-metallic minerals (mainly cement) and 16 per cent 
from chemicals and petrochemicals production. CO2 
emissions from fossil-fuel combustion in the industrial 
sector totaled 3.8 Gt in 2007, a 30 per cent increase 
since 1970. They are projected to continue increasing to 
reach 5.7 Gt in 2030 and 7.3 Gt in 2050 in the BAU case, 
primarily owing to increased consumption of coal.

The amount of water withdrawal for industrial 
production is expected to increase from 203 km3 in 1970 
to 1,465 km3 in 2030 and 2,084 km3 in 2050. Industrial 
water as a share of total water demand is expected to 
increase from 9.4 per cent in 1970 to 22 in 2030 and 25.6 
per cent by 2050. 

5 2 Trends under a green 
investment scenario

The Millennium Institute’s T21 model uses IEA estimates 
selectively (among others) to simulate what the economy-
wide effect of investments in the greening of sectors 
would be, using indicators such as industrial production 
and GDP growth, employment, resource consumption, 
and CO2 from fossil-fuel use (Figure 8). These results 

9. The IEA economic model is typical of neo-classical growth models, in 
assuming that growth can and will continue at historical rates regardless 
of the availability or price of energy. This assumption has been strongly 
challenged by the econometric work of Ayres and Warr (Ayres et al. 2004, 
2009a), who argue that growth is actually proportional to the output of 
“useful work” by the economy as a whole. Useful work is the product of 
energy consumption times conversion efficiency.

are presented in this section, covering six industry sub-
sectors: steel, textile aluminum, leather, paper and pulp, 
and chemical and plastics products. Other industrial 
sectors are covered in the broader and aggregated 
industrial macro sector, presented in the modelling 
chapter. Energy intensive industries such as cement, 
the non-metallic mineral products and electrical and 
electronic products sub-sectors are not disaggregated 
in the model owing to lack of data. 

In the T21 green economy model, the green investment 
scenario G2 in the industry sector assume the allocation 
of 3 per cent of the total additional green investment10 
to improvements in industrial energy efficiency. This 
translates into US$ 79 billion per year on average 
between 2010 and 2050. Investments are allocated to 
both the broader industrial sector and to the selected 
subsectors) in more efficient, low carbon, development.11 
Faster growth, all else being equal, translates into higher 
demand for basic materials, resulting in higher energy 
demand and generation of greater CO2 emissions in the 
industrial sectors. 

Results of the simulation indicate that investing in 
the industry sector reduces energy consumption and 
emissions. This, in turn (other things being equal) helps 
to reduce the price of fossil fuels and yields higher value-
added and employment (both within the industrial sectors 
analysed and across the economy). The total industrial 
employment is projected to be about 1.04 billion (people 
employed) in the G2 scenario (21 per cent of overall 
employment across all sectors) in 2050, 2.4 per cent 
lower than in BAU2. Concerning employment in the six 
manufacturing sectors analysed in more detail, the total 
number of jobs is 109 million in the G2 scenario in 2050, 
15 per cent more than in BAU2 (Figure 9). The change (net 
reduction) in total employment is driven by the interaction 
of several factors: (1) higher demand for the industries 
analysed –increasing employment (the dominating factor 
making employment rise in the energy intensive sectors 
studied in more detail); (2) higher efficiency and capital 
intensity (as opposed to labour intensity, also due to the 
fact that running capital is cheaper in G2, for instance 

10. Additional green economy investments worth 2 per cent of GDP for G2.

11. This investment is estimated using the industrial CO2 abatement cost 
published by the IEA in the WEO 2009 but with limited investment in CCS. 
See Modelling chapter.

270



Manufacturing

due to lower energy costs) – reducing employment; and 
(3) higher productivity of work (driven by higher life 
expectancy and access to social services in G2). However, 
our calculation does not include potential employment 
creation from energy efficiency improvements (which is 
the case for end-use in the residential and commercial 
sectors), due to the lack of relevant literature.

The green investment will lead to a considerable energy 
efficiency improvement by 2050, practically decoupling 
energy use and economic growth, particularly in the 
most energy-intensive industries. The improved energy 
efficiency is projected to mitigate total energy and 
process-related CO2 emissions in the industrial sector by 
51 per cent (3.7 Gt in the G2 case) by 2050, curbing the 
trend of growth as of 2025. Total emissions from the six 
selected manufacturing sectors would also decline to 1.3 
Gt in the green case, from 2.7 Gt in the brown alternative 
(BAU 2) - (Figure 10). 

At the industry level, the avoided energy consumption 
averages 52 per cent by 2050 – comparing G2 to BAU2 
– (or 52 per cent relative to BAU2), resulting in avoided 
costs of up to US$ 193 billion relative to BAU 2 per year, 
on average, between 2010 and 2050 depending on the 
industry considered12. The chemical and plastics sector 
provides the greatest opportunity, with a potential of 
US$ 193 billion relative to BAU2 in yearly avoided energy 
costs. Steel follows with an average US$ 115-136 billion 
potential savings per year. Paper and pulp saves US$ 37 
billion, textiles US$ 17 billion and leather US$ 8 billion. 
Aluminum is the least promising, with US$ 44 billion of 
yearly avoided energy cost in the G2 case. The above 
estimates are only proposed as examples, based on 
an assumed investment of US$ 37.6 billion per year on 
average between 2011 and 2050 (Figure 11). 

The model also assumes the same cost per tonne of 
emissions abatement for all industries, although in 
reality they rely on very different technologies. But the 
G2 model runs provide some insight into the aggregated 
potential opportunity cost of investment in low carbon 
technologies and efficiency improvements. 

The average total cost of emissions in the BAU and 
green economy scenarios (based on IEA projections) 
would be US$ 629 billion (BAU2) and US$ 380 billion 
(G2). Assuming an emissions cap-and-trade mechanism 
with carbon prices aligned with the recent US domestic 
proposal, and no free allowances, the green economy 
investment would yield US$ 264-US$ 249 billion per year 
on average between 2011 and 2050 in avoided costs 
relative to corresponding brown scenarios (or US$ 230-
US$ 195 billion from the BAU case). 

12. Avoided costs are not pure economic gain, since they imply 
disinvestment and disemployment in the traditional energy sectors (the 
inverse of rebound).
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industry per type of measure – IEA model (2009b)
Adapted from: Tukker and Tischner (2009)

Figure 9: Employment per manufacturing sector 
by 2050 in G2 and BAU scenarios (person per year)
Source: IEA (2009)
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It is worth repeating that the necessary simplifications 
in the model (indeed, any model) result in simulated 
outcomes that may be quite different from reality, 
inasmuch as they are unable to take into account a 
variety of cause-effect chains unrelated to the assumed 
investment-growth-employment relationships. However, 
the optimistic results of the simulation are realistic, 
at least in magnitude. The existing global economic 
system, and especially its industrial component, has 
been built upon a base of under-priced fossil energy 
and other ecosystem services. This has enabled grossly 
wasteful production and consumption practices in 
many parts of the world. For several reasons, the price 
of energy is probably going to rise significantly in the 
future. This will induce everyone in the system to seek 
energy-conserving products and services. The ultimate 
effect will be to enable existing goods and services to 

be produced with much less energy. Whether increased 
efficiency will fully compensate for higher costs (thus 
permitting the same amount of economic growth or 
more) remains to be seen in practice, but a double 
dividend potential may well exist and is illustrated in the 
G1 and G2 scenarios. 

Recent analysis for the US provided an assessment of 
the economic impact of the climate-energy legislation 
(APA-ACELA) pending in the US, together with a version 
with enhanced energy efficiency features, as compared 
to the reference forecast BAU in the 2010 International 
Energy Outlook, published by the Energy Information 
Administration (US, DOE). It covers the period 2013-
2030. Its results tend to confirm that the results by the 
Millennium Institute reported here, especially as regards 
employment, are forecast accurately.
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Figure 10: Energy-related CO2 emissions per 
manufacturing sector by 2050 in G2 and BAU 
(tCO2/year)
Source: IEA (2009)

Figure 11: Energy costs per manufacturing sector 
by 2050 in G2 and BAU scenarios (US$/year)
Source: IEA (2009)
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6  Enabling conditions for a green 
transformation in manufacturing
The manufacturing sector can make a significant 
contribution in greening national economies by 
producing goods that are more resource-efficient and 
have lower environmental impacts over their life-cycles. 
This applies, in particular, to the highly resource-intensive 
value chains such as metals and car manufacturing. 
But for the manufacturing industries to make this 
transition, they need to receive the appropriate policy 
and price signals. Under certain conditions it also needs 
institutional support from governments, in particular 
ensuring that supportive investments in physical 
infrastructure and education are sufficient to enable a 
transition that requires new systems and skills. 

The past several decades have witnessed a major 
restructuring of the global economy, with the 
global manufacturing industry base shifting toward 
developing countries and emerging economies, and 
developed countries becoming ever more service-
oriented. Globalization through increased cross-
boundary trade and investment flows is driving this 
restructuring, along with technological and associated 
organizational changes. This transition process, driven 
by global factors of production and markets rather than 
local development factors, has resulted in significant 
capacity gaps in developing and transition economies 
in managing the structural transformation of their 
economy on a more sustainable basis. This situation is a 
handicap for small enterprises to adopt more resource-
efficient technologies as they face growing demand 
to meet the new standards required to market their 
products through global supply chains.

With this background in mind, this section on enabling 
conditions focuses on actions that mainly governments 
can take to help induce the transition to green 
industrial production both through incremental and 
transformational changes. It is a transition that faces 
drivers such as resource scarcities and rising energy 
costs as well as barriers such as inefficient monopolies, 
outdated regulations that restrict new technological 
approaches and principle-agent conflicts. It is a 
transition in which, for example, power monopolies 
need to be challenged by government support for 
decentralised energy production and investment in 
smart grids that saves electricity transmission losses. It is 
also a transition in which governments need to consider 
the integrated resource efficiency perspective, avoiding 
technology policies (the example of Carbon Capture and 

Storage) that focus on a single measure (such as carbon 
emissions) at the cost of increased fossil fuel extraction, 
lower resource-efficiency and lower economic growth.

Before reflecting on appropriate instruments for action, 
two key policy priorities for greening manufacturing 
are recommended and the promotion of closed cycle 
manufacturing and related life cycle approaches with 
supportive recovery and recycling infrastructure, 
and regulatory reform to enable factor efficiency 
improvements in energy use, for example through the 
introduction of co-generation and CHP technologies 
and the feed-in of decentralised power generated by 
use of renewables. The latter needs to be supported by 
investment in smart grids and approaches such as feed-
in tariffs and time-of-day pricing (see Energy chapter).

6 1 Policy priorities 

Closed-cycle manufacturing and life cycle approaches 
Efforts to promote resource efficiency at the product, 
production process and company level need to be 
complemented by resource-efficiency innovations at 
the industrial cluster and systems level. At the company 
level, this starts with approaches such as eco-design, 
life-cycle management and cleaner production. At the 
industry and systems level, this implies innovations 
such as the greening of supply chains and clustering 
of industries in a given economic zone to become a 
platform for resource efficiency through optimised 
resource flows between industries. The industrial parks 
of the future could be eco-parks to maximise industrial 
symbiosis and secure green jobs. 

The move toward a closed-cycle manufacturing through 
remanufacturing and reprocessing of post-consumption 
products and materials that are currently thrown away 
as a waste, represents an important opportunity for 
the transition toward a green economy. Two broad 
categories of post-consumption waste that could be 
the focus in such a transition are e-waste and materials 
such as metals, glass, plastics and paper products. The 
latter category constitutes the most diverse group 
of industrial products, which are already a target of 
some degree of recycling, albeit in varying degree of 
organisation and with an informal character in many 
developing societies. The policy focus would thus be 
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on formalising and structuring the waste recovery and 
recycling process in such a way that it will bring added 
economic, environmental and social benefits. In the 
case of e-waste, this implies a high-tech value chain 
where the production of electronic goods is done by 
multinational companies in developed and emerging 
economies. It is a value chain with labour-intensive 
disassembling work required for the recovering useful 
parts. The combination of these features could also 
serve as a basis for the evolution of a different form of 
symbiosis involving economic actors from developed 
and developing markets. 

Co-generation: combined heat and power
Most industrial applications have a need for heat, and 
most of the potential for co-generation applications can 
be found in energy-intensive industry sectors such as 
steel, aluminum, cement, chemicals, pulp and paper. It 
is technically and economically feasible to recycle high-
temperature waste heat or other combustible wastes 
from industrial enterprises such as coke ovens, steel 
mills, cement plants, glass producers, brick and ceramic 
works. This provides the opportunity, should policy and 
regulation allow, to complement centrally- generated 
electricity networks with local heat and power systems 
where electricity is generated and heat re-used at 
the local industrial site level. It is an opportunity for 
significant factor-improvements in resource productivity, 
combined with investment in smart grids.

The world is undoubtedly electrifying, and demand 
for electric power continues to grow everywhere. 
Numerous industrial, commercial, and domestic users 
consume fossil fuel simply for purposes of cooking, 
hot water, heating air for space-heating, or producing 
industrial steam at moderate temperatures. There is 
no technical reason why most of these applications of 
low-temperature heat could not be supplied by means 
of small co-generation CHP facilities, based on diesel 
engines, small gas turbines, high-temperature fuel cells 
or even rooftop solar collectors. Small CHP systems 
remain a largely untapped market (Von Weizsaecker 
et al. 2009). Furthermore, a number of industry sectors 
have significant potential for generating electricity from 
waste heat, as in the case of steel mills. 

In order to make effective use of such possibilities, 
it would be necessary for all of these electricity-
producing units to be connected to the grid, both to 
sell their surplus and to buy during occasional periods 
of breakdown. However, in most countries the electric 
power industry is a legal monopoly, whether public or 
private, with exclusive rights of distribution. Besides the 
natural tendency of inducing inefficiencies across the 
whole chain of production, distribution and use, such 
monopolies are acting as major institutional barriers 
for the development of CHP facilities at different scales. 

The primary problem faced by would-be CHP investors, 
according to the IEA (2009b), is difficulty in securing a 
fair market value for any electricity that is exported to 
the grid. Overcoming these barriers requires policy 
measures that encourage innovative technologies 
such as CHP, applied to industrial waste heat and waste 
biomass in particular.

6 2 Policy instruments to enable 
green manufacturing

The spectrum of instruments available to governmental 
institutions to shape the enabling environment for 
greening industry and manufacturing can be categorised 
as follows:

 ■ Regulatory and control mechanisms;

 ■ Economic or market-based instruments;

 ■ Fiscal instruments and incentives; and

 ■ Voluntary action, information and capacity building.

An assessment of policy priorities and preferred 
instruments needs to consider that manufacturing is 
often dispersed across different countries and industry 
subsectors, as highlighted in the introduction of this 
chapter. The industries involved are likely to prefer 
holistic approaches that enable better sharing of 
costs, responsibilities, resources, and rewards across 
manufacturing value chains. This requires, among others, 
advances in corporate disclosure and governance, fiscal 
incentives to drive change in the design and take-back 
of products, policy support for the development of 
appropriate standards in sustainable manufacturing, and 
incentives and training to improve existing processes 
and the retrofitting of factories to be more resource 
efficient. It requires policy mixes the components of 
which are discussed below.

Regulatory and control mechanisms 
The major sources of significant quantities of emissions 
and effluents in manufacturing industries have 
traditionally been the initial targets for regulatory and 
control instruments. Legislation with clearly defined 
standards of technology and/or performance can drive 
green investment, encouraging industries to use natural 
resources more efficiently and create markets for green 
products and production. Regulatory requirements can 
build in cleaner technology standards in the licensing 
of new industrial operations. It can establish emission 
and discharge standards for industries with clear 
requirements for the best available or best possible 
technology (BAT, BPT). However, care needs to be taken 
that setting standards by regulation does not impede 
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innovation and fail to keep pace with technological 
progress. Experience in China has shown how eco-
industrial development or industrial symbiosis can 
be held back by regulations that enforce too low fines 
on discharges and forbid or limit the exchange of by-
products between companies (Geng et al. 2006). 

Licensing of operations provides an opportunity to 
provide incentives, for example related to land-use 
planning, to encourage existing industrial estates and 
parks to move toward a more closed-loop manufacturing 
paradigm through materials recycling and exchange 
schemes. Policy and planning provisions can be used to 
ensure that the development and management of new 
industrial parks and estates are in accordance with the 
principles of industrial symbiosis and turn them into 
eco-industrial parks. This also requires governments to 
invest in supportive infrastructure for waste treatment 
and the conversion of wastes into resources. In addition, 
quota systems for resource (e.g. water) use can be set 
up in industrial parks, with a penalty mechanism that 
requires tenants to pay several times the normal rate for 
those resources they use whenever they exceed their 
allotted quota.

Regulatory and control mechanisms can promote 
principles such as Prevention (3P, 3R), Polluter Pays and 
Extended Producer Responsibility (EPR) to encourage large 
manufacturers with complicated supply chains to favour 
closed-cycle manufacturing and more efficient take back 
systems for remanufacturing and recycling. In recent years 
regulations such as the Waste Electrical and Electronic 
Equipment (WEEE), Restriction of Hazardous Substances 
(RoHS), and Registration, Evaluation and Authorisation of 
Chemicals (REACH) directives of the EU have had impact 
world-wide on standards applied in the manufacturing and 
use of products. 

Traditional command and control regulations 
introduced in many countries since the 1970s have 
tended to be technology-based or performance-based. 
They focused on end-of-pipe solutions, not considering 
more preventative approaches and ways to improve 
resource efficiency through more systemic changes to 
the production process or even product design. This left 
limited incentive for manufacturers to continually and 
fundamentally improve standards (dynamic efficiency), 
as opposed to economic instruments that put a price on 
emissions and effluents to create a permanent incentive 
for improvement. Whilst appearing simple to introduce, 
command and control regulations can be costly and 
inefficient in use. 

The historical example of vehicle manufacturing 
shows how regulatory and control approaches can be 
combined with fiscal and voluntary instruments to bring 
about shifts in technological innovation. Mandatory 

or voluntary standards and taxes can drive shifts in 
innovation along a technology frontier or shifts of the 
frontier (OECD 2010b). The type of changes described for 
the manufacturing industry in this chapter also require a 
shift of frontier, including redesign of products and the 
introduction of new production systems for closed-loop 
manufacturing. However, changes along the frontier for 
continual improvement remain important. In the case of 
vehicle manufacturing, these can involve innovation in 
end-of-pipe emission abatement, input substitution (e.g. 
of fuels), factor substitution (more efficient, redesigned 
engines) and output substitution (greater fuel efficiency 
of a redesigned vehicle). Analysis of invention and 
patents in car manufacturing over the period 1965-2005 
by the OECD (2010b) has shown a strong positive effect 
of petrol taxes–combined with regulatory pressure–on 
engine redesign technologies, with factor-substitution 
showing the highest growth in patent applications over 
the period considered.

Economic or market-based instruments
Economic instruments for pollution control and reducing 
other environmental pressures include charges and fees 
for non-compliance, liability payments as well as tradable 
permit systems targeting, for example, air pollution, 
water quality and land management. Instruments 
regulating price have the advantage of ensuring that 
the marginal cost of abatement is equalised among all 
polluters. Charges can target emissions and products 
(at the level of manufacturing, use or disposal), as well 
as byproducts such as packaging and batteries. The 
latter has also been addressed through deposit-refund 
systems, which can become of increasing significance 
world-wide for industries such as electronics and car 
manufacturing. New legislation can encourage recycling 
by mandating returnable deposits on recyclable 
products. Direct regulation on emissions can be 
complemented usefully by returnable deposit rules and 
end-of-life disposal rules.

To promote integrated water resources management 
amongst industrial water users, Government can either 
establish prices through taxes, fees and royalties or limit 
quantities through tradable permit schemes. In the case 
of the latter, a market for water use in a shared river 
basin can allow users with relatively high-valued water 
uses to purchase or lease water from users with relatively 
low-valued water uses. Similar to air- pollution credit 
schemes, the aim is to transfer reduction responsibilities 
to agents with the lowest costs of use reduction. In the 
USA, markets have been created in arid states to allocate 
water with relative success. Canada is an example of 
an industrialised country where power production and 
manufacturing are the principle water-using sectors. 
Most of the water used by manufacturing plants has 
traditionally been discharged directly into a receiving 
water body. Examination by Renzetti (2005) of the use 
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of economic instruments for integrated water resource 
management (IWRM) in Canada has shown that the 
use of economic instruments can reduce monitoring 
costs, but designing them properly and setting them at 
appropriate levels requires that federal and provincial 
environmental regulators use economic analysis (such 
as cost-benefit or cost-effectiveness analysis).

In regulating acid-rain emissions, the US was a pioneer 
in introducing an emission-trading scheme to reduce 
SO2 and NOx emissions (1990 Clean Air Act), whilst the 
EU introduced a regulatory approach through its Large 
Combustion Plant Directive (1989). In 2005, the EU 
activated the first region-wide emissions trading scheme 
(a cap-and-trade system) to meet its Kyoto commitments 
under the climate change convention (UNFCCC). The 
scheme has shown the complications regulators face in 
introducing emission trading schemes through either 
“grandfathering” (free allocation based on existing 
emissions by industries) or auctioning. Whilst initial 
over-allocation in the EU ETS resulted in a zero-carbon 
price, allocation rather than auctioning would tend to be 
preferred by heavy industries such as aluminum and steel 
that face direct international competition. Compared to 
command-and-control instruments such as licensing and 
technology standards, emissions trading can perform 
better in terms of criteria such as cost-effectiveness, 
long-term effects and dynamic efficiency, i.e. promoting 
ongoing improvement. Experience in the climate field has 
shown that the cost-effectiveness of trading systems can 
be determined by the visibility and robustness of the goal 
and the system, the effectiveness of the carbon price and 
the effectiveness of the constraint (Buchner et al. 2009).

Manufacturing industries based in developing countries 
can be introduced to credit and trading schemes through 
industry sector initiatives and project-based activities 
such as the Clean Development Mechanism (CDM) under 

the UNFCCC. Provided that procedures under the CDM 
or similar type mechanisms are streamlined to reduce 
transaction costs, it can provide a promising avenue 
for greening manufacturing in developing countries. 
By 2010, many CDM projects involved investment in 
renewable energy technologies but a much smaller 
number involved investment in energy efficiency and fuel 
switching. These are important areas for transformative 
investments in manufacturing; these are areas where 
real opportunities can be taken, if technology standards 
are to be applied with reference not only to individual 
projects but also industry sector-wide best practice. 

Sectoral approaches to climate action have received 
considerable attention as second best option (as opposed 
to global cap and trade) for introducing economic 
instruments and policies to reduce GHG emissions, in 
particular implying manufacturing industries world-
wide. Economic factors to consider in the introduction of 
sector approaches in developing countries include the 
following (UNEP 2009):

 ■ Nature of the adjustment costs associated with 
reducing emissions;

 ■ Potential for avoiding capital lock-in;

 ■ Nature of technical capacity within specific sectors 
and countries; and

 ■ Availability of access to appropriate data and 
technology.

Some have argued (Bodansky 2007) that a few industry 
sectors stand out as ideal candidates for climate initiatives 
– being large, homogenous, highly concentrated and 
highly competitive (Table 6). These include aluminum, 
steel, cement, transport and power generation. The 

Table 6: Greenhouse gas emissions and structure of major manufacturing industries
Source: UNEP (2009); WRI (2007)

Aluminium Steel Cement Chemicals

Share in GHG 
emissions

0.8% of global emissions and 
4% of manufacturing industries’ 
emissions

3.2% of all global emissions and 
an estimated 4.1% of global CO2 
emissions; approx 15% of all 
manufacturing emissions – with 
70% of emissions from direct fuel 
use and 30% emissions indirectly 
from electricity and heat

4 % of global emissions (process 
emissions and energy use) and 
5% global CO2 – this is expected 
to double in next 40 years, most 
of the increase in developing 
countries; 18% of all manufactur-
ing emissions, emitted at various 
points in the production process

5% of global emissions. and 23% 
of emissions associated with 
manufacturing and construction 
industries

Concentration of 
actors

Twelve countries represent 82% 
global production; China, Russia, 
the EU, Canada and the US account 
for 61% of total production; 
ten leading companies (mostly 
multinationals) produce 55% of 
world’s aluminum

Around 90% of total steel-making 
GHG emissions is produced by 
nine countries or regions. The top 
25 steel-making companies col-
lectively accounted for approx 43% 
of global production in 2006

Relatively low concentration, 
with the 16 largest companies ac-
counting for around 25% of global 
output. About 81% of production 
takes place in 12 countries; China 
alone produces around half of the 
world’s cement

Highly concentrated geographically 
– the EU, US, Japan and China 
account for 75% of global chemical 
production. Diversity of products 
means that overall there is a low 
concentration of actors in this 
subsector; small and medium-sized 
enterprises are common
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cement industry, although also relatively homogenous 
and highly concentrated among countries, includes many 
smaller producers and is less subject to competitiveness 
issues than aluminum and steel. Emission targets could 
be defined for a given sector, with emissions allowances 
being allocated to individual emitters within that 
sector, and with trading allowed between countries 
participating in the agreement and/or with countries 
with economy-wide or other sectoral targets. Even if not 
introduced at international level, the debate on sector 
approaches provides important lessons for developing 
country governments in introducing climate policies with 
competitive, high impact industries in a step-by-step 
manner. This is particularly important to industrialising 
countries that host major emitting industries discussed 
in this chapter, notably China, India, Brazil, South Africa, 
Indonesia, Thailand, Chile, Argentina and Venezuela. 
The analysis of using market instruments through 
sector approaches also shows the flaws of introducing 
approaches that target only high emitting industries on a 
sector basis, as opposed to full value chains of supply and 
demand with these and other industries implied.

Fiscal instruments and incentives
Fiscal policy, comprising public expenditure, subsidies 
and taxation, can provide powerful incentives that 
alter the basic cost-benefit calculation of producers 
and consumers, thus driving change in behavior from 
BAU. Taxes are unrequited in the sense that the benefits 
provided by government to taxpayers in exchange 
are not necessarily in proportion to their payments. 
Tax exemptions can be made for specific products or 
industry sectors. Tax revenues can be earmarked for a 
specific purpose, which may or may not relate to the field 
of activity that was taxed in the first place. An example 
would be a tax on landfills or plastic bags, the revenues 
of which is used for waste management infrastructure or 
other purposes. By 2009, the Government of South Africa 
was expecting revenue of US$ 2.2 million from its plastic 
bag levy (Box 2), income that was due, among others, to 
support development of the local waste management 
industry. In 2010 the Government of India announced 
a carbon tax on coal production, from which it was 
expecting to raise US$ 535 million and planning to use the 
revenue for investment in clean energy (Pearson 2010). 

Historical research by the OECD has found that most of 
the taxes identified in member countries were levied 
on a specific tax base related to energy, transport and 
waste management. In designing different types of 
taxes, governments need to consider case-by-case the 
nature of the target industry involved. In its latest survey, 
the OECD (2010a) noted that taxes levied closer to the 
actual source of pollution (e.g. taxes on CO2 emissions 
versus taxes on motor vehicles) leave a greater range 
of possibilities for innovation, mindful of complications 
where sources are dispersed and varied.

By the end of the 1990s, the OECD (1999) noted from a 
survey of its members an increasing use of environment-
related taxes for pollution control, raising revenues of 
up to 3 per cent of GDP and a growing percentage of 
overall tax revenues. A decade later, the OECD (2010a) 
confirmed a growing movement towards environmentally 
related taxation and tradable permits in OECD economies, 
underlining the value of green taxes to boost innovation as 
could be seen in evidence of increased investment in R&D 
and registration of patents on new, cleaner technologies. 
In 2010, the OECD also reported that revenue from 
environmentally-related taxation has been gradually 
decreasing over the past decade relative to both GDP and 
total tax revenue. This trend is driven mainly by motor-
fuel taxes, which still accounted for the vast majority of 
environmentally-related tax revenue. In many countries, 
these have increased fuel prices to sufficiently high levels to 
have greatly moderated the demand for motor fuels. It did 
foresee that additional revenue from carbon taxes and from 
the auctioning of tradable permits may increase the role of 
environmentally-related taxation in government budgets.

Stimulus packages introduced by governments 
following the global financial crisis have included 
new subsidies for greening industry and cleaner 
technologies. In addition to its total stimulus package of 
US$ 586 billion, of which an expected 34 per cent was 
devoted to green investments, China announced solar 
subsidies to help local manufacturers which face a drop 
in international demand. The car industry worldwide 
has benefitted from US$ billions of emergency bail-out 
loans, scrappage subsidies and consumer subsidies. In 
China, the world’s largest car market today, the Ministry 
of Finance announced that it will offer substantial 
subsidies for the purchase of green cars and financing 
for the construction, in five cities, of the infrastructure 
for charging cars with electric power (Waldmeir 2010). 
It would offer up to Rmb 50,000 (US$ 7,800) in subsidies 
for the purchase of plug-in hybrid electric vehicles and 
Rmb 60,000 (US$ 9,400) for pure electric vehicles in cities 
such as Shanghai. The level of subsidy would be reduced 
after carmakers sold 50,000 green cars.

The subsidisation of green cars raises questions about 
its relative priority, compared with public transport 
vehicles and systems. A range of historical subsidies have 
prevented transformative investments in manufacturing 
since fuel prices did not reflect the cost of externalities 
and they resulted in a perverse principle of “the polluter 
being paid”. Greening industry, therefore, also needs to 
involve the abolishment of perverse direct and indirect 
subsidies on resource use that allow favored groups 
access to free water, free use of the environment for 
purposes of waste disposal, or cheap electricity and fossil 
fuels well below regular market prices. It is increasingly 
important to reflect the full economic and social costs of 
such use. Where this is politically impossible or otherwise 
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not feasible, a distant second-best solution is to allow 
accelerated depreciation and relatively low taxes on 
investments in renewably energy and resource-efficient 
technologies. As a rule, subsidies should really only be 
used in case of the clear existence of positive externalities 
and possibly in support of infant industries.

Green manufacturing can also be supported by financial 
instruments such as revolving funds, green funds, 
insurance funds, soft loans and other forms of green 
subsidies. Providing rewards rather than penalties, green 
subsidies and feed-in tariffs can be important instruments 
to boost cleaner technologies and green products, as well 
as waste prevention and recycling schemes. Technology-
specific instruments such as green subsidies can help 

to unlock and guide alternative technology paths. This 
needs to be combined with appropriate regulation such 
as carbon taxes. Governments can also develop national 
financing mechanisms that would favour providing loans 
to those small and medium-sized enterprises (SME) that 
are willing to improve their resource efficiency but have 
limited access to financing from commercial banks. Such 
funding mechanisms could be operated using revenue 
generated through environmental taxes.

Voluntary action, information and capacity building
In its analysis of environmental policy mixes, the OECD (2007) 
has argued that in the case of “multi-aspect” environmental 
problems, policy-makers should supplement instruments 
that address total amounts of pollution with instruments 

Box 2: Taxing plastic bags in an emerging market: the case of South Africa

Plastic bags have attracted increasing environmental 
concern over the last decade, visibly known for their 
role in littering roadsides, clogging sewer drains 
and getting ingested by animals and marine life. A 
number of countries have started to tax their usage 
or ban plastic bags. At a time when China decided 
to ban free plastic bags in 2008, the Worldwatch 
Institute reported that people in China used up to 3 
billion plastic bags daily and disposed of more than 3 
million tonnes of them annually. It signaled estimates 
that China refines nearly 5 million tonnes (37 million 
barrels) of crude oil each year to make plastics used 
for packaging.

In 2003, South Africa became one of the first countries 
to introduce a plastic bag levy that targets consumers 
directly. It addressed the thin plastic bags with handles 
typically distributed in retail outlets. The regulation 
tabled under the Environmental Conservation Act 
noted that the bags are indiscriminately dumped 
and not collected because the thin plastic film they 
are made of has little commercial value. It added that 
the problem is severe in low-income areas where 
waste collection services are inadequate. Since 
2003, shoppers have to provide their own bags or 
pay for thicker, recyclable bags. Consumers wanting 
more information or report retailers who are not 
in compliance have the option of dialing a hotline 
number run by the Department of Environmental 
Affairs. Consumers could re-use the thicker plastic 
bags, paying up to 25 cents for the 10-litre plastic 
bag, 31 cents for the 12-litre bag and 49 cents for the 
24-litre bag. The thickness of the bag was lowered in a 
compromise agreement with industry. Some retailers 
agreed to lower food prices in order to compensate 
poor consumers for the extra expense of the new bags.

The proposed regulation caused extensive debate, 
involving environmentalists, consumer organizations, 
industry and labour unions. Developmental 
considerations included the position of poor 
households in rural areas, who more typically use 
plastic bags available free of charge, and the concerns 
of workers involved in the manufacturing, packaging 
and retail industries. Business and unions raised 
concerns about jobs, income and equipment loss as 
well as the need to have a holistic approach to waste 
management rather than targeting a single product. 
Education, awareness and strong anti-litter penalties 
were proposed by industry and labour as appropriate 
responses to the problem of plastic shopping bags 
waste rather than regulation. A study commissioned 
by the National Economic Development and Labour 
Council examined possible impacts of the proposed 
regulation on investment, employment (including job 
losses or creation, shifts in skills profiles), distortions 
in the market (including supply and demand balances 
and between different products due to the focus on 
one part of the packaging industry), and industry 
(e.g. petrochemicals and plastics). The study warned 
of a possible close-down of the local plastic-bag 
manufacturing industry, with consequent job losses. 
It also showed, using recovery economics, that an 
effective stimulus to local recycling is dependent 
on addressing constraining factors such as the need 
to create additional demand in the local market for 
recycled polymer.

Debates emerged around the need to promote locally 
made facilities producing two alternatives, namely a 
Green Bag and Biodegradable Plastic Bag. The case 
showed the importance of finding reliable life cycle 
inventory data to compare the environmental impacts 
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that address the way a certain product is used, when it 
is used, where it is used, etc. In these cases, regulatory 
and information instruments are often better suited than 
for example introducing taxes or credit trading systems. 
Information instruments can take a variety of forms, 
including product information, labeling and reporting.

Public institutions can support the validation and 
harmonization of eco-labeling schemes, and establish 
consumer awareness and education programmes to 
ensure consumers are able to make informed decisions 
and recognise newly introduced labeling and product 
information schemes. A recent study for the Ethical Trade 
Fact-finding Process (ETFP) Group including Consumers 
International, ISEAL and others, found that the 

regulation of (environmental) marketing claims is, and 
self-regulation seems to be becoming, more common 
(Symbeyond Research Group, 2010). 13 In recent years, 
national eco-labelling schemes have been initiated in 
Brazil, China, India, South Africa, Indonesia, Thailand 
and Tunisia.14 In addition to introducing such schemes 

13. The Eco-label Index database keeps track of 373 eco-labels operating 
in 25 industry sectors and countries world-wide. Available at www.
ecolabelindex.com/

14. By 2000, 43 countries – mostly in Europe and Asia – had household 
appliance efficiency programmes in place, seven times as many as in 1980. 
Standards “push” the market by requiring manufacturers to meet minimum 
standards. They are well complemented by eco-labeling programmes, 
which “pull” the market by providing consumers with information to 
help them make responsible purchasing decisions, and hence encourage 
manufacturers to design and market more eco-friendly products 
(Worldwatch Institute 2004).

of paper, plastic and cloth carrier bags. A factor in the 
analysis is different environmental criteria applied, 
criteria such as primary energy consumption, resource 
depletion, acidification, nutrient enrichment, eco-
toxicity, air and water emissions. Those in favour of 
paper bags argue that while increased demand for 
paper bags could lead to more deforestation, paper 
grocery bags used in many countries today are 
increasingly made from recycled content.

The environmental levy is one way to make consumers 
more sensitive to the implications of excessive plastic 
bag consumption. The question is whether charges for 
the polluting product should be applied as producer 
taxes, as behavior-related charges (e.g. returning for 
recycling deposits) or as simple consumer charges. 
Experience shows that if, as was the case in Ireland, the 
levy on plastic bags was set high enough, success was 
more certain. If however, the levy was set too low, as 
happened in South Africa, it is not effective in the long 
term in promoting recycling. To be effective, changes 
in the price should be large, obvious increases and 
not small increments. This is the lesson Botswana 
learned in subsequently following the Irish example, 
having greater impact with an approach that ensured 
constant high prices of plastic bags, so that the initial 
significant decline in consumption continued. 

Analyses of the results in South Africa suggest that 
plastic bag demand is relatively price inelastic, 
implying that instruments based on price alone 
would have limited efficacy. While the combination 
of standards and pricing successfully curbed plastic 
bag use in the short run, the effectiveness of the 
legislation may be declining over time. This does not 
imply that price regulation is necessarily less effective 

than voluntary action by industry. Rather, the low 
recovery rate for plastic bags relative to the other 
packaging sectors can be explained by the differing 
characteristics of the plastic bags that make them less 
amenable to recycling. Factors such as their lower 
value per unit and relative lack of post-recycling 
applications, implies that they have a low recycling 
value relative to other waste streams. Regulation 
therefore has a special role in cases where the material 
in question has little inherent recycling value, leaving 
little incentive for industry to take the initiative. Where 
regulatory initiative is taken, the level of pricing and 
combination with other factors such as infrastructure 
and awareness-raising will be decisive. 

South African government officials consider the 
regulation a success and have started implementing 
similar initiatives to regulate other waste products such 
as used tyres, oil and glass, confirming a trend towards 
waste product regulation. The example inspired other 
countries such as neighbouring Botswana. It also 
sparked debate about government use of the revenue, 
and how it could be used to boost the local waste 
management industry. In addition, it displayed the 
challenge government faces in introducing a common 
tax that impacts households of very different income 
levels. By 2009, in his budget review, the Minister of 
Finance announced an increase in the levy on plastic 
bags and the introduction of a levy on incandescent 
light bulbs targeting local manufacturing and imports. 
The plastic-bag levy was expected to generate US$ 
2.2 million while the incandescent light bulb levy was 
expected to generate US$ 3 million.

Sources: Dikgang and Visser (2010); Fund for Research into Industrial Development, 

Growth and Equity (2001); Hasson, Leiman and Visser (2007); Nahman (2010); Nhamo 

(2005); and Yingling Liu (2008)
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in collaboration with the private sector, the public 
sector can also lead by example and support recognised 
green labeling schemes and standards through its own 
sustainable public procurement programmes.

Governments can introduce support programmes with 
special focus on cleaner production or eco-efficiency, 
targeting specific sizes of companies or specific 
industries. An example is the provision of management 
and technology assistance to assist SMEs in exploiting 
opportunities for increased resource use efficiency and 
recycling.15 Another example would be public-private 
partnerships for the disassembling and collection of 
e-waste in socially and environmentally beneficial 
ways in developing countries that have a comparative 
advantage in this industry. In addition to creating 
employment and decent work that meets recognised 
occupational health and safety standards, a formalised 
and advanced system of collecting and recycling e-waste 
can also boost the rate of recovery. 

Public institutions can support R&D, revised educational 
curricula and training programmes to promote cleaner 
processes and systems, eco-design, products and 
services. Faced with possible job losses, training needs 
in the heavy manufacturing industries include training 
related to change in production processes (energy 
and resource efficiency, recycling, hazardous waste 
management), environmental impact assessments, 
skills upgrading for technicians and retraining into other 
heavy industries (Strietska-Ilina et al. 2010); Martinez-
Fernandez et al. OECD 2010).

Self-regulation in the form of voluntary initiatives by 
manufacturing industries includes longstanding initiatives 
such as Responsible Care by the chemicals industry, 
with participants from over 50 countries. As of 2004, the 
International Council of Chemical Associations and its 
members developed a Global Product Strategy to improve 
the global chemical industry’s product stewardship 
performance. Since the 1990s, manufacturing industries 
have been involved in a range of voluntary initiatives 
started with the aim to fulfill or exceed standards set by 
legislation. The trigger for these has often been shock 
events such as industrial accidents during the 1980s. 
Voluntary initiatives by manufacturing industries can be 
complemented by public-private partnerships to facilitate 
dialogue with governmental bodies. A recent example 
is the Strategic Approach to International Chemicals 
Management (SAICM), a policy framework which promotes 
chemical safety around the world.

15. UNEP and UNIDO have been supporting such approaches through a 
growing network of National Cleaner Production Centres in developing 
countries. Available at www.unep.fr/scp/cp/network/

In the last decade, many industry voluntary initiatives 
introduced more systematic stakeholder engagement 
practices, monitoring and disclosure through reporting 
requirements. The reporting guidelines of the Global 
Reporting Initiative have been supplemented by sector 
specific guidance developed with the mining and metals, 
automotive manufacturing, telecommunications, 
apparel and footwear industries. Reporting on strategic 
management approach by these industries provide an 
opportunity for investors and other stakeholders to 
discuss with management what greening the relevant 
industry entails.

From an overview with 22 industry groups of progress 
made since the 1992 Rio Summit with sustainable business 
practices, UNEP (2002) among others recommended that 
voluntary initiatives be made more effective and credible 
as a complement to government measures. In an update 
of this review five years later, UNEP (2006) received 
report cards from 30 industry groups including the 
manufacturing sectors covered in this chapter. Industry 
groups reported voluntary initiatives for promoting 
awareness and integration of sustainability concepts 
into their daily operations as well as initiatives related 
sustainability reporting. Many industries reported the 
development of sector-specific voluntary standards. 
Some of these were developed in consultation with 
regulatory authorities (e.g. the automotive sector’s 
fuel-efficiency standards in Europe). Few referred more 
specifically to certification and labelling initiatives, as was 
done by the pulp and paper industry. 

The reporting process facilitated by UNEP (2006) showed 
growing interest in measurement of progress in greening 
industry. Use of and reporting against agreed indicators 
at industry sector level can help to fill the gap between 
national, macro level and company, micro level indicators. 
The Iron and Steel Institute, for example, reported 
agreement by its Board on the use of 11 indicators, which 
resulted in a collective report for which 44 member 
companies provided data.16 The International Aluminium 
Institute reported agreement by its members to twelve 
sustainability objectives supported by 22 indicators. 
It developed a material resource mass-flow computer 
model to identify future recycling flows. The model 
projected that global recycled metal supply from post-
consumer scrap will double by 2020 from a 2004 level of 
6.7 million tonnes. It undertook to report annually on its 
global recycling performance.

16. The four economic indicators were: investment in new processes 
and products, operating margin, return on capital employed and value-
added. The five environmental indicators were: greenhouse gas emissions, 
material efficiency, energy intensity, steel recycling and environmental 
management systems. The two social indicators were: employee training 
and lost time injury frequency rates (UNEP 2006).
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7  Conclusions 
This chapter provides an overview of a number of 
greening opportunities in the manufacturing industries, 
focusing in particular on sub-sectors that are main 
contributors to GHG emissions globally and that have 
high impact by virtue of their broader contribution to 
global resource use, associated environmental impacts, 
GDP and employment. It notes the growing importance 
of manufacturing to developing countries, responsible 
for 22 per cent of global GDP by 2009.

The analysis has shown challenges manufacturing faces, 
highlighting the costs and risks of inaction and an 
illustrative BAU scenario to 2050. In major economies, 
the external costs of air pollution–mainly in the form of 
health costs–could be well over 3 per cent of global GDP. 
The possible future scarcity of some natural resources, 
for example growing dependency on water, poses risks 
associated with operations, markets, finance, regulations 
and reputation. Reserves of easily accessible oil are being 
depleted. While global demand for metals such as copper 
and aluminium is increasing, high quality metal ores are 
gradually being depleted. Increasing resource scarcities 
put upward pressure on commodity prices and on the 
manufactured products for which they are used as inputs. 

While progress is being made in responsible chemicals 
management, concerns persist about the lack of 
thorough evaluation of the effects on human health 
and environment of thousands of chemicals on the 
market. The case of three toxic metals–mercury, lead and 
cadmium–show the challenges that globalisation and 
trade brings; metal is often sourced in one region of the 
world, refined in a second, incorporated into products 
in a third, and disposed of in yet another region. These 
realities challenge large corporations and their supply 
chains to improve traceability and safe management 
practices globally. Recent industrial accidents provide 
stern reminders of the costs of unsafe practices in the 
management of hazardous substances.

Real opportunities for manufacturing lie in taking a 
life cycle approach to its logical consequences and 
pursing supply and demand side strategies to close the 
resource use cycle in manufacturing. Such strategies 
could enable even rapidly industrialising economies 
to decouple environmental damage from economic 
growth and improve their longer term competitiveness. 
At the industry level, the greening transformation 
involves a value chain that starts with the re-design of 
products, production systems and business models, and 
leads to extended producer responsibility in the form 
of take-back or reversed supplies, remanufacturing and 

recycling on a scale not seen before. The case of metal 
stocks in our economies is illustrative. While only a few 
metals currently have an end-of-life recycling rate of 
above 50 per cent, many opportunities exist that can 
help to improve recycling rates and increase secondary 
production, which requires potentially only a fifth of 
the energy and causes up to 80 per cent fewer GHG 
emissions than primary production.

Investment strategies for greening manufacturing 
highlighted investment in cleaner technologies and 
innovation, associated benefits in efficient use of 
energy and water, investment in a transition towards 
green jobs and likely prospects for resource efficient 
growth in developing markets. Following years of 
automation and related cuts in manufacturing jobs, the 
greening of manufacturing will not generate jobs in all 
sectors. However, recycling and re-manufacturing have 
considerable potential to create jobs. There will also be 
more skilled jobs in energy-service companies, in repair 
and maintenance and in recycling scarce materials. 
Government training programmes to upgrade skills will 
be needed in virtually all countries, but the kinds of skills 
required will vary according to the level of development 
of the local industry.

Results of the simulations indicate that investing in 
greening the manufacturing industries will help reduce 
energy consumption and emissions, reduce the upward 
pressure on prices of fossil fuels and – through avoided 
energy costs – help boost productivity and profit whilst 
stimulating GDP and overall employment. From the 
sectors covered in this chapter, the chemical and plastics 
industry shows the greatest potential for energy savings. 
To track progress in how a green investment scenario 
evolves, governments need to begin to collect improved 
data on industrial resource efficiency.

Overall, there is abundant evidence that the global 
economy still has untapped opportunities to produce 
wealth using less material and energy resources. It 
is important to understand though that increasing 
resource efficiency is consistent with almost any 
definition of green, whereas cutting carbon or other GHG 
emissions per se may not be consistent with increased 
efficiency. An example of this is CCS technology, which 
is very energy intensive and resource inefficient. In sharp 
contrast, the wider implementation of comprehensive 
efficiency incentives, recycling, and CHP, together 
with closed-cycle manufacturing (repair, renovation, 
remanufacturing and recycling), will correspondingly 
increase resource efficiency. In many cases this could 
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reduce extraction and processing costs, thereby 
supporting economic growth.

Discussion on the enabling environment highlight 
two recommended policy priorities, namely closed- 
cycle manufacturing with supportive infrastructure 
and regulatory reform to enable factor efficiency 
improvements in energy use through greater use of 
cleaner technologies like CHP. Governments should 
seek ways to encourage closed-cycle manufacturing, for 
example, by encouraging large multinational systems 
integrators which manufacture aircraft, automobiles, 
home appliances, electronic goods, etc. to be responsible 
for integrated materials management throughout the 
entire supply and demand chain– from the point of 
extraction to final disposal. The main objective must be 
to make manufactured goods last longer, by means of 
greater emphasis on re-design, repair, reconditioning, 
re-manufacturing and recycling. Extended producer 
responsibility (ERP) laws, refundable deposit schemes, 
and improving the functioning of markets for secondary 
raw materials are the most likely tools for getting started.

Each country will need to consider its appropriate policy mix 
of regulatory instruments and approaches to make the 
transition happen, mindful that basic physical processes 
and damaging impacts associated with pollution and 
unsustainable resource use are universal.17 As major 
point sources of pollution, the manufacturing industries 
have traditionally been easy targets of command-and-
control regulations. In some cases these need reform, in 
others new ones are required to scale up transformation. 
Command-and-control regulations need however to 
be better combined with market-based approaches, 
allowing appropriately structured markets to reflect the 
real price of energy and other resources and allowing 

17. During the annual UNEP Business & Industry Global Dialogue on 11-12 
April 2011, manufacturing industry representatives agreed on the need for 
a predictable regulatory framework, enabling long-term strategic thinking 
and longer-term investment, as precondition for business and industry 
to contribute to a “step” or transformative change that goes beyond 
existing voluntary industry initiatives. At the same time, it was stressed 
that regulation needs to be applied to local context, considering local 
approaches and social circumstances.

manufacturing industries to innovate and compete on a 
fair basis. Recent history shows that the introduction of 
taxes can be a strong driver for technology innovation 
(petrol taxes and vehicle engine technology). Use of 
economic instruments can also reduce monitoring costs 
for regulators, but requires a willingness to undertake 
thorough economic analysis on their likely costs, benefits 
and effectiveness in order to design them correctly. 

The concentration of certain heavy industries in some 
countries, as well as the dominance of their markets by 
a core group of corporations may point to opportunities 
for advancing climate mitigation strategies with an 
industry-sector approach, even if only on a national basis. 
This may be a way of addressing competition concerns 
and avoiding capital lock-in by industrialising countries 
in outdated technologies. At the same time, crediting 
and trading schemes is likely to offer greater economic 
efficiencies if introduced across industries. This can 
also be explored throughout global supply chains by 
using CDM-type projects to share cleaner technology 
applications among developed and developing markets.

Governments will also need to consider ways of 
supporting the greening of manufacturing through 
institutional support and soft technology approaches, for 
example, education and training in areas such as cleaner 
production and considering smaller, supplier enterprises 
in particular. Institutional support can vary from the 
financial, ensuring the provision of green subsidies 
and loans, to the provision of infrastructure, ensuring 
appropriate systems for deposit refunding, waste 
recovery, recycling and distribution. Scaled-up investment 
in establishing eco-industrial parks can be a key building 
block in this, an area open for public-private partnership. 
Voluntary initiatives by manufacturing industries over the 
last ten years have shown growing willingness to measure 
and communicate relevant performance and discuss with 
investors and other stakeholders what indicators to use 
in the process. Greening national economies and markets 
require reliable methodologies underlying these and 
similar efforts to communicate performance via green 
product labels and certification schemes.
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Key messages
1. The increasing volume and complexity of waste associated with economic growth are posing 
serious risks to ecosystems and human health. Every year, an estimated 11.2 billion tonnes of solid 
waste are collected worldwide and decay of the organic proportion of solid waste is contributing to 
about 5 per cent of global Greenhouse Gas (GHG) emissions. Of all the waste streams, waste from 
electrical and electronic equipment containing new and complex hazardous substances presents the 
fastest-growing challenge in both developed and developing countries. 

2. The growth of the waste market, increasing resource scarcity and the availability of new 
technologies are offering opportunities for greening the waste sector. The global waste market, 
from collection to recycling, is estimated at US$ 410 billion a year, not including the sizable informal 
segment in developing countries. Recycling is likely to grow steadily and form a vital component of 
greener waste management systems, which will provide decent employment.  While currently only 
25 per cent of waste is recovered or recycled, under the green investment scenario modelled in the 
Green Economy Report (GER), the amount of waste destined for landfills would be considerably 
reduced. These gains, implying the development and expansion of new market opportunities, would 
be achieved through the doubling of the recycling rate of industrial waste (an increase from 7 to 15 
per cent), near full recycling of e-waste (from a current estimated level of 15 per cent), and an increase 
of about 3.5 times over the current recycling rate of Municipal Solid Waste – the principal source of 
recycled materials, from 10 to 34 per cent. Furthermore, by 2050, effectively all organic waste would 
be composted or recovered for energy, compared with 70 per cent under a business–as-usual (BAU) 
scenario. 

3. There is no one-size-fits-all when it comes to greening the waste sector, but there are 
commonalities. Most of the waste management related standards are national or local; however, as a 
common feature, greening the waste sector includes, in the first instance, minimisation of waste. Where 
waste cannot be avoided, recovery of materials and energy from waste, as well as remanufacturing 
and recycling waste into usable products should be the second option. The overall goal is to establish 
a global circular economy in which material use and waste generation is minimised, any unavoidable 
waste is recycled or remanufactured, and any remaining waste is treated in a manner least harmful 
to the environment and human health, or even in a way which generates new value such as energy 
recovered from waste.

4. Investing in greening the waste sector can generate multiple economic and environmental 
benefits. Recycling leads to substantial resource savings. For example, for every tonne of paper 
recycled, 17 trees and 50 per cent of water can be saved. By recycling each tonne of aluminium, the 
following resource savings could be accrued: 1.3 tonne of bauxite residues, 15 m3 of cooling water, 
0.86 m3 of process water and 37 barrels of oil. These are in addition to the avoidance of 2 tonnes of CO2 
and 11 kg of SO2 released. In terms of new products, the Waste to Energy (WtE) market was already 
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estimated at US$ 19.9 billion in 2008 and projected to grow by 30 per cent by 2014. In terms of climate 
benefits, between 20 to 30 per cent of projected landfill methane emissions for 2030 can be reduced 
at negative cost and 30 to 50 per cent at costs of less than US$ 20/tCO2-eq/yr.

5. Recycling creates more jobs than it replaces. Recycling is one of the most important sectors in 
terms of employment creation and currently employs 12 million people in just three countries - Brazil, 
China and the United States. Sorting and processing recyclables alone sustain ten times more jobs 
than land filling or incineration on a per tonne basis. Estimations made in the context of this report 
suggest that with an average of US$ 152 billion invested in waste collection as part of an overall green 
investment strategy over the period 2011 to 2050, global employment in waste collection activities by 
2050 will be 10 per cent higher in a green economy scenario than projections under BAU. While higher 
rates of recycling may reduce employment opportunities in extraction of virgin materials and related 
activities, the overall net employment appears to be positive.

6. Improving labour conditions in the waste sector is imperative. The activities of collecting, 
processing and redistributing recyclables are usually done by workers with few possibilities outside 
the sector. Thus, despite the potentially significant contribution to employment creation, not all of the 
recycling and waste management related jobs can be considered green jobs. To be green jobs they also 
need to match the requirements of decent work, including the aspects of child labour, occupational 
health and safety, social protection and freedom of association.

7. Greening of the waste sector requires financing, economic incentives, policy and regulatory 
measures and institutional arrangements. Improved waste management and avoided 
environmental and health costs can help reduce the financial pressure on governments. Private sector 
participation can also significantly reduce the costs, as well as enhance service delivery. Micro-financing, 
other innovative financing mechanisms and international development assistance may, in addition, 
be tapped to support operational costs for waste treatment. A range of economic instruments can 
serve as incentives to green the sector (such as taxes and fees on waste, recycling credit and other 
forms of subsidies). Their use could be combined with policies and regulations such as targets for the 
minimisation, reuse, recycling and displacement of virgin materials in products; regulations relevant to 
the waste management market; and land-use policies and planning and regulations to set minimum 
safety standards that protect labour.
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1  Introduction

This chapter seeks to make an economic case for investing 
in greening the waste sector and it aims to provide policy-
makers with guidance on how to mobilise such investment. 
It demonstrates how green investment in the waste sector 
can create jobs and contribute to economic growth, 
while addressing environmental issues, in a pro-poor and 
equitable manner.

The environmental and social (including health-related) 
benefits from greening the waste sector have been stressed 
already for a long time. The impact of this has, however, 
been limited, as environmental and social concerns are 
often seen as competing with economic imperatives. 
Environmental and social aspects of greening the waste 
sector are discussed, but the emphasis is on making an 
economic case based on the available data.

The chapter starts with an explanation of the scope of the 
waste sector and what is meant by the greening of the 
waste sector, followed by a discussion of the challenges 
and opportunities facing the sector. It then discusses the 
goals for greening the sector and the potential economic 
implications of additional green investment, including 
the results from a modelling exercise. Finally, the chapter 
presents conditions that are important for enabling the 
greening of the waste sector. 

1 1 Scope of the waste sector

The waste sector has traditionally referred to municipal 
solid waste (MSW) and excludes wastewater, which tends 
to be categorised under the water or industry sectors. The 
scope of this chapter is therefore limited to management of 
MSW and special waste streams such as used electrical and 
electronic equipment as well as vehicles and vehicle parts, 
construction and demolition waste, health-care waste, and 
biomass waste or agricultural residues. 

1 2 Greening the waste sector

Greening the waste sector refers to a shift from less-
preferred waste treatment and disposal methods such 
as incineration (without energy recovery) and different 
forms of landfilling towards the three Rs: Reduce, 
Reuse and Recycle. The strategy is to move upstream 
in the waste management hierarchy, based on the 
internationally recognised approach of Integrated Solid 
Waste Management (ISWM) (Figure 1).

The ISWM is a strategic approach to managing all sources 
of waste; prioritising waste avoidance and minimisation, 
practicing segregation, promoting the 3Rs, implementing safe 
waste transportation, treatment, and disposal in an integrated 
manner, with an emphasis on maximising resource-use 
efficiency. This marks a departure from the usual approach 
where wastes are managed mainly from a compliance point 
of view characterised by end-of-pipe treatment such as 
incineration (without energy recovery) and landfilling. 

Under ISWM, activities of greening the sector can include:

 ■ Resource conservation, which avoids excessive 
resource consumption;

 ■ Waste reduction through resource use optimisation 
that minimises resource wastage;

 ■ Waste collection and segregation, ensuring 
appropriate waste treatment;

 ■ Waste reuse, which circulates waste and avoids the 
use of virgin resources;

 ■ Waste recycling, which converts waste into useful 
products;

Prevention

Reduction

Recycling

Recovery

Disposal
Least 

preferred

Most 
preferred

Figure 1  The waste management hierarchy
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 ■ Energy recovery, which harnesses residual energy 
from waste;

 ■ Landfill avoidance, which conserves land and avoids 
risks of contamination; and 

 ■ Construction and maintenance of infrastructure 
for waste collection, recovery of materials from waste 
streams (collection and segregation) and application of 
3R technologies and associated activities.

Indicators to measure the progress of greening the sector 
can include:

 ■ Resource consumption rate (material use in kg per 
capita);

 ■ Waste generation rates (kg per capita/year, overall 
and by economic sector); 

 ■ Proportion of waste being collected and segregated; 

 ■ Proportion of materials in waste streams being reused 
or recycled; 

 ■ Proportion of virgin material displacement in 
production;

 ■ Proportion of waste used for energy recovery;

 ■ Proportion of materials in waste streams diverted 
from landfill; 

 ■ Reduction in greenhouse gas (GHG) emissions due to 
avoided landfilling;

 ■ Proportion of total waste disposed in landfill; and

 ■ Extent of capture, recovery and/or treatment of 
polluting emissions such as leachate and landfill gas.

In relation to an overall green economy, indicators of 
greening the waste sector can include the value of – and 
jobs related to – the goods generated through the greening 
of the waste sector such as remanufactured products, 
recovered energy, and the services in terms of waste 
collection, segregation, and processing. Economic and social 
benefits in terms of health, property values, tourism as well 
as direct and indirect job creation should also be included. 
Not all of these indicators may, however, be readily available. 
Proxies are used where possible in this chapter to gauge and 
estimate the economic significance of greening the sector. 

1 3 A vision for the waste sector 

The long-term vision for the waste sector is to establish 
a circular global economy in which the use of materials 
and generation of waste are minimised, any unavoidable 
waste recycled or remanufactured, and any remaining 
waste treated in a way that causes least damage to the 
environment and human health or even creating additional 
value by recovering energy from waste. To achieve this vision, 
radical changes to supply-chain management, especially to 
the product and industrial design part of the supply chain, 
are needed. Specifically, the 3Rs need to guide industrial 
design – with implications for materials at all stages – and 
be overlaid on the entire supply chain. This requirement is, 
in turn, expected to motivate innovation. The chapter on 
manufacturing further elaborates on life-cycle approaches, 
including closed loop and circular systems in manufacturing.
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2  Challenges and opportunities 
in the waste sector 

2 1 Challenges

The waste sector is facing three sets of challenges: 1) 
increasing growth in the quantity and complexity of waste 
streams associated with rising incomes and economic 
growth; 2) increasing risk of damage to human health and 
ecosystems; and 3) the sector’s contribution to climate 
change.  

The growing volume and complexity of waste
The exploitation of the earth’s resources continues apace; 
material use increased eight-fold in the last century 
(Krausmann et al. 2009). According to the Wuppertal 
Institute, an average European consumes about 50 tonnes 
of resources a year, around three times the amount 
consumed per capita by emerging economies. Furthermore, 
on average, Europeans dispose twice as much as citizens 
from emerging economies (Bleischwitz 2009). Per-capita 
resource use in emerging economies is also increasing 
considerably while the world’s Least Developed Countries 
(LDC) are beginning the transition towards an industrial 
type of societal metabolism, as incomes rise and purchasing 
power is deployed in consumer spending.

Currently, 3.4-4 billion tonnes of municipal and industrial 
waste are produced every year, of which non-hazardous 
industrial waste accounts for 1.2 billion tonnes (Chalmin 
and Gaillochet 2009). A major share of the waste generated 
is MSW originating from urban settlements (1.7-1.9 billion 

tonnes, or 46 per cent of the total waste generated) with 0.77 
billion tonnes of this being produced by 25 Organisation for 
Economic Cooperation and Development (OECD) countries 
alone (UNEP 2010). 

As a country develops and becomes wealthier, the 
composition of its waste stream typically becomes more 
varied and complex. Figure 2 illustrates the high proportion 
of organic-rich MSW in middle and lower income countries 
with a gross national income per capita of less than US$ 
12,196, while the high-income countries’ MSW streams 
contain a large proportion of paper and plastics.

Apart from MSW, other major types of waste streams are 
listed below:

 ■ Construction and Demolition (C&D) waste represents 10-
15 per cent of total waste generated in developed countries 
(Bournay 2006) and some countries have reported a much 
higher proportions. For example, OECD (2008a) estimated 
that Germany generates 178.5 million tonnes of C&D waste, 
which is about 55 per cent of the total waste reported. C&D 
waste can be classified as high-volume waste with relatively 
low impact compared with other types of waste.

 ■ End-of-life Vehicles account for 8-9 million tonnes of 
waste in the European Union (EU) with Germany, UK, France, 
Spain and Italy responsible for approximately 75 per cent 
of EU-25 vehicles de-registrations (Eurostat 2010a). Japan 
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Figure 2: Composition of MSW by national income
Source: Chalmin and Gaillochet (2009) and averaged
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generates about 0.7 million tonnes of Automobile Shredder 
Residues (ASR) every year – materials such as plastic, rubber, 
foam, paper, fabric, glass, etc. that remain to be recycled 
after the reusable parts of the automobile are removed 
from shredded EoLV (Kiyotaka and Itaru 2002). In the United 
States of America, ASR amount to 5 million tonnes annually 
(EPA 2010).

 ■ Biomass waste includes agricultural and forestry 
waste. It is estimated that globally 140 billion tonnes of 
agricultural residue is generated every year (Nakamura 
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Figure 3: GDP per capita vs  MSW per capita1

Source: MSW data sourced from a EPA (2007), b Borzino (2002), c Methanetomarkets (2005), d World Bank (2005), OECD 2008a and e Yatsu (2010) and f GHK (2006); Population data available at   
http://esa.un.org/unpp/; GDP data sourced from World Bank.

Quadrant Economic status and waste generation Country and year of data

Q1 GDP: More than US$ 23,000 
Waste: More than 450 kg per capita

USA: United States of Americaa (2006) 
IRL: Ireland (2004)
DNK: Denmark (2005)
ISL: Iceland (2004)
GBR: United Kingdom (2004) 

NLD: Netherlands (2004)
DEU: Germany (2004) 
FRA: France (2004)
BEL: Belgium (2002)

Q2 GDP: More than US$ 23,000
Waste: Less than 450 kg per capita

FIN: Finland (2004)
CAN: Canada (2004) JPN: Japane (2007)

Q3 GDP: Less than US$ 23,000 
Waste: Less than 450 kg per capita

BRA: Brazilb (2002)
ARG: Argentinac(2002) 
CHN: Chinad (2004)
POL: Poland (2005)

CZE: Czech Republic (2005)
MEX: Mexico (2006)
KOR: Republic of Korea (2002)
NZL: New Zealand (1999)
TUR: Turkey (2004)

Q4 GDP: Less than US$ 23,000 
Waste: More than 450 kg per capita

AUS: Australia (2002) 
HUN: Hungary (2004)
BGR: Bulgariaf (2003)

ITA: Italy (2004)
AUT: Austria (2004)
ESP: Spain (2004)

Note: US$ 23,000 represents the median point in the GDP data.

1. This figure was generated by using latest available data from 27 countries 
including developed and developing countries from specified sources 
(using the GDP and population data for the year for which the latest waste 
data is available).
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2009). Like C&D, biomass waste is a high-volume waste 
with a relatively low impact.

 ■ Health-care waste is sometimes classified as a 
subcategory of hazardous waste. No global estimates are 
available. On average, however, low-income countries 
generate between 0.5 kg and 3 kg of health-care waste 
per capita per year, which includes both hazardous and 
non-hazardous components. High-income countries 
have been reported to generate up to 6 kg of hazardous 
waste per person per year from health-care activities 
(WHO 2010).

 ■ Electronic waste (e-waste) continues to increase 
dramatically amid growing global demand for electronic 

and electrical goods. It is estimated that in 2004 alone, 315 
million personal computers (PC) became obsolete globally 
and 130 million mobile phones were estimated to have 
reached their end of life in 2005 (UNEP 2005). The USA 
produces most electronic scrap, reportedly 3.16 million 
tonnes in 2008 (EPA 2009). The total e-waste generated 
worldwide rose from 6 million tonnes in 1998 to 20-50 
million tonnes in 2005 (UNEP 2005). Jinglei Yu et al. (2010) 
predict that obsolete PCs in developing regions will exceed 
those of developed regions by 2016-2018 and that by 2030 
they could amount to 400-700 million units (compared 
with 200-300 million units in developed countries).

 ■ Hazardous waste requires special handling and 
treatment even in low quantities. They may also mix up 
with the stream of waste generated in the municipal 
or agricultural sector, for e.g. used batteries, spent 
paints and residual chemical pesticides as well as Ozone 
Depleting Substances (ODS) such as refrigerators, air-
conditioners, fire extinguishers, cleaning products, 
electronic equipments and agricultural fumigants. Reports 
submitted to the Basel Convention suggest that at least 
8.5 million tonnes of hazardous waste have been crossing 
international boundaries every year (Baker et al. 2004).

 ■ Packaging waste and its management has become a 
major issue in high-income countries. For example, EU15 
recorded an increase in packaging waste from 160 kg per 
capita in 1997 to 179 kg per capita in 2004. According 
to the European Environmental Agency (EEA 2009), an 
increase in packaging waste has been observed in both 
older and newer European Union (EU)  member states. 

 ■ Marine litter consists of material discarded directly or 
indirectly from recreational/shoreline, ocean/waterway, 
smoking-related, dumping and medical and personal-
hygiene-related activities and sources (UNEP 2009a). The 
International Coastal Cleanup (ICC) study between 1989 
and 2007 counted 103,247,609 pieces of waste in the 

Table 1: Estimates of e-waste generation (tonnes per year)
Source: Adapted from UNEP and UNU (2009)
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Figure 4: Estimated generation of MSW across 
regions of the world
Source: Acurio et al. (1998), World Bank (1999), EPA (1999) and (2009),  

Hoornweg and Giannelli (2007) and Eurostat (2010b)

Countries Assessment Date PCs Printers Mobile phones TVs Refrigerators Total

South Africa 2007 19,400 4,300 850 23,700 11,400 59,650

Kenya 2007 2,500 500 150 2,800 1,400 7,350

Uganda 2007 1,300 250 40 1,900 900 4,390

Morocco 2007 13,500 2,700 1,700 15,100 5,200 38,200

Senegal 2007 900 180 100 1,900 650 3,730

Peru 2006 6,000 1,200 220 11,500 5,500 24,420

Colombia 2006 6,500 1,300 1,200 18,300 8,800 36,100

Mexico 2006 47,500 9,500 1,100 166,500 44,700 269,300

Brazil 2005 96,800 17,200 2,200 137,000 115,100 368,300

India 2007 56,300 4,700 1,700 275,000 101,300 439,000

China 2007 300,000 60,000 7,000 1,350,000 495,000 2,212,000
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world’s seas. Cigarettes and cigarette filters accounted 
for almost a quarter of the material (25,407,457 pieces) 
(UNEP 2009a). Marine litter has been reported to have 
significant impacts on wildlife and sensitive ecosystems, 
human health and safety and the economies of coastal 
areas (Ocean Conservancy 2010).

Waste generation is linked to both population and 
income growth. Of the two, income level is the more 
powerful driver. Figure 3 shows the correlation between 
MSW generation and GDP. In high-income countries, an 
urban population of 0.3 billion generates approximately 
0.24 million tonnes of MSW (0.8 kg per capita per day), 
while in low-income countries around the same amount 
(0.26 million tonnes per day) is generated by 1.3 billion 
people (0.2 kg per capita per day), a quarter of the level 
in high-income countries.

Figure 4 shows estimates of MSW generation in different parts 
of the world. It rose in the US and the EU by 21 per cent and 
14 per cent respectively from 1995 to 2007. However, due 
to increased awareness and policy interventions addressing 
waste management (for example, EU regulations stimulating 
recycling of obsolete vehicles since 2000 and electrical and 
electronic waste since 2002), the rate of MSW generation 
slowed in the EU and (to a lesser extent) in the US in the period 
from 2003 to 2007. The linkage between affluence and waste 
generation remains quite strong, in spite of improvements 
in efficiency, and represents a significant challenge for 
developing countries as they become wealthier, particularly 
in Asia (World Bank 1999). At best, relative decoupling has 
begun in OECD countries, with a stabilisation of per-capita 
waste generation in the last decade, as shown in Figure 5. 

The recent awareness on benefits of waste minimisation, but 
also the shifting of waste-intensive production to developing 
and emerging countries may have contributed to this 
development. Landfill remains the predominant method of 
disposal in these countries (OECD 2008b). 

Waste volumes are not necessarily the most important 
challenge ahead. Mixed MSW, hazardous health-care waste, 
and industrial waste streams can impose serious health 
and ecological risks if these wastes remain uncollected or 
dumped in uncontrolled and unsecured landfill sites. In low-
income countries, for example, collection rates are lower 
than 70 per cent, with more than 50 per cent of the collected 
waste disposed through uncontrolled landfilling and 
about 15 per cent processed through unsafe and informal 
recycling (Chalmin and Gaillochet 2009). Given the amount 
of valuable components in MSW, the mixing of wastes 
also means a lost opportunity to recover components that 
could be recycled and used as new resources. Box 1 gives 
an overview of challenges and issues to be addressed to 
improve recycling rates of global metal stocks.

E-waste presents a serious and growing challenge to 
both developed and developing countries. It is a highly 
heterogeneous waste stream and one of the fastest-
growing segments of MSW, especially in developed and 
emerging economies. Table 1 gives the estimated quantity 
of e-waste generated in 11 countries. China generates 64 
per cent of the world’s e-waste, followed by India (13 per 
cent) and Brazil (11 per cent). Senegal, Uganda, India, China 
and South Africa are examples of countries where e-waste 
generation is expected to rise by a factor of 2 to 8, by 2020 
(UNEP and the United Nations University 2009). E-waste 
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Figure 5: Relationship between private consumption and municipal waste in OECD countries
Note: The indicators presented here relate to amounts of municipal waste generated. They show waste generation intensities expressed per capita 
and per unit of private final consumption expenditure (which excludes public expenditures on education, health and similar categories) in 2006, and 
related changes since 1980. 
Source: OECD (2008b)
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Box 1: Global metal stocks and recycling rates

The rapid pace of industrialisation around the 
world has brought about increasing demand for 
metals, which are considered as core raw materials 
for infrastructure and manufacturing of products. 
The demand for metals is expected to maintain 
dynamic in the future: in developing countries due 
to economic growth, and in industrialized countries 
due to modern technologies with dissipative metal 
applications. Since metals are a finite resource, 
the potential challenge on metal supply could be 
addressed through recycling across the life-cycle.

Among the various steps of the metal life-cycle, 
societal or in-use metal stocks, which include all 
metals put into use and currently providing service, 
are the most relevant metal stocks to focus.  On a 
global level, most of the world’s in-use stocks reside 
in more developed countries. For instance, Japan 
and the United States posses the highest in-use 
stocks and exceed the value of China by 9 and 13 
times.  Moreover, data suggests that per capita in-
use stocks in more-developed countries typically 
exceed those in less-developed countries by factors 
of 5 to 10. 

One of the key strategies in meeting this increasing 
demand is to take advantage of anthropogenic 
mines, or urban stocks, which has a great potential 
to reduce dependency on virgin metal resources 
and mitigate the environmental degradation caused 
by mining activities. However, tremendous weak 
points have been found in global metal recycling. 
For instance, mass-scale use of specialty metals 
like gallium, indium, etc, in the last three decades 
and the lack of infrastructure for recycling in many 
developing countries has led to dissipative losses of 
such metals.

Here are the recycling rates (EOL-RR) of various kinds 
of metals. 

 ■ Ferrous metals: predominantly iron-based, and 
mostly magnetic. An end-of-life recycling rate of 
70-90 per cent can be estimated for iron and steel, 
which is one of the highest among all the industrially 
used metals. 

 ■ Non-ferrous metals: contain no iron, and used 
in quantities second only to the ferrous metals. 
Most have high recycling rates, especially lead (EOL 
recycling rate > 50 per cent). 

 ■ Precious metals: Most are efficiently recycled 
due to the scarcity. The highest EOL recycling rates 
include: palladium (60-70 per cent), platinum (60-70 
per cent) and rhodium (50-60 per cent). 

 ■ Specialty metals: the largest group with 37 kinds 
of metals, and are in great demand. For 32 of the 37 
specialty metals, the EOL recycling rates are very 
close to zero (<1 per cent).  

Challenges and Way Forward to Sustainability
Thus, the recycling rates for some of the metals, 
especially specialty metals are relatively low. 

It has been recognized that creating a circular economy 
is key for increasing metal needs of the future. Setting 
of appropriate metal recycling infrastructure and 
services in urban areas - that are tomorrow’s metal 
mines – is essential and should be given high priority.

The International Resource Panel decisively 
states that it is important to enhance capacity 
building, technology transfer and international 
cooperation in developing countries through 
international recycling conferences, technological 
implementation programmes and specific scientific 
exchange programmes. 

The Panel also highlights three key issues that 
require urgent attention: 

 ■ Research & development. Data acquisition and 
analysis, recycling technologies research, and 
other research and development efforts should be 
a priority in the development process. Global data 
on a large variety of metals on equal spatial and 
temporal resolution is actually not available

 ■ Stopping illegal waste transport. International 
organisations like UNEP and OECD have to multiply 
their engagement in the monitoring and controlling 
of illegal scrap exports. 

 ■ Continuous improvements of legislative 
systems. The more developed countries 
should reinforce their attempts to help the less 
developed countries install appropriate legislative 
systems and ensure their enforcement in order 
to take advantage of metal stocks in society.  
 
Source: Source: UNEP (2011) 
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is a major source of new and complex hazardous waste 
additions to MSW. 

Globally, UNEP and the United Nations University (UNU)  
estimate that 20 to 50 million tonnes of e-waste are 
disposed of each year, which accounts for 5 per cent of 
all MSW. E-waste also has a significant role to play in the 
recycling sector in developing countries even though it is 
not necessarily generated in those countries. With sales of 
electronic products in China and India and across Africa and 
Latin America predicted to rise sharply in the next ten years, 
the challenge is only set to grow (UNEP and UNU 2009). 

Adding to the complexity of waste streams is the impact 
of increasing trade on waste. Lack of information on the 
constituents of waste products, such as valuable raw 
materials and toxic pollutants, makes trading of such 
waste challenging and risky. There have been increasing 
packaging requirements to minimise damage to goods 
in transit. Packaging requirements have also increased to 
meet tightened food health and safety standards. Figure 6 
shows the steady increase in packaging waste coinciding 
with rising GDP in EU15 from 1998 to 2007. As this trend 
of increasing trade and packaging continues, so will the 
increase in the absolute generation of packaging waste 
and complexity of the MSW streams.

The waste problem has been accentuated by the issue 
of waste trafficking. Several developed countries have 
been illegally dumping hazardous waste and exporting 
significant quantities of used electrical and electronic 

products to developing countries that do not have adequate 
infrastructure to manage them. Such illegal shipments are 
a matter of global concern. The Basel Convention requires 
its members to report the aggregated numbers, but there 
is ambiguity in the available data on hazardous shipments 
and difficulty in dealing with illegal activities. Another issue 
is the difficulty in classifying used electronic or electrical 
products as second-hand products and hazardous waste. 
These shortcomings heighten the threat that the hazardous 
waste poses to the environment and human health.2 

Health and environment risks 
The increasing volume and complexity of waste poses 
serious risks to human health and the environment. These 
risks are most obvious in situations where waste collection 
and treatment is insufficient or even absent but can also 
occur in situations where collection and treatment methods 
are already established. In industrialised countries, despite 
progress on sanitary landfill technology and incineration, 
and the control of direct human exposure to the waste 
at the related facilities, there are concerns over waste-
disposal-related syndromes. While few studies exist, many 
health indicators have been considered in epidemiological 
research for health impacts from landfill sites and older 
incinerators, including cancer incidence, mortality, birth 
defects and low birth weight (WHO 2007). Protests over 
waste facilities in developed countries are now more 
than a simple Not In My Back Yard (NIMBY) reaction. Local 
residents often reject landfills and incinerators because of 
fears over health and safety and mistrust of the authorities 
to ensure that minimum safety or environmental protection 
standards are enforced. A related problem is the falling 
property values or the loss of livelihoods (e.g. related to 
agriculture, tourism) around landfill areas. 

Figure 6: Trend in GDP and packaging waste growth from 1998 to 2007 in EU15
Source: EEA (2009)
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2. It may, however, be noted that the export of used electronic products 
is legal if the importing country has a sufficient recycling infrastructure to 
deal with these wastes.
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In developing countries, owing to low or inappropriate 
collection, deficient waste treatment and disposal 
infrastructure, limited financial resources, and weak 
enforcement of laws, open, uncontrolled, and unsecured 
dumps are the most commonly-used method of managing 
waste. At these sites, dumping of mixed waste occurs alongside 
open burning, grazing of stray animals and leakage of 
hazardous substances such as leachate and gas. Uncontrolled 
dumping can also block drainage systems and contribute 
to floods, which cause additional health and environment 
problems such as disease outbreaks and water pollution.

Uncontrolled dumpsites have been linked to many harmful 
health effects such as skin and eye infections, respiratory 
problems, vector-borne diseases like diarrhoea, dysentery, 
typhoid, hepatitis, cholera, malaria and yellow fever. 
Rodents and other stray animals have also been known to 
spread a variety of diseases including plague and flea-born 
fever. There are, however, no global estimates of waste-
related health costs or economic costs of waste and only a 
limited number of country studies exist. In the Republic of 
Palau (an island nation in the Pacific Ocean), for example, 
the cost of waste-related health damage amounts to US$ 
697,000 per year (about US$ 32 per capita) (Hajkowicz et al. 
2005). In Tonga, total economic cost of waste was estimated 
to be at least TOP 5.6 million a year (about US$ 2.8 million) 
of which US$ 0.45 million was related to the health cost to 
private individuals (Lal and Takau 2006). 

A lack of alternative livelihoods and the value of recovered 
materials entice many poor men, women, and even children 
to engage in dumpsite scavenging in low- and middle-
income countries. Waste pickers are vulnerable to intestinal, 
parasitic and skin diseases. A UNEP (2007) study carried out 
at a 30-acre Kenyan dumpsite called Dandora found that 
about 50 per cent of the examined children and adolescents 
living close to the dumpsites (from a total of 328) had 
respiratory ailments and blood lead levels exceeding 
international threshold (10 micrograms per decilitre of 
blood). Further 30 per cent were confirmed to have high 
exposure to heavy metal poisoning detected by red blood 
cell abnormalities. Other severe effects observed in waste-
picker children in India include worm infestation, scabies, 
xerophthalmia and lymph-node enlargement (Hunt 1996).

The volume of waste generation is one challenge for 
controlling the impact on human health and ecosystems, but it 
is the growing hazardous component of all waste streams that 
is most alarming. Unless action is taken to properly collect and 
segregate waste materials, many developing countries face 
the challenge of mixed and growing waste streams beyond 
what the current waste-management infrastructure can cope 
with. Investment in institutions and physical infrastructure 
to properly collect and segregate waste materials needs to 
happen to avoid imminent and serious consequences to 
environmental quality and public health in these countries 
with potentially long-term economic impacts.

GHG emissions
The organic fraction of the municipal waste sector 
contributes to about 5 per cent of the total GHG emissions 
known to be responsible for climate change. According 
to the Intergovernmental Panel on Climate Change (IPPC) 
(Bogner et al. 2007), post-consumer waste-generated 
GHG emissions were equivalent to approximately 1,300 
MtCO2-eq in 2005. In the waste sector, landfill methane 
is the largest source of GHG emissions, caused by the 
anaerobic degradation of organic material in landfills and 
unmonitored dumpsites. In the EU, emissions from waste 
(including disposal, landfill sites and water treatment) 
amount to 2.8 per cent of total EU27 GHG emissions 
(Eurostat 2010c). Emissions from landfills depend on 
waste characteristics (composition, density, particle size) 
and conditions in landfills (moisture, nutrients, microbes, 
temperature and pH). Landfill gas (LFG) is about 50-60 per 
cent methane with the remainder CO2 and traces of non-
methane volatile organics, halogenated organics and other 
compounds. Further, ozone depleting substances (ODS) 
released from discarded appliances (e.g. air conditioners, 
refrigerators) and building materials (foams), as well as 
industrial waste practices, contribute to ozone-layer 
depletion. Many of those ODS are also potent GHGs that 
contribute to climate change.

2 2 Opportunities 

The opportunities for greening the waste sector come 
from three inter-related sources: 1) growth of the waste 
market, driven by demand for waste services and recycled 
products; 2) increased scarcity of natural resources and the 
consequent rise in commodity prices, which influence the 
demand for recycled products and WtE; and 3) emergence 
of new waste-management technologies. These 
developments have opened up significant opportunities 
for greening the waste sector. 

Growth of the waste market
Despite data limitations, there is a clear indication that 
the market for waste management is growing. The world 
market for municipal waste, from collection to recycling, 
is worth an estimated US$ 410 billion a year (Chalmin and 
Gaillochet 2009). This estimate can only be indicative since 
assessing the exact market size is difficult given the paucity 
of reliable data, particularly in developing countries, and 
existing data being limited to the formal component of the 
waste-management sector.

Four factors are driving this growth: 1) the overall increase 
in the volume and variety of the waste generated; 2) rising 
political awareness of the need to better manage waste 
in the context of avoiding ecological and health risks and 
climate change; 3) urbanisation in emerging economies, 
which is typically accompanied with a growing interest 
in a better living environment including better waste 

302



Waste

management; and 4) development of formal and informal 
trade in secondary raw materials recovered from waste. 

Change in the consumer demand is a major determinant 
underlining the potential greening of the waste sector. 
With increased environmental awareness, more and more 
consumers have started demanding recycled products 
and waste-derived compost. Box 2 gives examples of 
companies switching to eco-friendly packaging in response 
to consumer demand. In order to accrue benefits from 
recovered resources, there has been increased interest in 
investing in technologies such as biomethanation and WtE.

Of course, the waste market as it stands today is not necessarily 
green and the ways in which waste is collected and recycled 
may not fully comply with environmental standards and 
regulations. Very little data exist at present with which to 
estimate the magnitude of the green waste market, beyond 
estimates of rates of recycling. Indeed, with recycling rates 

tof the informal sector reaching 20-50 per cent and existing 
solid-waste management activities being of poor standard 
in developing countries, it may not be prudent to use the 
existing data without prior validation (Wilson et al. 2009). 
Furthermore, where waste collection and recycling involves 
child labour or indecent and unsafe working conditions, the 
waste market should not be considered green. 

The growth of the waste market, however, does provide 
an opportunity for greening the sector. As the market 
evolves and becomes mature, consumers are likely to 
demand stringent standards in order to avoid any health 
and environmental risks. In the waste sector, existing 
standards focus mostly on the protection of environmental 
and human health, but working conditions and standards 
for recycled products are increasingly receiving attention. 
Market development in this direction thus provides a 
platform on which to systematically introduce green 
standards into waste management systems.

Scarcity of resources 
Rapid population growth and economic expansion have 
led to escalating demand for energy, basic industrial 
commodities and consumer goods. Energy consumption, 
for example, is expected to rise steeply as the world’s 
population is estimated to grow by 2.3 billion over the 
next 40 years. This is expected to be almost entirely 
concentrated in the urban centres of Asia, Latin America 
and Africa (Pareto and Pareto 2008). According to Leggett 
(2005), however, the world’s oil reserves are not adequate 
to cope with the combined forces of depletion and demand 
between 2008 and 2012. According to Energy Watch Group 
(2007) the fastest coal reserve depletion is happening 
in China and USA is already beyond peak production of 
coal. Global coal production is expected to peak around 
2025 at 30 per cent above present production in the best 
case. Reduced energy supply has an immediate impact on 
energy-intensive manufacturing sectors such as mining 
and metal industries, reducing the production of materials 
and pushing up the cost of manufacturing. 

Box 3: Recession and the 
paper-recycling rate in the UK

The UK paper industry produced 4.3 million 
tonnes of paper and cardboard in 2009, which 
was 14 per cent less than the previous year. 
Consumption declined by 10 per cent and 
exports dropped by 8 per cent compared 
with 2008, owing to the recession. The paper-
recycling rate rose, however, to an all-time 
high of 90 per cent in 2009 and the collection 
rate increased by 2 per cent year on year. The 
UK’s paper-recycling rate is expected to rise to 
100 per cent with the advent of new private 
enterprises investing in facilities for the sector.
Source: Adapted from Packagingeurope (2010)

Box 2: Companies resorting to eco-friendly packaging due to  
increased consumer pressure 

Increased consumer demand for recycled products has 
compelled many companies to refurbish their product 
packaging to reduce the impact on the environment. 
Examples in North America include Hewlett Packard 
(HP), EnviroPAK (St. Louis) and Oxobioplast Inc. 
(Toronto). Hewlett Packard insists that all its packaging 
be recycled and labelled as such. EnviroPAK has shown 
great interest recently in using complex recycled paper 
pulp for packing electronic, small household appliances, 

medical products, consumer goods, CDs and DVDs, 
automotive parts and food and bottled goods. By opting 
for paper pulp in the place of expanded polystyrene, 
the company has claimed to save 70 per cent in 
packaging and shipping costs. Oxobioplast Inc. uses 
an additive called “Revert” to render its plastic products 
biodegradable by breaking apart their polymer chains 
after a permitted period of use. 
Source: Adapted from MachineDesign (2008)
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Apart from oil and other commodities, metals are of 
vital importance to the global economy, whether in 
the manufacturing of buildings or cars or in the rapidly 
expanding production of mobile phones, air conditioners, 
refrigerators and other electronic consumer goods. If the 
total world population were to enjoy the same level of 
metals-use as in industrialised countries, the demand for 
metal stocks would be 3 to 9 times present levels.

Amid this rapid consumption of the earth’s resources there 
appears to be great potential to create new markets by 
recycling and reusing existing metals, minerals, plastic, 
wood and other materials. Currently, however, only a 
quarter of the 4 billion tonnes of municipal waste produced 
each year is recovered or recycled (Chalmin and Gaillochet 
2009). For example, scrap metals, paper and cardboard, 
compost, plastics are all valuable, relatively easy to recover 
from waste streams and can displace raw materials that 
are likely to become less readily available. One tonne of 
electronic scrap from PCs, for example, contains more gold 
than that recovered from 17 tonnes of gold ore and 40 
times more concentrated copper than that found in copper 
ore (USGS 2001).

The increasing scarcity of resources and the rising cost 
of extracting raw materials, which feeds into higher 
commodity prices, are turning waste into a new source of 
resources to be mined. Examples include the reprocessing 
of metal waste, composting, waste to energy, recycling of 
e-waste and C&D waste. Figure 7 shows the rising trend 
in glass recycling in several OECD countries. Demand for 
recycled products can also increase at times of economic 
difficulty, such as has been experienced in many countries 

in 2009 and 2010. Box 3 shows how recession had a positive 
impact on the paper-recycling rate in the UK. The same, 
however, cannot be said of countries such as China and 
India, where the average value of municipal scrap dropped 
by up to 45 per cent during the economic slowdown, 
probably because of the shrinkage of aggregate demand. 
Similarly, the prices for used paper dropped dramatically in 
Germany when demand in China and India declined.

New technologies
The greening of the waste sector is also facilitated by significant 
breakthroughs in technologies required for collection, 
reprocessing and recycling waste, extracting energy from 
organic waste and efficient gas capture from landfills. 
Compactor trucks, fore-and-aft tippers, container hoists and 
open-or-closed top tailers are now available for the collection 
and transportation of waste. Recovering energy and other 
useful products from waste has been enabled by considerable 
technological breakthroughs. WtE technologies have 
replaced incineration in many OECD countries. Mechanical 
and biological treatment (MBT) and biomethanation have, 
for example, been recognised as suitable for processing 
organic wet waste in developing countries. However, 
incomplete segregation of dry and wet organic waste has 
been a major barrier to the widespread successful adoption 
of these technologies in these countries. Techniques such 
as vermin-composting and rapid composting have led to 
conversion of organic waste into useful agricultural manure 
at a pace faster than natural decomposition. With the aid of 
advanced technologies, energy-rich components of waste 
can be converted into useful products – a classical case of 
this concept is Refuse Derived Fuel (RDF), a popular product 
derived from high-calorific-value waste.

Figure 7: Trends in glass recycling from 1980 to 2005 (percentage of apparent consumption)
Source: OECD (2008b)
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3  Making an economic 
case for investing in greening 
the waste sector
A case for investing in greening the waste sector may be 
made on various grounds. In the past, cases have been 
made largely on environmental and health-related grounds, 
based on costs that can be avoided by proper collection 
and disposal. These arguments, particularly health-related 
ones, continue to be important for motivating policy 
actions.

In order to scale up the greening of the sector, however, 
environmental and health-related arguments alone are 
inadequate or may be seen as competing with economic 
imperatives. For policy-makers to channel significant 
resources towards the greening of the sector, they need 
to appreciate how such actions are likely to contribute 
to economic performance and job creation relative to 
BAU scenarios. Adequate economic arguments are, 
therefore, needed to motivate fundamental changes in the 
management of the sector. 

To make a primarily economic case for investing in 
greening the waste sector, three steps are needed, which 
are elaborated on in this section. First, we need to have an 
idea of the extent to which the sector could be greened. 
Second, we need to have some ideas about the financing 
gaps for priority areas. Third, given the priorities of greening 
the sector, we need to show the potential gains if green 
investment is made in those areas. 

3 1 The goals and indicators for 
greening the waste sector

There are no established international targets for greening 
the waste sector, apart from the control of specific hazardous 
substances as governed by international conventions. Most 
goals are national or even local. For example, in northern 
Europe, the Republic of Korea and Singapore, over 50 per 
cent of waste is subjected to material-recovery processes 
(Chalmin and Gaillochet 2009). Japan has set material-flow 
indicators that fall under three categories: input, cycle and 
output, to compare developments in recycling rates with 
those of previous years. The indicators include resource 
productivity in Yen per tonne (increased from 210,000 in 
1990 to 390,000 in 2010), recycle-use rate (increased from 
8 per cent in 1990 to 14 per cent in 2010), and final-disposal 
amount (decreased from 110 million tonnes in 1990 to 

28 million tonnes in 2010 (Ministry of Environment, the 
Government of Japan 2008). 

China has adopted the Circular Economy (CE) approach in 
a move towards achieving a more balanced growth as part 
of its 11th five-year plan. Pintér (2006) has shortlisted two 
input indicators (direct material input and total material 
requirement), one output indicator (domestic processed 
output), two consumption indicators (domestic material 
consumption and total material consumption) and two 
balance indicators (physical trade balance and net addition 
to stock) that could give credible information on the status 
of implementation towards achieving the CE goal. 

The Republic of Korea planned to increase its waste-recycling 
rate of MSW from 56.3 per cent in 2007 to 61 per cent in 2012 
(Ministry of Environment, Republic of Korea, 2008). Under 
the directive on packaging and packaging waste, the EU 
increased the target for overall recycling from 25 per cent 
(min.) and 45 per cent (max.) in 1994 to 55 per cent (min.) and 
80 per cent (max.) in 2004 (EC 2009). As an example of city-
level 3R policies, London’s draft 2011 waste-management 
plan sets a goal of 45 per cent municipal waste recycling/
composting by 2015, 70 per cent commercial/industrial 
waste recycling/composting by 2020 and 95 per cent re-use 
and recycling of C&D waste by 2020 (Mayor of London 2010). 
Table 2 gives further examples of goals and targets that can 
be used to measure progress in greening the waste sector. 

In its Draft National Waste Management Strategy (NWMS), 
the Department of Environmental Affairs (2010) of South 
Africa has set out a minimum set of target parameters for 
use by municipalities in the provision of waste services. The 
target parameters include, number of households receiving 
a waste service (per cent over time), budget allocations to 
ensure financial support (percentage increase in budget 
over time), equipment and infrastructure provision, number 
of staff trained or capacitated to improve service, proportion 
of community that is aware of the waste-management 
services, reduction of waste to landfill and improvement 
of cost recovery measures. Individual municipalities are 
required to set out relevant target figures under these 
parameters.

It is, therefore, difficult to have one-size-fits-all goals for the 
greening of the waste sector. Generally speaking, however, 
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in greening the waste sector, all countries should seek 
to: 1) avoid waste in the first place through sustainable 
community practices, 2) minimise the generation of 
waste; 3) recover materials and energy from waste and 
re-manufacture and recycle waste into usable products, 
where waste is inevitable; and 4) treat any remaining 
unusable waste in an environmentally friendly or in the least 
damaging way. For developing countries, one of the goals 
should be the formalisation of the waste sector, following 
environmental guidance and labour- protection measures. 

The goals of greening the waste sector cannot be 
achieved without increased investment. Minimising 
waste generation requires changes to product design 
and production processes upstream (some of the related 
issues are addressed in the Industry chapter). Downstream 
recovering, remanufacturing, recycling, and final treatment 
require new facilities or upgrading of existing facilities. 
Investment is also needed to train the labour force in the 
sector as well as to formalise the informal sector.

3 2 Spending in the waste sector

There is a substantial variation across countries in the 
magnitude of government spending on the waste sector. 
Waste management is a municipal service that is mostly 
financed through municipal funds, although private 
involvement has been observed in recent times. Section 
5.1 describes the various financing options available for the 

sector. The percentage of the waste spending relative to 
GDP may be similar for developing and developed countries 
(looking at specific cases), but there is a significant difference 
in the amount spent on waste management expressed in 
per capita terms. Dhaka city, for example, spends US$ 0.9 per 
capita per year (0.2 per cent of GDP) on MSW management 
whereas Vienna spends US$ 137 per capita per year (0.4 per 
cent of GDP) (Fellner 2007).

Another major phenomena to note is that developing countries 
typically spend more than half of their waste budget in collection 
alone (mainly on labour and fuel), although the collection rate 
remains low and the transport of waste inefficient. Spending 
on other segments of the waste management chain, such as 
technologies and facilities for treatment, recovery and disposal, 
is generally rather low.

In these countries, increased investment in basic collection 
services, the transport of waste and cleaning up dumpsites 
is a starting point for greening the sector. Investment can 
be targeted, for example, at techniques such as route 
optimisation and transfer stations, which can bring down 
the capital and operational costs of providing waste services. 

In emerging economies with rapid growth and urbanisation, 
the need for increased investment in greening the waste 
sector is particularly strong. The World Bank, for example, 
has estimated that China has to increase its national waste 
management budget by at least eight-fold from 1999 
levels by 2020, which requires the allocation of 230 billion 

Table 2: Indicators to measure the greening of the waste sector
Sources: EC (1999), Ministry of the Environment, Government of Japan (2008), Ministry of Environment, Republic of Korea (2008), EEA (2010), Lee (2010), Mayor of London (2010)

Targets Examples

Resource efficiency or productivity

1. Japan’s Sound Material Cycle Society Target 
Resource productivity (yen/ tonnes) calculated as GDP divided by amount of natural resources, etc. invested, to be increased from 
210,000 in 1990 to 390,000 in 2010.

2. London Waste Targets from London Plan Draft, Mayor of London
85% regional self-sufficiency by 2020 (meaning dependency on only local and recycled resources).

Waste recycling rate

1. Republic of Korea’s Green Growth Target for Waste
Increase in percentage of MSW recycling from 56.3 % in 2007 to 61 % in 2012.

2. Japan’s Sound Material Cycle Society Target
Cycle use rate (Cyclical use amount ÷ [cyclical use amount + amount of natural resource input]), to increase from 8% in 1990 to 14% 
in 2010. The status as of 2000 was 10%.

3. London Waste Targets from London Plan Draft, Mayor of London
45% municipal waste recycling/composting by 2015
70% commercial/industrial waste recycling/composting by 2020 
95% re-use and recycling of C&D waste by 2020.

Waste landfilled

1. The EC Landfill Directive Council Directive 1999/31/EC
not later than 16 July 2016, biodegradable municipal waste going to landfill must be reduced to 35 % of the total amount by weight 
of biodegradable municipal waste produced in 1995 or the latest year before 1995 for which standardised Eurostat data is available.

2. Japan’s Sound Material Cycle Society Target
Amount of waste landfilled to be reduced from 110 million tonnes in 1990 to 28 million tones in 2010. The status in 2000 was 56 
million tonnes.

3. Flemish Waste Management Policy, Belgium
Residents should not generate more than 150 kg of residual waste (waste to be landfilled or incinerated) per inhabitant per year.
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RMB (US$ 126 billion) to provide and construct MSW 
management infrastructure (World Bank 2005). 

European countries spend a significant amount on 
reclaiming contaminated sites, which can become valuable 
assets for industrial estates and commercial areas (see 
Figure 8). Expenditure ranges from 0.4 to 0.5 per cent of GDP 
in countries including Belgium, France, the Netherlands and 
Switzerland, to 1 per cent in Hungary and 1.8 per cent in 
the Czech Republic. In most of these countries, the private 
sector participates in funding the reclamation. In the Czech 
Republic, the Former Yugoslav Republic (FYR) of Macedonia, 
and Spain, however, the spending comes entirely from the 
public sector.

The appropriateness of different waste treatment methods 
can be influenced by factors such as urban population density, 
availability of space and policy enforcement capacity. In places 
of higher population density and limited space such as in the 
cities of Japan and northern Europe, most waste is incinerated. 
In places of lower population density and greater availability 
of space such as Australia, controlled sanitary landfilling is 
more common. State-of-the art sanitary landfilling is also used 
in the UK, Ireland, the USA, Greece, Spain and Italy. In some 
developing countries, emerging economies and even regions 
of developed countries where policy-enforcement capacity is 
weak, open landfills and incineration without energy recovery 
remains common practice. 

Fundamentally, however, the choice of treatment options 
is based on a cost-benefit analysis. For example, if we only 
focus on the cost of technologies, landfilling appears to be 
as attractive as composting. Porter’s data of 2002, however, 
shows that landfilling will incur an additional environmental 

and social cost of between US$ 45 and US$ 75 per tonne. In 
this context, composting becomes a more attractive option 
than landfilling. Thus, a total cost-benefit analysis that 
addresses economic, environmental and social perspectives 
becomes necessary in making the right choice of technology.

Recognising the negative impacts of the least-preferred 
waste management options, many national and regional 
authorities have established command-and-control targets 
for better management of landfill sites and incinerators, and 
diversion of waste away from these facilities. For example, 
the U.S. Resource Conservation and Recovery Act (RCRA) 
(1976) was amended (Federal Hazardous and Solid Waste 
Amendments (HSWA) in 1984 to include the phasing out 
of land disposal of hazardous solid waste. The Landfill 
Disposal Programme Flexibility Act (1996) also stipulates 
environmental management standards for land disposal. In 
Europe, the European Union Landfill Council Directive 99/31/
EC of 26 April 1999 aims to prevent or reduce as far as possible 
negative effects on the environment from the landfilling of 
waste, by introducing stringent technical requirements. The 
Landfill Directive also obliges Member States to reduce the 
amount of biodegradable waste going to landfill to 35 per 
cent of 1995 levels by 2016. The Directive on the Incineration 
of Waste (2000/76/EC) produces similar regulation for 
thermal treatment facilities. Japan’s Sound Material Cycle 
target was to reduce the amount of waste landfilled from 
110 million tonnes in 1990 to 28 million tonnes in 2010. 
These Command and Control (CAC) approaches have been 
effective, particularly because economies of scale could be 
achieved by the legislative measure and the supply of waste 
materials could subsequently be ensured. However, CAC 
approaches are costly and require substantial enforcement 
capacity to produce results.
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Figure 8: Total public and private expenditure on reclamation of contaminated sites in Europe
Source: Adapted from EEA (2007)
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In low-income countries, recycling is mostly controlled 
by an informal sector that is usually unrecognised by 
governments and primarily driven by the cost of raw 
materials and cheap labour. But the poor collection-to-
generation ratio and exploitation of the available recyclable 
component by the informal sector makes it difficult to 
calculate overall recycling levels in developing countries. 
Table 3 gives the waste collection typologies by GDP per 
capita, which shows the informal sector being a dominant 
force in the waste management system.

Global data, however, do not exist to show the investment 
gaps between the current state of the waste sector and the 
desired green state. This poses a challenge for estimating 
how much investment is required, globally, to green the 
waste sector. 

3 3 Benefits from investment in 
greening the waste sector 

Greening the waste sector is expected to generate 
substantial economic, environmental and social benefits. 
They include: 1) natural resource and energy saving; 
2) creation of new businesses and jobs; 3) compost 

production supporting organic agriculture; 4) energy 
production from waste; 5) reduced GHG emissions; and 6) 
contributions to equity and poverty eradication. Improved 
health, avoided health costs, avoided water contamination 
and the consequent cost of alternative water supply are 
also important streams of benefits. In addition, greening 
the waste sector in the entire supply chain is expected to 
generate a whole range of benefits not fully identified in 
the above list. Given the limited availability of quantitative 
information, however, this section is not able to substantiate 
these benefits. Further research is needed in these areas. 

Resource and energy conservation
Practicing 3R reduces the demand for raw materials. 
This is called the resource conservation effect (Ferrer 
and Ayres 2000). The United States Energy Information 
Administration (EIA) suggests, for example, that recycling 
paper will save up to 17 trees and reduce water-use by 50 
per cent. Also related to this resource conservation effect 
is the embedded market value of the waste recyclables. 
In the State of Washington, USA, for example, such value 
(which was not captured) from solid waste recyclables 
disposed – including paper, cardboard, metals, plastics, 
glass, and electronics – grew from US$ 182.4 million in 2003 
to US$ 320 million in 2008 (State of Washington 2010). A 

Table 3: Waste collection typologies by GDP per capita
Source: Adapted from Chalmin and Gaillochet (2009)

Particulars Low-income countries Middle-income countries High-income countries

GDP in $/capita/year < $5,000 $5,000 – $15,000 $5,000 – $15,000

Average consumption of paper and cardboard by 
kg/capita/year 20 20 – 70 130 - 300

Municipal waste (kg/capita/year) 150 – 250 250 – 550 350 – 750

Formal collection rate of municipal waste < 70% 70% – 95% > 95%

Statutory waste management framework

No or weak* national environmental 
strategy, little application of the 
statutory framework, absence of 

statistics

National environmental strategy, 
Ministry of the Environment, 

statutory framework but insufficient 
application, few statistics

National environmental strategy, 
Ministry of the Environment, 

statutory framework set up and 
applied, sufficient statistics

Informal collection
Highly developed, substantial volume 

capture, tendency to organise in 
cooperatives or associations 

Developed and in process of 
institutionalisation Quasi non-existent

Municipal waste composition (% weight basis)

Organic/fermentable 50 – 80 20 – 65 20 – 40

Paper and cardboard 4 – 15 15 – 40 15 – 50

Plastics 5 – 12 7 – 15 10 – 15

Metals 1 – 5 1 – 5 5 – 8

Glass 1 – 5 1 – 5 5 – 8

Moisture content 50% – 80% 40% – 60% 20% – 30%

Calorific value (in kcal/kg dry basis) 800 – 1,100 1,100 – 1,300 1,500 – 2,700

Waste treatment Uncontrolled landfills > 50% Informal 
recycling 15%

Landfill sites > 90%, start of selective 
collection, organised recycling 5%, 

coexistent informal recycling

Selective collection, incineration, 
recycling > 20%

Informal recycling
Highly developed, substantial volume 

capture, tendency to organise in 
cooperatives or associations

Developed and in process of 
institutionalisation Quasi non-existent

* In some countries, environmental strategies are weak and not comprehensive.
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positive example, however, is found in Viridor, a leading UK 
waste management company whose turnover in 2008/09 
reached £ 528 million and whose profit had grown at 22 
per cent since 2000/01, 40 per cent of which resulted from 
value recovered from waste (Drummond 2010). 

Aluminium is a major recyclable resource. According to 
the European Aluminium Association and Organization 
of European Aluminium Refiners and Remelters, the 
global aluminium recycling rates are about 90 per cent 
for transport and construction appliances and 60 per cent 
for beverage cans. The lower cost of recycled aluminium 
results from drastically lower energy consumption than is 
required to smelt it from the raw material, bauxite. Recycled 
aluminium can be used in all its applications, from castings 
for automotive and engineering components to extrusion 
billets, rolling slabs to a deoxidising agent in the steel 
industry. 

Figure 9 shows the growing capacity of the aluminium 
industry in Western Europe, which almost tripled its output 
from about 1.2 million tonnes in 1980 to 3.7 million tonnes 
in 2003, primarily because the recycling activity of smelters 
increased by 94 per cent in this period. By doing so, Europe 
conserved approximately 16.4 million tonnes of bauxite 
and 200,000 tonnes of alloying elements such as silicon, 
copper, iron, magnesium, manganese, zinc and other 
elements used for strengthening and other purposes. 
Europe also saved 1.5 million m3 of landfill space in the 
process. 

European Environment Agency (EEA) demonstrates that 
by recycling 1 tonne of aluminium, the following resource 
savings could be accrued: 1.3 tonnes of bauxite residues; 
15 m3 of cooling water and 0.86 m3 of process water. 
Furthermore, 2 tonnes of CO2 and 11 kg of SO2 can be 
avoided. 

Aside from resource conservation, there also exists an 
energy-saving benefit from substituting virgin materials 
with resources recovered from waste streams. According 
to the Natural Resource Defence Council (NRDC), recycling 
is the most energy conserving of all waste management 
strategies. The Natural Resource Defense Council (1997) 
stresses that materials sent to an incinerator release energy 
only once, whereas recycling can provide energy savings 
through several production cycles. Recycling a tonne of 
aluminium and steel, for example, saves the equivalent of 
37 and 2.7 barrels of oil, respectively. On the contrary, when 
incinerated, these materials absorb heat and reduce the 
amount of net energy produced. 

Energy savings in turn bring reductions in GHG emissions. For 
example, using recycled blast furnace slag to make cement 
is believed to save up to 59 per cent of the embodied CO2 
emissions and 42 per cent of the embodied energy required 
to manufacture concrete and its constituent materials 

(World Steel Association 2010). Recycling in the UK, in 
general, is already saving around 10-15 million tonnes of CO2 
equivalent per year (WRAP 2006). Table 4 provides estimates 
on energy savings from waste recycling and the net GHG 
flux savings (which refers to the net amount of GHG saved in 
an activity factoring the related emissions, absorptions, and 
offsets) from avoided landfilling. 

A potential trade-off from making the transition to a 
resource recovery-based economy, however, may include 
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Table 4: Energy savings and GHG flux savings 
due to waste recycling
Source: BIR (2008), BMRA (2010), Glass Packaging Institute (2010), World Steel Associa-
tion (2011) and European Communities (2001)

Type of 
material

Energy 
savings1,2 (%)

GHG flux saving 
from recycling3

(kg CO2 eq. per 
tonne of recycled 

material)

Savings on carbon 
price in US$ per 
1000 tonnes of 

recycled material 
(US$ 13.4 per 

tonne of CO2 eq.)

Aluminium 90-95 95 1,273

Ferrous 74 63 844

Textiles NA 60 804

Steel 62 - 74 1,512 20,260

Copper 35 - 85 NA -

Lead 60 - 65 NA -

Paper 40 177 2,372

Zinc 60 NA -

Plastic 80 - 90 41 (HDPE) 549

Glass 20 30 402

NA: Data not available

Figure 9: Growing capacity of recycled aluminium 
industry in Western Europe
Source: Adapted from EEA and OEA (2006)
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an initial loss in economies of scale already established 
in extraction, which could have implications for the 
manufacturing industries, perhaps in terms of increased 
cost of goods in the short to medium term. This has yet 
to be quantitatively studied. In any event, it is expected 
that – as the systems of 3R get mainstreamed in business 
processes and as the markets mature – the costs of goods 
will stabilise and could even go down. Box 4 provides 
examples of recycling leading to cost savings and the 
recovery of precious metals.

Job creation 
The labour force that underpins the recycling sector 
contributes significantly to solving one or more global 
environmental issues (e.g. climate mitigation or preventing 
pollution). These workers, whether they are formally 
employed or are self-employed, should be considered 
a category of the agents of change that environmental 
and economic policies rely upon. The high value of their 
contribution to climate policies and social value-added 
should therefore be widely and more clearly recognised. 

Recycling is one of the most important sectors in terms 
of employment creation. However, many recycling or 
waste-management-related jobs can not be considered 
green as they do not match the basic requirements of 
decent work. Priority indicators of decent work include: 
child labour, occupational health and safety, social 
protection and freedom of association (various forms of 
organisation of workers such as unions, local associations 
and cooperatives). On the other hand, because jobs in 
the recycling chain represent a source of income for 
workers who usually have low levels of education or 
poor backgrounds, these jobs are an important element 

of poverty alleviation. A detailed discussion of the social 
dimension is presented in Box 5.

A recent estimate suggests that up to 15 million people are 
engaged in waste collection for their livelihood in developing 
countries (Medina 2008). The US recycling industry is 
estimated to have earned US$ 236 billion in revenue in 2007, 
employing over a million people and accounting for about 2 
per cent of the country’s GDP (EPN 2009). Over half a million 
waste pickers have been reported in Brazil and the country 
has close to 2,400 companies and cooperatives involved in 
recycling and scrap trading (UNEP 2008). 

In Buenos Aires, an estimated 40,000 waste scavengers 
are estimated to have an economic impact of US$ 1.78 
million per year, close to 0.05 per cent of the city’s GDP 
(Medina 2008). Other estimates put the number of waste 
scavengers in India at least at a million, while in China up 
to 10 million workers are reportedly involved in recycling 
activities (UNEP 2008). Scheinberg et al. (2010) studied 
informal recyclers in six cities: Cairo, Egypt; Cluj-Napoca, 
Romania; Lima, Peru; Lusaka, Zambia; Pune, India; and 
Quezon City (part of Metro Manila), the Philippines. They 
found that more than 75,000 individuals and their families 
are engaged in recycling about 3 million tonnes of waste 
per year with an economic value of more than US$ 120 
million.

In developing countries the recycling segment of the waste 
industry is predominantly controlled by the informal sector, 
and it is often hazardous, unsafe work. Typically, 1 per cent 
of the urban population in developing countries is involved 
in informal scavenging, most of whom are women and 
children. Hence, efforts are needed to provide recognition, 

Box 4: Cost savings and resource recovery from recycling

 ■ The Prostheses Foundation in Chiang Mai, Thailand 
conducts a sensational programme using recycled 
materials. The foundation produces artificial limbs 
from aluminium ring-pulls collected from beverage 
canisters. The ring-pulls contain titanium, a light, 
strong, lustrous, corrosion-resistant and valuable 
metal. They are collected from sources all over the 
country including several large companies. Some 
35,000 ring-pulls produce 1 kg of useable metal, 
from which two artificial limbs can be fashioned. The 
foundation has recycled nearly 5,000 tonnes of ring-
pulls and has created a positive net socio-economic 
impact. Prosthetics made of recycled aluminium are 
much cheaper (typically Thai Baht 5,500 (US$ 160) 
a piece) than similar imported ones (THB 90,000 
(US$ 2,650). Furthermore, an artificial leg made from 

recycled ring-pulls weighs just 6 kg, while many similar 
imported products weigh about 11 kg.
Source: Prosthetic Foundation (2007)

 ■ A recycling campaign to collect used mobile 
phones in Japan was launched in November 2009 
and involved 1,886 stores and supermarkets. Those 
who returned used mobile phones in exchange for 
purchasing a new device were invited to enter a lottery 
to win coupons worth 1,000-50,000 Yen (equivalent 
to US$ 12 to US$ 600) depending on the price of the 
mobile phone they bought. The initiative collected 
569,464 mobile phones containing precious metals 
amounting to 22 kg of gold, 140 mg of silver, 10 g of 
copper and 4 mg of palladium in just four months.
Source: Mohanty (2010)
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Box 5: The social dimension of waste management and recycling 
jobs – implications for decent work and poverty reduction3

In recent years, motivated by the need to 
simultaneously address the environmental 
degradation and boost income generation at the 
local and community level, a number of projects 
for recycling materials have been implemented in 
developing countries. Given that jobs involving 
the collection, processing and distribution of 
recyclables are usually performed by workers who 
have few options elsewhere in the economy, jobs 
in the recycling chain bear a significant pro-poor 
component.

In Ouagadougou, Burkina Faso, a project for 
collecting and recycling plastic waste has helped 
improve the environmental situation and has 
created jobs and generated income for locals. The 
project gave rise to the first recycling centre in the 
country, which is managed by 30 women and two 
technicians, all locals working eight hours a day, five 
days a week, and earning the equivalent of US$ 50 
per month, a relatively good salary compared with 
other occupations in the local economy. The 2,000 
or so waste collectors earn up to US$ 0.8 per day. 
Since implementation, the city and its suburbs are 
cleaner. Furthermore, many people have managed 
to secure an income, either by collecting the plastic 
waste or by working as full-time employees at the 
recycling centre. Many of them used to be among 
the poorest of Ouagadougou’s suburban population 
(ILO 2007).

In Dhaka, Bangladesh, a project generating compost 
from organic waste helped create 400 new jobs in 
collection activities and 800 new jobs in the process 
of composting. Workers collect 700 tonnes of organic 
waste per day, which produces 50,000 tonnes of 
compost per year. These jobs provide workers with 
health insurance, access to a daycare center and a 
free meal. Other benefits include cheaper compost, 
a reduced need for irrigation and improved soil 
quality (Sinha and Enayetullah 2010).

From an employment/social perspective, it is 
critical to address the need for the progressive 
formalisation of the waste sector at the same time 
that environmental and economic objectives are 
being pursued. This can be tackled by creating 
new types of jobs and reorganising the economic 

segments. Typical examples include door-to-door 
collection of MSW, up-stream sorting of municipal 
and industrial waste, industry-to-industry waste 
exchanges, segmentation of waste collection 
and waste recovery services (e.g. used lead acid 
batteries and oily waste), the emergence of 
contracting services, collective organisations, skills-
development programmes to come to terms with 
the type of material that is handled by workers 
and enterprises and the use of environmentally-
sound technologies for waste management and the 
introduction of targeted Occupational Health and 
Safety (OHS) programmes. 

The application of national labour laws and OHS 
legislation to the informal economy is one of the most 
important challenges facing many countries. At the 
same time, OHS provides possibly the easiest entry 
point for the extension of basic labour protection 
including basic OHS measures. The work of the ILO 
and its recommendations regarding the informal 
economy should be considered in the context of 
the formalisation of the waste-management sector 
(workers, skills, OHS, co-operatives, etc) (ILO 2010).

Social innovations have proven critical in achieving 
sustainable outcomes by favouring a stakeholders 
approach. In this regard, utilising social and 
environmental entrepreneurs and/or trade unions 
to help informal waste workers to improve their 
working and living conditions are key options to 
consider. For example, the Best of 2 Worlds project, a 
result of joint work by Solving the e-waste Problem 
(StEP) and Umicore a precious metal refining group, 
investigates the eco-efficiency of the manual 
dismantling of e-waste in China with control over 
environmental factors. 

From a green-economy perspective, enhancing 
decent work and labour standards are also an 
equally important priority for the creation of 
productive jobs alongside the need to exploit the 
economic opportunities that the waste sector can 
yield. This can be partly achieved through technical 
and technological improvements. However, the 
sector is also replete with attempts to introduce 
technologies that are not adapted to local contexts, 
leading to major setbacks. 

3. Box developed based on contributions received from ILO to this chapter.
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respect and appropriate protection to ensure that issues  
related to health and safety are adequately addressed.

According to the Institute of Local Self Reliance (ILSR), sorting 
and processing recyclables alone sustains ten times more 
jobs than landfilling or incineration on a per-tonne basis. 
The recycling industries in the USA experienced remarkable 
growth from 8,000 companies employing 79,000 people 
and generating US$ 4.6 billion in sales in 1967 to more than 
56,000 public- and private-sector facilities that sustained 1.1 
million jobs generating US$ 236 billion in gross annual sales 
in 2000 (ILSR 2002). Recovery and recycling of used electrical 
and electronic appliances creates servicing or technician 
jobs. Such working skills should be developed through 
training and national certification programmes focusing on 
repairing and servicing requirements for used appliances.

As the waste business becomes more sophisticated, 
new avenues for employment are opening up. These 
include the application of information technology (e.g. 
for waste-tracking and mapping using Geographic 
Information Systems (GIS) and/or Geographic Positioning 
Systems (GPS), accounting software for waste-charging 
using Management Information System (MIS); mass 
communication for awareness and training for skill 
development. Data on these new developments are, 
however, not readily available. 

Although waste collection, segregation, and reprocessing 
are labour-intensive activities, the overall effect on 
net employment cannot be generalised. Reduction in 
employment could result from centralisation of energy 
recovery and treatment operations such as composting 
and landfilling. Porter (2002) cautions that jobs created 
by recycling replace jobs elsewhere in the economy and 
are often low-wage positions. In the process of greening, 

job losses in industries involved in the extraction of virgin 
materials and associated utilities could be of concern, as 
the increased use of recycled material implies reduced 
resource extraction, despite broader gains to the economy. 
However, the overall net employment effect appears to be 
positive. For example, studies have found that for every 
100 jobs created in recycling, 13 jobs are lost in solid waste 
and virgin material extraction in North Carolina, USA (CEQ 
1997). 

The concept of creative re-use has also arisen, generating 
new jobs and value-added products that could be sold 
for profit. United Nations Conference on Trade and 
Development (UNCTAD) observes that international trade 
in creative goods and services grew at an unprecedented 
average rate of 8.7 per cent a year from 2000-05, with China 
being the leading exporter (UNCTAD 2008). Organisations 
such as the School and Community Reuse Action Project 
(SCRAP) in the USA and the Scrap Arts Project Limited in the 
UK promote the creative reuse of waste by offering training 
through workshops. China has a thriving business in the 
manufacture of recycled products that are mostly made 
from waste or semi-finished recycled products available 
in Africa (see Box 5 for an example of waste recycling 
generating decent jobs and helping to reduce poverty).

Compost production
The use of composted organic waste as a fertiliser and 
soil conditioner brings economic benefits to small-scale 
farmers and reduces nutrient run-off and nitrogen leaching 
(Nyamangara et al. 2003). It could also increase carbon 
management properties of the soil and enhance the crop 
yields. An estimate of the economic value of these benefits, 
however, is not readily available. Box 6 provides an example 
on how organic waste can be turned in to a marketable 
product with wider benefits for the municipality. The 

Box 6: Turning urban manure into organic fertiliser

The Kunming Dongran Technology Company in China 
is a business that specialises in treating human waste 
through anaerobic digestion and turning the bio-slurry 
into an organic fertiliser. Dongran Technology was 
founded in 2003 with a capital investment of 10 million 
RMB (1.5 million US$).  With the advancement of its 
scientific capabilities, the Yunnan National Reform and 
Development Commission approved Dongran as a Build-
Operate-Transfer project for Kunming City’s Wu Hua 
District. This allows the enterprise to receive government 
funding to finance, design, construct and operate a facility, 
and to recover its investment, operation and maintenance 
expense. In most urban areas, human waste is treated 
with wastewater, but Dongran specifically treats human 
waste as a separate entity and therefore reduces the 

likelihood of disease transmission. Additionally, through 
Dongran’s separation of manure from the wastewater 
treatment process, the Environmental Protection and 
Sanitation Bureau’s waste management burden is 
reduced. While Dongran receives money from Kunming’s 
Wu Hua District to treat the waste, Dongran’s main source 
of income is from producing organic manure through the 
fermentation of human waste, which turns the waste into 
a marketable product. The solid organic manure is used 
on tobacco farms, a major industry and source of income 
for Yunnan Province, and also on vegetables, flowers, 
fruits and tea, and the liquid organic manure is often used 
as a nutrient for seeds. 
Source: Greening China. Available at: http://greeningchina.wordpress.com/2010/08/ 
25/turning-urban-manure-into-organic-fertilizer/
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chapter on agriculture expands on the business case for 
using waste to enhance crop production. 

An indirect estimate is in terms of the avoided loss of trade 
owing to the excessive use of chemical fertilisers. The Food 
and Fertilizer Technology Center (FFTC) for the Asia and 
Pacific region, for example, have attributed the reduction 
in export volume and foreign demand of some agricultural 
produce in the region to high fertiliser residue levels. 
Such economic losses could be avoided by using organic 
compost for agricultural production. 

Energy production from waste 
Recovering energy and other useful by-products from  
waste has been made possible by considerable technological 
breakthroughs, which have led to the implementation of 
WtE projects. The WtE market was estimated at US$ 19.9 
billion in 2008 and according to forecasts, the market would 
grow by 30 per cent by 2014 (Argus Research Company, 
Independent International Investment Research Plc and 
Pipal Research Group 2010). The Republic of Korea, for 
example, has a set a target for proportion of energy to be 
sourced from waste and biomass at 3.17 per cent in 2013 
and 4.16 per cent in 2020 (Ministry of Environment, Republic 
of Korea, 2009). This is expected to result in a reduction 
of GHG emissions of 9.1 million tonnes in 2013 and 44.82 
million tonnes in 2020. The nation has planned to convert all 
of its waste facilities to energy-recovery by 2020 by building 
at least 74 RDF and biogas plants, 24 energy-generating 
incinerators and 25 landfill-gas recovery plants (Ministry of 
Environment, Republic of Korea, 2009). 

In most cases, energy-recovery projects provide 
opportunities for generation and distribution of power on 

a decentralised basis where the electricity grid may not 
be available. For example, agricultural residue generated 
primarily in rural areas amounting to 140 billion tonnes 
globally has been reported to have an energy potential 
equivalent to 50 billion tonnes of oil (UNEP 2009c). Box 
7 provides examples of the role of waste in meeting 
the demand for rural energy in Asia and successful 
entrepreneurial endeavours. 

Energy-recovery projects have also been the recent focus 
of government investments in developed countries. In 
particular, there has been much interest in the EU owing 
to the binding targets under the EU Renewable Energy 
Directive (OECD 2009). Figure 10 shows the rising trend for 
energy production from renewable (biomass residues) and 
non-renewable (pellet-based waste to energy) municipal 
waste in the EU.

While biomethanation has been successful in Europe 
owing to excellent source-segregated waste upstream, 
the technology has not been so successful in many Asian 
cities where segregation of waste at source is low or 
almost absent. Large-scale biogas plants have proved to 
be economically viable with return on investments (RoI) 
reported to be in the order of 7 per cent to 15 per cent 
(Singh 2006). Smaller decentralised biogas plants benefit 
from a lower pay-back period owing to the avoided cost of 
disposal, resulting in a pay-back of two to four years. 

With advanced technologies, waste itself can be converted 
into useful energy products. The EU alone has been 
estimated to produce three million tonnes of RDF in 2003 
(EC 2003). Thermal technologies have been reported 
to contribute to a major share of the market, namely to 

Box 7: Rural energy supply from waste

 ■ Agri-business ventures promoting conversion 
of organically-rich biomass waste into biogas have 
great potential to supply power to rural regions. The 
Asian Development Bank (ADB) has supported the 
installation of over 7,500 biogas digesters in more 
than 140 rural villages in China and has suggested 
potential models for agri-business ventures such as 
community-based, small-scale industries, small- and 
medium- scale industries and large-scale industries 
for the Greater Mekong sub-region (GMS). 
Source: Owens 2009

 ■ Anaerobic digestion of organic solid waste to 
generate fuel for cooking has been shown to be a 
promising option for villages and small towns in 
tropical countries such as India. More than 2,000 small-

scale plants running on kitchen and market waste and 
a few anaerobic medium-scale plants in India and Sri 
Lanka are reportedly working successfully. 
Source: EAWAG (2007)

 ■ About 500 rural households in the Indian state 
of Bihar have been benefiting from off-grid power 
generated from rice husk since 2008. Three quintals 
(300 kg) of rice husk are used per day in a power 
plant to generate 32 kilowatts of power. The rice husk 
costs Rs 60 (US$ 1.3) per quintal. The production cost 
per plant per month is about Rs 20,000 (US$ 426). 
There is sufficient electricity for a household to light 
up two rooms and charge a mobile phone for about 
US$ 2 per month. 
Source: IFC (2010)
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about 93 per cent (US$ 18.5 billion). The rest of the market 
share, about 7 per cent (US$ 1.4 billion), was attributed to 
biological technologies. Japan, Canada and the UK are also 
experimenting with advanced thermal technologies such as 
Plasma Arc Gasification. 

Reduced GHG emissions
The greening of the waste sector offers promising 
opportunities to mitigate climate change. According to 
recent national estimates by the UNFCCC, the waste sector, 
including waste water, produces on average 2.8 per cent 
of national GHG emissions (IPCC 2007a). The Montreal 
Protocol’s Technology and Economic Assessment Panel 
(TEAP) estimated that worldwide ODS banks are available 

at approximately 3.78 million ODP-weighted tonnes in 
2002 (55 times the global consumption of ODS in 2007) 
and have the potential to release over 20 billion tCO2-eq of 
GHGs (UNEP 2009b).

Incineration and industrial co-combustion for WtE are 
believed to be able to provide important climate-related 
benefits in two areas.

First, these technologies help reduce GHG emissions. 
According to IPCC (2007b), the total global mitigation 
potential for reducing landfill methane emissions in 2030 is 
estimated to be more than 1000 MtCO2-eq (or 70 per cent 
of estimated emissions) at costs below US$ 100/tCO2-eq/

600

500

400

300

200

100

0

600

500

400

300

200

100

0

Thousand TeraJoule net

Thousand TeraJoule net
Non-renewable waste

Renewable waste

1980

OECD Total OECD Paci�c OECD North America OECD Europe

1984 1988 1992 20001996 20062004

1980 1984 1988 1992 20001996 20062004

Figure 10: Energy production from renewable and non-renewable municipal waste in Europe
Source: UN (2010a)

314



Waste

yr. Between 20 and 30 per cent of projected emissions for 
2030 can be reduced at negative cost and 30-50 per cent 
at costs of less than US$ 20/tCO2-eq/yr. More significant 
emission reductions are achievable at a higher cost, by 
additionally exploiting the mitigation potential in thermal 
processes for WtE. 

Second, they can earn carbon credits. The CDM introduced 
under the Kyoto Protocol awards credit to avoided 
emissions from waste and hence can be applicable for all 
waste to energy, landfill gas recovery for power generation 
and composting projects. Figure 11 depicts the total 
number of CDM projects registered by a few non-annex I 
countries and the fraction of projects registered in the waste 
sector as on February 2010. The World Bank has estimated 
the potential annual carbon finance revenues per million 
residents at US$ 2,580,000 for landfill gas recovery, US$ 
1,327,000 for composting, up to US$ 3,500,000 for recycling 
and US$ 115,000 (plus the fuel savings) for transfer stations 
(Hoornweg and Giannelli 2007). Landfill gas recovery from 
1 million tonnes of waste leads to a reduction of 31,500 
tonnes of CO2 equivalent to a potential yielding revenue of 
US$140,000 per year (carbon price at US$ 4.5 per tonne), 
when registered as a CDM project (Greiner 2005). 
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Box 8: Waste-based carbon credits

■ Fly ash re-utilisation earns carbon credits
In India, about 26,000 hectares of land is covered 
by ash ponds. This land contains nearly 90 million 
tonnes of flyash that is generated annually in the 
country. It is estimated that every tonne of flyash 
reused to make concrete reduces 1 tonne of CO2 
equivalent GHG emissions. Lafarge India Pvt. Ltd. 
has implemented a CDM project activity through 
fly ash reuse to replace clinker in Arasmat Cement 
Plant in Chattisgarh, India. By increasing the fraction 
of flyash (to replace clinker) added to blended 
cement procured from a thermal power station, 
the project activity has been successful in reducing 
approximately 69,359 tonnes of CO2e per year, with 
a potential to earn CERs worth US$ 0.9 million. 
Source: UNFCCC (2006)

■ Material recycling from solid waste earns 
carbon credits
A new small-scale methodology called “AMS-III AJ 
Recovery and Recycling of Materials from Solid Wastes” 
valid from 26 March 2010 was approved by the CDM 
Executive Body (EB). This enables the recovery and 
recycling of High Density Poly Ethylene (HDPE) and 
Low Density Poly Ethylene (LDPE) plastics in MSW to 

process them into intermediate or finished products 
such as plastic resin. It negates the need to produce 
virgin HDPE and LDPE materials in dedicated facilities 
and results in energy savings and reduced emissions 
and is eligible to earn carbon credits. However, the 
wastes must be procured locally, from sources located 
within 200 km of the recycling facilities; plastics already 
segregated from the rest of the waste and transported 
more than 200 km distance are not eligible. 
Source: CDM EB (2010)

■ CDM projects in Dhaka, Bangladesh
Waste Concern, a non-profit organisation in 
Bangladesh, has registered two waste-related CDM 
projects in Dhaka. One of the projects involves 
composting 700 tonnes of organic waste a day in the 
city and generating some 624,000 tCO2 equivalents 
over the first crediting period of 2006-2012. The 
project will reduce GHG emissions by diverting 
high organic waste from a landfill to an aerobic 
composting process. Another project on landfill-
gas extraction and utilisation at Matuail landfill site, 
Dhaka, has been registered to realise 566,000 tCO2 
equivalents over the same period.
Source: UNFCCC (2005)

Figure 11: CDM projects registered by a few Non-
Annex I Countries (as on December 2010)
Source: UNFCCC (2010) 
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Most of the landfill sites in China and India have been small 
and non-sanitary, and many larger sites have only been 
built over the last ten years. This has resulted in the low 
number of CDM projects in the waste sector (9 per cent of 
all registered CDM projects). This situation is expected to 
change over the next ten years.

Brazil is the leading developing country that has exploited 
the CDM option for the waste sector with 72 registered 
projects and over 10 million Certified Emissions Reductions 
(CER). The CER potential of proposed Landfill Gas to Energy 
(LFGTE) projects in 11 landfills from four countries: Brazil (3), 
Colombia (6), Peru (1) and Uruguay (1), has been estimated 
at 16.98 million tCO2eq by the World Bank. The CER benefits 
from waste recycling are illustrated in Box 8. 

Supporting equity and poverty reduction
Waste is the sector in which the issue of equity and poverty 
is probably most acute. The pollution from many below-
standard waste treatment and disposal facilities directly 
impact populations living close to these facilities. It has been 

observed that hazardous waste dumps and incinerators 
are mostly located in the poorest neighbourhoods, both 
in developed and developing countries (Wapner 2002). 
Much of the literature citing waste facilities in the USA 
discusses race and poverty elements (Jenkins et al. 2002). 
Furthermore, the lack of alternative livelihood options 
and the value of recovered materials entice many poor 
men, women and even children to engage in scavenging 
activities in the low and middle income countries without 
any health protection. 

Greening the waste sector includes considerations of these 
equity and poverty issues. Investing in greening the sector 
is not only about building facilities; it also includes the 
formalisation of the sector so that workers receive training, 
health protection and benefits, and a fair compensation 
for their labour. In addition, greening the waste sector 
favours decentralised, localised and labour-intensive waste 
treatment systems as opposed to centralised, large-scale, 
capital intensive waste facilities so as to generate job 
opportunities for local communities. 
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4  Effects of increased investment 
in the waste sector
A systems-dynamics model was used to identify the likely 
effects of increased investments in the waste sector at the 
global level (working with global averages), with particular 
emphasis on waste management and recycling. In an 
ideal case, the analysis of investments in improved solid 
waste management would cover both the generation of 
waste and the entire waste management chain, including 
collection, segregation, transportation, recycling and 
recovery, treatment and disposal, but lack of data has 
limited the inclusion of all this. The estimates presented 
below should therefore be interpreted as illustrating the 
nature and scale of waste generation and highlighting 
possibilities to invest in waste collection and treatment. 
There are also considerable differences between countries, 
which are not reflected in the global figures, including both 
generation and costs.

The economy-wide model assumes 2 per cent of the 
global GDP to be allocated on a yearly basis as additional 
investment in 10 green sectors (G2) over the period 2011-
2050. The results of this investment are then compared with 
those of a BAU scenario without additional investment, and 
a BAU2 scenario, in which the same additional amount is 
invested following the projected trends of BAU.  

Within this multi-sector model, the waste sector is allocated 
0.16 per cent of the global GDP or US$ 108 billion in 2011, 
which rises with GDP to US$ 310 in 2050, corresponding 
to an average annual investment US$ 198 billion over 
the period 2011-2050. The purpose of the exercise is 
to illustrate what would happen if a given amount of 
additional investment is made available to green the waste 
sector (alongside the greening of the other sectors). The 
approach, however, does not lead to results as to how 
much investment is needed to reach a specific target in 
greening the sector. Due to data limitations, the model 
is also not able to estimate effects in terms of the market 
values of, for example, recycled materials and products, 
recovered energy and composted fertilisers. The modelling 
of the overall green economy investment scenarios across 
sectors is presented in detail in a separate chapter.

In the model, waste generation (i.e. before recycling and 
recovery) is driven primarily by population and GDP. In 
2010, an estimated 11.2 billion tonnes of solid waste 
were collected globally.4 Of this, 8.4 billion tonnes were 
agricultural and forestry organic waste and 1.8 billion 
tonnes were MSW, and the rest consisted of industrial 
waste, e-waste and waste from construction and 

demolition (C&D waste).5 Under a BAU Scenario (with 
no additional investments) the amount of solid waste 
generated each year is projected to rise 17 per cent to 
13.1 billion tonnes in 2050. 

The total waste collected is treated, in general, using six 
different approaches, including landfill, energy recovery, 
material recovery, incineration, composting and recycling, 
which all are likely to expand in the future. For example, the 
total power generation from waste in 2010 was estimated 
at about 71,600 GWh incinerating 192 million tonnes of 
municipal waste, with a capacity of 54 GW primarily from 
waste combustion plants. Under BAU (without additional 
investments), this generation capacity is expected to grow 
modestly to just over 200 GW by 2050, corresponding to 
0.5 billion tonnes of waste incinerated per year. The size of 
landfills is also expected to expand, especially if no additional 
efforts are made to build WtE plants. In the BAU scenario, 
total accumulated waste in landfills will increase by 50 per 
cent from the currently almost 8 billion tonnes to 12 billion 
tonnes. The modern municipal waste landfills that enable 
production of biogas, only account for a small share, but 
further improvement in terms of technology and economic 
performance are expected in the future. Regarding material 
recovery from wastes, under the BAU scenario, the total 
amount of recyclables in MSW is projected to increase from 
0.18 billion tonnes in 2010 to 0.28 billion tonnes in 2050.

The green investment scenario then allocates 0.16 per cent 
of the global GDP to three areas of waste management: 
waste recycling, composting of agricultural and forestry 
organic waste and waste collection. Investments for waste 
recycling and composting (including energy recovery) are 
prioritised (to support material recovery and agricultural 
activities) and the residual investment is spent on increasing 
waste collection. An average of about US$ 46 billion per 
year is allocated to waste recycling and composting over 
the entire period, under G2, based on a global average 
estimated cost of recycling of US$ 100 per tonne of waste. 
The average annual investment for waste collection is US$ 
152 billion for G2. The allocation for waste collection under 
G2 reflects the need to handle the net increase in waste 
generation in the coming decades. 

4. The model refers to collected and not generated as typically only the 
waste that is collected appears in statistical data.

5. Note that these two categories overlap: The MSW can also include parts 
of organic waste. Please note that Chalmin and Gaillochet (2009) have 
reported that 3.4 to 4 billion tonnes of municipal and hazardous waste are 
produced every year.
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In the G2 scenario, the investment leads to an increase 
in the percentage of MSW, industrial waste and e-waste 
recycled from 9.9 per cent in 2010 to 33.4 per cent 2050, 
which is 6.6 per cent higher than in the BAU. 

These improvements can be broken down into: 1) a 
doubling of the recycling rate of industrial waste, 
(increase from 7 to 15 per cent), and 2) near full recycling 
of e-waste (from a current estimated level of 15 per 
cent)6, and 3) an increase of about 3.5 times over the 
current recycling rate of MSW – the principal source of 
recycled materials, from 10 to 34 per cent. 

Further, by 2050, all organic waste would be composted 
or recovered for energy in the simulations, compared with 
70 per cent under both BAU scenarios. The increase in 
composting would increase the supply of organic fertiliser 
with positive impacts on soil quality and yield in the 
agriculture sector.7 

Under the BAU scenario the proportion of total waste 
collected that ends up in landfills is projected to increase 
from 22 per cent to 28 per cent by 2050. With the additional 
investment assumed under G2, this proportion would 

be reduced to less than 5 per cent. The primary reason 
for the reduction is a decrease in the proportion of MSW 
reaching landfill declining from 60 to 20 per cent. Further, 
the reduction can be attributed to the increased recycling 
of organic waste, C&D and e-waste. The total amount of 
landfill waste would stabilise at 8 billion tonnes in the G2 
case in 2014, and decline sharply to return to a 1970 level of 
3.5 billion tonnes in 2048.

Based on relatively simple assumptions of the labour 
intensity of waste recycling, composting and collection 
activities, the assumed green investments in the waste-
management sector are also expected to contribute to job 
creation. Almost 10 per cent additional jobs globally are 
expected to be created by 2050, compared to BAU2 at 23-
24 million, only in waste collection activities.8 These global 
averages, however, do not reveal regional differences. 
It is reasonable to expect, for example, that higher job 
increases could be achievable in faster growing, emerging 
economies where current rates of collection and recycling 
are low. It is also important to recall that these simulations 
do not include investments in reducing waste generation, 
which could reduce the stream of waste generated and 
thus cost the corresponding downstream jobs.

In summary, the simulations, though limited in scope and 
detail illustrate the potential for considerably reducing the 
proportion of solid waste going to landfill – by four-fifths – 
by investing in collection, recycling, including composting, 
as well as generating energy from organic waste.

6. Given the time period for the projection of 40 years, a significant increase 
for the amount of e-waste being recycled is possible, while, however, 
acknowledging that a rate of 100 per cent may not be realistic. 

7. As discussed in the chapter on agriculture.

8. This is based on a labour intensity of 1,760 persons/million tonnes of 
waste collected.
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5  Enabling Conditions
Mobilising increased investment in greening the waste 
sector on a large scale will not take place automatically. 
There are a number of essential conditions required to 
enable countries to move towards that direction. This 
section describes four of them: 1) financing; 2) incentives; 
3) policy and regulatory measures; and 4) institutional 
arrangements.

5 1 Financing

Investing in greening the waste sector requires substantial 
financial resources for both capital expenditures and 
operation. Such resources may be found from: 1) private 
investments; 2) international funding; 3) cost recovery from 
users; and 4) other innovative financing mechanisms. For 
financing from the general banking system and capital 
markets, further information is provided in the Finance 
Chapter.

Private investment
Private-sector involvement, often in the form of Public-
Private Partnerships (PPPs) can, if certain conditions are met, 
be efficient and reduce the fiscal pressure on government 
budgets. Private-sector involvement has, for example, 
reduced the waste service cost by at least 25 per cent in 
countries including the UK, USA and Canada and by 23 per 
cent in Malaysia (Bartone 1999). Privatisation of transport 
services for waste management has resulted in a cost saving 
of 23 per cent for the city of Rajkot in India (USAID 1999). 

Studies in the Republic of Ireland have also found that 
tendering can substantially reduce the costs incurred by 
local authorities in providing refuse collection services. 
Crude comparisons of costs before and after tendering 
and the costs of local authorities versus private contractors 
indicate that tendering can yield savings of between 34 and 
45 per cent. The bulk of these cost savings are attributed to 
real efficiency gains as a result of contracting out (Reeves 
and Barrow 2000).

Public-Private Partnership arrangements can be of many 
types. In the case of service contracts, the private partner 
has to provide a clearly defined service to the public 
partner. In the case of a management contract, the private 
partner is responsible for core activities like operation 
and maintenance. Some types of private participation 
arrangements are leased, where the private partner is 
fully responsible for operation and maintenance and the 
public partner is responsible for new investments. Single or 
multiple private players may be involved depending on the 
type of waste management solution. 

Developing countries are beginning to see the benefits 
of PPPs (Ahmed and Ali 2004). In many Columbian cities 
and a few large cities in India and China, municipalities 
provide infrastructure and equipment while private waste 
collectors provide the labour. In New Delhi, India, an aerobic 
windrow composting plant is run through a concession 
agreement for 25 years and a waste management project 
leased for ten years on the basis of Develop, Build, Operate 
and Transfer (DBOT) (Babu 2010). 

In the Philippines, a privately-built high-temperature 
incinerator for high-risk health-care waste is being used 
by more than 200 medical centres and hospitals with a 
monitoring system. Dakar, Senegal, experienced a public-
private joint venture that was initially a monopoly but 
later took to more competitive privatisation arrangement 
with multiple service contracts. These are some examples 
of innovative financing through PPPs to deliver improved 
services and enhanced cost efficiency. 

International funding
Certified Emission Reductions (CERs) can be a potential 
source of inter-governmental funding. However, at the 
moment, the CERs issued to waste-sector projects are much 
lower than the CERs claimed by the project proponents 
in the documents submitted to UNFCCC. Modelling for 
methane generation and avoidance estimations has been 
unclear, leading to over-estimation of CERs, which in turn 
result in project rejections in some cases. A few technical 
issues such as high leachate levels inhibiting gas extraction 
and other problems in monitoring and verification have 
been major barriers in developing countries. Addressing 
such barriers will enable developing countries to utilise 
CDM revenues for greening the waste sector. 

Apart from CERs, another major international source 
of funding for greening the waste sector is multilateral 
development banks. For example, about 199 waste-related 
projects worth US$ 15.7 billion were supported by the 
World Bank in various regions in 2009. Of all the regions, 
East Asia and Pacific has been receiving a major portion (37 
per cent) of the support, with commitments of up to US$ 
3.1 billion in 2009, as depicted in Figure 12. 

Multilateral Environmental Agreements (MEAs) lead to the 
creation of specific funds that can support initiatives that 
lead to greening of the waste sector. For example, the Multi 
Lateral Fund (MLF) for the Implementation of the Montreal 
Protocol, the Global Environment Facility and bi-lateral 
donors have offered their financial assistance to the United 
Nations Development Programme (UNDP) to enable 
developing countries and Countries with Economies In 
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Transition (CEIT) in complying with the Montreal Protocol’s 
control measures pertaining to the phase-out of ODS. 
In this process, aspects of product discards and waste 
management get addressed. ICF (2008) suggests that 
while non-Article 5 countries use ODS levies (e.g., tax per 
kg of refrigerant imports/production), municipal taxes, and 
taxes on new equipment, A5 countries could use direct 
assistance from the MLFs, and/or through appropriate 
carbon trading platforms such as CDM for implementing 
an approved ODS destruction methodology. MLFs could 
consider co-funding incremental costs associated with the 
removal and destruction and/or recovery and recycling of 
ODS refrigerant and foam from appliances, or finance the 
disposal of older appliances.

Cost recovery from users
Waste services are provided as public services in many 
countries. Payments for waste collection and transport 
services by households, enterprises, and large-scale 
industrial installations, for example, can help recover the 
capital cost and defray the operational costs. 

Indeed, cost recovery is a strategy to generate funding 
for investing in greening the waste sector. It has the 
potential to shift the costs of environmental and public 
health management – including administrative, capital, 
and operational costs – to households, allowing for 
more appropriate sharing of costs following the polluter 
pays principle. Cost-recovery measures can include 
administrative charges and fees covering the establishment 
and maintenance of registration, authorisation or 
permitting systems, and user charges and fees for publicly 

provided waste collection, treatment and disposal services. 
Environmental liability measures or environmental fines 
can also be designed in a way that helps ensure the cost of 
remediation and clean-up as well as environmental health 
cost is covered by the negligent parties, i.e. responsible 
polluters rather than drawing resources from public budgets. 

Other innovative financing mechanisms
Micro-financing and hybrid financing are particularly 
useful innovative financing mechanisms for supporting 
small-scale efforts. The Participatory Sustainable Waste 
Management Project established in Brazil in 2006, for 
example, created micro-credit funds from donations 
(Hogarth 2009). These funds are used as working capital 
for financing waste transportation and waste-related 
emergency responses. The funds are also used to extend 
loans to waste-pickers who will repay their loans after 
receiving payment from recycling depots. 

Another example is that of micro-financing for micro-
enterprises managing a 40-year-old, 2 million tonnes 
garbage heap called Smokey Mountain in Metro Manila, 
Philippines. The micro-enterprises are involved in collection, 
sorting, and sales of waste through a Material Recycling 
Facility. Micro-financing enabled these enterprises to 
borrow loans and increase their capacity to generate 
revenue. Through a donated bioreactor, the enterprise 
is processing up to 1 tonne of waste daily, supported by 
awareness programmes on segregation of organic waste in 
21 buildings in the neighbourhood (UN 2010b).

Hybrid financing models (combining debt and equity) 
are being increasingly explored to support economically 
challenged waste management projects. Examples exist 
from the early 2000s in the UK, when the British government 
introduced prudential borrowing which gave municipal 
councils more freedom to borrow, removing any restriction 
on how much debt they could run up (UN 2010b).9

Another innovative financing model includes joint 
financing by two or more municipalities to optimise 
investments and attract modern technologies (such as 
WtE projects), which are not competitive on smaller scales 
(OECD 2007).

5 2 Economic incentives 
and disincentives

Economic incentives and disincentives serve to motivate 
consumers and businesses to reduce waste generation 

Figure 12: The World Bank’s estimated investments 
in MSW management across various regions
Source: World Bank (2009)
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9. Local authorities could decide for themselves whether and at what levels 
they borrow money for financing any purpose relevant to their functions 
provided that they meet requirements for prudent management of their 
financial affairs (Asenova et al. 2007). The Department of Environment, 
Food and Rural Affairs of the UK government advised prudential borrowing 
for low-risk investments. For example, about 60 per cent of an MBT process 
was funded through prudential borrowing in West Sussex Council.
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and dispose of waste responsibly, thereby contributing 
to increased demand for greening the waste sector. 
The incentives commonly prevalent in the waste sector 
include: 1) taxes and fees; 2) recycling credit and other 
forms of subsidies; 3) deposit-refund; and 4) standards and 
performance bond or environmental guarantee fund. 

Volumetric landfill taxes can encourage the reduction 
of waste and are easy to implement. Their effectiveness, 
however, depends on the tax rate per tonne of waste and 
on the existence of adequate monitoring and enforcement 
measures. It is also important to ensure that the tax 
does not result in increased illegal dumping rather than 
encouraging 3R. 

Pay-as-you-throw (PAYT) is another way of discouraging 
waste generation.  Precaution against illegal waste dumping 
or misuse of recycling facilities, should be taken, however. 
Full financing of the waste-management infrastructure has 
to be assured and sufficient awareness-raising is necessary. 
PAYT has a positive impact on recycling. For example, PAYT 
increased the recycling rate from 7 per cent to 35 per cent 
in Portland, Oregon and from 21 per cent to 50 per cent 
in Falmouth, Maine in just one year of implementation 
(Shawnee Kansas 2009). 

Waste avoidance can also be achieved by assigning a 
disincentive for items such as plastic bags. For example, 
Nagoya city in Japan, after extensive consultation with 
retailing companies and two years of piloting, assigned a 
charge for plastic shopping bags in April 2009. The scheme 
was adopted by 90 per cent of the shopping market. The 
initiative reduced plastic-bag usage during shopping by 
90 per cent as of December 2009. About 320 million bags 
weighing 2,233 tonnes were estimated to have been saved 
between October 2007 and October 2009 (Environmental 
Affairs Bureau 2010).

It is important to formalise the informal sector enterprises 
and support them through incentives in order to develop 
local markets and small and medium formal recycling 
enterprises. Recycling credit schemes can be a way to 
incentivise municipal or private recycling by raising its 
profitability, but they have had limited applications so far. 
Another form of positive incentive is subsidies to offset 
the costs of clean-up. Box 9 gives an example in New York 
City. 

At the household-level waste-collection fees based 
on weight or volume for brown waste – to be either 
incinerated or landfilled – in tandem with free collection 
for recyclables, including organic matter, are widely used 
to incentivise 3R activities. This type of policy usually co-
exists with investments in either kerbside collection or 
community deposit sites for recyclables. For example, 
in the Republic of Korea, a Volume Based Waste Fee 
(VBWF) system was introduced in 1995 to replace a fixed-
fee system. Volume Based Waste Fee is a pay-per-sack 
scheme where households place residual waste in pre-
paid sacks and recyclables are collected free of charge. 
The VBWF system led to a reduction of MSW generation 
of 21.5 per cent from 1994 to 2009 and an increase in 
the recycling rate from 15.4 per cent in 1994 to 61.1 per 
cent in 2009 (Ministry of Environment, Republic of Korea, 
2010). 

5 3 Policy and regulatory measures

The most common types of policy and regulatory measures 
include: 

 ■ regulated targets for minimisation, reuse, recycling; 
and required targets for virgin materials displacement in 
production inputs; 

Box 9: Incentives for private investment in brownfield  
clean-up and remediation

In August 2010, the Mayor of New York City and the 
Commissioner of the New York State Department of 
Environmental Conservation announced an agreement 
that paved the way for the city to start cleaning up 
brownfields, or light-to-moderately contaminated 
areas that are not toxic enough to qualify for federal or 
state Superfund clean-up programmes. About 7,000 
vacant or underused acres around the city could be 
readied for new development under the programme. 

In 2008, the city created an Office of Environmental 
Remediation to run the programme, which began 

with a small site in the Bronx. One of an estimated 
1,500 to 2,000 brownfields around the city, it was 
chosen as the site of Pelham Parkway Towers, an 
affordable housing complex.

The brownfields programme, which offers financial 
incentives to developers to offset some of the costs 
of cleaning up properties, is expected to expedite 
the cleaning process and put an end to self-
directed clean-ups managed by developers without 
government oversight.
Source: New York Times (2010)
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 ■ regulation relevant to the waste management 
market, i.e. permitting/licensing requirements for 
waste handling, storage, treatment and final disposal; 
and recycled materials standards; facilities standards, 
including pollution control technologies; and 

 ■ land-use policies and planning. 

In most cases, a particular piece of policy or legislation 
may encompass these different types of regulations. The 
discussions below will, therefore, not differentiate these 
different types. 

Regulatory pressure in waste management started off in 
the mid-1970s with the tightening of waste disposal laws in 
developed countries. The EU directive (1975) on the disposal 
of waste oil and the US RCRA (1976) governing disposal of 
solid and hazardous waste have been the foremost regulatory 
measures that identified waste management as a municipal 
issue for government policy.10 Box 10 gives an example of 
how an EU directive has influenced the UK to cut down on 
the amount of biodegradable waste going to landfill. 

The Basel Convention on Transboundary Movement of 
Hazardous Wastes and their Disposal was adopted in 
1989 and entered into force in 1992. The Convention 
provides for a strict notification scheme and addresses 
issues such as minimising the generation of hazardous 
wastes in terms of quantity and hazardousness, disposing 
them of as close to the source of generation as possible, 
reducing the movement of hazardous wastes, maximising 
environmentally sound waste reuse and recycling, 
promoting environmentally sound waste disposal and 
treatment and extending waste service coverage.

Since the early 1990s, the EU has been actively developing 
waste-related policy measures. The following EU Directives 
and Strategies have been instrumental in greening the 
region’s waste management industry: Packaging (1994), Waste 
Communication Strategy (1996), Landfill (1999), End of Life 
Vehicles (EoLV 2000), Waste Electrical and Electronic Equipment 
(WEEE 2002),  the Thematic Strategy on Waste Prevention and 
Recycling of Waste and Sustainable Use of Natural Resources 
(2005), the EU’s revised Waste Framework Directive (2008) and 
the Raw Material Initiative (2008). Meeting the 85 per cent EoLV 
target by 2006 had the potential to reduce the landfilling cost 
for the EU by € 80 million per year, which is a cost saving of 
40 per cent, compared to the cost that prevailed prior to the 
directive. Meeting the 95 per cent target by 2015 will reduce 
the cost further by 80 per cent (GHK and Bio Intelligence 

Service 2006). The WEEE directive has compelled electrical and 
electronic firms across the world to adopt effective product 
life-cycle policies such as take-back and recovery policies. 
Overall, green initiatives such as the one taken to meet EoLV 
and WEEE requirements have been beneficial to the companies 
and overall save the company 40-65 per cent in manufacturing 
costs through the reuse of parts and materials (Ali and Chan 
2008).

Individual countries have also moved forward with waste 
related regulations and their enforcement. The German 
Packaging Ordinance introduced in 1991 helped encourage 
recycling of packaging waste which is collected through 
a third party organisation. British Columbia Recycling 
Regulation of 2004 brought about a considerable increase 
in the proportion of recycled waste in Canada. 

Developing-country examples include the Law of the 
People’s Republic of China on the Prevention and Control 
of Solid Waste Pollution adopted in 1995, South Africa’s 
National Waste Management Strategy in 1999, India’s 
Municipal Waste Management and Handling Rules in 
2000, the Philippines’s Ecological Solid Waste Management 
Act in 2000, Malaysia’s Solid Waste and Public Cleansing 
Management Act in 2007 and Indonesia’s Act regarding 
Waste Management in 2008. Although the real effects 
of such measures will come from implementation, the 
existence of these instruments provides a signal of political 
commitments to greening the waste sector. 

Apart from broad national policies and legislations, 
there are also specific regulations. Extended Producer 

Box 10: Landfill diversion in 
the UK

The EU landfill directive has been a key driver 
in pushing the UK to look for private investors 
to manage its waste. The directive requires 
member states to cut down on the amount 
of biodegradable waste going to landfill to 
less than 35 per cent of 1995 levels by 2020. 
Rising generation of waste is making it even 
more difficult for member states such as the 
UK to meet the landfill targets. Therefore, the 
Department for Environment, Food and Rural 
Affairs is promoting a pipeline of projects 
costing up to US$ 12.8 billion in investment that 
will require funding under the government’s 
Private Finance Initiative (PFI). More incinerators 
are also being planned by private contractors.
Source: Adapted from Reuters (2010).

10. RCRA was the Principal Federal law enacted in the USA governing 
the disposal of MSW and hazardous waste and covers many regulatory 
functions of hazardous and non-hazardous waste. Its most prominent 
provisions is said to be the Subtitle C programme which tracks the progress 
of hazardous wastes from their point of generation, their transport, and 
their treatment and/or disposal. Superfund Sites refer to the abandoned 
waste management facilities that are regulated under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA).
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Responsibility (EPR) or Producer Take-Back Responsibility 
programmes such as the Green Dot Programme in Europe 
have motivated European-based manufacturers to simplify 
packaging. Such programmes have triggered innovative 
design concepts such as Design for Environment (DfE) and 
Design for Disassembly (DfD). Enforcing concepts such as 
cleaner production and continual quality improvement 
in manufacturing processes could lead to generation of 
better quality waste for reuse and recycling. These concepts 
can help heightened green awareness in the supply chain 
and consumer behaviour. In the Republic of Korea, for 
example, EPR was enforced on packaging (paper, glass, iron, 
aluminium and plastic) and specific products (batteries, 
tyres, lubricating oil and fluorescent lamps) since 2003. 
According to the Ministry of Environment of the Republic 
of Korea, the initiative resulted in the recycling of 7.7 million 
tonnes of waste between 2003 and 2008, representing an 
increase in the recycling rate by 13.5 per cent, compared 
with the rate before EPR implementation. This resulted in an 
economic benefit of 1.7 trillion Won, equivalent to US$ 1.6 
billion (Ministry of Environment, Republic of Korea, 2010).

Industries can have voluntary, self-regulatory measures. 
For example, Hitachi has designed washing machines 
that can be easily disassembled, saving 33 per cent of the 
manufacturing time, and machines that need less service, 
winning consumer confidence and reducing disposal cost. 
Similarly, Fuji Xerox collects used photocopy machines, 
printers and cartridges from nine countries in the Asia 
Pacific region, disassembles and classifies the parts into 64 
categories for reuse in new machines. Philips has launched 
a range of green flagship products such as Ultra High 
Performance lamps with 52 per cent less packaging, 25 watt 
T8 lights with 40 per cent less mercury, flat-screen TVs with 
17 per cent less packaging, DVD players weighing 26 per 
cent less and defibrillators weighing 28 per cent less than 
their predecessors, among others. 

In order for new opportunities and application to open up 
for reuse of waste materials and also the term “waste” not to 
be a misnomer, further policy developments into definitions 
of waste stressing its resource value is required. In addition, 
policy measures towards promoting awareness, education, 
research, training and capacity development will be 
essential to nurture  skills and expertise required for waste 
management and also to bring about  behavioural changes.

5 4 Institutional arrangements 
between formal and informal sectors

In many developing countries, command and control 
policies may not be as effective as economic instruments 
due to institutional capacity. Additionally, investments 
in the waste technologies have sometimes failed to reap 
benefits because of weak institutions. Investments are 
often deterred because of flawed institutions or missing 
markets.10 Furthermore, institutional capacities to control 
imports of used goods/waste into developing countries are 
either non-existent or non-functional.

One of the major institutional issues in the waste sector is 
the relationship between the formal and informal segments 
of the sector. A major cause for a thriving informal sector in 
developing countries is the difficulty to achieve economies 
of scale in formalising the existing informal recycling units. 
Porter (2002) identifies five types of market failures in formal 
recycling: 1) Failure to provide households with correct 
market signals on recycling; 2) Failure to recycle the correct 
amount and choose the appropriate method of recycling 
by municipally owned or controlled recycling facilities (as 
they are bound by constraint on profit making); 3) Failure to 
increase stability in the recycling market, which is by nature 
unstable; 4) Failure to make optimal policy  on taxing and 
subsidising substitutes for virgin products; and 5) Failure 

Table 5: Community cooperation in waste management

Location Description of community cooperation

Dhaka, Bangladesh

In Dhaka, decentralised composting has been effectively implemented through community involvement. Waste Concern in Dhaka has established 
a business model to this effect. Community contributions in the form of a user-charge account for 30 per cent of the project revenue and made this 
practice financially viable. The programme created new employments for the communities and improved livelihoods in the region.
Source: Zurbrügg et al. (2005)

Nagpur, India

Door–to-door (D2D) collection of waste with community cooperation has achieved a concrete savings of the order of Rs 50 million (equivalent to 
US$ 1 million) in the municipality’s solid waste services. An NGO was involved to boost the involvement of the community. The initiative provided 
livelihoods for 1,600 people from the most deprived segment of society. The effort also boosted the financial credibility of the NGO involved, raising 
the budget level at least thirty-fold.
Source: Agarwal (2005)

Cairo, Egypt

The Zabbaleen minority community has been engaged in informal waste picking in Cairo, Egypt, since the 1930s. About 20,000 Zabbaleen were 
involved in waste-picking (30-40 per cent of an estimated 9,000 tonnes per day), recycling up to 80 per cent of the waste collected. Since the 
establishment of associations in 1970s, and launching a Zabbaleen Environment and Development Programme in 1981 with support from the 
Ford Foundation, the World Bank, Oxfam and others, working conditions and the basic infrastructure for waste collection and sorting has improved 
considerably. During the 1990s, the Zabbaleen continued to work under a franchise system by paying a license fee to the Cairo and Giza Cleansing 
and Beautification Authorities for the exclusive right to service a specific number of apartment blocks. They collected fees directly from households 
(on average US$ 0.3 to 0.6). A primary school, a paper recycling project, a weaving school, a health centre and a project to support small industries 
have all been established to support the waste pickers. The use of donkey carts for waste collection was banned. 
Source: Aziz (2004) and Wilson et al. (2006)
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to provide manufactures with correct market signals on 
disposal and recycling of their products and packaging. 

Yet, the informal sector plays a significant role in waste 
management, especially through informal waste collection 
and recycling. Incentivising formal recycling activities, 
providing micro-finance and access to the markets could 
help in shifting the informal sector to a formal regime. In 
addition, raising awareness on the social and health related 
benefits of formalisation may help in understanding the 
importance of intangible benefits. 

The operations of the informal waste businesses are subject 
to risks to human health and often imply working conditions 
that are not decent. It is important to address the health and 
safety risks from use of recycled and recovered products and 
to devise appropriate policies, regulations, and standards. 
Developing countries will need to adapt some of these 
frameworks to ensure that the workers in the informal sector 
and customers of the recycled products are well protected.

Suchada et al. (2003) highlight that when there was a close 
operating relationship between the formal and informal 
sectors of the waste recycling industry, the sector was 
observed to function efficiently, achieving a recycling rate 

of 38 per cent of the total waste stream. Often, however, 
cooperation between government authorities and workers 
in the informal waste sector is weak owing to distrust. 

The formalisation of waste-pickers, where desirable, 
often requires political support and policy reforms. 
But formalisation is not the only way to secure greater 
cooperation between the public, formal private and 
informal private sectors. Community based organisations 
(CBO) and Non-Governmental Organisations (NGO) have 
contributed to empowering the informal waste workers by 
extending micro-credits and arranging for external funding. 

In community-based waste management programmes, a 
community leader identifies a service provider and/or plans 
and manages the services. Micro and small enterprises are 
also taking shape in developing countries such as Brazil, which 
unlike CBOs and NGOs, engage in waste picking activities 
for-profit (Ahmed and Ali 2004). Community cooperation has 
helped achieve considerable success in many developing 
countries. Waste collection through community organisation 
into cooperatives and micro-enterprises has been useful to 
manage municipal waste. Table 5 describes a few examples 
across the world where community cooperation has helped 
set up businesses in waste management. 
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6  Conclusions 
The increasing volume and complexity of waste is posing 
threats to ecosystems and human health, but opportunities 
do exist to green the waste sector. These opportunities 
come from the growing demand for improved waste 
management and for resource and energy recovery from 
waste. This change in demand is driven by cost savings, 
increased environmental awareness and increasing 
scarcity of natural resources. The development of new 
waste-related technologies on 3Rs and technologies such 
as MBT and advanced biomethanation has facilitated the 
greening of the sector. The growth of the waste market is 
a reflection of the underlying demand for greening the 
sector – especially the new paradigm of linking waste to 
resource use across the life-cycle of products.

Different countries face different waste related challenges, 
but the path to greening the waste sector shares common 
milestones. Prevention and reduction of waste at source 
is essential for all countries, although this is particularly 
important in developing countries given their higher 
level of population growth and increasing material and 
resource consumption. The absolute growth of population 
and income implies that the absolute volume of waste is 
unlikely to decline. Greening the sector is therefore the 
only way to decouple. It is important to reduce conversion 
of used materials into municipal waste. Proper collection, 
segregation, transport, and recycling of waste as well as the 
construction of basic facilities are essential steps in many 
developing countries. In most cases, in these countries, an 
additional intervention is the cleanup of existing dumpsites, 
which are harming the environment and the health of 
waste pickers most of whom are poor men, women and 
even children. Therefore, it is crucial to ensure that stringent 
regulations are in place and comprehensive environmental 
policies addressing the necessity of recycling and reducing 
landfills are developed.

The waste recovery and recycling part of the waste 
treatment chain probably holds the greatest potential 
in terms of contributions to a green economy. As natural 
resources become scarcer and with the prospect of peak 
oil, the commercial value of materials and energy recovered 
from waste could be substantial. The current recycling rate 
of all types of waste is likely to improve. Some developed 
countries and emerging economies have set high standards 
for themselves in this area and are likely to acquire 

comparative advantages in remanufactured and recycled 
products. Developing countries, when planning their 
treatment facilities, may want to take into consideration 
the potential growth of resource and energy recovery as 
an increasingly significant industry. The choice of waste 
treatment options ought to include a full range of benefits 
including avoided environmental and social costs and 
should not be based only on technology costs.

Indeed, there are multiple benefits from greening the 
waste sector, although quantitative data are hard to come 
by. These benefits include resources recovered from waste 
helping to avoid extraction of raw materials, new products 
such as compost and energy derived from waste, lower cost 
of reducing GHG emissions, carbon credits, avoided health 
costs, and job creation. Greening of the sector will involve 
formalisation of the informal sector in many developing 
countries, including the provision of proper training, health 
protection, and decent level of compensation for waste 
workers, and thereby contribute to improving equity and 
poverty alleviation. Additional efforts are needed to collect 
data and conduct quantitative analysis at country level – 
taking a total cost perspective – to enable policy makers 
to design their strategy for greening the waste sector on a 
more informed basis.

Mobilising investment to green the waste sector requires 
a number of enabling conditions. Governments should 
increase their budgetary allocations to the sector. Further, 
entering into partnerships with the private sector has the 
potential for reducing fiscal pressure while enhancing 
the efficiency of service delivery. In many developing 
countries, the success of such arrangements is to a large 
extent dependant on a reasonably sound institutional 
framework and sufficient capacity to ensure transparency 
in awarding contracts to private service providers. Micro-
financing, international development assistance and 
other financing mechanisms can also be explored to 
support localised waste treatment systems that provide 
employment opportunities to local communities while 
reducing the need for distant transport of waste. Another 
important component in greening the waste sector in 
many developing countries is building trust between 
the public sector and the informal waste sector. Special 
care should be taken to include poor waste-pickers in the 
formalisation process.
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Key messages

1. The Buildings sector of today has an oversized ecological footprint. The buildings sector 
is the single largest contributor to global greenhouse gas emissions (GHG), with approximately 
one third of global energy end use taking place within buildings. Furthermore, the construction 
sector is responsible for more than a third of global resource consumption, including 12 per cent 
of all fresh water use and significantly contributes to the generation of solid waste, estimated at 
40 per cent of the total volume. Therefore, the building sector is central to any attempt to use 
resources more efficiently. 

2. Constructing new green buildings and retrofitting existing energy- and resource intensive 
buildings stock can achieve significant savings. There are significant opportunities to improve 
energy-efficiency in buildings, and the sector has the greatest potential, out of those covered in this 
report, to reduce global GHG emissions. Various projections indicate that investments, ranging from 
US$ 300 billion to US$ 1 trillion (depending on assumptions used) per year to 2050, can achieve savings 
of about one-third in energy consumption in buildings worldwide. In addition, these investments 
can  significantly contribute to the reduction in CO2 emissions needed to attain the benchmark 450 
ppm concentration of GHGs. Emission reductions through increased energy efficiency in buildings 
can be achieved at an average abatement cost of  -US$ 35 per tonne, reflecting energy cost savings, 
compared to -US$ 10 per tonne costs in the transport sector or positive abatement costs on the 
power sector of US$ 20 per tonne.

3. Greening buildings also brings significant health and productivity benefits. Greening 
buildings can also contribute significantly to health, liveability and productivity improvements. The 
increased productivity of workers in green buildings can yield savings higher than those achieved 
from energy-efficiency. In residential buildings in many developing countries, indoor pollution 
from poorly-combusted solid fuels (e.g. coal or biomass), combined with poor ventilation, are a 
major cause of serious illness and premature death. Lower respiratory infections such as pneumonia 
and tuberculosis linked to indoor pollution are estimated to cause about 11 per cent of human 
deaths globally each year. Women and children tend to be most at risk due to their daily exposure. 
Improved access to water and basic sanitation are other significant benefits that come with green 
building programmes.

4. Greening the building sector can lead to an increase in jobs. Investments in improved energy-
efficiency in buildings could generate additional employment in developed countries where there is 
little growth in building stock. It is estimated that every US$ 1 million invested in building efficiency 
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retrofits creates  ten to 14 direct jobs and three to four indirect jobs. If the demand for new buildings 
that exists in developing countries is considered, the potential to increase the number of green jobs 
in the sector is still higher. Various studies point to job creation through different types of activities, 
such as new construction and retrofitting, production of resource-efficient materials and appliances, 
the expansion of renewable energy sources and services such as recycling and waste management. 
Greening the building industry also provides an opportunity to engage the informal sector and 
improve working conditions across the industry, by implementing training programmes targeting 
new skill requirements and improving inspection approaches.

5. Developing countries have the opportunity to lay the foundation of energy-efficient 
building stocks for decades to come. Significant new construction is expected in the developing 
world in order to provide adequate housing for over 500 million people, while providing access to 
electricity for some 1.5 billion people. Urbanisation and economic growth in emerging economies 
also point to the rapid growth of new building stock. In developing countries, taking into account 
sustainable building considerations at the time of design and construction makes good economic 
sense. Green retrofitting at a later stage invariably carries higher costs, both financially and 
environmentally, than integrating sustainability considerations already at the early stages of design 
and construction. For developed countries, which account for the majority of the existing building 
stock, the priority is to put in place measures and incentives that will enable large-scale investments 
in retrofitting programmes.

6. The role of public policy and leadership by example is vital in triggering the greening of the 
building sector. A life-cycle approach is required covering the building design, the manufacturing 
of material supplies, the construction process, buildings operation and maintenance as well as 
the disposal, recycling and reuse of building, construction and demolition waste. Considering, in 
particular, the hidden costs and market failures that characterise the building industry, regulatory 
and control measures are likely to be the most effective and cost-efficient in bringing about a 
green transformation of the sector. These need to be combined with other pricing instruments for 
greater impact, given realities such as the level of development of the local market and household 
income-levels. Additionally, government-owned buildings such as public schools, hospitals and 
social housing units are ideal locations to begin implementing greener building policies, including 
green public procurement. At the same time, the role of progressive private sector actors organised, 
for example, through Green Building Councils can drive the transition to lower carbon and more 
resource-efficient buildings.
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1  Introduction

1 1 The aim of this chapter

This chapter makes a case – focusing on economic 
arguments – for greening the building sector. It also 
provides guidance on policies and instruments that 
can bring about this transformation. The broader goal 
is to enable public- and private-sector actors to seize 
environmental and economic opportunities, such as the 
efficient use of energy, water and other resources, to 
improve health, boost productivity and create jobs that 
reflect decent work and reduce poverty.

1 2 Scope and definition

This chapter encompasses both new construction and 
the retrofitting of existing buildings, with the focus on 
urban areas, which are expanding and now home to more 
than half the world’s population. The chapter covers an 
environmental and socio-economic agenda, with special 
consideration given to climate, health and employment. 
The analysis of resource use focuses mainly on energy, 
given its importance to the building sector and the relative 
abundance of data at the global scale. While efficiency in 
the use of water and land as well as recycling and waste 
is considered, covering a comprehensive environmental 
agenda of all life-cycle impacts is beyond the scope of  
this analysis. 

According to the International Energy Agency (Laustsen 
2008), green buildings are characterised by increased 
energy efficiency, reduced water and material 
consumption, and improved health and environment. 
The International Organization for Standardization’s 
definition of sustainable buildings combines a minimum 

adverse environmental impact with economic and 
social aspects across various geographic scales. In this 
chapter, the concept of green buildings is similarly broad, 
including not only the environmental dimensions, but 
also economic dimensions (such as energy savings, the 
cost of greening, payback periods, productivity and 
job creation) and social dimensions (such as indoor 
pollution and health).

1 3 Structure of the chapter

This chapter has three main parts. Firstly, it introduces 
the sector and highlights key challenges and 
opportunities it faces today. Developmental, energy and 
environmental challenges are highlighted. The section 
notes trends in population growth and urbanisation, 
drivers for growth in the industry, and its resource use 
and environmental impact. Secondly, the next section 
sets out the case for investment in green buildings. 
This starts with a description of investment needs, 
cost benefit analysis and efficiencies to be gained. An 
overview of benefits covers energy and water, waste and 
materials, productivity and health, as well as job creation. 
Special consideration is given to the policy target of 
reducing GHG emissions from the building sector, 
based on 450 parts per million (ppm) as climate bench 
mark used by the International Energy Agency (IEA) in 
its climate change mitigation scenarios. Modelling by 
the Millennium Institute provides a green investment 
scenario for the sector, quantifying the implications 
of going beyond business-as-usual (BAU). Thirdly, the 
chapter gives an overview of policy instruments and 
tools that can be used by Government or regulatory 
institutions at different levels to advance green building.
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2  Challenges and opportunities

2 1 Challenges

The last 40 years have seen much experimentation 
and significant progress with low-energy building 
design strategies and technologies. However, in most 
countries, green buildings are still at a nascent phase 
of development. Yet they are expected to become the 
norm in future. Experimentation with net-zero-carbon 
buildings, passive houses and energy-plus buildings 
are emerging worldwide. The main challenges facing 
green buildings are discussed with special reference 
to the sector’s significant use of resources and 
emissions of CO2. This covers both existing building 
stock and the projected growth of new construction. 
A key component of green buildings is related to their 
location and how they interact with other components 
of urban and regional systems, which is covered in the 
Cities chapter. 

Sizing the building sector
Driven by population growth and urbanisation, the 
building sector itself is a significant contributor to 
economic growth, both globally and at the national level. 
Globally, it is estimated to be worth US$ 7.5 trillion per 
year or approximately 10 per cent of global GDP (Betts 
and Farrell 2009) and the construction sector employs 
more than 111 million people (ILO 2001). At the national 
level, the sector generates 5-10 per cent of employment 
(UNEP SBCI 2007a). 

There are important differences between developed 
and developing countries in both the current building 
stock and projected building-sector growth. Developed 
country populations are broadly more urbanised and 
more economically reliant on the service sector than on 
industry or agriculture. They also have higher household 
incomes than developing country populations. 
Developed countries currently account for the majority 
of the world’s existing building-related energy demand 
and CO2 emissions. 

This picture is changing rapidly. Projected economic 
growth is modest and projected population growth flat 
or even negative in Western Europe, Russia and Japan. 
Thus building-related energy demand and CO2 emissions 
in these countries will see little growth in the coming 
decades. There are some exceptions among richer 
countries such as the United States of America, where 
higher fertility and immigration rates are expected. In 
contrast, developing countries are fast-growing, rapidly 

urbanising and are projected to add 2.3 billion to global 
population over the coming four decades (UN DESA 
2009). Of the 9 billion people predicted to live on Earth 
in 2050, 70 per cent are expected to live in urban areas 
(UN-HABITAT 2010).

India is short of 24.7 million homes (NHHP 2007; Roy et al. 
2007) and the country will need millions of homes to be 
built over several decades to accommodate projected 
income growth and urbanisation. New construction 
growth for commercial and residential buildings 
currently averages 7 per cent per year in China and 5 per 
cent per year in India and South-east Asia, compared 
with only 2 per cent in developed countries (Baumert et 
al. 2005). As estimates of the global building stock are 
not available, Figure 1 provides an overview of the scale 
of residential and commercial floor space in China, the 
EU, Japan and the USA. 

China is expected to add twice the amount of current 
US office space between 2000 and 2020 (WBCSD 2009). 
Another study indicates the stock of office space in China 
as 3.5 billion m2 and predicts it will grow by over 70 per 
cent by 2020 (Zhou et al. 2007). In 2007 alone, 0.8 billion 
m2 of new buildings were constructed in China and it is 
projected that in each year to 2020, an additional one 
billion m2 of new buildings will be constructed (Cheng 
2010). Global cement production is set to double by 
2050, with China and India accounting for nearly half of 
all production (WBCSD 2007b). 

Historical trends demonstrate that increasing wealth 
leads to higher space standards and an increase in 
household appliances, with implications for energy 
consumption. Another critical factor in developed 
countries is demographic and societal change, with 
a significant increase in one-person households. For 
example, in Germany, the energy consumption for space 
heating increased by 11 per cent from 1995 to 2000 
before decreasing by 7 per cent from 2000 to 2005 – 
mainly because of higher energy costs – resulting in an 
overall rise of 2.8 per cent from 1995 to 2005. Domestic 
hot-water consumption decreased slightly (by 1.4 per 
cent) in the period but home appliances still contributed 
17 per cent to total energy consumption despite 
substantial improvements in their energy efficiency. 
While great improvements in energy efficiency have 
been achieved in certain sectors, the overall energy 
consumption of private households in Germany rose by 
3.5 per cent between 1995 and 2005 (UBA 2006).
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Developmental challenges
Developing countries are urbanising at a rate two to 
three times faster than developed countries, resulting in 
massive informal settlements and slums (UNEP, ILO, IOE, 
ITUC 2008). In the majority of the developing world, the 
scale of informal and low-cost housing is vast. In some 
cities, the informal city is bigger than the formal city. 
In Indonesia, an estimated 70-80 per cent of housing 
construction is informal (Malhotra 2003). In Brazil, more 
than half of all low-cost homes are built by the informal 
sector (UNEP SBCI 2010b).

In this context, providing affordable green housing 
for the poor is a considerable challenge when so 
many already face major economic barriers to afford 
conventional housing. Analysis of social housing, 
however, does not lead to clear results as to whether 
green social housing is more expensive at the point of 
construction; environmental design features may be but 
do not have to be, more expensive than the conventional 
features. For example, a detached social housing project 
Casa Alvorada (48.50 m2) in the city of Porto Alegre, Rio 
Grande do Sul, in Brazil, was 12 per cent more expensive 
per square metre than the typical housing solution of 
similar size implemented by the municipality, but still 18 
per cent cheaper per square metre compared to another 
municipal typical model of about half of the floor area per 
unit (23 m2) (Sattler 2007). Further, if the environmental 
features are more expensive at the point of construction, 
they may yield benefits in terms of savings on water and 
energy during the occupation of the building. 

Poverty and housing raises other unique challenges for 
sustainable building and construction in developing 
societies. Slums, be they informal settlements or run-
down and overcrowded housing estates, are associated 
with social and environmental challenges including 

lack of access to electricity, fresh water, health-care and 
effective waste management. Marginal locations poorly 
connected to public transport services are an additional 
obstacle in that they constrain access to employment 
opportunities (see Cities chapter).

Greening of buildings can be one of a series of strategies 
that improve access to basic services and reduce 
vulnerability and, more broadly, contribute to better 
living conditions of the poor. Facing this challenge, India, 
for example, is experimenting with three approaches, 
namely vernacular building (which focuses on local 
solutions and traditional knowledge), green building 
(supported by the internationally recognised Indian 
GRIHA rating systems, developed by TERI) and; energy- 
efficient building (focused on energy-use in commercial 
buildings) (UNEP SBCI 2010a). New approaches can 
contribute to providing electricity to the 1.5 billion 
people in the developing world currently living without 
it (IEA 2010a), and to lifting 100 million people from 
slum conditions and providing them with safe water and 
sanitation – a distinct Millennium Development Goal. 

Cleaner and more efficient energy use will be critical to 
avoid any possible lock-in effect for poorer segments of 
society. Savings on energy costs can also free resources 
for investment in other basic needs. A recent study 
by the CSIR for the ILO (Van Wyk et al. 2009) provides 
several examples of energy-related projects in Africa: 
the installation of solar PV systems on schools, clinics 
and community centres in Zambia, the introduction 
of solar lighting and electricity into homes by local 
solar entrepreneurs in Malawi, the electrification of 60 
health centres using solar energy in Mozambique, and 
the construction of windmills and solar-powered water 
systems as well as 10,000 improved cooking stoves for 
more than 250,000 people in Somalia.
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Figure 1: Commercial and residential floor space in China, the EU, Japan and the USA (2003)
Source: WBCSD (2011)
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Some aspects of improved well-being (e.g. health, water, 
sanitation and energy access) can be linked to building 
design and technology. Yet developmental challenges 
have to be seen in a broader context and go beyond the 
construction of housing to consider social and economic 
inclusion and the link to other urban activities (see Cities 
chapter). The poverty relevance of green buildings in this 
context is closely linked to the impacts of electrification 
programmes (see discussion in the Energy chapter) 
as well as the impacts of city structure and transport 
systems on poverty (see Transport and Cities chapters).

Energy and environmental challenges
Whether existing building stock or projected growth 
of building stock, this sector is already the single-
largest contributor to global greenhouse gas emissions. 
Approximately one-third of global energy end-use 
takes place within buildings (IEA 2010a). Nearly 60 per 
cent of the world’s electricity is consumed in residential 
and commercial buildings, although this usage varies 
widely according to geographical location, climate 
and consumption patterns (IEA 2009b). For developed 
countries located in cooler regions of the world, space 
heating, on average, represents 60 per cent of residential 
energy consumption, followed by water heating at 18 
per cent (UNEP SBCI 2007a). 

Projections for 2030 based on IPCC scenarios suggest 
CO2 emissions from buildings will continue to account 
for around one-third of total CO2 emissions. Table 1 
summarises these projections for CO2 emissions under 
two scenarios (IPCC 2007). In the high-growth scenario, 
the largest contribution is from developing countries 
while in the low-growth scenario the largest share is from 
North America and developing Asia, which includes China 
and India. If per-capita CO2 emissions are considered, 
both scenarios suggest that by 2030 the greater share of 
emissions will still be from OECD countries.

GHG emissions are the single most important negative 
externality from excessive fossil fuel consumption but 
the burning of fossil fuels also causes other externalities 
such as air pollution and health problems. Approximately 
3 billion people world-wide rely on bio-mass and coal 
to meet cooking and other energy needs (IPCC 2007). 
Indoor air pollution in residential buildings in developing 

countries from poorly combusted solid fuels combined 
with poor ventilation is a major cause of serious illness 
and premature death. Lung infections such as pneumonia 
and tuberculosis linked to indoor pollution are estimated 
to cause about 11 per cent of all human deaths globally 
each year (UNEP SBCI 2010b). The WHO (2009) estimates 
that every year about 1.3 million people (mostly women 
and children) die prematurely owing to indoor air 
pollution from biomass. Estimates by the WHO (2009) 
further attribute 76 per cent of all lung cancer deaths to 
the indoor use of solid fuels. 

Apart from energy use and emissions, the building sector 
is responsible for more than a third of global resource 
consumption annually, including 12 per cent of all 
fresh water use. The manufacture of building materials 
consumes about 10 per cent of the global energy supply. 
Building construction and demolition waste contributes 
about 40 per cent of solid waste streams in developed 
countries, with most waste associated with the demolition 
phase (UNEP SBCI 2010b). 

Data challenges
When considering the environmental credentials 
of buildings, the true measure of their performance 
only becomes evident with occupation, given the 
impact of factors such as behaviour (cultural habits, 
environmental expectations and life-style), climatic 
changes and particularities of the control of technical 
systems in buildings. The only realistic way to rate the 
energy efficiency of a building is by measuring how 
much energy has been consumed during a period of 
occupation, ideally, a minimum of two years. A dearth 
of accurate data is hampering our understanding of 
impacts such as occupation, design and technological 
components.

2 2 Opportunities

The major opportunities for greening the building sector 
are the relatively low cost of the process, be it retrofitting 
or new construction, the availability of technologies, 
and the green evolution of energy supply and demand. 
These trends are encouraging the effort to transform the 
building sector. 

Table 1: Projected CO2 emissions from buildings to 2030
Source: IPCC (2007)

High-growth scenario (A1) Low-growth scenario (B2)

CO2 emissions (in GtCO2) 8.6 → 15.6 
(2004) (2030)

8.6 → 11.4
(2004) (2030)

Largest share from Developing Asia, Middle East/North Africa, Latin 
America, sub-Saharan Africa

North America and
developing Asia

Average annual CO2 emissions growth rate (2004-2030) 2.4% 1.5%
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Low net cost 
Although the building sector is the largest contributor to 
human-related GHG emissions, it also holds the greatest 
potential to reduce these emissions (IPCC 2007). Based 
on 80 studies spanning 36 countries, the IPCC report 
suggests that a 29 per cent reduction in projected 
baseline emissions by 2020 is achievable at zero cost 
(below 0 US$/tCO2-eq), while further improvements 
could be made with relatively low levels of investment. 

Figure 2 shows sectoral estimates of the economic 
mitigation potential of using technologies and practices 
expected to be available by 2030, at various costs in 
US dollars per tonne of CO2-equivalent (tCO2-eq). The 
mitigation potential is expressed in GtCO2-eq/yr and the 
marginal cost in US dollars per tCO2-eq. For each sector, 
the mitigation potential is represented as three ascending 
bars, according to the amount that can be achieved at 
less than US$ 20, less than US$ 50 and less than US$ 100 
per tCO2-eq.1 In the building sector, assuming a cost per 
tCO2-eq of no more than US$ 100, the global economic 
mitigation potential ranges between 5.3 and 6.7 GtCO2-
eq/yr by 2030. Most importantly, about 90 per cent of 
this potential could be achieved at less than US$ 20 per 
tCO2-eq, far more than could be achieved in any of the 
other sectors depicted. This range is represented by the 
segment within the third bar for buildings (<100). The 
bulk of this mitigation potential can be attributed to non-
OECD/EIT (Economies in Transition) countries, followed 
by OECD countries and to a lesser extent EIT countries.

Adapting behaviour patterns
Before addressing the technical, financial and regulatory 
potential of green buildings and their impacts on 
the green economy, it is important to recognise that 
profound changes in attitudes and behaviour will be 
required amongst policy-makers, investors, consumers 
and occupants in order to implement real change. People 
spend most of their lives in their homes, places of work 
and other buildings; North Americans, on average, spend 
90 per cent of their time indoors (United States General 
Services Administration 2008) and there are deeply-
rooted attitudes and practices relating to how people 
establish patterns of comfort and efficiency. For this 
reason, understanding the economic and psychological 
rationale of decisions made by individuals and 
institutions is increasingly recognised as fundamental to 
achieving energy-efficiency improvements in buildings. 
For example, a recent report on energy efficiency in the 
USA highlighted various behavioural biases affecting 
consumers’ energy consumption decisions (Swim et al. 
2009; Granade et al. 2009).

The core concept of “thermal comfort” is more of a 
state of mind (reflecting different cultural, class and 
geographical conditions) than a technical certainty 
(ASHRAE 2005). Assessing the right level of thermal 
comfort is critical to setting performance standards for 
buildings (Cena and Clark 1981) but requires not just an 
understanding of what a human body can bear, but also 
to what extent people are ready to make behavioural 
changes in the way they experience comfort in their 
environment. This affects the way building occupiers 
interact with their environment in very precise ways – 
from choosing to pull down external blinds to limit sun 

1. Note that potential that can be achieved for less than US$ 50 per t CO2-eq 
includes the potential that can be achieved at less than US$ 20 t CO2-eq, 
and similarly for US$ 100 per t CO2-eq. Hence the bars grow in size from 
left to right.
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penetration at certain times of day (rather than switching 
on the air conditioning) to putting on a sweater when 
the external temperature drops (rather than turning up 
the thermostat). On balance, green buildings require a 
more proactive engagement between occupier and the 
environment, which reflects the degree of “active” or 
“passive” environmental design techniques available in 
individual buildings, to which the report now turns.

Design and technology
The greatest opportunities to achieve a higher 
environmental performance for buildings can be 
found in the early stages of their design. An integrated 
design methodology of green buildings combines 
environmental principles and technological inputs at 
various design stages. It requires a multidisciplinary 
approach and broadens conventional building design 
by including rigorous assessment procedures to 
comply with performance targets (Baker and Steemers 
1999). Designing buildings based on environmental 
considerations implies continuous feedback between 
different design components, as decisions regarding 
building form, orientation, components, other 
architectural aspects as well as building systems are 
entirely integrated.

There are two basic paradigms of green building. The 
first is based on the concept of “passive” design where 
buildings respond to their local site context by using 
natural elements (such as air-flow and sunlight) to 
limit the effect of external conditions on the internal 
environment. Many traditional buildings with thick 
walls and small windows in hot climates, or with natural 
through-ventilation with courtyards and terraces in 
humid areas, belong to this category. Passive design 
aims to provide a comfortable environment while 
eliminating or reducing the need for space heating, 
cooling, ventilation or artificial lighting. The second 
paradigm is based on a more “active” approach that 
uses newer technology and state-of-the-art building 
management systems to reduce the energy load of 
buildings. Solar screens, lighting scoops, environmental 
flues, photovoltaic cells (PV), wind turbines and other 
devices are found in most state-of-the-art high-tech 
buildings. Both paradigms can be applied to new 
buildings as well as retrofitting existing building stock.

Many passive design techniques are finding their way 
into a new generation of building designs across the 
developed world, while new forms of green energy 
generation are being integrated in building projects in 
the developing world (Baker and Steemers 1999; Hawkes 
1996; Herzog 1996). The field is littered with examples 
of how both passive design and technology have 
successfully reduced the energy footprint of buildings. A 
recent study of 5,375 commercial buildings in the USA 
showed that in new buildings the use of energy-efficient 

lighting, heating, ventilation, air conditioning and 
shading can achieve a 64 per cent reduction in energy 
use (Griffith et al. 2006). In the UK, energy consumption 
guidelines indicate that the introduction of natural 
ventilation can achieve 55-60 per cent reduction in 
energy consumption in office buildings, compared with 
fully air-conditioned and fully glazed office buildings 
(CIBSE 2004). 

Greater attention is now given to the impact of 
sustainable environmental design solutions on the 
running costs of buildings and how much energy is 
embodied in construction materials and processes. 
Increasingly, life-cycle assessments (LCA)2 are being 
applied, which include not only operation and 
maintenance, but also the manufacture of construction 
materials (McDonough and Braungart 2002). In addition, 
a new generation of building guidance is focussing on 
the total energy costs of buildings, from the design stage 
through to completion, including considerations about 
their recyclability (Anderson et al. 2009; Hammond and 
Jones 2008).

Beyond the fabric and construction of the building, a 
more holistic approach to the design of buildings and 
their use also requires consideration of all energy-related 
components, including appliances and equipment used 
in buildings. Their relative energy use varies from country 
to country, based on climatic and cultural differences. 
The following listing of appliances and equipment 
by residential and public or commercial categories 
demonstrates the range of supplier industries involved.

Residential building sector Office and commercial  
building sector

•  Space heating and cooling
•  Mechanical ventilation
•  Hot water systems
•  Appliances (incl. cooking, washing, 

refrigeration, entertainment and 
cleaning)

•  Indoor lighting

•  Space heating, cooling and ventila-
tion, air conditioning (HVAC)

•  Indoor lighting
•  Outdoor lighting 
•  Office equipment
•  Servers and data centres

In commercial buildings, office equipment comprises 
the fastest-growing area of energy consumption. In 
residential buildings world-wide, a growing proportion 
of energy consumption is associated with household 
appliances, including televisions, DVD players and 
home computers. Implementing the best available 
technologies can reduce their energy consumption by 

2. Life-Cycle Assessment (LCA) is a tool devised for evaluating the 
environmental impact of a product, process or a service across its life cycle, 
also referred to as the “environmental footprint”. All inputs and outputs of 
material, energy, water and waste over the entire product life cycle and 
their relative impacts are accounted for, including the extraction of raw 
materials, processing, manufacturing, transport, use and disposal. The main 
objective of a LCA is to compare the impacts of several alternative processes 
in order to chose the least damaging one. 
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more than 50 per cent. The household-appliance share 
of energy consumption in residential homes vary from 
21 per cent in China in 2000, to 25 per cent in the EU in 
2004 and 27 per cent in the USA in 2005 (von Weizsäcker 
et al. 2009).

Managing energy supply and demand
Energy use and emission patterns are affected by a 
building’s environmental performance and its energy 
load (on the demand side) or by the extent of its use 
of green sources of energy (on the supply side). Recent 
developments in design and technology offer significant 
potential to change the way energy demand and supply 
is managed in buildings.

On the demand side, there is growing evidence that 
energy consumption can be reduced by modifying the 
specification of technologies, appliances and fittings 
within buildings – in addition to designing the built 
form in a more sustainable way. Leading Information & 
Communication Technology (ICT) Infrastructure firms 
produce software for command centres, which can 
actively help to reduce a building’s carbon footprint 
by monitoring and controlling all components of a 
building’s energy use, from heating/cooling demand, to 
lighting and printing. 

But the pattern of energy use in buildings varies 
considerably among regions and countries according to 
geographical location, climate, consumption patterns 
and state of development and urbanisation (IPCC 2007). 
Space heating is a dominant component of energy use 
in Europe and northern China, while water heating is of 
great significance in Japan (WBCSD 2009). In these areas, 
effective means of controlling energy demand and 
emissions include the improvement of heat-recovery 
systems, optimising daylight penetration with shallower 
buildings, substituting incandescent lighting with more 
energy-efficient systems such as CFL and LED lamps 
and introducing solar shading to reduce overheating.3 
In addition to these design solutions, smart metering, 
which provides utility customers with information in 
real-time about their domestic energy consumption, 
has also proved effective at reducing overall household 
electricity consumption, with a 5-10 per cent drop 
recorded in private households in Germany and the 
UK (Luhmann 2007). In contrast, buildings located in 
warmer regions do not usually require space heating 
and require less hot water. Energy needs in low-
income rural communities are largely determined by 
cooking (70 per cent) and other household activities 
(15 per cent) (Nekhaev 2004). In these locations, the 
impact of energy use will be more radically affected 
by introducing greener and cleaner fuel sources and 

more efficient domestic appliances than by introducing 
green building technologies.

On the supply side, there has been a significant shift in 
some countries in favour of renewable energies with 
bio-fuel and solar heating technologies becoming 
competitive with conventional sources (European 
Renewable Energy Council 2008). Photovoltaic (PV) 
technology is still relatively expensive but with 
the increasing volume of installed capacity and 
improvements in production, prices are lowering 
steadily.4 District heating and cooling systems5 that link 
buildings are also proving effective at reducing energy 
costs, notably in Iceland, where 94 per cent of heat 
demand is now provided by these technologies (Euro 
Heat & Power 2009). 

Retrofitting and new construction
In developed countries, opportunities for greening the 
building sector are found mainly in retrofitting existing 
buildings to render them more environmentally 
efficient by reducing energy demand and using 
renewable energy sources. The urbanised regions of 
northern Europe and North America are no longer 
increasing their building stock rapidly. In the UK, for 
example, 75 per cent of the existing building stock is 
expected to be in use in 2050. In such circumstances, 
retrofitting existing buildings becomes a critical area of 
intervention to reduce energy demands and thus GHG 
emissions (Ravetz 2008). 

For the majority of non-OECD countries, which have 
a significant housing deficit, the greatest potential to 
reduce energy demand will come from new generations 
of buildings with more efficient design performance 
standards (WBCSD 2007a). It follows that the major 
environmental and business case for the OECD residential 
and commercial sector will depend on retrofitting 
existing buildings, while non-OECD countries will have 
to invest heavily in new forms of sustainable design that 
goes beyond the performance of individual buildings 
(as discussed in the Cities chapter). Nonetheless, there 
are significant opportunities for retrofitting buildings 
in some of the bigger cities of the developing world 
by adopting energy efficiency design measures such 
as solar technology, clean water supplies and reducing 

4. Grid parity, where the electricity produced by PV panels is available at 
the same cost level as electricity provision from the grid, is predicted to be 
achievable by 2013-14 based on data from Germany (Bhandari and Stadler 
2009). 

5. District heating and cooling describes systems distributing heat and/or 
cold generated in a centralised location for heating and combined heat and 
power respectively. District heating serves both, space and domestic water 
heating. Moreover, commercial and industrial as well as public buildings 
can be supplied with process heat. The heat often comes from combined 
heat and power plants (CHP) and therefore has the ability to achieve 
higher efficiencies and lower emissions than a separate heat and power 
production. Historically, district heating stations are dependent on fossil 
fuels but in the last years renewable sources were introduced.

3. For example, as part of the Serbian Energy Efficiency Programme (SEEP 
1) (IDA Credit and IRBD loan), 28 schools and hospitals were refurbished in 
Belgrade in 2005-09 with average energy savings of 39 per cent. 
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dependency on air-conditioning through technical 
improvements.6 In India, for example, potential energy 
savings of 25 per cent have been estimated through 
cost-effec tive retrofitting of existing commercial 
buildings (UNEP SBCI 2010a).

The pros and cons of constructing a new building or 
retrofitting an existing structure have to be individually 
examined and compared. In some cases, retrofitting 
allows a further reduction of the energy load by 
preserving building materials, which can contain high 
levels of embodied energy7, expended in the extraction 
of resources, the manufacture of materials and their 
transportation. Both new building construction and 

retrofitting are fundamental for catalysing a green 
building transformation. Retrofitting in developed 
countries can yield significant energy savings as the 
design, construction and technology of older buildings 
is often significantly less efficient than current best 
practices. In addition, retrofits that address daylight or 
on-demand ventilation to improve air quality can bring 
benefits through lower health care costs and higher 
productivity levels.

While less significant in terms of volume compared with 
new construction, retrofits can play an important role in 
addressing energy poverty in developing countries. At 
least 20 per cent of the world’s population lack access to 
electricity and it is expected that 1.2 billion people will 
still be without electricity in 2030; 87 per cent of them 
living in rural areas (IEA 2010a). Equipping households 
with electrical appliances, heating and cooling systems 
and either on-site renewable energy generation (such as 
rooftop solar panels) or a connection to the power grid 
may increase overall energy demand. Yet it will come 
in a far cleaner form than the coal, dung or wood many 

Table 2: Summary of the major opportunities for green buildings in different sectors 
Source: Based on WBCSD analysis (2007a)

6. In Brazil, for example, refrigerators are responsible for 33 per cent of all 
electricity use in residential buildings over the year, with electric showers, 
lighting and air conditioning accounting for 20, 11 and 10 per cent 
respectively (Ghisi, Gosch and Lamberts 2007).

7. Embodied energy is energy needed for the production and processing 
of materials, transport and demolition as well as for manufacturing of 
furniture, appliances and the provision of infrastructure services such as 
water and sanitation. Embodied energy is highly dependent on the design 
and construction technique of buildings.

Figure 3: Investment potential for new construction and building retrofits relative to the current sustainability 
level of building construction in representative countries 
Source: Nelson (2008)

Building retrofits New construction

Developed Countries

(Key focus)
•  Single homes that lack efficiency norms (e.g. EU)
•  Homes to increase lifespan (e.g. Japan)
•  Appliances in large, relatively new homes (e.g. USA)
•  Older multi-family buildings (e.g. Europe)

(Secondary focus)
•  High rate of new construction expected in USA and Japan. High potential to 

meet green standards, e.g. zero-carbon, zero-waste and 3R (Japan). 

Emerging Economies

(Secondary focus)
•  Single homes built by the informal sector to meet basic 

efficiency standards (e.g. Brazil)
•  Multi-family homes (e.g. China, Brazil and Russia)
•  Predominance of single homes in countries such as India – 

needs retrofits to sustenance levels (basic electricity, better 
cooking fuels, durable) 

(Key focus)
•  Huge housing shortage – opportunity for greening through publicly 

subsidized and privately financed housing (e.g. India, China, Brazil, Russia 
and other emerging economies)

•  Huge demand for office space. Potential for greening through corporate 
demand.
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households currently use for lighting, heating and cooking. 
Replacing these traditional fuel sources will produce 
significant environmental and public-health benefits. 

Table 2 summarises elements that describe the 
retrofitting and new construction potential in greening 
the building sector in developed countries and 
emerging economies. It is clear that there is a strong 
case for retrofitting buildings in developed countries. In 
emerging economies, retrofitting and new construction 
both have compelling cases although the potential for 
new construction is much greater than retrofitting. Figure 
3 correlates the expected value of new construction 
and retrofitting potential with its level of sustainability 
(from low to high share of green construction). It can be 
seen that emerging economies such as China and India 
have a great potential for new construction, but it is not 

expected to be particularly green. Developed countries 
have a high potential for retrofitting, with a high level 
of sustainability. The new construction potential in these 
countries is very low. 

A conscious effort is needed to turn new construction 
green in developing countries and emerging economies, 
given that buildings generally last for decades and often 
centuries, whereas a country’s car fleet may be turned 
over in as little as 12 years. If a building is constructed 
to low standards of efficiency, retrofitting it later is an 
unnecessary complication compared with getting 
it right the first time. Retrofitting existing buildings, 
however, reduces energy demand compared with new-
builds through a lower demand for building materials 
such as steel, glass and cement, which themselves 
require considerable amounts of energy to produce.
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3  The case for investment 
in green buildings
3 1 Investment needs

The analysis in this chapter is predicated on climate 
change and GHG emissions being an overriding 
concern for the building sector. Related to this are 
key environmental challenges such as water scarcity, 
land use, waste and sanitation. Climate change both 
impacts and is impacted by these. The social and 
economic dimensions are addressed in terms of how 
a more efficient use of resources in the building sector 
and a reduction of its GHG emissions can contribute to 
energy savings, health and productivity gains, as well as 
job creation. Overall, green building investment needs 
are primarily driven by climate and resource scarcity or 
efficiency imperatives.

Buildings currently account for 40 per cent of energy 
use in most countries (IEA 2010b), with projections  
that demand in this sector will increase by 60 per 
cent by 2050 (IEA and OECD 2010). This is larger than 
either the transportation or industrial sector. The IEA 
and OECD (2010) estimate that building sector carbon 
emissions will need to be reduced from the 15.2 Gt per 
year currently projected for 2050 to approximately 2.6 
Gt per year as part of a strategy to successfully address 
climate change.8 

Greening the global building stock will require considerable 
investment in new technologies and sustainable building 
materials as well as in design and engineering expertise. 
This will increase the upfront cost of building construction 
relative to continuing with business-as-usual. The IEA and 
OECD (2010) estimate that a 12.6 Gt reduction by 2050 
could be achieved with an average investment of US$ 
308 billion per year between 2010 and 2050.9 A higher 
estimate of US$ 1 trillion per year on average between 
2010 and 2050 was obtained in a separate study by the 
Peterson Institute for International Economics (Houser 

8. This reduction of 12.6 Gt CO2 emissions by 2050, published in the Energy 
Technology Perspectives 2010 (IEA and OECD 2010) revises earlier estimates 
that CO2 emissions from buildings would need to be reduced by 8.2 Gt from 
a projected 20.1 Gt in 2050 to 11.9 Gt (IEA 2008). The earlier estimates formed 
a reference point for other analysis, including by the Peterson Institute for 
International Economics (Houser 2009). The 2010 estimates also include 
reductions achieved by fuel-switching and electricity de-carbonisation, 
whereas the earlier estimates were limited to efficiency measures. 

9. The IEA and OECD (2010) modelled a scenario that estimates a total 
investment of US$ 12.3 trillion required over this 40-year period, consisting 
of US$ 7.9 trillion in the residential sector, and US$ 4.4 trillion in the services 
sector. IEA’s estimates are all in US$ 2007.

10. Net present value is calculated by subtracting the additional up-front 
operation and maintenance cost required for the more-efficient investment 
from the expected energy cost saving over the lifetime of the more-efficient 
investment. Energy cost savings are discounted by 6 per cent annually. NPV 
is then divided by the cumulative change in emissions resulting from the 
investment over the course of its life-time. This is known as abatement cost 
and expressed in US dollars per tonne of CO2 (Houser 2009).

Table 3: The economics of global building transformation
Source: Adapted from Houser (2009)

Country/region Additional investment, 2005-
50 (US$ billion /year) NPV 2005-5010 CO2 reduction* 

(million tonnes 2050)
Ave. abatement cost, 2005-50 

(US$/ tonne)

OECD N. America 244 -46 1699 30

USA 209 -40 1555 28

OECD Europe 170 -26 915 30

OECD Pacific 67 -17 353 48

Japan 37 -9 168 52

Transition Economies 78 -12 548 24

Developing Asia 188 -26 2,343 14

China 114 -15 1427 14

India 19 -2 221 12

Latin America 31 -5 148 39

Middle East 80 -17 663 32

Africa 29 -3 298 10

WORLD 1,042 -180 8,200 25

*Relative to business-as-usual
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2009) in order to reduce emissions in the building sector 
by 8.2 Gt per year by 2050 (see Table 3).11 

Retrofits in developed countries will account for 
a meaningful share of this additional investment, 
particularly in the early years of greening the buildings. 

But the bulk of the incremental investment will occur 
through greening new buildings, an opportunity firms 
and households are already starting to take advantage of. 

For the USA, a recent study predicts that the green 
retrofits of non-residential buildings will grow to a US$ 
6.6 billion market by 2013, targeting the third of the US 
commercial building stock that could benefit from such 
a retrofit – a US$ 400 billion market (Pike Research 2009). 
For new commercial construction and new residential 

11. The analysis by Houser (2009) uses a different approach to estimating 
the costs of achieving the emissions reduction of 8.2 Gt/year, which 
corresponds to the earlier estimated necessary reduction from IEA (2008) 
– see footnote 8 above. Houser’s estimates use data and an investment 
cost model developed by WBCSD (2009) and notes various explanations for 
the higher cost estimates, including the assumptions on the cost of solar 
photovoltaic technology, as well as future projections of energy prices.

Box 1: Life cycle cost for a commercial office in a tropical climate12

In the example, a 100,000 m2 commercial building 
is being designed for the tropics. Based on the 
building programme typically employed by the 
owner, there are several green technologies that 
can be added to the baseline cost to improve overall 
building performance. The new technology either 
costs more than the baseline technology it replaces, 
or it adds a new technology and additional cost. The 
technology investment is being considered because 
it produces higher performance and yields savings 
over the baseline technology. By expressing the 
savings as positive cash flow, and showing the total 
accumulated savings (net present value, NPV) over 
the life of the technology, it can be shown that the 
overall investment (added cost plus accumulated 
savings) pays off over time. 

In this example, the building is a centre of commerce 
and the occupants will be wearing Western business 
attire, so air conditioning was considered necessary. 
Given this high cooling load, technologies that 
could mitigate solar gain and meet the load more 
efficiently were considered. These include window 
film, exterior shading, a wider comfort band on the 
thermostats, demand control for ventilation and wall 
insulation. Three envelope packages are compared 
to a building built to the local standard practice 
construction methods. The costs of the features 
were estimated using standard construction pricing 
techniques. Energy savings were estimated using 
energy simulation software. The blue line shows 
the Minimal Impact package (window film and 
optimised wall insulation), which is the cheapest 
technology to implement. The dark window film 
in this package, however, offsets potential daylight 
savings and does not provide much benefit over its 
useful life (as shown by the flat slope of the blue 
line). The Medium and High Performance scenarios 
have higher first costs, which are offset by higher 

energy savings over the life of the building. The 
steep purple slope of the High Performance package 
(including exterior window shading and demand 
control ventilation) means that the owner will see 
a large reduction in the total cost of ownership over 
the life of the building – almost US$ 800k for the 
period of the analysis shown.

Similar studies analysing the trade-offs between 
building components have shown that there 
can even be a net initial cost saving for green 
measures. An assessment of the TCO for a Passive 
House concluded that the integrated design could 
immediately provide net initial cost savings because 
the incorporation of higher insulation levels 
eliminates the need for a traditional heating system 
(Laustsen 2008). 

Minimal impact

Medium performance

High performance

Time (years)

N
PV

 (U
S$

)

1 6 11 16 21

1,000,000

800,000

600,000

400,000

200,000

-

(200,000)

(400,000)

(600,000)

12. Simulations and text contributed to this chapter by Tom Paladino.
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construction, an estimated 10-12 per cent and 6-10 per 
cent is green, representing a US$ 24-29 billion and US$ 
12-20 billion market, respectively. By 2013, the green 
commercial construction market is expected to grow 
to US$ 56-70 billion annually and the green residential 
market is expected to grow to US$ 40-70 billion (McGraw 
Hill 2009). 

Although impressive, this market-driven change is 
not sufficient to meet the US$ 209 billion average 
annual investment required in the USA alone to reduce  
the building sector’s carbon footprint in line with the 
IEA’s projected low-carbon pathway (Houser 2009). 
Increasing investment in green buildings will require 
policies, and smart policy design requires an accurate 
appraisal of the costs and benefits of green building 
investments.

3 2 Measuring the costs and benefits

A correct evaluation of green building economics 
requires a Total Cost of Ownership (TCO) approach, 
where the differences in upfront investment costs 
(known as first costs) are considered alongside long-term 
costs and benefits. While certain green buildings may 
cost more to construct than a conventional alternative, 
the first cost premium may be recouped through lower 
energy bills, avoided climate change impacts, improved 
public health or increases in worker productivity. Box 
1 describes the economic benefits of green buildings 
technologies and how these can offset their investment 
costs over time.

Looking only at the cost differential between 
constructing green and conventional buildings, a 
recent study by Greg Kats (2010) suggests that cost 
premiums are considerably lower than generally 
perceived. Data from 170 green buildings in the 
USA showed that they cost on average only 1.5 per 
cent more than conventional buildings, while public 
perception of the average additional costs of going 
green were 17 per cent. Per square metre the green 
premium ranged from US$ 0/m² to US$ 764.2/m² 
with a median of US$ 36.6/m².13 While Kats found the 
premium to be often greater for buildings achieving 
higher green standards, these same high standards 
were in many cases achieved with minimal or zero 
additional cost. This suggests that the green-cost 
premium depends to a great extent on the skill of the 
designers and builders, rather than on the level of 
greenness per se. The study also indicated that green 
retrofits have a slightly higher average green premium 
than new construction. 

13. Original text indicates per square foot a green premium ranging from 
US$ 0/sf to US$ 71/sqf with a median of US$ 3.40/sqf.

Comparative efficiency by sector and region
The economic benefit of green building investment is 
backed up by low or even negative costs of greening the 
building sector. One study estimates that 3.5 gigatons of 
CO2 emissions could be reduced through investment in 
green buildings by 2030 at an average abatement cost of 

-US$ 35 per tonne.14 This compares with -US$ 10 per tonne 
in transportation, US$ 17 per tonne in steel production 
or US$ 20 per tonne in the power sector (McKinsey 2009). 
Going beyond 2030, the Peterson Institute study Houser 
(2009) found that achieving the 8.2 Gt (i.e. aiming at 450 
ppm) of emission reductions from the building sector 
by 2050 would cost US$ 25 per tonne, but it would still 
be among the cheapest sources of abatement. Failure 
to transform the building sector and reliance on more 
costly emission reductions from the transport, power 
and industrial sectors would increase the economic cost 
of combating climate change by at least US$ 500 billion 
per year globally between 2010 and 2050. 

Boxes 2 (China) and 3 (US) show the challenge of 
weighing short- and longer-term costs and benefits, as 
well as the tendency for growing energy consumption 
to undermine efficiency gains in commercial and 
residential buildings. Box 2 presents a case study 
of residential construction in China and illustrates 
the energy savings from design and management 
interventions. From this and other studies, it is clear that 
green buildings have a significant economic return on 
investment, and should occupy centre stage for long-
term policies that aim to change patterns of production 
and consumption behaviour.

Although a wealth of energy efficiency measures and 
their attendant carbon emission reductions come at zero 
or even negative cost, policy intervention is needed to 
transform the global building stock in line with what the 
IEA sees as necessary to put the world on a low-carbon 
pathway. They also show the need for approaches that are 
regionally specific to reflect local building industry and 
local economic realities, mindful that the urban challenge 
in green building shows many similarities across regions. 

An example of new policy and regulatory intervention 
comes from the EU’s Energy Performance of Buildings 
Directive15 (EPBD), which has generated debate about 
time frames for meeting requirements, the level of 
harmonisation across countries and the possible 
administrative burden imposed (e.g. compulsory 

14. The reduction of 3.5 Gt of CO2 emissions from buildings through 
increased energy efficiency is part of a larger emission reduction of 38 Gt in 
11 sectors, which aims to bring CO2 emissions close to the 450 ppm target 
by 2030.

15. The EPDB directive combines regulatory (energy performance 
requirements) and information-based (certification and inspection) 
measures and provides a holistic approach to emissions reduction, which 
encompasses the energy needs for space and water heating, cooling, 
ventilation and lighting.
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Box 2: Residential construction in China

In China, the demand for multi-family dwellings 
will continue to grow rapidly owing to rural-urban 
migration and rising incomes. Between 2010 and 
2050, the World Business Council on Sustainable 
Development (WBCSD) estimates electricity demand 
in multi-family buildings will increase by 200 per 
cent for lighting and 325 per cent for appliances. 
Current building practices are characterised by 
poorly designed and insulated building envelopes 
and inefficient heating systems, while energy for 
heating is priced at a fixed rate irrespective of 
consumption. Analysis by WBCSD (2009) looks at 
the impact of improving the efficiency of typical 
blocks of multi-family buildings in China (a six-story 
building containing 36 apartments) over a 45-year 
period spanning 2005-2050.

The table shows the impact of a 76 per cent 
improvement in building energy efficiency through 
a series of design and management interventions, 
including a better-designed and insulated building 
envelope, apartment-level temperature controls 
and electricity sub-metering. If replicated at a 
national level across China, these steps could lead 
to a total saving of about 225 billion kWh per year, 
or US$ 12 billion per year at current electricity 
prices. However, although substantial building 
energy savings are achieved, the growth in national 
building stock in China will outpace the efficiency 
improvements, resulting in a net increase of 305 
billion kWh per year in energy demand over the 
given time period. 
Source: WBCSD (2009)

Multi-family new building construction in China

Base case Green development Difference savings (or costs)
 Growth in energy use 2005-2050 ~ 530 billion kWh/yr ~ 305 billion kWh/yr ~ 225 billion kWh/yr

Incremental cost per year NA ~ US$ 12 billion (~ US$ 12 billion)

Space heat energy savings NA 76% 76%

Value of energy savings per year NA About equal to costs on annual basis ~ US$ 12 billion

inspections by accredited experts). An impact assessment 
was recently conducted of the directive, which came 
into force in 2002 (Haydock and Arbon 2009). The study 
concluded that a reduction of 5-6 per cent of the EU’s 
final energy demand, with 60-80 Mt of energy savings 
per year, was possible. This accsounts for 4-5 per cent of 
the EU’s CO2 emissions. It showed that savings of 160-
210 Mt CO2/year can be achieved by 2020, along with the 
creation of 280,000-450,000 new jobs. This confirms that 
greening costs are low compared with the mid- to long-
term benefits. Moreover, abolishing the EPBD’s current 
1,000 m2 compliance threshold could yield an additional 
€ 25 billion energy cost savings per year by 2020 at an 
additional capital investment cost of € 8 billion per year – 
an overall negative CO2 abatement cost (EC 2008).

3 3 Economic, environmental and 
social impacts

Energy benefits
The primary benefit of green buildings is the reduction 
in tenant energy costs through improved energy 

efficiency. McKinsey estimates that in the United States 
of America, US$ 229 billion of investment in residential 
energy efficiency between 2009 and 2020 would yield 
US$ 395 billion in energy cost savings and reduce overall 
residential energy demand by 28 per cent. In commercial 
buildings, US$ 125 billion in investment would reduce 
energy demand by 29 per cent and yield energy cost 
savings of US$ 290 billion (Granade et al. 2009). In 
developing countries, the firm estimates that US$ 90 
billion in energy efficiency investment would reduce 
energy expenditure by US$ 600 billion (McKinsey 2010).

In its 2009 World Energy Outlook, the IEA estimated that 
US$ 2.5 trillion additional investment in green buildings 
globally between 2010 and 2030 would yield US$ 5 
trillion (undiscounted) in energy savings over the life of 
the investment. A study by the World Business Council on 
Sustainable Development (WBCSD) found the potential 
for US$ 150 billion a year of green building investment in 
the USA, EU, Japan, China, India and Brazil where energy 
cost savings would pay back the additional upfront 
investment in less than five years. An additional US$ 
150 billion a year of investment would pay back within 
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Box 3: Retrofitting existing office buildings in the USA17 

The market size of existing office retrofit building 
stock in the USA is about 12.2 billion square feet (EIA 
2003) while the median age of US office buildings in 
1995 was 23.5 years. Office buildings consume the 
most energy of all building types, with an energy-
use intensity of 97,200 Btu per square foot (EIA 1998). 
Over the next four years alone, the US retrofit market 
for non-residential buildings is projected to grow from 
US$ 2.1-3.7 billion in 2010 to US$ 10.1-15.1 billion by 
2014 (McGraw Hill 2009). Energy savings of 10 per 
cent can be achieved with an investment of less than 
US$ 1 per square foot. To achieve a more aggressive 
target of 40 per cent, an investment of US$ 10- 30 per 
square foot is required (Pike Research 2009).

The table shows it is easy to justify the investment 
because the 10 per cent energy savings alone show 
a positive NPV of US$ 210 million after a 15-year life 
of the retrofit measures. This increases to US$ 2.81 
billion savings if a 1 per cent productivity increase is 
assumed. However, for the more aggressive scenario 
of 40 per cent energy savings, the NPV is negative 
after 15 years unless productivity increases are 
taken into account. While this case study confirms 
the benefits of investing in green building retrofits, 
it also sets out the complexities associated with 
significant capital outlays, which cannot be easily 
translated into short-term gains. 
Source: WBCSD (2009)

US commercial buildings 10% energy savings 40% energy savings

Existing commercial building area (EIA 2003) 72 billion sq.ft. 72 billion sq.ft.

Existing office-building area (EIA 2003) 12.2 billion sq.ft. 12.2 billion sq.ft.

Number of office buildings (EIA 2003) 824,000 824,000

Office energy use/sq.ft. (EIA 1998) 97.2 kBtu/sq.ft./yr 97.2 kBtu/sq.ft./yr

Assumed office-space retrofit per year 100 million 100 million

Assumed energy savings (%) 10% 40%

Assumed energy savings (converted to kWhr) 2.85 kWhr/sq.ft./yr 11.4 kWhr/sq.ft./yr

Total value of energy savings (at US$ 0.105/kWhr) US$ 29,925,000 US$ 119,700,000

Assumed cost of retrofit (Pike Research 2009) US$ 1/sq.ft. US$ 25/sq.ft.

Total cost of retrofit US$ 100 million US$ 2.5 billion

Assumed productivity increase 1% US$ 2.5/sqft/yr US$ 2.5/sqft/yr

Total value of productivity US$ 250 million US$ 250 million

Assumed discount rate 5% 5%

Assumed life of retrofit measures 15 years 15 years

Net present value (direct energy benefits) US$ 210 million US$ 1.26 billion

Net present value (direct energy + indirect productivity benefits) US$ 2.81 billion US$ 1.34 billion

5-10 year (WBCSD 2009). The average payback time from 
energy savings for the green buildings analysed by Kats 
was six years, while over 20 years financial gains from 
reduced energy costs exceed the green premium by a 
factor of four to six – US$ 43.1 to US$ 172.2 per square 
metre (Kats 2010).16 

But the opportunity for energy saving in buildings is not 
equally distributed at the global level. A recent UNFCCC 
study, illustrated in Figure 4, shows that in developing 
Asia (including India and China) there is a significant 

difference between current emissions and projected 
mitigated emissions, reflecting the accelerated 
economic growth of these nations and their subsequent 
need for energy. In contrast, the study shows that OECD 
countries can mitigate emissions by 2030 to levels as 
low as those seen in 2000, confirming that advanced 
economies have the potential to make major strides in 
reducing energy demand in critical sectors such as the 
building industry.

16. Original text indicates green premium of US$ 4 to US$ 16 per square 
foot.

17. This example from the USA is referring to square foot. In the table the 
existing commercial building area corresponds to an area of 6.7 billion sq.m, 
with an office energy use of 1.1 million Btu/sq.m./yr, assumed energy savings 
of 30.7 kWhr/sq.m./yr (10%) and 122.7 kWhr/sq.m./yr (40%), assumed cost 
of retrofit of US$ 10.8/sq.m. (10%) and US$ 269.1/sq.m (40%), and assumed 
gains from a productivity increase of 1 per cent of US$ 26.9/sq.m/yr.
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Water benefits
The water efficiency of green buildings translates 
into cost savings for the supply of potable water. A 
variety of water-efficiency strategies is being pursued 
particularly by countries facing water stress and water 
scarcity. In India, innovation in indigenous and green 
building approaches include rainwater harvesting 
with segregation of surface and roof-top run-off, the 
use of pervious paving to maximise groundwater 
recharge, as well as the introduction of waterless urinals 
(UNEP SBCI 2010a). In Mexico, a Green Mortgages 
programme of the public fund, INFONAVIT, provides 
credit for water and energy-conservation measures, 
including the introduction of solar water heating and 
low-flow showers (UNEP SBCI 2009b). In New South 
Wales, Australia, the government-owned land and 
property developer, Landcom, has defined principles 
such as water sensitive design, which have to be met 
by suppliers. It has promoted building-sustainability 
indicators, introduced by state regulation and requiring 
40 per cent improvement in GHG emissions and water 
management in all new housing (Martinez-Fernandez 
et al. 2010). In Melbourne, City Council House II has 
achieved a 72 per cent reduction in mains water usage 
through a combination of water efficiency, rainwater 
harvesting, water recycling and sewer mining (von 
Weizsäcker et al. 2009).

Further, demand-side management of household 
water-use covers appliances used for toilets, urinals, 
showerheads, taps, washing machines and dishwashers. 
Using water efficient appliances in the home can result 

in significant water savings. For example, modern water 
efficient dishwashers and toilets can use as much as a 
50 per cent less water than less efficient older models or 
even 100 per cent less in the case of waterless toilets and 
urinals (Waterwise 2011a and 2011b).

According to Kats (2010), the net present value of 20 
years of water savings in a typical green building in the 
USA range from US$ 5.4 to US$ 21.5 per square metre.18 
He further suggests that these direct savings in green 
buildings outweigh the initial costs of water-efficiency 
strategies such as rainwater harvesting, waterless  
urinals and the use of grey water for all building types. 
A specific example is provided in Box 4. Reducing hot-
water usage also brings benefits by reducing water and 
energy costs for households, businesses, institutions 
and water utilities.

Waste and material benefits
The building sector can be called the industry of “thirds”: 
over a third of all CO2 emissions come from building 
construction and operations, over a third of all energy and 
material resources is used to build and operate buildings, 
and over a third of total waste results from construction 
and demolition activities. Considering efficiency in 
use of land and materials, green building presents an 
opportunity to address growing scarcity issues that 
many societies face owing to the unsustainable use of 
ecosystem services. It also presents an opportunity to 
address other environmental and health problems such 

18. Original text indicates a range from US$ 0.50 to US$ 2 per square foot.
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as noise pollution, chemical pollution and hazardous 
waste issues such as asbestos and lead content in paint 
(UNEP SBCI 2010b). 

Avoiding waste, in addition to minimising energy and 
water consumption over a building’s life-cycle, is crucial 
to the sustainable performance of buildings. Life-cycle 
management brings a cradle-to-cradle perspective, 
covering a building value chain that includes the 
manufacturing of material supplies, the construction 
process, building operation and maintenance as well as 
the disposal, recycling, or reuse of building, operations, 
construction, and demolition waste. 

Buildings consume great quantities of materials, energy 
and other resources, the root of which start with planning 
and design and reach all the way to eventual demolition. 
The consumption of these resources can have significant 
environmental impacts at global and local levels. 
Ensuring that undesirable impacts are minimised, 
architects and design professionals play a major role in 
energy conservation and responsible resource usage. 
Research into the energy consumption of buildings 
today is directed towards analysis of operational energy 
(during use phase) as well as the energy embodied 
within the fabric of the building, energy needed to 
extract and process raw material into finished building 
components, as well as energy used in the construction 
of the building. As operational energy consumption is 
improved, embodied energy becomes proportionally 
more significant. The embodied energy of a building’s 
materials is one measure of its ecological impact and 
use of ecosystem services, which raises questions about 
the acquisition of raw and processed materials. 

Measuring the embodied energy of building material 
components, or the building as a whole, presents an 
enormous challenge unless information is systematically 
collected from the design stage to the completing of 
construction and is made available by all manufacturers 
involved. 

In order to reduce the building impact and fulfill a 
complete life-cycle of building and material construction 
analysis, it is necessary to establish low-impact criteria 
during the design process; construction, operation/
maintenance and disposal/recycling. The following 
criteria can be considered: raw material availability; 
land and water availability; minimal environmental 
impact; embodied energy efficiency (production and 
process energy requirements); transportation; product 
lifespan; ease of maintenance; potential for product 
re-use; and material durability and recyclability. In 
order to analyzse the environmental impact of the 
materials according to their entire life-cycle, building 
materials are divided in three groups: organic, ceramic 
and metallic. Organic building materials include 

timber. Ceramic building materials are the inorganic, 
non-metallic ones, primarily consisting of concrete 
and masonry products as well as glass. The metallic 
building materials include steel, aluminum, copper and 
lead. These are all natural resources. Issues also arise 
from the increasing use of synthetic materials such as 
plastics, which tend to be complex materials that pose 
difficult problems for recycling and reuse. Reducing the 
number of material components in products as well 
as separating natural from synthetic material allows 
higher rates of recyclability and reuse (McDonough 
and Braungart 2002).

Comparative analysis of materials using the above-
listed criteria (Lawson 1996) shows that, by example, 
sustainably-sourced wood is one of the best options 
for ensuring low embodied energy and a minimal 
environmental impact. While metallic materials have 
the highest embodied energy, they also perform well 
in terms of their lifespan, maintenance, reuse and 
recyclability. Lawson’s study, carried out in Australia, 
reported that 95 per cent of embodied energy that 
would otherwise go to waste can be saved by the reuse 
of building materials. Savings range from 95 per cent for 
aluminium to only 20 per cent for glass. 

The recycling of building materials is a relatively new 
concept and has only been assessed in a few studies. 
In a study carried out in Sweden, two cases were 
compared: (a) a building with a large proportion of 
re-used materials and components, and (b) the same 

Box 4: Water savings in a 
4-person single house 

Water use in a standard 4-person single-family 
detached house can be reduced by 57 per cent 
(from 500 litres to 218 litres per day) by installing 
more efficient devices in place of conventional 
toilets, showerheads, taps, dishwashers, 
washing machines etc. (van Wyk 2009). Water-
efficient appliances such as rainwater harvesting 
systems and systems for re-using grey water 
require additional investment costs, but most 
cost-saving effects relate to saved potable water. 
These are determined by the average cost of 
potable water. In the case of a 4-person single-
family household, setting a high price for water 
(US$ 1.91 per m3, as in Germany) will result in a 
saving of about US$ 202 per year, whereas with 
a lower price of US$ 0.40 per m3 (as in Canada) 
the saving will be about US$ 42 per year .
UNESCO (2001)
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building for which new materials and components 
were used. The results showed that the environmental 
impacts caused by reused materials are at 55 per cent 
of the impact caused if all materials had been new 
(Thormark 2000 and 2006). Other studies show that 
by using recycled materials between 12 per cent and 
40 per cent of the energy used for material production 
could be saved. Reasons for the mixed results between 
studies include differences in recycling rates and the 
material composition in buildings. 

Although recycling building materials requires energy 
consumption, studies show that recycling materials 
still delivers net emissions savings. Following a life-
cycle approach (Sára 2001), compared CO2 emissions 
from produced recycled clay/gravel with and without 
selective dismantling and classification. The research 
indicates that CO2 emissions were reduced from 107.7 
kg to 6 kg per tonne of recycled clay/gravel produced. 
Recycling rates of specific materials that are significant 
in construction and demolition waste streams can be 
significant indicators of sustainability. In developing 
societies, recycled building components are often 
cheaper and of higher quality than conventional 
materials, providing benefits to the urban poor (UNEP 
SBCI 2010a).

Productivity and health benefits
Green buildings provide benefits beyond environmental 
advantages at a low or negative cost. These include 
improved worker productivity and work quality 
resulting from a more comfortable office environment 
as well as improved public health resulting from 
reduced indoor air pollution (after replacing biomass 
with electricity or clean burn biomass in developing 
countries), reduced noise pollution and reduced overall 
air pollution (owing to reduced use of fossil fuels in 
developed countries and emerging markets).

These benefits can rival, if not supersede, the energy 
cost and climate benefits outlined above. For example, a 
recent study for the US Green Building Council estimated 
that greening an average US commercial office building 
saves US$ 5.6 per square metre per year in energy 
costs (Booz Allen Hamilton 2009).19 While significant in 
absolute terms, energy costs for most businesses pale 
in comparison to labour costs, particularly in developed 
countries. Even a 1 per cent increase in productivity 
resulting from investment in green buildings yields 
a labour-cost saving several times higher than the 
energy-cost savings noted above. Results from a series 
of research studies on the effects of environmental 
conditions within workplaces show that productivity 
savings can be significantly greater than 1 per cent:

 ■ Indoor air quality: 6-9 per cent productivity gain 
(Wyon 2004);

 ■ Natural ventilation: 3-18 per cent productivity gain 
(NSF/IUCRC 2004);

 ■ Local thermal control: 3.5-37 per cent productivity 
gain (Loftness et al. 2003);

 ■ Daylighting: 3-40 per cent productivity and sales gain 
(Loftness et al. 2003); and

 ■ Rent premium: up to a 36 per cent increase (Baker et 
al. 2008).

Increased day lighting, views and contact with nature 
have also been linked to positive health and productivity 
impacts beyond commercial workplaces, for example, 
in hospitals and schools. Enhanced environments 
within school buildings are linked to improved student 
performance (Aumann et al. 2004) and those in hospitals 
have been associated with faster patient recovery 
(Ulrich 1984). Of 13 studies linking improved access to 
the natural environment with gains in individual and 
organisational productivity, seven identified 3-18 per 
cent increases in individual productivity (including 
student test results) and 40 per cent increases in sales 
(an organisational productivity measure) as a result of 
the introduction of daylight to workplaces (Loftness  
et al. 2003). 

One of the earliest and most widely-cited studies 
on economies from green buildings documented 
33 commercial buildings with green certification in 
California (Kats 2003). The report found an average 
green-building cost premium of US$ 32.3-53.8 per 
square metre.20 The total benefits of the investment 
are highlighted in Table 4, which measured net-
present value (NPV) over a 20-year period, showing net 
benefits of between US$ 516.7-721.2 per square metre, 
depending on level of certification.21

In developing countries, the health benefits of 
investment in the green buildings, specifically in 
technologies and appliances for heating and cooking, 
are directly contributing to improved human well-being. 
Indoor pollution is a major cause of serious illness and 
premature death in developing countries. Greening the 
building sector, in this context, is expected to derive 
its main benefits from reducing indoor pollution and 
improving the health of the poor, particularly women 
and children. Studies conducted by Ezzati and Kammen 
(2002) showed that the cost-effectiveness of measures 

19. Original text indicates saving of US$ 0.52 per square foot per year in 
energy costs.

20. Original text indicates an average green-building cost premium of US$ 
3-5 per square foot.

21. Original text indicates net benefits of between US$ 48-67 per square foot.
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such as distributing cooking stoves was superior to 
many public-health programmes around the world.

Analysis of low- and middle-income countries for 
the WHO has shown that by 2015, the availability of 
improved stoves to half of those who in 2005 were still 
burning biomass fuels and coal on traditional stoves 

“would result in a negative intervention cost of US$ 34 
billion a year and generate a return of US$ 105 billion 
per year” (Hutton et al. 2006). The study concludes 
that “economic benefits include reduced health-related 
expenditure as a result of less illness, the value of 
assumed productivity gains resulting from less illness 
and fewer deaths and time savings due to the shorter 
time spent on fuel collection and cooking.” A potential 
global demand for 0.61 billion LPG stoves or electrical 
hot plates by 2030 to replace open-fire biomass fuel for 
cooking augurs well for job opportunities in areas such 
as sales, transport, maintenance and manufacturing 
(Keivani et al. 2010).

Benefits in employment 
The construction sector (including buildings) accounts 
for 5-10 per cent of employment at the national level, 
amounting to over 111 million people directly employed 
worldwide (UNEP SBCI 2007a; ILO 2001). Three-quarters 
of construction jobs are in developing countries and 90 
per cent in firms of less than 10 employees or micro firms 
(Keivani et al. 2010). The real figure is likely to be much higher, 
as many construction workers are informally employed 
and therefore not accounted for in official statistics. 

Greening the global building stock will impact global 
employment through job creation, job substitution, job 
elimination and job transformation. There are many 
channels through which green buildings generate 
employment including: the new construction and 
retrofitting of buildings, increased production of green 
materials, products, appliances and components, 
employment through energy-efficient operations and 
maintenance, the expansion of renewable energy 
sources and generation mix, and tangential activities 
such as recycling and waste management. 

Several studies estimate the number of jobs created as 
a result of different types of green building investment. 
Before reporting the evidence, it is important to 
mention two key aspects of these studies. Firstly, new 
jobs created as a result of green investments are not 
necessarily green jobs. According to ILO definitions, to 
be considered green, jobs must meet as well the criteria 
of decent work. Some indicators in the building sector 
point to serious shortfalls in decent work. Box 5 discusses 
this issue in more detail. 

Secondly, case studies often report the gross impact of 
investment on the labour market. Yet an accurate labour-

market assessment also requires evaluating the net effects. 
A number of jobs will be lost when investment is redirected 
to green buildings, when green materials replace brown 
materials, and so on. In practice, substitution, budget and 
external effects are not easily quantifiable.

Considering research on new construction, Booz Allen 
and Hamilton (2009) estimated that in the US green-
building construction supported over 2.4 million jobs 
between 2000 and 2008 and these are projected to 
grow to up to 7.9 million between 2009 and 2013. 
Another study on the green building industry in Brazil 
shows that jobs related to greening the construction, 
commercialisation, maintenance and use of buildings 
grew from 6.3 per cent of the total number of formal 
jobs in 2006 to 7.3 per cent in 2008 (ILO 2009).

In terms of retrofitting activities, it is generally accepted 
that every US$ 1 million invested in building-efficiency 
retrofits would create 10-14 direct jobs and 3-4 indirect 
jobs. Using a value of 12.5 jobs per US$ million invested, 
a recent report (Hendricks et al. 2009) calculated the 
jobs that could be created if 40 per cent of US building 
stock – 50 million buildings – is renovated by 2020 with 
an average investment of US$ 10,000 per retrofit. This 
would result in a US$ 500 billion market, which would 
lead to 6,250,000 jobs over ten years. Table 5 further 
illustrates how the economy might benefit from a US$ 
1 million investment in green buildings and how this 
would generate a net gain of 16.4 job-years over 20 years.

Important additional employment opportunities are 
also generated from the design of environmentally- 

22. Original text presents the figures in US$ per sq.ft: $ 5.79 of energy value; $ 
1.18 of emissions value; $ 0.51 of water value; $ 0.03 of water value (construction 
only) for a year; $ 8.47 of commissioning O&M value; $ 36.89 of productivity and 
health value (certified and silver); $ 55.33 of productivity and health value (gold 
and platinum); $ 4.00 of less green cost premium; $ 48.87 of total 20-year NPV 
(certified and silver); $ 67.31 of total 20-year NPV (gold and platinum).

Table 4: Financial benefits of green buildings  
(US$ per sq m)22

Source: Kats (2003)

Category 20-year NPV

 Energy value $ 62.3

Emissions value $ 12.7

Water value $ 5.5

Waste value (construction only) – 1 year $ 0.3

Commissioning O&M value $ 91.2

Productivity and health value (certified and silver) $ 397.1

Productivity and health value (gold and platinum) $ 595.6

Less green cost premium ($ 43.1)

Total 20-year NPV (certified and silver) $ 526

Total 20-year NPV (gold and platinum) $ 724.5
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sound materials, products and renewable energy. A 
study conducted by ADEME (2008) in France displays 
the number of jobs directly involved in carrying out 

insulation work of opaque walls, which involve interior 
insulation of the walls, ceilings and floors and the use 
of associated materials. In 2006 the industry accounted 
for 9,700 jobs related to these activities and 7,150 jobs 
related to the production and application of related 

Box 5: The social dimension of green buildings: implications for 
decent work and poverty reduction23

The building sector has high potential for pro-
poor economic growth through its high labour 
absorption capacity in developing countries. 
The sector employs a wide range of workers with 
different levels of education and has the ability to 
absorb the excluded (de Souza 2000). This has strong 
implications for income generation and poverty 
reduction. Take the example of the Johannesburg 
Housing Company project in South Africa (Keivani 
et al. 2010). This project involves the introduction of 
energy-efficient light bulbs and day-night sensors, 
solar energy systems for heating water and the 
insulation of boilers. It provides jobs for over 1,000 
contractors in maintenance, cleaning and security 
services and even more in specialised functions such 
as plumbing and electrical services. The Watergy 
Soweto project for the rehabilitation of plumbing 
fixtures has provided 1,500 temporary jobs. 

Despite this potential, workers of the construction 
industry are often subject to poor working 
conditions. High informality, low wages, instability, 
gender discrimination, frequent accidents and 
occupational diseases characterise the working 
conditions of a large share of workers in the building 
sector around the world, especially in developing 
economies where construction work is more 
precarious and less formalised. 

Where the employment relationship of contractors, 
subcontractors and workers is casual or informal, 
workers’ rights are often unclear and they enjoy 
less protection from the law than those directly 
employed. In recent years it has become the norm 
for workers to be employed on a short-term basis, 
and instability of work is one of the major problems 
facing the building industry. 

Construction is also one of the most dangerous 
occupations. Workers in this sector are 3-4 times 
more likely than other workers to die from accidents 
at work. Many others suffer and die from diseases 
arising from exposure to dangerous substances at 
the workplace, such as asbestos. In regard to social 

protection, there is evidence that many employers 
do not pay into social security funds for workers who 
are on temporary contracts, depriving them from 
health care, holiday pay, and compensation owing 
to unemployment, ill health, accidents or old age.

For a long time the ongoing dialogue with employers 
as well as the government has been a successful 
approach for workers to collectively negotiate better 
wages and working conditions. However, nowadays 
a large workforce of temporary, casual, informal and 
unemployed workers find it very difficult to organise 
themselves to engage in such dialogue. The greening 
of buildings may provide a new opportunity for social 
dialogue. Many employers and government authorities 
have shown enthusiasm for green construction. 
This may open a new door to dialogue with workers 
on labour issues in the context of greening of the 
industry, involving workers in green management, 
resource efficiency and safety improvements. 

In the area of working conditions, greening the 
building sector will have an impact on health and 
safety. Green construction is however not safer per 
se, as is shown in research by the American Society 
of Civil Engineers. With data collected through a 
structured questionnaire survey, the study tested 
the presence of a difference in Occupational Safety 
and Health Administration (OSHA) recordable 
incident rates (RIRs) and lost time case rates (LTCRs) 
between green and non-green projects. There 
was suggestive, but inconclusive evidence of a 
statistically significant difference in the RIRs of the 
green and non-green building projects that were 
examined. Also, no statistically significant difference 
was found between the respective LTCRs. 

These considerations provide further cause to turn 
the role of labour inspectors to one of education 
and prevention, as opposed to mere inspection and 
prosecution. The greening of the industry brings the 
opportunity to create synergies between inspection 
about the environmental and the health & safety 
components of construction.

23. This Box was prepared based on contributions from ILO to this chapter.
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Table 5: Twenty-year net economic impact of a US$ 1 million investment in green building improvements: 
Illustrative examples 
Source: Kats (2010)

Spending category Impact Amount (millions) Job multiplier Job impact  
(job years)

Construction Green premium increases construction spending $ 1.0 12 12.00

Consumer Spending Because of the green premium, consumers spend less in the short term $ -0.6 11 -6.60

Consumer savings Because of the energy savings, consumers spend more in the long term $ 1.0 11 11.00

Lost utility revenues Utility revenues decrease because of energy savings $ -0.8 3 -2.40

Loan intrest Intrest paid to banks on construction loans $ 0.3 8 2.40

Net-job years: 20 year total 16.40

materials. The figures are projected to grow to 21,000 
and 15,000 respectively by 2012. The same study 
concludes that roof insulation activities accounted for 
3,050 direct jobs in 2006, expected to double by 2012.

The use of green appliances and components has 
high job creation potential as well. Research by the 
U.S. Department of Energy estimates that adopting 
standards for washing machines, water heaters, and 
fluorescent lamps alone would create 120,000 jobs in 
the USA by 2020. In India the introduction of a single 
appliance, fuel-efficient bio-mass cooking stove to 
replace the traditional stoves in 9 million households 
could produce 150,000 jobs in addition to the health 
benefits (UNEP, ILO, IOE, ITUC 2008).

Green investment associated with recent government 
stimulus packages has boosted investment in green 
buildings. An estimated 13 per cent of Germany’s overall 
stimulus package (around US$ 105 billion) is expected 
to create 25,000 jobs in manufacturing and construction 
for retrofitting buildings (UNEP 2009a). Opportunities 
for training in retrofitting are also increasing as the lack 
of skilled and certified professionals is proving to be a 
significant barrier in the adoption of green buildings, 
especially in developing countries.

Focusing on existing residential and public-sector 
buildings, a recent study by Ürge-Vorsatz et al. (2010) 
investigated the net employment impacts of a large-
scale energy-efficiency renovation programme in 
Hungary. The study simulates five scenarios that are 
characterized by two factors: the type or depth of 
retrofits included in the programme and the speed of 
renovation assumed. The BAU scenario assumes no 
intervention and a renovation rate of 1.3 per cent of the 
total floor area per year. Conversely, the “Deep Retrofit, 
fast implementation rate” scenario assumes that 5.7 per 
cent of the total floor area will be renovated per year. This 
research demonstrates that a renovation programme 
of this scale could generate up to 131,000 net new 
jobs in the country, whereas a less ambitious scenario 
would see the creation of only about 43,000 new jobs. 

Under the “deep renovation” scenario, job creation is 
calculated to peak in 2015 with a massive new 184,000 
jobs, notwithstanding employment losses in the energy-
supply sector. It is important to highlight that close to 38 
per cent of these employment gains result from indirect 
effects on sectors supplying the construction sector, as 
well as from the higher spending power resulting from 
the previous rise in employment.

A number of studies have demonstrated that 
investments in green buildings produce more jobs than 
they replace in the energy-supply industry. A study by 
Wei, Patadia and Kammen (2010) found that solar panels 
(often used in green buildings) create 0.87 job-years per 
gigawatt-hour (GWh) produced and energy-efficiency 
investments create 0.38 job-years per GWh saved. That 
is considerably higher than coal (0.11 job-years per 
GWh), natural gas (0.11 job-years per GWh), or nuclear 
power (0.11 job-years per GWh) create. A study by David 
Roland-Holst (2008) found that between 1976 and 2006, 
energy-efficiency improvements in California created 
1.5 million jobs, net of the jobs lost in energy-producing 
industries. Nevertheless, the ILO (CEDEFOP 2010) has 
reported job losses in the cement industry associated 
with employment shifts to other industries, which 
underline the need for retraining and upgrading skills.

The studies referenced here confirm the potential for job 
creation in the building construction sector. If the huge 
demand for new buildings (social housing, hospitals, 
schools, etc.) that exists in developing countries is to 
be considered, the potential is much higher. Further, 
programmes for greening the sector will provide an 
opportunity to address informal production and ensure 
creating green and decent jobs, engaging and updating 
the skills of both the formal and informal sector 
workforce. On the other hand, most of the studies do 
not net out the jobs lost from redirecting investment 
into green buildings that would have otherwise been 
invested elsewhere in the economy. Also there is a 
range of barriers, which hamper the employment-
generating potential of construction investment being 
fully realised. 
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Removing these barriers, for example through the 
application of appropriate policy instruments, will 
increase overall economic output and net employment 
by increasing average returns to capital economy-
wide. Policy interventions (more below) also need to 
address constraints in the planning and procurement 
of construction projects, and the lack of capacity in the 
local industry.

3 4 Investment scenarios for increased 
energy efficiency in buildings

A comprehensive analysis of investment in greening 
the building sector would investigate the effects from 
implementing the range of measures discussed above 
including new building and construction methods 
and design as well as retrofitting existing buildings. 
Conducting such analysis is, however, limited by a lack 
of global data particularly on the building stock and its 
evolution in recent years.

The modelling of green investment scenarios in this 
report includes an analysis of the effect from increased 
energy efficiency in buildings.24 This analysis is feasible 
using existing data on energy supplied to the building 
sector. Although investment in energy efficiency is only 
part of a range of investment needed to shift to green 
buildings, it is a major component.

The economy-wide model assumes 2 per cent of 
the global GDP to be allocated on a yearly basis as 
additional investment in 10 green sectors (G2) over the 
period 2011-2050. The results of this investment are 
then compared with those of a BAU scenario without 
additional investment, and a BAU2 scenario, in which 
the same additional amount is invested following the 
projected trends of BAU.25 Within this multi-sector 
model, the building sector is allocated 0.2 per cent of the 
global GDP to increase energy efficiency. Since model 
projections result in GDP growth (under all scenarios), 
this annual investment under G2 continues to rise: from 
US$ 134 billion in 2011 to US$ 389 billion in 2050 (with 
a yearly average of US$ 248 billion).26 These amounts are 
somewhat lower than but generally comparable in scale 
to the latest estimates from IEA and OECD (2010).27

The effectiveness of these investments in energy 
efficiency is simulated in the model by using the average 
emission-abatement costs estimated by IEA (2009a) for 
introducing the measures in the building sector. These 
rise from about US$ 18/unit/t CO2 in 2015 to US$ 58/
unit/t in 2030 and US$ 166/unit/t in 2050, reflecting the 
expectation that measures to reach further efficiency 
improvements will become more costly over time.

Under a BAU scenario, power demand from the building 
sector almost doubles from 9.4 million Gwh in 2010 to 17 
million Gwh in 2050 (Figure 5). The G2 results, in contrast, 
suggest the possibility of decoupling buildings’ power 
demand from economic growth. In the simulation, 
power consumption peaks at 10.9 million Gwh in the 
period 2025-2030, then drops slightly to 10.1 million 
Gwh by 2050 while GDP continues to grow in that period.

In terms of reduction in the intensity of buildings’ power 
demand per unit of GDP, the results of the simulation 
show that under G2, by 2020, the intensity will decline 
by 17 per cent over the baseline in 2010, compared 
with a reduction of 5 per cent under BAU. By 2030, the 

24. The modelling of green economy investment scenarios is presented in 
detail in a separate chapter.

25. In order to be conservative about projected reductions in emissions in 
the buildings sector, G2 results are compared here with BAU only. When G2 
results are compared with BAU2 results, the extent of emission reductions 
would be more significant because BAU2 projects higher growth in 
emissions than BAU.

26. All monetary figures are in constant US$ with base year 2010. 

27. As seen below, the somewhat lower investment amounts modelled 
here also lead to lower emissions reductions than in IEA (2010), although 
as explained, part of the emissions reduction in the G2 scenario owes 
to investment in renewable energy, which is not included in the costs 
presented for investment in energy efficiency.
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Figure 5: Total power demand per year in  buildings 
sector 2010–2050
Source: GER model simulations

Figure 6 : Total CO2 emissions per year in  buildings 
sector 2010–2050
Source: GER model simulations
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reduction in this intensity under G2 will be 36 per cent 
compared with 9 per cent in the BAU. In 2050, the G2 
scenario would deliver a 64 per cent reduction in the 
intensity of power demand relative to BAU.

Power demand, however, only accounts for 
approximately 30 per cent of energy use by all buildings 
in 2010 (21 per cent for residential buildings and 51 per 
cent for commercial buildings). Efficiency improvements 
in the use of other energy sources in buildings were not 
simulated, due to lack of data. In these partial results of 
the simulation, therefore, total energy use in the building 
sector, which is influenced in the model primarily by 
economic growth, continues to rise. It turns out that the 
increased energy use from non-power sources, such as 
fuel for heating, driven by additional economic growth 
in the green investment scenarios, approximately offsets 
the savings in power demand. Thus, total energy-use 
rises similarly under all scenarios. This is, in part, an 
example of the rebound effect (see Box 6). It should 
be emphasised, however, that improvements in the 
efficiency of energy use from non-power sources, which 
are not captured by the model and its simulations, 
should entail lower energy use under any potential 
green investment scenario. 

As mentioned, the green investment scenario modelled 
includes an integrated package of investments in 
multiple sectors, which affect each other, sometimes 
indirectly, through inter-sectoral linkages and economy-
wide effects. For this reason, the results in one sector, 
such as the buildings, need to be seen as a result of both 
direct effects from the specific investments in the sector, 
in this case energy-efficiency, as well as indirect effects, 
such as those that affect GDP growth.

The multi-sector G2 scenario also entails substantial 
investment in the supply of energy from renewable 
sources. In the G2 scenario, 0.5 per cent of GDP is 
committed to renewables with the aim of reaching 
the targets set in IEA’s Blue Map scenario (IEA 2008). 
Although total energy use in buildings may still continue 
to rise under any scenario due to continued economic 
growth, the level of emissions would be much lower due 
to the increased share of renewables.

The simulations (see Figure 6) reveal that by 2050 the 
green scenario leads to levels of emissions that are 4.7 
GtCO2 below the BAU and approximately 27 per cent 
lower than current emissions. In G2, the absolute level 
of CO2 emissions increases slightly during the first years 

Box 6: The rebound effect 

The phenomenon known as the “rebound effect” 
describes the limits to energy savings achievable 
by increasing the energy efficiency of a given 
technology. Financial savings incurred owing to 
greater efficiency may lead to increased use of the 
same product or to the consumption of other energy-
consuming goods and services. This highlights 
the Jevons paradox, where efficiency gains from 
a new technology are undermined by increase in 
consumption of the resource involved. Examples are 
leaving lights on because they are energy-saving 
bulbs and driving a more efficient car further or 
using the money saved on petrol to buy another 
car. It highlights the importance of accompanying 
new technologies with appropriate behavioural and 
institutional change. This rebound effect is widely 

recognised, but its estimated magnitude varies 
by activity, as shown by the following estimates 
(WBCSD 2007a):

 ■ Space heating: 10-30 per cent
 ■ Space cooling: 0-50 per cent
 ■ Lighting: 5-20 per cent
 ■ Water heating: 10-40 per cent
 ■ Automobile: 10-30 per cent.

The rebound effect has to be viewed differently in 
low-income countries, where consumption increases 
from a low status quo. Here energy efficiency can 
contribute to development as reduced expenditure 
on energy enables poor families to invest in other 
necessities of daily life.

Table 6: Emissions intensity in the GER model simulations

Scenarios Emission intensity – CO2 emissions per US$ GDP Carbon intensity – CO2 emissions per unit of energy consumption

Reduction between 2005 and 2050 Reduction relative to BAU in 2050 Reduction between 2005 and 2050 Reduction relative to BAU in 2050

BAU -45% - -3.2% -

G2 -76% -57.0% -45.0% -42.8%
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of the projection. In 2015, it drops back to the 2010 level, 
which represents a 5.5 per cent reduction compared 
with BAU. In 2050, worldwide CO2 emissions in the 
building sector are slightly below the level of 1990 and 
43 per cent lower than BAU. 

The most important result of these projections is that 
the green investment scenario for the building sector 
reaches substantial emission reductions compared with 
BAU, although the additional investment in the building 
sector and across the economy leads to an increase in 
GDP and energy demand. This shows the potential of the 
integrated investment package to reduce carbon intensity 
by decoupling economic growth from CO2 emissions.

Table 6 illustrates the general trend for emissions 
intensity relative to GDP in the building sector and 
the significant projected reduction of carbon intensity 
per unit of energy consumption resulting from the 
additional investment in greening the sector. The 
investments modelled in G2 result in a reduction of 
45 per cent of carbon intensity compared with 2005, 
reflecting the stabilisation of energy demand through 
enhanced energy efficiency.

When considering the enactment of a cap and trade 
mechanism with carbon prices aligned with the 2009 US 
domestic proposal (reaching US$ 77 per tonne of CO2 by 
2030 and US$ 221 by 2050, in constant US$ 2010), the 

reduction in emissions in the building sector as a result 
of the green investment scenario would translate to 
about US$ 330 billion per year on average between 2012 
and 2050. 

Finally, energy efficiency will have an impact on 
job creation and employment. Energy-efficiency 
investments are estimated to create 0.38 job-years per 
GWh saved (Wei et al. 2010). The GER model simulations 
thus estimate that these investments would generate 
more than 1.2 million jobs by 2030, and a total of 2.6 
million jobs by 2050 in the G2 scenario. Additional 
investments in greening the buildings and construction 
sector in other ways, such as more sustainable 
building materials, also have the potential to generate 
employment. It was not possible to include these in the 
model simulations, but it is important to note that such 
a shift will likely also require investments in workers’ 
education and training in addition to other transitional 
measures. 

In summary, the green investment scenarios are limited 
in terms of specific investments in the building sector to 
energy efficiency, and have not been able to capture a 
wider range of possible measures. However, the results 
of even these limited simulations reveal the potential 
savings in buildings’ power demand. When the effects 
of rising renewable energy use are included, substantial 
reductions in GHG emissions are projected.
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4  Enabling conditions and 
policy instruments

The climate and resource-use challenges in the building 
sector are clear. Technological solutions exist to green 
the sector at low or even negative average cost. The 
socio-economic case for greening the sector is strong. 
But the greening of buildings has not taken place on a 
large scale in either developed or developing countries.

Besides more general constraints in advancing green 
building policy and regulation such as those related 
to governance and capacity, two key barriers relate to 
(a) financial constraints and (b) market and industry 
structures. These are discussed below, following which 
an overview of available instruments and tools is given. 
The latter will build on research done by the Central 
European University (CEU) for the UNEP Sustainable 
Buildings and Construction Initiative (UNEP SBCI 2007b), 
considering evaluation studies or reviews of policy 
instruments implemented in countries all over the world. 
Of key consideration is the relative effectiveness of 
instruments and tools in achieving high energy savings 
and GHG reductions, and their cost effectiveness.

4 1 Barriers to green buildings

Barriers to environmental and energy-efficiency 
improvements in buildings can be economic or financial, 
resulting from hidden costs and benefits, market failures 
or a specific market and industry structure. They can also 
be political or structural, associated with behavioural or 
organisational constraints, or linked to information and 
capacity limitations (UNEP SCBI 2007b). Recognising 
the latter two barriers is of particular importance in 
a developing-world context. Hidden costs include 
transaction costs associated with securing energy-
efficient solutions and risks associated with replacement 
technologies (Westling 2003; Vine 2005). Transaction 
costs are often high owing to the fragmented structure 
of the building sector with many small owners and 
agents. Market failures can take the form of misplaced 
incentives, such as when building tenants (as bill-payers) 
have an interest in environmental improvements that 
are not shared by the building owners. While low energy 
prices may give little incentive for affluent households 
and businesses in developed countries to change 
their behaviour, subsidies often keep energy prices in 
developing countries artificially low and again take 
away any incentive to change.

Financial constraints
Key financial constraints relate to upfront costs and 
payback periods, misalignment between investors 
and beneficiaries, the ability of households to pay, and 
investors’ policies on what to include in their investment 
portfolios.

Upfront investment cost and payback period: Although 
buildings can be greened at low or zero net cost over 
the lifetime of the investment, the initial additional 
capital outlay, the so-called “first cost”, could be a 
deterrent for those who demand finance for greening 
buildings (home owners, construction firms, and small 
businesses). In developing countries with acute housing 
shortages, actual or perceived high upfront costs are 
often a key barrier. Furthermore, energy-efficient multi-
family housing is still widely perceived to be much 
more expensive to build than is actually the case (in 
new construction, 20 per cent improvements in energy 
consumption are achievable with modest financial costs 
(Brown and Wolfe 2007)). 

Moreover, although investments in greening buildings 
tend to have relatively short payback period (say 5-10 
years), many private investors may not proceed unless 
the net benefit stream starts flowing in within a couple 
of years. For large-scale green-building programmes, 
governments usually need to raise significant funds.

Split incentives: A related barrier is that the benefits  
of energy savings may not go directly to the person 
making the investment. For example, the owner of a 
building is likely to be responsible for making energy-
efficiency investments, but the occupier may receive 
the benefit of lower energy bills (although landlords 
could benefit from higher rents if regulations so allow). 
On the other hand, if the landlord is responsible for the 
energy bills, the tenant has no direct incentive to invest 
in saving energy. 

Household ability to pay: Financial capacity is an 
impediment particularly in multi-family housing where 
residents often have low incomes. While this group 
stands to save the highest percentage of income, they 
are likely to have the greatest difficulty in paying for 
effective investments, especially as the best results 
are achieved through a comprehensive retrofitting 
approach, which encompasses the modernisation 
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of the building envelope (insulation and windows), 
together with the replacement of heating and air-
conditioning systems. The benefits of such an approach 
are clear, with efficiency improvements of 50-75 per 
cent documented, and savings of 30 per cent routinely 
achieved.

Institutional investor offering: For financial institutions, 
energy-efficiency projects in buildings are often 
associated with the following major hurdles: low 
financial returns, credit risks, uncertainty, and difficulty 
in evaluating the added financial value of green 
buildings. If the projects are small-scale, they do not fit 
into the traditional financial toolbox. But this situation 
is also changing. After the recent financial crisis, some 
long-term institutional investors such as pension funds 
have started searching for new asset classes to rebalance 
their portfolios. Green buildings – retrofitted or newly 
constructed, as well as the manufacturing of related 
materials and equipment – may become an asset class 
that can help diversify portfolios and generate steady 
growth of earnings. Additional discussion on this can 
be found in the Finance chapter of this report, which 
includes the case study: “The emergence of responsible 
property as an asset class”.

Market and industry structure
The building market is highly fragmented with many 
small landlords, corporate property owners managing 
multiple buildings, usually in local or regional markets, 
and public housing authorities, which are also mostly 
local. Coordination between all these stakeholders in 
the building and construction value chain is uncommon. 
By example, decisions taken during the feasibility 
assessment and design phases will have a major impact 
on the level of emissions during the building use or 
operational phase, but feasibility assessments tend not 
to account for the life-time running costs of the building 
since these are not paid for by the property developer 
(UNEP SBCI 2009b).

Owing to the fragmentation of the building market, 
it is difficult to make use of the Clean Development 
Mechanism (CDM) as building projects often do not 
provide sufficient carbon emission reduction pay-off and 
stakeholder commitment. In addition, the fragmentation 
also makes it difficult to comply with baselines and 
additionality requirements. Other obstacles include the 
CDM methodologies and procedures (see below). 

Another aspect of the fragmentation is reflected in the 
differing interests of individual households and utilities. 
While householders may be intrigued by the prospect of 
greening their homes and reaping energy savings and 
health benefits, utilities face a potential reduction in 
their sales revenue and therefore may have little interest 
in supporting investment in green buildings. 

4 2 Policy instruments and tools

Following the analysis of UNEP SBCI (2007b), policy 
instruments and tools for greening buildings can be 
classified as follows: 

 ■ Regulatory and control mechanisms, which cover 

 • Regulatory-normative mechanisms such as 
standards and 

 • Regulatory-informative mechanisms when the 
end-user is informed but not obliged to follow the 
advice (e.g. labelling);

 ■ Economic or market-based instruments;

 ■ Fiscal instruments and incentives; and 

 ■ Information and voluntary action.

These categories of instruments and tools are analysed 
below in terms of their use, efficiency and likely 
effectiveness in different contexts.

Regulatory and control mechanisms
Regulatory and control mechanisms have to be 
monitored, evaluated and updated regularly to remain 
in touch with technological developments and market 
trends. They are easier to enforce with respect to 
new rather than existing buildings. Examples of such 
measures are appliance standards, building codes, 
procurement regulations, energy-efficiency obligations 
or quotas, mandatory audit programmes and utility 
demand-side management programmes. Examples of 
their cost-effectiveness expressed in US$/tCO2 for most 
of the cases are the following (UNEP SBCI 2007b):

 ■ Appliance standards: – US$ 65/tCO2 in 2020 (USA), – 
US$ 194/tCO2 in 2020 (EU);

 ■ Building codes: from – US$ 189/tCO2 to – US$ 5/tCO2 
for end-users (Netherlands);

 ■ Procurement regulations: US$ 1 million in purchases 
saves US$ 726,000 per year (Mexico);

 ■ Energy Efficiency Obligations: – US$ 139/tCO2 (UK);

 ■ Mandatory certification and labelling: – US$ 30/tCO2 

(Australia); and

 ■ Utility Demand-side Management Programmes: – 
US$ 35/tCO2 (USA), – US$ 255/tCO2 (EU).

Complications in the use of these regulatory instruments 
relate mainly to lack of enforcement and the rebound 
effect, where the end-user buys more of or uses the more 
efficient technology more extensively than before and 
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causes emission reductions to be offset by increased 
consumption. The latter provides an example of where the 
instrument needs to be combined with other instruments 
to guide users to more efficient use of technologies.

Improved enforcement requires adequate education 
and training, for example, of building-inspection and 
procurement officers. This is confirmed by recent 
examples of energy-efficiency improvement measures 
introduced in the public sector in Mexico, China, Thailand, 
South Africa, Kenya and Ghana. The case of Mexico has 
shown how introducing public procurement regulation at 
the city level may be a more effective point of departure 
before launching a programme nationally. 

In the case of building codes applied to new 
buildings in developing countries, the basis for 
improved enforcement can be laid through starting 
with voluntary schemes, the use of incentives and 
improved inspection. China is showing how building 
regulations, together with voluntary and self-regulating 
market systems for green buildings can become key 
drivers in ensuring a higher level of energy-efficient 
construction and the deployment of environmentally-
responsive technologies. Anderson, Iyer and Huang 
(2004) propose with regards to developing countries 
a structured implementation phase, including the 
necessary provisions for building code administration 
and enforcement structures, the development of 
and conduction of training programmes and the 
construction of multiple demonstration buildings.

Control and regulatory mechanisms, especially codes 
and standards, can be a rapid way to implement 
effective technology and best practices and lure risk-
averse investors (Granade et al. 2009). In the general 
assessment of energy efficiency in building codes 
two mayor types of energy codes can be identified: 

“prescriptive” and “performance-based” (Hitchin 2008; 
Laustsen 2008). Although performance-based codes are 
more complex in their application, they yield a number 
of benefits, These, according to Hitchin (2008), consist 
in the flexibility for policy makers to weight different 
aspects of the building’s energy balance, even after 
the first implementation of the legislation; and also in 
the possibility of using the calculation procedure to 
integrate an energy performance labelling scheme or 
energy audits.

Mandatory energy audits are an extension of building 
codes and commissioning processes (UNEP SBCI 2009b) 
and underline the importance of reliable measurement 
and accounting (Box 7). In many European countries, 
governments have made energy audits mandatory for 
their public buildings as well as other major energy 
consuming sectors. The EU’s Energy Performance 
in Buildings Directive (EPBD) requires mandatory 
energy performance certificates to be presented to 
the customer during any sale or lease transaction of a 
building. It also requires public buildings of a certain size 
to publicly display their energy certificates, although 
critics point out that it does not account for the energy 
used by buildings’ occupants, which constitutes a large 
part of overall performance (Ries et al. 2009).

Economic and market-based instruments
These instruments include energy performance 
contracting, cooperative procurement, efficiency 

Box 7: Reliable measurement and accounting 

To ensure that information is accurate, there is a 
need to collect robust data on the performance 
of green buildings and their subsequent costs. 
Current methods of accounting mainly include 
energy audits and labelling, Triple Bottom Line28 
indicators and sustainability certificates. These tools 
can be effective, but must be tailored to target 
group needs. Energy audits and labelling identify 
opportunities to upgrade built environments and 
track the progress of existing energy efficiency 
investments. Recent evidence on the performance 
gap in one of the certification systems (LEED) has 
highlighted the importance of such measures 
(Murphy 2009), triggering renewed discussion on 
their efficiency. Building certification systems can 

be static, i.e. based on engineering design estimates 
and assumptions, or dynamic, being updated as 
building-use patterns change. A wide range of 
audit systems are available, many of which are 
voluntary, although governments are increasingly 
favouring mandatory audits as opportunities to 
collect data and enable interventions. An important 
challenge posed by energy audits is the significant 
administrative cost posed by their implementation, 
including energy consultants, monitoring, and 
time and resource burdens on the owner. Energy 
benchmarking, as opposed to auditing, can serve as 
a lower burden alternative to identify energy-saving 
potential. In the benchmarking process, energy use 
is measured and compared with related values.

28. The concept of the Triple Bottom Line (TBL), also known as “people, 
planet, profit” or “the three pillars” represents a comprehensive set of 
criteria for evaluating the development of organisations and societies – 
economically, ecologically and socially.
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certificate schemes and credit schemes such as flexible 
mechanisms29 introduced under the UNFCCC and most 
recently, cap-and-trade schemes. Examples of their cost-
effectiveness are the following (UNEP SBCI 2007b):

 ■ Cooperative procurement: – US$ 118/tCO2 saved (USA);

 ■ Energy efficiency/white certificate schemes: US$ 
0.013/kWh expected (France); and

 ■ Kyoto flexibility mechanisms: – US$ 10/tCO2 (Latvia).

Energy performance contracting involves an energy 
service company (ESCO) as an implementing agent, 
guaranteeing certain energy savings over a period of 
time, implementing improvements and getting paid out 
of the energy savings. They are already used in the USA, 
Germany, China and Brazil. They do require supportive 
legal, financial and business environments and the 
absences of subsidies that send the wrong energy-price 
signals. Analysis of the experience in the Netherlands 
(Keivani et al. 2010) has shown the importance of 
institutional support for ESCOs that can facilitate 
measures that reduce energy consumption costs for all 
stakeholders, particularly households. 

Advanced institutional structures are also required 
for the running of efficiency certificate schemes. The 
Fund for Electric Energy Savings (FIDE) in Mexico 
offers a “seal of quality” to certify energy efficient 
equipment, materials and technologies. FIDE is a joint 
initiative of the state-owned electric power utility, the 
Mexican electric workers union and members of the 
business community (Martinez-Fernandez et al. 2010). 
 
The UK Carbon Reduction Commitment (CRC) programme, 
a cap-and-trade scheme, aims to reduce greenhouse 
gases by 2050 by at least 80 per cent compared with the 
1990 baseline (DECC 2010). Now called the CRC Energy 
Efficiency Scheme, it applies to organisations that have an 
electricity consumption measured through half-hourly 
metering greater than 6,000 MWh per year (equivalent 
to an annual electricity bill of about £ 400,000-£ 500,000). 
This covers organisations that fall below the threshold 
for the European Union Emissions Trading Scheme, yet 
account for some 10 per cent of the carbon emissions 
in the UK. These tend to be organisations such as hotels, 
supermarkets, banks, national and local public authorities. 
Organisations will purchase their first allowances in 2011, 
and the more each consumes over 6,000 MWh per year, 
the more each organisation will have to pay. Participant 
organisations will report progress annually and pay 
penalties for non-compliance.

Carbon credit trading schemes crucially require reliable 
measurement and baselines. One of the reasons that the 
CDM under the Kyoto Protocol attracted so few building 
energy-efficiency projects was the fragmentation of the 
building market with few baselines and reference cases 
that could be used to determine additionality. High 
transaction costs and the absence of a sector-specific 
methodology was another reason for so few CDM projects 
in developing countries involving the building sector. The 
accumulative impact of change at the level of many small 
units has been a further complication. Energy-efficiency 
projects for buildings are often small in scale and use 
a variety of measure to decrease overall consumption. 
The necessity to validate, audit, monitor and verify each 
measure generates tremendous effort and extra costs 
that strongly impact the viability of the projects. Other 
limitations include the methodology to assess the impact 
of soft or non-technological measures (building design, 
occupants’ behavior). Finally, CDM has its limitation for 
the low-income housing sector where energy poverty 
induces low-energy consumption and carbon emission 
(Cheng et al. 2008; Schneider 2007; Ellis and Kamel 2007).

Considering ways of improving the use of an international 
credit scheme for the building sector, industry partners 
of the UNEP SBCI (2007a) made six recommendations 
for a post-Kyoto agreement. These underlined the need 
for using performance-based indicators (eg energy 
consumption per square metre) along with technology-
based indicators, as well as the need for common baselines 
and national building energy-efficiency standards. In 
addition, it called for special recognition of energy-
efficient housing for low-income groups, providing the 
poor with access to energy in an efficient manner even 
while absolute levels of energy consumption may be 
increasing (Ellis and Kamel 2007).

In April 2010 the Tokyo Metropolitan Government 
introduced the world’s first cap-and-trade scheme for 
urban buildings, covering 1,400 buildings, including 
commercial office buildings and industrial facilities 
(World Bank and Padeco Co. LTD. 2010)30. At the same 
time, the Seoul Metropolitan Government started a 
three-year trial of a carbon-trading system among 47 
state-run public agencies, with a goal to achieve a 10 per 
cent reduction in GHG emissions (Hee-sung 2010). 

Common carbon metrics are a recent international 
initiative to promote sustainability in the building sector. 
It is being developed by UNEP SBCI, the World Green 
Building Council (World GBC31) and the Sustainable 
Building Alliance (SB Alliance32). The focus has been on 
energy GHG emissions, but the metrics will address waste, 

29. Among the flexible mechanisms (sometimes referred to as flexibility 
or Kyoto mechanisms) introduced under the Kyoto Protocol: Emissions 
trading, Joint Implementation and Clean Development Mechanism only 
the latter two are considered in the building sector.

30. It sets a 2020 target of reducing carbon emissions by 25 per cent (below 
2000 levels), with a cap set at a level of 6 per cent below base emissions for 
the first compliance period (2010-14), and then approximately 17 per cent 
below base emissions from 2014 to 2020.
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water, indoor air quality and financial performance 
(UNEP SBCI and WRI 2009; UNEP SBCI 2009a).

Fiscal instruments and incentives
These instruments include energy or carbon taxes, tax 
exemptions and reductions, public benefits charges, and 
capital subsidies, grants, subsidised loans and rebates. 
Further details as well as examples are provided in 
Box 8. They target energy consumption and/or upfront 
investment costs. Examples of their cost-effectiveness 
include (UNEP SBCI 2007b):

 ■ Tax exemptions: Benefit/Cost Ratio 1:6 for new houses 
(USA);

 ■ Public benefits charges: - US$ 53/tCO2 to - US$ 17/
tCO2 (USA); and

 ■ Subsidies: Benefit/Cost Ratio 12:1 (Brazil), - US$ 20/
tCO2 (Denmark).

Taxes can reinforce the impact of other instruments such 
as standards and subsidies, affecting the whole building 
life cycle and making energy efficiency investments 
more profitable. They offer governments the possibility 
of investing tax revenues into green-building 
improvements. A challenge in their implementation 
remains low price-elasticity of demand, depending on 
how households spend their disposable income and the 
availability of substitute technologies. 

Grants and subsidies are well suited to low-income 
households, which tend not to make investments in 
energy efficiency even if they have access to capital. 
By providing unconditional grants and subsidies, 
governments can provide direct capital rather than 
access to capital (UNEP 2009b). Grants are also best 
suited to encourage innovators and small businesses 
who would like to invest in R&D but find it difficult 
to access capital from the market. For example, the 
Danish energy authority made an agreement with 
the glass industry to develop highly-efficient double-
glazed windows (de T’Serclaes 2007). Under the Energy 
Premium Scheme, the Dutch energy agency provided 
grants to evaluated buildings for introducing energy-
saving measures (Keivani et al. 2010).

For middle- and upper-income households, preferential 
loans may be more appropriate for those wishing to 
carry out energy-efficiency improvements. These can be 
granted through public-private partnerships in which 
governments give some fiscal incentives to banks, which 

in turn establish low interest rates for their customers. For 
example, KfW, a German development bank, launched 
preferential loans using a double-edged mechanism 
to finance them through public tax exemption for 
investments in efficiency projects coupled with direct 
public subvention (de T’Serclaes 2007).

For larger-scale, commercial greening efforts, the 
introduction of reduced fees and waivers can significantly 
aid the uptake of green building measures. Ordinarily, 
building and permit fees are significant barriers to new 
development projects – green or otherwise – as they 
are non-trivial and have to be paid upfront. Reducing 
or waiving these fees if a building meets certain green 
criteria helps stimulate green building development. 

Another effective measure for developers is a reduction 
or temporary freeze in property taxes tied to the energy 
performance of buildings. These rewards can be used to 
cover any additional costs that green-building measures 
incur, meaning that building green need not cost any 
more than conventional construction. For example, 
the Oregon Department of Energy offers energy tax 
credits to businesses that invest in energy conservation, 
recycling, renewable energy resources and reductions 
in transportation related energy use on both retrofit 
and new construction projects. The Business Energy Tax 
Credit is 35 per cent of eligible project costs, the increased 
project cost above industry standard. Since the scheme 
has been introduced more than 7,400 energy tax credits 
have been awarded (Oregon Department of Energy 
2010). Tax exemptions and reductions are efficient in 
stimulating initial sales of alternative technologies. 
Important is that the tax credits are sufficiently high to 
create a real incentive. 

Public benefits charges are a special form of energy tax, 
whose revenues are invested in efficiency improvements. 
In Brazil for example, all distribution utilities are required 
to spend at least 1 per cent of their revenue on energy-
efficiency improvements. Governments can also require 
utilities to adopt a business model based on the delivery 
of energy service (including efficiency improvements) 
rather than the delivery of energy per se.

Finally, and across several of the categories above, 
public-sector financial institutions have an important 
role to play in addressing credit barriers. Backed by 
governments they also help local financial institutions 
to share the risk related to energy-efficiency projects. 
For example, the Asian Development Bank (ADB) has 
supported green buildings and other energy efficiency 
programmes through partial credit-guarantee schemes 
(UNEP 2009b). The total investments towards new 
energy-efficient green buildings and building retrofits 
supported by guaranteed loans is expected to exceed 
US$ 150 million by 2012 (ADB 2009).

31. World GBC is a worldwide union of national Green Building Councils: 
Available at http://www.worldgbc.org/

32. SB Alliance is an international organisation that regroups key actors from 
the property and construction industries, standard-setting organisms and 
national building research centres: Available at http://www.sballiance.org/
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Capacity support, information and voluntary action
This category of instruments includes voluntary 
certification and labelling programmes, voluntary and 
negotiated agreements, public-leadership initiatives, 
awareness raising and education, as well as detailed 
billing and disclosure programmes. Examples of their 
cost-effectiveness are the following (UNEP SBCI 2007b): 

 ■ Voluntary labelling: US$ 0.01-0.06/kWh (USA);

 ■ Leadership programmes: US$ 13.5 billion savings by 
2020 (EU) – US$ 125/tCO2 (Brazil); and

 ■ Info and awareness raising initiatives: US$ 8/tCO2 for 
Energy Trust programmes (UK).

International building labels are a source of inspiration. 
Passivhaus and Minergie have succeeded in promoting 
different combination of measures to achieve national 
targets and policy objectives for green buildings 
within the developed world. When applying labels in 
developing countries, however, they clearly need to 
adapt to local geographic and cultural conditions. 

Appliance efficiency standards and labels are also 
important in greening the building sector (Meyers, 

McMahon and Atkinson 2008). Among the oldest and 
most comprehensive are the US Federal Minimum 
Efficiency Performance Standards (MEPS) programme, 
the comparative labelling programme implemented 
by the European Union (European Parliament and 
Council Directive 2010/30/EU and the US Energy Star 
endorsement label programme. An example of voluntary 
labelling programmes in developing countries is the 
energy efficiency standards for air conditioning and 
refrigerators introduced in Thailand. 

The public sector, which can include both housing and 
institutional buildings, is unique in that it can act as an 
exemplar for environmental targets. Public leadership 
programmes can reduce costs in the public sector and 
provide demonstration of new technologies that can be 
followed by the private sector. In Germany, 25 per cent 
of energy was saved in the public sector over 15 years. In 
Brazil, where the government agency PROCEL provides 
funding for retrofits in Government buildings, 140 GWh 
are saved yearly (UNEP SBCI 2007b). 

A number of developed countries are leading the 
way for green public procurement to drive the green 
transformation in the building sector. A recent PwC 
survey of seven European countries concluded that 

Box 8: Tools to promote the greening of buildings 

Carbon credit

As of 2005, large-scale renewable energy projects accounted for 60% of total CDM projects. While the building sector offers 
theoretically great potentials only around 1% of the certificates have been generated through demand-side energy- efficiency 
measures (Fenhann and Staun 2010)1. Therefore, the potential for green buildings to be eligible for carbon credits needs to be 
explored further.

White certificates
Used in Australia, France and Italy, these certificates can enable building owners and even residential landlords to trade their 
emissions allowances (Ries et al. 2009). In principle, the various trading schemes will promote the desired effect, such as the 
reduction of GHG emissions, at a minimal cost (Bürger and Wiegmann 2007).

Third-party financing 
arrangements

Energy Service Companies (ESCOs), by engaging in Energy Performance Contracting – sometimes referred to as Energy Savings 
Performance Contracting – with building owners, develop, install and monitor projects designed to improve energy efficiency. 
Compensation for an ESCO service and often the initial investment needed are directly linked to the energy savings associated 
with the project. Hence, the major barrier of upfront cost is addressed by allowing future energy savings to pay for the invest-
ment (Bleyl-Androschin and Schinnerl 2008).

Rebates

These can be built into the tax system to give credits to homeowners for adopting specific energy saving measures rather than 
whole building performance. The Power Saver Program in Austin, Texas currently supports more than 1,000 privately-owned 
solar power systems as well as around 70 commercial and several dozen municipality-run systems, which in all provide more 
than 4 megawatts of generation capacity (Austin Energy 2010).

Feebates

This new form of credit incentive is currently being tested and is based on a carbon tax or a tax on the carbon footprint of a build-
ing or sale certification fees. The feebate rewards homeowners who maintain energy efficient homes or carry out upgrades prior 
to sale. They pay less or their fees get waived, rebated or tax credited. In this system, tax revenue is not lost because the feebates 
pay for themselves as higher fees offset lower fees. The level of feebates can also adjust to higher standards of efficiency and can 
gear up as more building owners go above minimum requirements.

Green mortgages Credits based on a home’s energy efficiency are factored into the mortgage, allowing individuals to finance energy-efficient 
improvements in their property (Hendricks et al. 2009).

Equity finance or external 
capital

This is used for funding high-risk projects whereby project developers sell a majority of their ownership in the project to entities 
that have sufficient resources to finance the project. The disadvantage is giving up part of the control over the project.

Revolving Funds
 Loans can be repaid with the cash-flow arising from energy savings. The repaid loans then finance new energy efficiency 
projects. For example, in Hungary, the PHARE Energy Efficiency Co-Financing Scheme (EEFS) provides interest-free credit from a 
Revolving Fund with a total budget of € 5 million for energy-efficiency purposes (EuroACE 2005).
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energy reduction targets had been put in place by at least 
two-thirds of all those procurement agencies surveyed 
in each country, with the UK and Germany reaching 100 
per cent. The most common requirements were double-
glazing and insulation standards. The study further 
suggests that where green procurement is applied, a 70 
per cent reduction in CO2 emissions per functional unit is 
achieved while life-cycle costs are reduced by 10 per cent 
(PricewaterhouseCoopers, Significant and Ecofys 2009).

An example of billing and disclosure programmes is the 
smartcard meter for prepayment of electricity. Similar to 
information instruments, these can be particularly effective 
in targeting households. The use of smartcard meters in 
households have proven their value recently in South 
Africa, when electricity supply-shortages have caused the 
government and the power utility to pay closer attention 
to demand-side management. Moreover, smart metering 
providing customers with information on a real-time basis 
may help reducing energy demand by 5-10 per cent.

With respect to education and training, it is evident 
that the green transformation the building sector 
necessitates large numbers of skilled professionals. 
While in developed countries, there is already a critical 
mass of such professionals, many developing countries 
still lack the necessary expertise in the development 
and implementation of building codes and standards, 
standards for appliances, green building design, energy 
auditing, labelling and certification, and energy efficient 
operation & management (O&M). CEDEFOP (2010) listed 
the following new skills required for the building industry:

 ■ Knowledge of new materials, technologies and 
energy efficiency-adapted technical solutions;

 ■ Cross-cutting knowledge of energy issues;

 ■ Understanding other occupations related to building 
renovation; and

 ■ Client counselling/advice to meet new market demands.

A Green Skills Checklist prepared for the UK Government 
(DEFRA, UK and Pro Enviro Ltd 2009) noted the following 
areas of need for the building sector: building energy 
management, integration of renewable energy, energy-
efficient construction, facilities management (including 
water and waste management), as well as building energy 
auditing and carbon rating. Based on its Strategy for 
Reduction of Energy Consumption in Buildings Denmark is 
developing a strategic skills development response for the 
building and construction value chain (CEDEFOP 2010). In 
Thailand, the Ministry of Energy has launched an initiative 
to train technicians in energy management, technology 
and end-use systems in buildings and companies. The 
Brussels Capital Region has created a Construction 

Reference Centre, anticipating possible skills shortages 
and initiating training programmes to increase the 
supply of trained labour in the eco-construction industry 
(Martinez-Fernandez et al. 2010). Courses are offered 
in, for example, isolation and water proofing, energy 
efficiency and handling of materials. As part of its Second 
Green Building Masterplan the Singapore Building and 
Construction Authority (Singapore BCA 2009) announced 
a comprehensive training framework aimed at educating 
around 18,000 green building-design, construction and 
maintenance professionals over the next 10 years.33

Evaluation of policy instruments
The analysis in UNEP SBCI (2007b) of 80 case studies 
world-wide conclude that regulatory and control 
measures are probably the most effective as well as 
the most cost-effective category, at least in developed 
countries. Grants and rebates are especially needed in 
developing countries because the first cost-barrier often 
completely prevents energy efficiency improvements 
there. Tax exemptions appeared to be the most effective 
tool in the category of fiscal instruments. Subsidies, 
grants and rebates can also achieve high savings, but 
can be costly to society. It was concluded that financial 
instruments are typically most effective if they are 
applied in a package with other instruments, such as 
labelling combined with a tax exemption.

The results of the UNEP SBCI study as well as of 
the MURE database34 appear to contradict general 
expectations, especially the high effectiveness and cost 
effectiveness of regulatory instruments compared with 
economic ones. These findings are probably specific to 
the building sector, considering which barriers specific 
policy instruments address. Regulatory and control 
instruments are particularly effective in addressing two 
key barriers in the building sector, namely hidden costs 
(transaction costs) and market failures.

Governments would be well-advised to consider 
combinations of policy instruments, an approach likely 
to result in synergistic impacts and higher savings. 
Appliance standard are, for example, often combined 
with labelling and rebates to give incentives for 
investments beyond the minimum level required by the 
energy-efficiency standard. Also, labelling of energy-
efficient products can be critical in enabling financial 
incentives such as loans, subsidies and tax credits to be 
more effective. In the USA, mandatory energy-efficiency 

33. For further information and case studies please see Second Green 
Building Masterplan and Inter-Ministerial Committee on Sustainable 
Development (2009); A lively and liveable Singapore: Strategies for 
sustainable growth. Ministry of the Environment and Water Resources 
(MEWR) and Ministry of National Development (MND), Singapore.

34. The MURE (Mesure d’Utilisation Rationnelle de l’Energy) database, 
developed by European experts, provides online a description and brief 
assessment of policy measures for energy efficiency in EU member states. 
Available at http://www.isisrome.com/mure/ 
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regulations are coupled with voluntary labels and tax 
credits for both manufacturers and consumers. This 
combination eliminates the least efficient products 
while compensating manufacturers for some of the 
increased production costs through tax credits and 
premiums charged for Energy Star designs.

Barriers that are particularly prominent in developing 
countries are “subsidised, not cost-reflective energy 
prices, lack of awareness on the importance and the 
potential of energy efficiency improvements, lack of 
financing, lack of qualified personnel and insufficient 
energy service levels” (UNEP SBCI 2007b). Several 
developing countries have enacted legislation on 
energy efficiency in buildings. Special enabling factors 
to support measures for green buildings in developing 
countries are the need for:

 ■ Getting the energy price right, so that more efficiency 
investments become profitable;

 ■ Technical assistance and training;

 ■ Demonstration projects and information to build 
trust;

 ■ Financial assistance or funding mechanisms;

 ■ Regulatory measures, such as mandatory audits, 
combined with incentives such as subsidies or awards;

 ■ Monitoring and evaluation (requiring baseline data);

 ■ Institutionalisation (e.g. establishing energy agencies 
independent of utilities); and

 ■ Adaptation to local circumstances, including climate 
and culture.

Clearly, adjusting the priorities of enabling instruments 
to their context is critical. In developing countries  
the first step might introduce non-mandatory standards 
that act as educational platforms. The next move could 
include mandatory standards, which exclude less 
efficient products from the market. Subsidies or rebates 
that provide an incentive to replace old equipment  
with new, more efficient products are yet a further 
possible step. At the same time, public leadership and 
energy-performance contracting can play a key role 
in public housing projects. In developed countries 
mandatory standards and regulatory actions are the 
way to start, followed by rebates for retrofitting and 
green mortgages.

An integrated policy framework that combines 
regulatory instruments, such as standards or mandatory 
audits in certain buildings, capacity-building, training 
and information campaigns as well as demonstration 
projects coupled with (fiscal or other) incentives is 
most likely to effectively reduce GHG emissions in 
developing countries. The following policy instruments, 
for example, can be effectively combined (UNEP  
SBCI 2007b):

 ■ Standards, labelling and financial incentives;

 ■ Regulatory instruments and information programmes; 
and

 ■ Public leadership programmes and energy 
performance contracting (EPC) in the public sector.

In assessing the impact of instruments in developing 
countries, it is important to note that initiatives to address 
restricted energy services aim not to reduce energy 
consumption, but rather to ensure more energy services 
can be accessed and afforded with the available resources.
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5  Conclusions
The building sector should be central to any attempt 
to use resources more efficiently. Buildings consume 
a large proportion of the global energy supply but 
opportunities to improve efficiency are huge and the 
sector has the greatest potential – more than any other 
covered in this report – to reduce global GHG emissions. 
Great gains can also be achieved from a broader, more 
holistic approach to buildings; a life-cycle perspective 
that covers each stage from the building design and 
the extraction of resources to construction and usage 
and through to disuse and eventual demolition and the 
recycling or disposal of the building materials. The most 
significant environmental impact of buildings lies in their 
energy demand over decades or even centuries of use. As 
a result, the design and use of energy efficient buildings 
has a key part to play in mitigating climate change and 
the transformation to a global green economy. 

Whether construction of new or retrofitting existing 
buildings, they both offer a high GHG reduction potential 
and environmental benefits at low cost.

Patterns of energy consumption and emissions, as well 
as the predicted future trends, vary widely across the 
developed and developing world. Major regions of the 
world need to pursue green building strategies that 
are appropriate to their respective circumstances. For 
developed countries, which account for most of the 
existing building stock, the priority is to put in place 
measures and incentives that will enable large-scale 
investments in retrofitting programmes. Those will 
come not only with the benefits of energy savings but 
also a high potential of net job creation. For developing 
countries, particularly fast-growing economies that are 
experiencing a construction boom, the priority is to 
ensure that new buildings will be green by investing 
in the most appropriate available technology, whether 
traditional or high-tech, and design options and avoiding 
any possible lock-in to an inefficient building stock with 
long-term consequences.

In both cases, retrofitting and new construction, pay-
back periods of investments in energy efficiency are 
reasonably short and they offer a significant return on 
investment in the medium- and long-term. On a global 
scale, aggregated investments in energy efficiency in 
buildings pay back two fold in energy savings over 20 
years. These savings are, in most cases, sufficient to 
justify investments in greening, beyond the positive 
externalities associated with mitigating climate change. 
Greening also brings the opportunity to improve 
efficiency in use of water, materials and land, and avoid 

risks associated with climate change and hazardous 
substances.

The process of greening buildings and their subsequent use 
provides a wide range of direct social benefits, including 
the improved health, productivity and wellbeing of those 
who live and work in them and the creation of jobs in 
construction, maintenance and the supply of energy, water 
and sanitation. 

The increase in the productivity of employees working 
in green buildings can yield labour-cost savings that 
may be higher than energy-cost savings, which are 
themselves substantial. The construction of new, green 
buildings, retrofitting and accompanied use of resource-
efficient construction materials, products and energy 
supply and maintenance can provide net jobs gains and 
decent work. While the construction industry in many 
countries has a poor image with respect to meeting 
workers’ rights, green building offers an opportunity 
to use improved training, skills management and 
inspection to improve the quality of employment.

Improved health and quality-of-life benefits of green 
buildings are equally significant. In developing 
communities, where most household energy is used 
for cooking, more efficient appliances (cleaner stoves) 
can bring extensive economic benefits in the form of 
reduced health-related expenditure as a result of less 
illness, associated productivity gains and time-savings. 
The benefits of simple measures, such as replacing 
solid fuels with electricity in informal and low-cost 
housing, are particularly striking when considering the 
devastating health impacts of indoor air pollution on 
women and children. 

Improved regulation and control, adjusting energy prices to 
internalise external costs and other policy instruments such 
as tax exemptions and grants are required to overcome 
persistent barriers such as market failure and non-cost 
reflective energy prices in particular:

Despite these opportunities, investment in green 
buildings is held back owing to assumed cost premiums 
that are exaggerated and a range of barriers that range 
from financial constraints to the fragmented structure of 
the industry. While some barriers relate to hidden costs 
or benefits and market failure, others relate to behavioral 
culture, lack of awareness and capacity.

Seeking to address these and create an enabling 
environment, governments need to take stock and 
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determine the most appropriate mix of policy instruments, 
considering regulatory and control mechanisms, 
economic or market-based instruments, fiscal instruments 
and incentives, as well as information and voluntary 
action. Considering in particular the hidden costs and 
market-failure barriers the building industry faces, analysis 
of cases world-wide suggests that regulatory and control 
measures are likely to be most effective and cost-efficient 
when adequately implemented. This is particularly the 
case in developed countries. 

Regulatory and control instruments can be combined 
with other instruments for greater impact, considering 
local realities such as the level of development of the 
local market and income-level of households involved. 
Among fiscal instruments, tax exemptions appear to be 
the most effective, while subsidies, grants and rebates 
can achieve high energy savings in developing countries 
by helping organisations or families overcome upfront 
investment or first-cost barriers. Examples from Brazil 
and Thailand have shown high cost-benefit ratios in 
the use of subsidies and grants to support energy 
efficiency improvements, combined with mandatory 
audits, awareness raising, training and demonstration to 
build capacity and trust in the use of new technologies.  

A particular challenge in developing countries, at the 
same time, is doing away with subsidised, non-cost-
reflective energy prices.

Facing global demand for more and better housing and 
facilities, governments at all levels can lead by example 
through public procurement and green housing schemes:

Finally, governments can set a leadership example 
by using public procurement in the construction and 
management of their facilities to drive the greening 
of the building sector. Experience from Mexico and 
China has shown how energy-efficiency improvement 
programmes in the public sector can also be boosted 
by the immediate pressure of high energy prices and 
energy shortages. Public assets, be they in the form 
of government buildings, hospitals or schools, hold 
wide-ranging opportunities of greening measures that 
result in a more efficient use of resources, reduced 
GHG emissions, improved productivity and avoided 
illness resulting from indoor air pollution. In addition, 
government-supported social housing schemes provide 
an opportunity to combine socio-economic and 
environmental gains in designing and building single or 
multi-family homes.
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Key messages
1. Present patterns of transportation – based mainly on petrol and diesel-fuelled motor 
vehicles – generate serious social, environmental and economic damage and are highly 
unsustainable.  At present, transportation consumes more than half of global liquid fossil fuels; 
emits nearly a quarter of the world’s energy-related CO2; generates more than 80 per cent of the air 
pollution in cities in developing countries; results in more than 1.27 million fatal traffic accidents 
per year; and produces chronic traffic congestion in many of the world’s urban areas. These costs to 
society, which can add up to more than 10 per cent of a country’s Gross Domestic Product (GDP), are 
likely to grow, primarily because of the expected growth of the global vehicle fleet.

2.  Business-as-usual (BAU) will significantly enlarge vehicle fleets and exacerbate their costs 
to society. If we continue on a BAU path, the global vehicle fleet is set to increase from around 
800 million to between 2 and 3 billion by 2050. Most of this growth will take place in developing 
countries. Aviation growth is expected to increase exponentially in the coming decades, fuelled 
largely by income growth in developing countries. Carbon emissions from shipping could also grow 
by up to 250 per cent. 

3. A three-pronged investment strategy is needed to transform this sector: promote access 
instead of mobility; shift to less harmful modes of transportation; and improve vehicles towards 
lower carbon intensity and pollution. A fundamental shift in investment patterns is needed, based 
on the principles of avoiding or reducing trips through integrating land use and transport planning 
and enabling more localised production and consumption. Shifting to more environmentally 
efficient modes such as public and non-motorised transport (for passenger transport) and to rail and 
water transport (for freight) is recommended. Investment in public transport and infrastructure that 
promotes walking and cycling generates jobs, improves well-being and can add considerable value 
to regional and national economies. Improving vehicles and fuels is a priority in order to reduce urban 
air pollution and greenhouse gas emissions (GHG). Green transport policies will also reduce road 
accidents and alleviate poverty by improving access to markets and other essential facilities.
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4. Investment in public transportation and vehicle efficiency improvements generates 
exceptional economic returns. Several scenarios show that a green, low carbon, transport sector 
can reduce greenhouse gas emissions by 70 per cent without major additional investment. A 
reallocation of just 0.34 per cent of global GDP in support of public transport infrastructure and 
efficiency improvements to road vehicles would reduce the expected increase in travel volume of 
road vehicles by around one-third by 2050. It would diminish the use of oil-based fuel by up to one-
third and promote strong and sustainable employment in the sector. 

5. Enabling conditions for green transportation have to be wide-ranging in order to be 
effective. Such investments, among other measures, should be enabled via policies, including 
land use planning to promote compact or mass-transit corridor-based cities; regulation of fuel and 
vehicles; and the provision of information to aid decisions by consumers and industry. In addition, 
shifting financing priorities towards public transport and non-motorised transport, coupled with 
strong economic incentives such as taxes, charges and subsidy reform will also send a strong signal. 
Finally, developing and widely applying green transport technology; as well as setting up and 
building the capacity of institutions to foster greener transport will help ensure close cooperation 
with other key sectors. 
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1   Introduction
Transport is central to the lives of citizens across the world, 
yet the current patterns of transport, dictated mainly 
by fossil-fuel driven motor vehicles, generate a range of 
environmental, social and economic costs. It is estimated, 
for example, that transport is responsible for nearly a 
quarter of global energy-related carbon dioxide (CO2). 

There is a growing consensus on the need for more 
sustainable patterns of transport activity but investment 
patterns are still heavily skewed towards supporting 
the “motorisation” model of development. The recent 
economic recession has led to various stimulus packages 
that focus (with notable exceptions) on preserving 
current industries and forms of transport such as car 
manufacturing and road building.

This chapter examines the role of transport in a 
green economy and makes a case for ensuring future 
investment in the sector is increasingly green. It 
highlights a strategy of avoiding or reducing trips, 
shifting to more environmentally-friendly modes of 
transport and improving the efficiency of all modes of 
transport. It explores the challenges and opportunities 
posed by shifting to a greener transport system and 
examines the various options for conditions that can 
enable actions and investments for the development 

of sustainable transport1. The analysis encompasses 
all modes of freight and passenger transport, with 
an emphasis on land transport, and it takes into 
account the varying circumstances of developed and 
developing countries, regional differences and rural-
urban disparities.

Given the pivotal role of transport in the global 
economy, much of the analysis of the potential for 
greening the sector is interwoven with other chapters, 
notably cities, energy, manufacturing and tourism.  
The chapter was compiled through extensive 
collaboration with experts from around the world, 
whose background papers are available in the 
accompanying Full Technical Report. 

1. Green transport is hereby defined as one that supports environmental 
sustainability through e.g. the protection of the global climate, ecosystems, 
public health and natural resources. It also supports the other pillars of 
sustainable development, namely economic (affordable, fair and efficient 
transport that supports a sustainable competitive economy as well as 
balanced regional development and the creation of decent jobs) and social 
(e.g. allowing the basic access and development needs of individuals, 
companies and society to be met safely and in a manner consistent with 
human and ecosystem health, and promoting poverty reduction and equity 
within and between successive generations). This definition was developed 
through extensive discussions with transport experts including those at UN 
agencies and was based on a review of existing and well-acknowledged 
definitions such as European Conference of Ministers of Transport (2004).

Strategy:
Avoid-Shift-Improve

Enabling 
conditions

Current
transport

Green
transportActions/Investments

Figure 1: Image of green transport as a goal, and actions and investments to achieve this goal
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2 1 Challenges

Unsustainable trends
The challenges for the transport sector in becoming 
green are made obvious by observing current trends, 
whereby:

 ■ Overall demand for transport activity (for both 
passenger and freight) is growing rapidly, and it is 
predicted to roughly double between 2005 and 2050 
(IEA 2009b);

 ■ Transport activity is increasingly motorised (private 
cars for passenger transport and lorries for freight, 
almost all of which are propelled by internal combustion 
engines); 

 ■ The global vehicle fleet is set to multiply three or four-
fold in the next few decades, with most of this growth 
set to occur in developing countries. In 2050, two-thirds 
of the global vehicle fleet is expected to be in non-OECD 
countries; and

 ■ Technological improvements such as fuel-efficient 
vehicles and alternative power sources have not been 
rapid enough to offset the impacts of this growth. 

2  Challenges and opportunities 
in the transport sector
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ownership rates in key regions 
Source: IEA (2009a)

These trends translate directly into various costs for the 
environment, society and economy including:

 ■ Energy consumption and greenhouse gas emissions 
(GHG);

 ■ Congestion (and associated losses in productivity of 
urban areas);

 ■ Resource depletion and land grab; 

 ■ Degradation of human health (through air pollution, 
noise, vibration, etc);

 ■ Reduction in human security (through traffic 
accidents);

 ■ Reduction of accessibility and severance of 
communities; and

 ■ Loss of biodiversity.

It should be acknowledged that such costs vary 
significantly between regions, and that priorities may 
differ between regions and by urban and/or non-
urban area.

Fuel and natural resources 
The transport sector’s impact on natural resources is 
wide-ranging, including through manufacturing of 
vehicles and/or rolling stock (e.g. metals and plastic) 
and the construction of infrastructure2 (e.g. concrete 
and steel). Fossil fuels, engine oil, rubber and other 
consumable material (including biofuels, which in 
certain circumstances may deplete farmland for food 
production) are consumed through the operation and 
maintenance of vehicles. 

Transport consumes more than half of global liquid 
fossil fuels (IEA 2008) and it is expected to account for 
97 per cent of the increase in the world’s primary oil 
use between 2007 and 2030 (Figure 3).

Greenhouse gases
The transport sector’s consumption of fossil fuels 
translates into around a quarter of global energy-related 

2. Infrastructure is not limited to roads, bridges and railways, but also 
includes supporting infrastructure such as parking facilities, fuelling 
stations, etc.
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CO2 emissions3, which is projected to increase by 1.7 per 
cent a year from 2004 to 2030.4 Land transport accounts 
for roughly 73 per cent of the sector’s total CO2 emissions, 
followed by aviation (11 per cent) and shipping (9 per 
cent). Passenger transport accounts for the lion’s share of 
overall emissions, with freight transport – predominantly 
road-based trucks – comprising 27 per cent of all 
transport energy use (and therefore emissions). More 

3. OECD (2005) CO2 Emissions from Combustion 1971-2003.

4. IEA (2006) World Energy Outlook 2006, Available at http://www.
worldenergyoutlook.org/2006.asp

Box 1: Externalities

Economic efficiency requires prices of goods 
or activities to match their social marginal cost 
including all external costs. Prices for transport 
services need to include costs imposed on society 
through congestion, accidents, infrastructure 
wear and tear, air pollution, noise and climate 
change so that choices made by the users of 
transport will take into account these costs 
(World Bank 2001; Button 1993). 

Congestion, accident and pollution externalities 
make up a significant and increasing cost to the 
economy, amounting in some cases to over 10 
per cent of national or regional Gross Domestic 
Product (GDP). A recent study by Creutzig and He 
(2009) estimates that in Beijing, China, the social 
costs induced by motorised transportation are 
equivalent to between 7.5 per cent and 15 per 
cent of the city’s GDP.
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Figure 3: Changes to energy consumption by sector and region between 2007 and 2030
Source: IEA (2009a)

than 80 per cent of the predicted growth in transport 
emissions is expected to come from road transport in 
developing countries (IEA 2009b). 

Moreover, it is estimated that around 15 per cent of the 
total CO2 emissions generated from the car are a result 
of manufacturing and disposal, when a full life-cycle 
analysis is conducted (King 2007). 

Pollution and health 
Transport-related pollution, noise and vibration 
can pose serious threats to human health and 
wellbeing.5 Local air pollution is caused by exhaust 
emissions produced by traffic, mostly in the form of 
Sulphur Oxides (SOx), Nitrogen Oxides (NOx), Carbon 
Monoxide (CO), Hydro Carbon (HC), Volatile Organic 
Compounds (VOC), Toxic Metals (TM), Lead Particles6 
and Particulate Matter (PM) – including Black Carbon.7 
These emissions represent a large proportion of 
pollutants, especially in developing cities. 

Such air pollutants are a cause of cardiovascular/
pulmonary and respiratory disease. For example, 
exposure to lead can cause increased blood pressure, 

5. The UNECE’s Transport, Health and Environment Pan-European 
Programme (PEP) has published guidelines for improved cooperation on 
sustainable transport among various sectors (see UNECE 2009). A system of 
monitoring and reporting is being instituted to assess the extent to which 
Member States are effectively implementing the mechanisms agreed, 
and to measure progress against the priority goals of the Amsterdam 
Declaration, in particular Amsterdam Goal 1: “To contribute to sustainable 
economic development and simulate job creation through investment in 
environment and health-friendly transport.” 

6. Although almost all countries have now banned leaded gasoline, there 
are still seven countries in which action is still needed.

7. Black carbon is “the solid fraction of PM2.5 that strongly absorbs light 
and converts that energy to heat” (ICCT 2009). Black carbon not only affects 
public health, but also contributes to climate change. Actions are needed 
to both reduce CO2 and black carbon. Available at: http://www.theicct.org/
pubs/BCsummary_dec09.pdf.
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liver and kidney damage, impaired fertility, comas, 
convulsions, and even death. Children are particularly 
vulnerable; they can suffer from reductions in IQ and 
attention span, learning disabilities, hyperactivity, 
impaired growth and hearing loss (Rapuano et al. 
1997). Hatfield et al. (2010) estimate that the removal 
of lead from vehicle fuels has resulted in more than 
1 million avoided premature deaths per year with 
annual financial benefits over US$ 2.4 trillion.

Sánchez-Triana et al. (2007) note that for Colombia, 
the health cost of urban air pollution was roughly 
0.8 per cent of the nation’s GDP, amounting to 1,500 
billion pesos (US$ 698 million).8 Noise pollution 
generated by transport can be detrimental to health 
and well-being, particularly if it contributes to sleep 
disturbance, which can lead to increased blood 
pressure and heart attacks (WHO 2009b). Research by 

8. Calculated based on 2150 Colombian Pesos to US$ 1.

Lambert (2002) and Martínez (2005) indicate that the 
economic cost of noise can reach nearly 0.5 per cent 
of GDP in the European Union. 

Human security and accidents
The latest report from the World Health Organization 
(WHO 2009a) confirms that road accidents remain a 
serious public health issue. Every year more than 1.27 
million people die in road accidents, of which 91 per 
cent occur in low and middle income countries. About 
half of those who die in road accidents worldwide 
are pedestrians, cyclists and motorcyclists, for whom 
infrastructure provision is often neglected. In Europe, 
traffic accidents are a major cause of fatalities for 
young people, particularly men aged between 15 and 
25 (WHO 2008).

It is estimated that the cost of traffic accidents amounts 
to US$ 518 billion, and represents between 1 per cent 
and 1.5 per cent of GDP in low-and middle-income 

Box 2: Maritime and aviation emissions

Road transport accounts for the majority of 
GHG emissions and their predicted growth, but 
those from maritime and aviation transport are 
increasing at a very rapid rate. 

For maritime transport, developments in world 
trade are increasing while both the volume and 
distance of goods are being shipped at a pace 
that exceeds growth in world GDP. International 
Maritime Organization (2009) predicts that by 2050, 

in the absence of additional policies, emissions 
from ships may grow between 150 per cent and 250 
per cent (compared with 2007).

Despite a temporary slowdown in demand owing 
to the economic recession, the fundamental growth 
in the aviation sector remains strong. Aviation 
emissions are projected to increase exponentially 
in the next few decades, fuelled by income growth 
and reductions in the price of air travel.

Table 1: Accident costs from various world regions 
Source: Jacobs et al. (2000)

Region* GNP, 1997 (US$ billion)
Estimated annual crash costs

As percentage of GNP Costs (US$ billion)

Africa 370 1 3.7

Asia 2,454 1 24.5

Latin America and Carribean 1,890 1 18.9

Middle East 495 1.5 7.4

Central and Eastern Europe 659 1.5 9.9

Subtotal 5,615 64.5

Higly motorised countries 22,665 2 453.3

Total 517.8

GNP: Gross National Product
* Data are displayed according to regional classification of the Transport Research Laboratory Ltd, United Kingdom
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countries and 2 per cent of GDP in high-income 
countries, as shown in the table below (Jacobs et al. 
2000). For example, reducing accidents requires a 
systematic approach incorporating elements of better 
infrastructure, vehicle inspection and education to 
control speed and alcohol consumption. 

Congestion 
Congestion is caused when the volume of traffic 
reaches the capacity of infrastructure. It is particularly 
common in urban areas, where it can severely limit the 
positive effects of agglomeration (see Cities Chapter). 
Travel times for public transport users, as well as 
pedestrians and cyclists, frequently increase if dedicated 
infrastructure is not provided. Congestion also increases 
fuel consumption and the level of pollution, as fuel is still 
consumed whilst cars are stationary. 

According to Texas Transport Institute, congestion costs 
are increasing.  Congestion costs in 439 urban areas 
of the United States were estimated at US$ 24 billion 

Box 3: Benefits of cleaner fuels 
in sub-Saharan Africa

A recent modelling study by Inner City Fund 
International for the World Bank and the 
African Refiners Association looked at the costs 
and benefits of investing in refineries in sub-
Saharan Africa (SSA) to improve the quality of 
their produced fuels. It found that by reducing 
the sulphur content of fuels used for transport, 
a significant amount of health costs could be 
saved (US$ 640 million per year in West SSA, US$ 
340 million per year in East SSA). These benefits 
were amplified by many-fold when coupled 
with policies to improve emission controls, 
particularly for motorcycles.
Source: ICF International (2009)
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in 1982, US$ 85 billion in 2000, and US$ 115 billion in 
2009.  Furthermore, congestion in the US cost 3.9 billion 
gallons of wasted fuel and 4.8 billion hours of extra time. 
According to Organisation for Economic Co-operation 
and Development (2009), congestion in Toronto, Canada 
costs the city around US$ 3.3 billion Canadian dollars a 
year in productivity (1.2 per cent of Toronto’s GDP), while 
in the UK the estimated cost of time lost in traffic is £ 
20 billion a year, or 1.2 per cent of GDP (The Telegraph 
Business Club et al. 2009). In developing countries, a lack 
of traffic data often makes it difficult to estimate the loss 
of productivity. Data are available for Lima, Peru: people 
living within the city are estimated to lose an average 
of four hours in daily travel, which leads to a loss of 
approximately US$ 6.2 billion, or around 10 per cent of 
GDP every year (UNESCAP et al. 2010). The traditional 
approach to tackling congestion – providing more road 
capacity – has often been counter-effective, as the extra 
capacity induces further demand for traffic activity 
(SACTRA 1997).

Accessibility and severance
Traffic-filled roads can become physical and psychological 
barriers that can sever communities and divide entire 
cities (see Cities Chapter). There are various ways in 
which accessibility and severance can be quantified 
and monetised. Although values are highly context-
dependent and differ greatly by region, Sælensminde 
(2002) in VTPI (2007) notes an extra cost of US$ 0.54-0.62 
per mile of vehicle activity shifted from non-motorised 
transport to the car. Transport systems dominated by 
motor vehicles have been shown to hinder access to 
jobs, markets and essential facilities, particularly for the 
poorest and most vulnerable members of society. 

Land use and loss of biodiversity
Roads, railways, airports, harbours and other transport 
infrastructure can have a severe impact on the natural 
environment, from the removal of vegetation during 
construction or the subsequent fragmentation of 
habitats (CEU 2002; Kaczynska 2009). Fragmentation, 
without proper ecological infrastructure planning can 
severely disturb wildlife and reduce biodiversity.

2 2 Opportunities

Leapfrogging towards green transport
Responding to these challenges will require a paradigm 
shift in the way the transport sector develops in the 
coming decades. Action is required in all countries, but 
opportunities are greatest for developing countries, 
where future patterns of transport can be shaped by 
the investment and planning decisions made today. 
Investing in green transport will enable such countries 
to leapfrog towards a sustainable path, rather than 
reproducing the mistakes made by industrialised 
countries (Dalkmann 2009). 

Avoid, Shift and Improve strategy
Making a decisive shift to green transport arguably 
requires a holistic strategy that combines the following 
three elements:9

1. Avoiding or reducing the number of journeys taken. 

This can be achieved by integrating land use and transport 
planning; designing denser, more compact settlements; 
harnessing telecommunication technologies such 
as teleconferencing and localising production and 
consumption10. Demand for freight transport can be 
reduced by localising production and consumption and 
by optimising logistics to reduce empty runs and ensure 
a high load factor.

2. Shifting to more environmentally efficient forms of 
transport. 

9. For further information, see Dalkmann and Brannigan in GTZ (2007), and 
the Common Policy Framework on Transport and Climate Change, which 
represents an increasing level of consensus amongst transport experts 
and policy makers on this approach. Available at: http://www.sutp.org/
slocat/bellagio-process/common-policy-framework-cpf-on-transport-
and-climate-change-in-developing-countries/ The combination of the 
above three strategies will ensure transformation of both behaviour and 
technology.

10. Such technologies may not necessarily reduce the demand for travel 
activity by itself, and need to be combined with measures to reduce 
incentives to travel by private modes, such as road user charging, parking 
charges, vehicle tax and fuel tax.

Table 2: Avoid, Shift and Improve strategy 
Source: Dalkmann (2009)

Strategy Developed Countries Developing Countries

Avoid
Reduce vehicle kilometres (VKM) through Transport Demand 
Management (TDM), land use planning, localised production, and 
shorter supply chains.

Avoid unnecessary generation of VKM through land use and trans-
port planning.

Shift
Shift from private vehicles to Non-Motorised Transport (NMT) and 
Public Transport (PT) and from aviation to rail/PT. Transfer freight 
from road to rail and water transport.

Enable conditions for the lowest-emitting modes (both freight and 
passenger).
Prevent shift from NMT and PT to private vehicles by ensuring that 
attractive alternatives to private vehicles exist.

Improve
Improve existing vehicles. Down-scale vehicle engine size. Increase 
penetration of electric vehicles and carbon-neutral liquid fuels. 
Electrify rail (for both freight and passengers).

Ensure future vehicles/fuels are cleaner, encouraging small efficient 
cars. Design innovations for traditional NMT such as cycle rickshaws.
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This involves promoting public transport as well as 
walking and cycling, which usually requires substantial 
investment in infrastructure. For public transport to 
rival the private car it needs to be frequent, reliable, 
affordable and comfortable. Railways and waterways are 
generally greener methods of transporting freight, and 
shifting to them frees up road space. 

3. Improving vehicle and fuel technology to reduce 
adverse environmental effects such as pollution and 
resource depletion. 

Enhancing the fuel economy of conventional engines; 
reducing the weight of vehicles and developing 
alternatives such as electric and hybrid vehicles, 
biofuels, and hydrogen fuel technologies are all 
examples of this strategy.11 Further efficiency gains 
can be achieved through an improvement in the 
occupancy rate of vehicles, or through better driving 
(eco-driving).

Given that transport systems vary greatly around the 
world, it is important that the above three strategies are 
applied in ways which fully consider the context and 
main problems facing each region. Many developing 
countries are heavily reliant upon non-motorised 

11. It is important that the generation of electricity, production of hydrogen 
and biofuels are all conducted in a sustainable manner.

transport and therefore present opportunities for 
creating more sustainable transport systems than those 
in developed nations (see Table 2). 

Enacting the Avoid, Shift and Improve strategy requires 
adequate investment in the research, development, 
production and operation/management of:

 ■ Infrastructure such as tracks for buses and rail, 
pavements and cycle routes and park-and-ride facilities;12

 ■ Greener vehicles and transport modes (including 
bicycles, public transport vehicles and low emission 
vehicles, utilising technologies listed in section 5.3);

 ■ Cleaner fuels;

 ■ Telecommunication technology to substitute 
conventional transport, e.g. telework/ teleconferencing; 
and

 ■ Technologies to enact green transport, e.g. GPS systems, 
Intelligent Transport Systems, green logistics, etc.

The above would need to be supported by appropriate 
enabling conditions, which are explored in Section 5.

12. It is vital that such infrastructure promote connectivity between 
modes, so that journeys are made seamless.
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3  Transport in a green economy
This section examines how a green transport sector can 
lead to green economic growth, create jobs and reduce 
poverty. 

3 1 Supporting green growth

Investment in transport is often justified on the grounds 
that the movement of goods, services and workers is 
the vital fuel of the economic engine. Freight transport 
volumes have traditionally been thought to strongly 
correlate with economic growth on the supply side and 
passenger car use to be driven by economic growth 
on the demand side. There is evidence, however, to 
suggest that high levels of GDP can be accompanied by 
transportation systems that rely less on the private car, 
as may be seen in Figure 5.

This figure shows that cities and regions can significantly 
decouple car use – and the associated environmental 
pressures – from economic growth. In a green economy, 
mobility needs would be reduced through better city 

design and planning and impacts would be decoupled 
from growth through providing high quality, low carbon 
transport, especially through public transport, NMT 
infrastructure and cleaner, more efficient vehicles. For 
individuals, the lower levels of congestion and reduced 
travel time would leave more time for productive 
activities, especially if there is access to more frequent, 
reliable and affordable public transport services. By 
reducing fuel use and transport time, companies can be 
more competitive and profitable. McKinnon (2008) and 
UNEP (2008c) show that measures designed to improve 
the efficiency of freight transport reduce operational 
costs in addition to delivering carbon savings.

Of the various channels through which investment can 
flow into green transport, investment in infrastructure 
offers the greatest potential for economic growth by 
encouraging government investment and stimulating 
new business opportunities. Investment in green 
transport technology is also likely to benefit the overall 
economy, particularly through its potential to stimulate 
government investment (see Table 3). 
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respectively, with the same amount of resources spent. 
Chmelynski (2008) suggests that in the US, each US$ 
million block of consumer spending that is shifted from 
vehicle fuels to public transport generates 18.5 jobs.15 

Furthermore, a study by Weisbrod and Reno (2009) of 13 
public transport investments in Europe suggests that a 
unit of investment in public transport would yield between 
2 and 2.5 times this value to the regional economy.

UNEP (2008a) estimates that roughly 250,000 jobs in 
the car industry are targeted at relatively green cars and 
their components.16

3 3 Supporting equity and poverty 
reduction

Current transport systems, built primarily for private 
motor vehicles are, by nature, inequitable and impede 
efforts to reduce poverty by continuing the mobility 

15. Local employment potential depends heavily on the local context, for 
example, how much of the good/service is provided domestically (versus 
imported). The figures are meant to be indicative.

16. Such figures depend heavily on the definition of green jobs, as well as 
the assumptions regarding the penetration rate of green vehicles. Further 
work is required to estimate a more accurate set of figures.

3 2 Creating jobs

Transport is fundamental to the functioning of 
economies and it is also a key sector in its own right in 
terms of generating employment, from manufacturing 
vehicles to refining fuels, managing transport services 
and developing and maintaining infrastructure.13

Under a green economy, transport-sector jobs would 
increasingly be those that are generated through 
investment in green transport infrastructure and 
vehicles, alternative fuels and telecommunication and 
other technologies (see section 2.2).

Empirical studies are scarce, but several studies suggest 
a strong link between green jobs and the transport 
sector. Based on US figures, the Economic Development 
Research Group (2009) and the Surface Transportation 
Policy Project (2004) suggest that US$ 1 billion spent on 
public transport generates around 36,000 jobs (averaging 
between operations and capital projects14), which is 9 
per cent and 19 per cent higher than the job-creation 
potential of road maintenance or new road projects 

13. Furthermore, by providing the physical link between jobs and workers, 
transport contributes to employment.

14. The methodology employed by the Economic Development Research 
Group includes direct effects (public transportation manufacturing /
construction and operations jobs), indirect effects (jobs at suppliers of parts 
and services) and induced jobs (jobs supported by workers re-spending 
their wages). See http://www.apta.com/gap/policyresearch/Documents/
jobs_impact.pdf 

Box 4: Re-examining the 
employment generating 
effects of aviation

It is often claimed that aviation is vital for the 
economy, because it generates jobs both directly 
and indirectly; the latter through the facilitation 
of tourism and business (OEF 2006). This is often 
given as a key reason to exempt aviation from 
fuel taxes and other levies, which not only distorts 
competition between modes, but leaves aviation 
externalities unchecked. Sewill et al. (2005) argue 
that the economic case for investing in aviation is 
often overstated, if not weak, owing to the large 
amounts of externalities the sector produces. He 
suggests that alternative forms of employment 
can be generated through taxing high-polluting 
industries such as aviation, and using the revenue 
to promote other sectors. As an example, the EU in 
its Emissions Trading Scheme should consider the 
use of revenue from aviation credits (EC 2011) for 
climate mitigation actions in developing countries, 
which could also create new forms of green jobs.

Table 3: Economic impacts per US$ 1 million 
expenditures 
Source: Chmelynski (2008)

Expense category Value added
2006 dollars

Employment
FTEs

Compensation
2006 dollars

Auto fuel 1,139,110 12.8 516,438

Other vehicle expenses 1,088,845 13.7 600,082

Household bundles

Including auto expenses 1,278,440 17.0 625,533

Redistributed auto 
expenses 1,292,362 17.3 627,465

Public transit 1,815,823 31.3 1,591,993

Box 5: Green transport as a 
business
There are many revenue-generating oppor-
tunities for the private sector to support 
or complement sustainable transportation 
systems and operations. These may take the 
form of public-private partnerships, concession 
contracts between a public agency and private 
entity, or a for-profit business providing a service 
or product directly to users. Table 4 lists such 
businesses in the context of the Avoid, Shift and 
Improve strategy for sustainable transport.
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Table 4: Green transport businesses in the Avoid, Shift and Improve groups

Avoid, Shift, 
Improve Sustainable business Emissions reduction potential Examples

Avoid Telecommunication tech-
nology and services

Medium – Provides alternatives to physical 
travel

Teleconferencing and teleworking by major companies in Europe, US, 
etc.

Avoid and Shift

Parking providers High – by providing formal parking space 
and replacing informal parking Private parking operators in Tokyo

Shared vehicle systems High –by encouraging less private car usage
Car-sharing integrated with rail and public transport in Switzerland;
Bicycle sharing such as: JCDecaux/Cyclocity, Paris, Clear Channel/
SmartBike, Barcelona

Shift

Public transport opera-
tions (including fare collec-
tion, depot/fleet manage-
ment, station management, 
security)

High – by increasing the quality of service 
and making transit systems more attractive

Bus Rapid Transit systems in Bogotá, Pereira, Curitiba, Ahmedabad, 
Guayaquil, Mexico, Leon, Guadalajara, Guatemala;
Bus systems in Santiago, Sao Paulo (and most Brazilian cities);
Metro rail systems in Singapore, etc.

Taxis and paratransit 
operations

Medium – by providing door-to-door 
alternative to private cars (depends on fuel 
type and operational efficiency)

Auto-rickshaws in India, Pakistan

Non-motorised transport 
(NMT) services

High – particularly when coupled with land 
use patterns that support shorter journeys 
achievable by NMT.

Bicycle rickshaws in India, New York City, San Francisco;
Bicycle stations in Germany;
Bicycle rentals in Amsterdam;
Walking tours in Boston

Intelligent Transportation 
Systems

Medium – optimising transportation 
system performance to minimising vehicle 
delays and making public transport attractive

Technology providers in Santiago, Guayaquil

Commercial enterprises in 
public spaces, advertising 
and street furniture

Medium – improves the user experience of 
transit/non-motorised transport oriented 
cities

Barcelona, Buenos Aires, Guayaquil

Improve

Low carbon vehicles High – by allowing better energy efficiency Small, lightweight vehicles, ultra low emission engines, hybrid vehi-
cles, plug-in hybrids linked with sustainable generation of electricity

Alternative fuels High – by allowing lower CO2 per unit of 
energy

Biofuels, conforming to stringent and comprehensive sustainability 
criteria

Vehicle Maintenance Medium – proper vehicle maintenance can 
reduce emissions and GHG Annual vehicle checks in e.g. Indonesia 

Box 6: The role of transport in reducing rural poverty

There is a large body of empirical evidence that 
shows a positive correlation between transport 
investment and economic outputs Liu (2005). 
Binswanger et al. (1993) and AITD (2003) found 
that rural road investment directly contributes 
to the growth of agricultural output, increased 
use of fertilisers, commercial bank expansion 
and overall improvements in the socio-economic 
conditions of rural villages in India. Khandker et al. 
(2009) their research for the World Bank, Khander 
et al. (2009) found that rural road investments in 
Bangladesh reduced poverty significantly through 
higher agricultural production, higher wages, 
lower input and transportation costs and higher 
output prices. Rural roads were also found to lead 
to higher rates of school attendance for both girls 
and boys and to be pro-poor. However, together 

with rural road infrastructure, investments also 
need to be made in facilities for public transport, 
NMT and a multi-modal transport infrastructure. 
For those without access to private motor vehicles, 
this would lead to their increased mobility. This 
is especially the case when connecting urban 
centres with rural areas. Van de Walle (2002), in 
her work for the World Bank, argues that failing 
to consider the equity objective alongside the 
efficiency one can bias investment against poorer 
areas and poor people. This is particularly true 
in Asian transition economies where roads are 
one of many constraints on development. Their 
economic, social and environmental benefits will 
be dependent on other factors such as whether or 
not affordable transport services follow the road 
investment. 
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divide. In many developing countries there is a vast gap 
between income groups in terms of access to paved 
roads, as well as affordable and safe transport. 

Investment in green solutions such as public transport 
networks that are accessible, reliable and affordable 
can help alleviate poverty in a number of ways; 
providing people with the means to reach employment 
opportunities, education and healthcare. New jobs can 
be created in previously isolated areas, for example, 
by involving local workers and co-operatives in road 
maintenance.17 Stimulating the local economy can 
also bring down costs and foreign exchange, while 
lower travel costs and reduced journey times can make 
essential goods and services cheaper. Safe and clean 
transport networks help protect the most vulnerable 
members of society from some of the adverse 
impacts of transport such as road traffic accidents  
and air pollution.

17. Such methods could be equally targeted at the construction and 
maintenance of infrastructure for public and non-motorised transport.
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4  Quantifying the economic 
implications of green transport 
To quantitatively assess the macroeconomic implications 
of investing in green transport at the global level, 
the study applied a modelling approach utilising the 
Millennium Institute’s T21 model.18 Within the multi-
sector green investment scenario in which 2 per cent of 
the global GDP is allocated for investment in greening 
a large number of sectors, transport was assumed to 
receive 17 per cent of the total. 

This section describes the differences between investing 
the assumed additional amount in green transport and 
in the business-as-usual-scenario (BAU), including their 
macro-level implications up to the year 2050. Due to 
the scarcity of studies that employ the same modelling 
technique, the outcomes are to be interpreted as indicative 
of the direction of change that can be expected with green 
investment, and should be validated through further work. 
The figures should be assessed together with projections 
made by other models such as the IEA’s Mobility Model, to 
which comparisons are made in this section.

4 1 Transport trends under 
business as usual

Under BAU without additional investment, the total 
number of road vehicles19 increases rapidly. The stock 
of light-duty vehicles (LDVs) in particular would grow 
from the current 0.8 billion to 2.2 billion by 2050.20 In 
line with the future growth in total vehicle stock, travel 
volume would increase for both passenger and freight 
transport. In the year 2050, passenger transport would 
reach 103 trillion passengers per kilometre (pkm), 
whereas freight transport would be approximately 
38 trillion tonnes per kilometre (tkm). Compared with 
baseline figures from IEA, these figures are higher, 

18. The information contained within this section draws from modelling 
work conducted by the Millennium Institute (MI). Whilst every effort has 
been taken to accurately integrate the modelling results throughout the 
entire report, there may be certain figures which are subject to further 
refinement or corrections, based on the larger modelling process and 
changes in other sectors. Note also that the modelling process has 
been limited by the relative lack of standardised evidence and data, for 
example assumptions on employment in the transport sector, harmonised 
information on transport activity by city, region and country, standardised 
figures on transport externalities and the interrelationships between 
modes and sectors. 

19. Includes both urban and non-urban, freight and passenger.

20. Others predict that this growth could even be higher. For example, IEA 
predicts the number of LDVs to reach 2.7 billion by 2050. 

especially for freight where IEA predicts only 13 trillion 
tkm in the same year. 

In BAU, for passenger transport LDVs would continue to 
dominate all transport modes with an increasing share (47 
per cent in 2010 rising to 62 per cent in 2050) of the passenger 
travel load over the period, while the share of buses would 
decline from 25 per cent to 15 per cent.21 A steady share 
of the passenger travel load (6-7 per cent) is expected to 
be by rail, and around 10 per cent by aviation. For freight 
transport, the volume carried by rail would decline from 55 
per cent in 2010 to 52 per cent in 2050, contrasted with an 
increase in road-based transport (trucks).22 

With regards to energy use and carbon emissions, both 
are projected to increase by nearly 50 per cent by 2030 
and more than 80 per cent by 2050 in the BAU case. The 
modes that will contribute most to emissions in 2050 
are LDVs (56 per cent), trucks (16 per cent) and aviation 
(18 per cent). By 2050 the CO2 emissions of the transport 
sector would have increased to one fourth of global 
energy related CO2 emissions.

In the BAU case, total employment in the transport sector, 
which is 67.9 million in 2009, will continue to grow by 1.3 
per cent per year on average through to 2050 and reach 
approximately 116 million.23

4 2 The Avoid, Shift and 
Improve strategy as a basis for 
redirecting investments

The transport sector will see massive investments in 
the coming decades, mainly through city planning, 
infrastructural works, public transport systems and 

21. Of all passenger transport, IEA estimated, in terms of passenger-km 
per year (different from the measure in this model), 7 per cent to 6 per 
cent by rail, from 10 per cent in 2010 to 15 per cent in 2050 by air, and 
the remainder by road transport modes, in which 45-56 per cent of all 
passengers are carried by LDVs. Within road passenger transport, for which 
IEA reported total travel distance in km traveled by all road vehicles per year 
(same measure as in the model), LDVs account for 67-78 per cent of road 
passenger travel volume in 2010-2050.

22. The International Energy Agency (IEA) estimates the percentage of 
freight transport load, in terms of tonne-km per year, that is carried by road 
vehicles increases from 55 per cent in 2000 to 59 per cent in 2050.

23. These figures exclude the large level of informal labour in the transport 
sector (for example, the maintenance of vehicles, operation of micro buses 
in developing countries), which were not able to be estimated due to data 
restrictions. Such forms of employment may also benefit from the shift in 
investments towards a green scenario.
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procurement of transport vehicles. IEA (2010) predicts that 
under BAU by 2050 the world will spend another US$ 150 
trillion on motor vehicles24. There will be an investment of 
another US$ 100 trillion in other types of transport vehicles 
(trucks, ships, aircraft, etc.) and US$ 150 trillion in fuels.

However, in a green economy these investments, if properly 
designed, would help limit the growth in emissions. 
Redirecting investment to green transport options can 
provide the same mobility needs but with significant 
reduced societal and environment impacts and in some 
cases even for less money. The global carbon abatement 
costs curve of McKinsey (2010) – presenting carbon 
benefits from investment in potential actions to reduce 

24. Undiscounted dollars over the next 40 years worldwide.

carbon emissions – shows that investing in green transport 
can be among the most cost-efficient actions to reduce 
carbon emissions. For example, investing in improving the 
fuel efficiency of vehicles is claimed to be able to generate 
net savings of € 65 per tonne carbon abated. The global 
transport carbon abatement cost curve of ClimateWorks 
(2010), see figure 7, shows a similar amount for initial 
improvements in fuel efficiency.

It is important to look not only at carbon abatement 
efficiency but also other impacts on the various 
challenges identified in the first chapter of this report. 
When comparing interventions and their costs and 
benefits it is also important to look at secondary impacts. 
For example, some interventions can result in major 
increases or decreases in tax revenue. Table 5 shows that 
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Table 5: Costs and benefits of investing in green transport 
Source: Estimates by UNEP and authors. The more the pluses the bigger the investment or the benefit associated with the intervention.

INVESTMENTS BENEFITS

Direct 
investment

Long term costs/ 
investment Air quality GHG emissions Congestion Transport 

accessibility Road safety

Bus Rapid Transit 
(BRT) ++ + ++ ++ ++++ ++++ ++

Light Rail +++ ++ ++ ++ ++++ +++ ++

Rail ++++ ++ + ++ +++ ++ +

Cleaner & more 
efficient vehicles ++ + ++++ +++ +/- +/- +/-

NMT infrastructure ++ + ++ + +++ +++ +++

City planning/ 
design ++ ++ +++ ++ ++++ ++++ +++
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while some transport interventions are cost effective ways 
to reduce carbon emissions, others are more effective in 
increasing accessibility or decreasing congestion.

While there are differing views on the role that biofuels 
can play in reducing GHG emissions in the transport 
sector, its use has been rapidly increasing over the past 
years.  Much of this development has been triggered 
by mandates for blending biofuels into vehicle fuels, 
enacted in at least 41 states/provinces and 24 countries 
at the national level. Ethanol, made primarily from corn 
and sugar cane, and biodiesel, produced primarily 
from oil seeds such as rapseed and oil palm seeds, are 
currently the key biofuels for transport. Most mandates 
require blending 10-15 per cent ethanol with gasoline 
or blending 2-5 per cent biodiesel with diesel fuel. 
Standards comprehensively addressing environmental 
and social concerns raised in the context of production 
of biofuels should be applied to ensure sustainability.

To achieve a green transport sector and meet targets 
set in terms of improved urban air quality, reduced 
carbon emissions and reduced road accidents, a mix of 
strategies is needed combining Avoid, Shift and Improve 
interventions. Models of the International Energy Agency 
(IEA, 2009b) and the European Environment Agency 
(EEA, 2010) show that a package of measures, combining 
measures in the Avoid, Shift and Improve areas, are 
needed to achieve major emissions reductions (see Box 
7). UNEP’s work also arrives at a similar conclusion (see 
Box 8).

Box 7:  Net savings from 
greening the transport sector

In the context of climate-change mitigation, it is 
often claimed that actions in transport are costly 
due to the required new technologies. However, as 
demonstrated by several studies such as Cambridge 
Systematics (2009) in its “Moving Cooler” study and 
McKinsey’s and ClimateWorks’ cost abatement curves 
(see earlier), the cost of many transport interventions 
and especially a comprehensive set of policies 
based on the Avoid, Shift, and Improve strategy 
can often result in net savings to the economy as a 
whole. The savings in fuel costs brought about by 
a mixture of behavioral and technological changes 
far outstrip the implementation costs. A World Bank 
(2009) study on Mexico notes that projects targeted 
at improving the efficiency of bus networks, rail 
freight and vehicle-inspection schemes generated 
large net savings.

Box 8. Effects of combining 
investments in measures in 
the Avoid, Shift and Improve 
areas on reducing transport 
emissions

UNEP has been working closely with IEA and 
others in promoting clean and efficient vehicles. 
In doing so, UNEP has found that major reductions 
can be achieved through the introduction of 
cleaner fuels and vehicles. However, UNEP also 
found that to achieve the emissions reductions 
needed investments must be made in all three 
areas: Avoid, Shift and Improve. Models of the 
IEA and European Environment Agency (EEA) 
show that emissions reductions of 70 per cent 
or more are possible with the right policies and 
investments – with about two-thirds coming 
from measures in the Improve area and one-third 
from measures in the Avoid and Shift areas.
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Figure 8: Effect of a combination of Avoid, 
Shift and Improve measures to reduce CO2 
emissions from the transport sector in the 
EU 
Source: EEA (2010)
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4 3 Investing in green transport 

Inputs and assumptions
The green investment scenario (G2) assumes US$ 419 
billion in constant US$ 2010  invested per year over the 
next 40 year period into: 

 ■ Expanding the public transport infrastructure 
(promoting modal share to bus and rail transport); and

 ■ Increasing the efficiency of road vehicles. 

With respect to public transport infrastructure, 
investments are made to reduce LDV (cars) and air travel 
and increase bus and rail travel volume, promoting a 
modal shift to less carbon intensive forms of transport. 
An annual investment of around US$ 24 billion is 
allocated to transport infrastructure over the 40 year 
period.

With respect to energy efficiency improvement, around 
US$ 384 billion is assumed to be invested in more 
efficient vehicles on average each year between 2011 
and 2050. Note that the investments assumed in the 
model for measures under the Avoid, Shift and Improve 
strategies are in line with the EEA and IEA green transport 
investment scenarios discussed earlier.

Furthermore, to represent future changes in travel needs 
under the green scenarios, a 25 per cent avoidance of 
total transport volume is initially assumed, in accordance 
with IEA’s outlook on total travel volume.25 This reduction 
is assumed to happen at no cost as a result of changing 
needs and behaviour motivated by the various enabling 
conditions such as better city planning, more e-working, 
strict regulations, etc. Note that the above assumptions 
on investment and behavioural changes directly mirror 
the Avoid, Shift and Improve paradigm set out in Section 
2.2. These are shown to impact on the transport modal 
split, energy consumption, energy-related emissions, 
and employment as discussed below.

The annual green investment in the transport sector 
would generally encourage the shift from (or retain 
the modal share of ) private transport to public or non-
motorised transport, compared to the various BAU 
scenarios. The total travel volume of road vehicles will 
limit its increase from 21 trillion VKM in 2009 to 39 
trillion VKM in 2050, 35 per cent below BAU2 (BAU with 
the same amount of additional investment as in G2). The 

25. Assumed to be primarily driven by transit oriented development, 
telework, shorter but more frequent trips, among others (as indicated in 
IEA’s Transport, Energy and CO2 study). On the other hand, the positive 
impact of the green scenarios on GDP are projected to push total travel 
volume higher, partially offsetting the impacts of this initial assumption.

0

10000

20000

30000

40000

50000

60000

70000

80000

trucksbusesLDVs2/3 wheelers

2050 G22050 BAU22050 BAU2010

Ve
hc

le
 k

ilo
m

et
er

s

0

3000

6000

9000

12000

15000

waterairfreight railpassenger rail

trucksbusescars2/3 wheelers

2050 G22050 BAU22050 BAU2010

M
eg

at
on

ne
s 

of
 C

O
2
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Source: Based on modelling conducted for this report
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the transport sector under the green and BAU 
scenarios
Source: Based on modelling conducted for this report
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figure below shows the level of road transport activity 
(in vehicle kilometres) under various BAU scenarios as 
well as the green investment scenario. 

In terms of modal split, the green investment scenario 
assumes a fall in the share of passenger kilometres by  
car in 2050 from 62 per cent (BAU2) to 33 per cent26. For 
freight, rail retains a relatively large share of 52 per cent 
of the transport volume (tkm). 

The total energy consumption of the transport sector 
will be limited to 2.2 thousand million tonnes of oil 
equivalent (Mtoe) in 2050 in green investment scenario. 
About 874 Mtoe are satisfied by biofuels,27 limiting oil-
based fuels to 1,251 Mtoe in 2050, 81 per cent lower 
than BAU2. Considerable energy savings come from the 
switch to public transport as the increase in emissions 
by buses and electrified rail are much smaller than the 
avoided emissions from LDVs. 

Results
As a result of these investments, carbon emissions 
are reduced radically, by 8.4 Gt of CO2, or 68 per cent 
relative to BAU2 in 2050. The green investment scenario 
corresponds roughly to the level of emissions modelled 
by IEA in their low carbon (BLUE Map) scenario, which 
combines incremental improvements in fuel efficiency 
of conventional engines, a 20-fold increase in biofuels 
and uptake of new vehicles such as hybrids and fuel 
cell vehicles. In the BLUE Map scenario, IEA estimates 

26. This figure heavily depends on the assumptions that are used on the 
effectiveness of measures to avoid the need for travel, as well as to what 
extent the demand shifts towards public and non-motorised transport.

27. Care needs to be taken to ensure that the biofuels used comply strictly 
with sustainability criteria that cover the different environmental and social 
concerns including food prices. 

$20 trillion additional investments in vehicles (for more 
efficient vehicles including electric vehicles) but about 
a similar, US$ 20 trillion, savings in fuel costs due to 
increased fuel efficiency28 (IEA 2009b). Therefore, a major 
global carbon reduction can be achieved without any cost 
(but would need investment policies that would promote 
investment in cleaner and more efficient vehicles).

Total employment in the transport sector will remain 
substantial, with large growth in public transport 
modes such as passenger rail. Overall employment 
in the transport sector in 2050 is modeled to be 
higher in the green scenario compared to BAU2, by 
roughly 10 per cent. Jobs related to cars (including 
production and maintenance) will also grow, albeit 
less rapidly compared with BAU2 owing to the lower 
levels of car ownership under the green scenario.29 As a  
result of the large reductions in carbon emissions, 
together with continued strong growth in transport 
employment, the carbon intensity of each transport 
job is reduced by around 70 per cent compared with 
BAU2, reflecting the decoupling of transport emissions 
from economic growth, and the greening of jobs in this 
sector.30 

28. 2008 as a base year.

29. Note: Reliable job estimates on maintenance of cars could not be found 
and have not been included explicitly in the modelling. Concerning public 
transport, management and operation job numbers were calculated based 
on EU data (excluding France and Germany which have disproportionately 
high levels of employment in this subsector) to estimate employment  
at the world level.

30. The approach taken in this chapter to quantify the greenness of jobs  
may help inform existing and future definitions of green jobs – for 
example those from the International Labour Organization (ILO). Further 
refinement and coordination of approaches in this aspect would prove 
beneficial in better quantifying and monitoring the transition towards a 
green economy.
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5  Enabling conditions
Enabling conditions are background conditions in the 
investment and political environment that collectively 
allow the transition to a green economy. They will assist 
the implementation of the green investments identified 
for the transport sector, particularly if efforts are taken 
to ensure a harmonised and integrated approach that 
facilitates best available policies and technologies across 
the world. Below, we explore the key enabling conditions 
for green transport, namely:

 ■ Designing appropriate regulation, planning and 
information provision;

 ■ Setting the right financial conditions and economic 
incentives;

 ■ Ensuring technology transfer and access; and

 ■ Strengthening institutions and capacity.

Transport is a complex sector, which is shaped over a 
long period of time, and by various external sectors and 
factors (EEA 2008). Therefore, a combination of strategic 
approaches and policy instruments is required to green 
the transport sector. An inventory of policy instruments 
for environmentally sustainable transport and extensive 
discussion of their possible use in selected countries 
may be found in (OECD 2002).

5 1 Designing appropriate regulation, 
planning and information provision

A wide range of policies could support the Avoid, Shift 
and Improve strategies for green transport, namely:

 ■ Planning – can reduce the need or distance to travel by 
bringing closer together the people and the activities that 
they need to access. It can enable the implementation, 
and increase the attractiveness of new green transport 
infrastructure, including for public transport, cycling  
and walking; 

 ■ Regulation – can be used to restrict the use of certain 
motorised vehicles but can also influence the types of 
vehicles used and the standards that they should adhere to 
(both in terms of vehicle performance and road regulations);

 ■ Information – can increase peoples’ awareness of 
alternative means of transport, leading to a modal shift. 
Information can also be provided to improve driver 
behaviour and reduce fuel consumption; and

 ■ Economic Instruments – can provide incentives to 
change behaviour regarding choice of: vehicle type, fuel, 
type and timing of travel mode, etc. (see 5.2 for details).

Examples are provided in Table 6. Combining these 
individual policies is imperative to increasing their 
effectiveness. For example, restrictions on parking (or 
high fees) push users away from cars, whilst planning for 
public transport pulls them towards green transport.

Details of how these policies can enable green transport 
are provided in the sections below.  

Planning 
Planning is essential in realising sustainable 
development. Good planning on all levels (urban, 
regional, and national) is a prerequisite for green 
transport, as land use often determines patterns of 
transport for many years (see the Cities chapter). 

Planners have investigated and postulated growth 
patterns for cities over the years. Six of the most 
common forms of city evolution or current growth 
patterns are outlined in Figure 11. The “compact city”, 
which accommodates increases in population through 
densification of the city centre and the “corridor city”, 
which is synonymous with transit-oriented development 
are thought to be the most sustainable spatial approaches. 
The mid-sized city of Freiburg, Germany is a good example 
of the former, whereas Tokyo, Japan is a good example of 
the latter. Efforts have been made in many developing 
countries to build cities suited to public transport and 
non-motorised transport,31 and Aguascalientes, Mexico is 
a good example (Embarq, no date). On the other hand, 
the “fringe city” based on suburban sprawl is synonymous 
with a heavily private car-dependent society, a result of a 
traditional, sectoral-based, planning approach. 

Regulatory instruments
Owing to the inelastic nature of transport demand, 
economic signals such as the price of fuel are often 
insufficient on their own to trigger a large shift in 
behaviour for both consumers and industry. Regulatory 
instruments therefore play a large role in creating 
additional incentives to enable change. Timilsina and 

31. The potential for land use and urban planning to shape long-term 
transport patterns is higher in developing countries, where cities are 
still emerging and have not yet locked themselves into a car-dominated 
society. To incorporate the increasing population brought by the trend 
towards urbanisation, cities in developing countries can set clear  
physical boundaries to define the outer perimeter of the city, promote 
mixed land use, and (if needed) develop new land around public  
transport corridors.
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Dulal (2009) note that the main regulatory measures 
used to reduce environmental externalities in transport 
are those that relate to (1) fuel economy; (2) vehicle 
emission levels; (3) fuel quality; (4) vehicle inspection 
regimes and (5) measures to discourage vehicle use or 
encourage high occupancy of vehicles. At present, many 
countries, and especially developing countries, lack 
comprehensive policies to regulate these five main areas. 
Practical applications of these regulatory measures are 
provided in the table below. 

Regulation must be considered in conjunction with 
economic measures to ensure economic efficiency 
and avoid government failure. Regulation must also 
be feasible to enforce. Often a well-intended scheme 
results in unforeseen consequences. For example, in 
Jakarta, a policy to mandate vehicle occupancy of three 
persons in one vehicle in the city centre has resulted in 
illegal “jockeys” receiving money from drivers to ride in 
their cars to help evade penalty fees. 

Information instruments
Information instruments may induce further changes 
in behaviour through raising awareness of alternative 
modes or methods of travel. Public-awareness 
campaigns, mobility management, labelling of new cars, 
and driver education are representative examples.

By monitoring, accounting for and communicating the 
real financial, environmental and social implications 

of motorised transport, users may actively choose 
mobility patterns more in line with the Avoid, Shift and 
Improve approach. It is important to communicate 
the benefits of green transport in ways that directly 
relate to people’s lives, such as improved health,32 less 
financial expenditure, and reduced commuting time 
and stress.

Driver education and training can focus on “eco-
driving” techniques, which can typically save between 
5 and 10 per cent of fuel (ecodrive.org 2010). 
Highlighting the reductions in fuel costs through eco-
driving is likely to appeal particularly to operators of 
commercial vehicles.

5 2 Setting the right financial 
conditions and economic incentives

In order for investments in green transport to reach their 
full potential, a set of changes must be made to the current 
financing framework, coupled with the creation of market 
conditions that permit green transport to be economically 
feasible. These issues as well as the relationship of green 
transport with global trade will also be discussed below.

32. The World Health Organization has developed a methodology  
on evaluating the costs and benefits of human-powered mobility:  
Methodological guidance on the economic appraisal of health effects 
related to walking and cycling. Available at: http://www.euro.who.int/__
data/assets/pdf_file/0007/87478/E90944sum.pdf.
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Figure 11: Growth patterns for cities around the world 
Source: Newman et al. (1997)
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Table 6: Overview of instruments to support Avoid, Shift and Improve strategies
Source: Authors’ estimate

Table 7: Regulatory measures in practice 
Adapted from Timilsina and Dulal (2009)

Regulatory measure Example application Effects Keys to success

Measures on fuel economy  
(regulating fuel consump-
tion per kilometre of travel)

Corporate Average Fuel 
Economy (CAFE) standards in 
the US.

 ■ 50 per cent increase in fuel economy between 1975 and 1995. 
(Greene 1998)

 ■ Modelled net increase in jobs (140,000 by 1985). (Dacy et al. 
1980)

 ■ Fuel saving of US$ 54 billion (in 1990 dollars). (Geller et al. 1992)

 ■ Continuous improvement in 
the stringency of standards.

Measures on vehicle emis-
sion levels 
(regulating level of tailpipe 
emissions) 

EURO standards in Europe, 
with gradually increasing 
level of strictness for CO, HC, 
HC+NOx, Nox and PM.

 ■ Reduction of transport-related PM (-30 per cent), acidifying sub-
stances (-34 per cent) and ozone precursors (-48 per cent) between 
1990 and 2007. (EEA 2010)

 ■ Adoption of identical or similar standards (with time lags) in 
various developing countries.

 ■ Combination with other 
measures such as fuel economy 
standards, fuel quality standards 
and fuel taxation to further 
improve effectiveness.

Measures on fuel quality 
Phasing out of lead, sulphur 
etc. from fuels, biofuel blend-
ing mandates in Brazil, etc.

 ■ Reduction in health problems associated with lead and sulphur 
intake.

 ■ Reduction in carbon intensity of fuels.

 ■ Strong political will
 ■ Continuous pressure from civil 

society.

Measures for vehicle 
inspection

Vehicle inspection and 
maintenance system in e.g. 
Beijing. 

 ■ Reduction of local emissions by 28 to 40 per cent.(Kebin and 
Chang 1999)

 ■ Proper enforcement and 
tackling of corruption.

Measures to discourage 
vehicle use/encourage high 
occupancy of vehicles

Car-free zones in e.g. Ger-
many, partial traffic bans in 
Mexico, speed restrictions. 

 ■ Increased quality of life and regeneration of economic activity in 
city centres.

 ■ Reduction of traffic congestion and air pollution.

 ■ Prior communication of the 
benefits to local businesses and 
residents.

Type Avoid Shift Improve

Planning High density mixed land use development. 
Parking standards.

Integrated public transport planning. Land use 
planning.

Planning of smart grids.
Planning of decarbonised electricity sources.

Regulatory Traffic restrictions and travel bans (e.g. in city 
centres).

Parking restrictions. Road space allocations. 
Restrictions on the type of vehicles.

Vehicle standards (on e.g. emissions). Speed 
limits. Regulation of production processes.

Information 
Increase awareness of the real costs of travel 
by various modes. Mobility management and 
marketing.

Increase awareness of alternatives. Mobility 
management and marketing. Co-operative 
schemes.

Eco-driving
Public awareness campaigns.
Labelling of the environmental performance 
of vehicles.

Economic National subsidies for low carbon transport city 
design and planning. 

Public-private partnerships for public transport 
systems (esp. BRT and lightrail). Removal of 
fuel subsidies/ taxing of fuels. Allocating fixed 
percentage of road infrastructure for NMT.

Fiscal incentives for cleaner and more efficient 
vehicles. “Cash for clunkers” programmes (buy-
out of old/ polluting vehicles). Fiscal incentives 
for cleaner fuels.

Options for financing green transport
Transport is a major attractor of public and private 
investment (Sakamoto, in Leather et al. 2009), 
characterised by:

 ■ Strong prevalence of public-sector funding for 
tran sport infrastructure;

 ■ Strong preference by international donors and 
national governments for the roads sector (particularly 
inter-city highways);

 ■ High level of private and informal provision of 
transport services; and

 ■ Limited recognition of, and funding for, green tran sport.

To enact green transport, it is clear that financing 
patterns must be reformed, so that:

 ■ Adequate funding is provided for green transport 
in all aspects (e.g. technology, capacity-building, 
operation, infrastructure, etc.) so that all extra costs 
associated with green transport can be recovered;

 ■ Resources shifted from supporting non-sustainable 
forms of transport towards green transport, and 
additional resources are mobilised and scaled up 
wherever they are lacking;
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 ■ Public funding at all levels (international – including 
Official Development Assistance and climate-related 
funds – national and local) is mobilised to support 
green transport;33

 ■ Private finance is leveraged, through the appropriate 
design of markets and the creation of consistent, long-
term incentives to invest in green transport and through 
the application of public-private sector models to invest 
in and operate green transport systems (such as Bus 
Rapid Transit (BRT) systems); and

 ■ Financing flows from different sources are designed 
to complement each other, rather than work towards 
different goals. 

A range of financing streams could contribute to 
providing support for green transport. These include 
not only funds and mechanisms devised specifically to 

33. Decision-making tools (e.g. project appraisal) should be reformed 
to ensure consistency with supporting green transport. Independent 
environmental analyses for transportation projects may be used to screen 
potential projects before they occur. They should also fully incorporate the 
potential synergies and trade-offs between projects for different modes/
sectors. Promoting transversal programmes without a sectoral focus may also 
be a way of integrating land use, transport and social services spontaneously. 

support green options, but also existing sources. Table 8 
outlines these options and assesses their relative support 
with regards to the Avoid, Shift and Improve strategies.

Typically, public-sector funding provides a major part of 
the overall financing volume for transport infrastructure 
investments, at an average of 52.9 per cent in developing 
countries (UNCTAD 2008). Here, efforts are required to 
screen transport investments according to sustainability 
criteria, so that resources will flow towards green 
transport (Sakamoto 2009). The creation of a national 
green transport fund34 (mirroring existing road funds 
found, for example, in Japan, fed by fuel and vehicle taxes) 
may be another option to guarantee adequate resources 
for green transport and help recoup any additional costs 
associated with green modes. 

As transport investments are costly, increasingly public-
private partnerships have become common. Such 
partnerships are also increasingly common in developing 
countries, for example in the operation of BRT systems.

34. Alternatively, such a fund could be set up under a wider “national  
green investment fund” which mobilises resources in all green sectors 
including transport.

Table 8: Options for financing green transport
Modified from: Sakamoto (2009)

Funding stream Avoid Shift Improve

Transport oriented funding streams

Public
Sector
Funding

Fuel tax +++ ++ +++

Vehicle taxes ++ ++ ++

Parking charges ++ ++

Road pricing +++ +++ +

Fare revenue* +

Public transport subsidies + +

Business taxes (e.g. Versement Transport in France) +

Land related taxes and charges +++ ++

Grants, loans, tax transfers ++ ++ ++

Advertising +

Private sector investments + + +++

Green funding streams

Environmental taxation and subsidies + ++ ++

Clean Development Mechanism (CDM) P P P

Joint Implementation (JI) P P P

International Emissions Trading (IET) P P +/ P

Global Environmental Facility (GEF) P + +

Multilateral/ bilateral funds PPP + / PPP + / PP

Green Climate Fund, Fast Start Financing PP PP PP

+++: High contribution; ++: Medium contribution ; +: Low contribution;
 P: Low future potential, PP: Medium future potential, PPP: Large future potential
* Fare revenue in many cases also accrues to the private sector, if the transport operator is private.
* * Funding NAMAs could potentially be linked to the Avoid, Shift and Improve paradigm.
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Private-sector funding can be mobilised through, for 
example, Build-Operate-Transfer schemes, which have 
successfully channelled private resources into large 
infrastructure projects in many developing countries.35 

Furthermore, there are a number of climate-oriented 
financing instruments with increased levels of funding 
available for green transport. For example, the Global 
Environment Facility (GEF) has released US$ 2.675 billion for 
transport projects over the last 20 years (GEF, 2009).36 The 
Climate Investment Fund (CIF) and its Clean Technology 
Fund (CTF) have started to address transport as a key sector.

The financing framework (or the combination of the 
above options) for green transport would need to 
consider the following issues (Sakamoto et al. (2009):

 ■ Its ability to generate the level of funding required to 
shift the emphasis towards sustainable transport;

 ■ The ongoing stability of funding – enabling the 
sustainable transport strategy to be continuously 
implemented and long-term goals to be pursued;

 ■ Efficiency – ensuring that resources are allocated 
to their best use, and reducing transaction costs 
throughout the system;

35. For practical guidance on utilising private finance for transport, see for 
example World Bank/ICA/PPIAF (2009). 

36. US$ 201.5 million of direct finance matched by US$ 2.47 billion in co-
financing as of May 2009.

Box 9: Share the Road

UNEP’s Share the Road campaign promotes 
non-motorised transport (NMT) by advocating 
increased investment by donors and govern-
ments in NMT infrastructure within road 
projects (e.g. at least 10 per cent of the overall 
budget). The emphasis is on a paradigm shift 
towards roads that benefit all users and thus 
re-thinking how space and resources are shared 
between pedestrians, cyclists, users of public 
transport and motorists. Increased investment 
in NMT infrastructure can substantially benefit 
the environment (air quality, GHG emissions), 
development (accessibility, affordability), and 
safety (protected facilities for vulnerable users), 
and it is a prerequisite for building resource-
efficient, liveable cities. Share the Road is working 
with partners with a view to making safe, low 
carbon and accessible mobility a reality for all 
users (UNEP and FIA Foundation, forthcoming at  
www.unep.org/transport/sharetheroad).

Box 10: The future role of 
climate finance in enacting 
green transport

In the context of the ongoing negotiations 
on climate change, the design of financial 
instruments need to take into account the 
failure of existing instruments such as the 
Clean Development Mechanism (CDM),37 to 
be fully applied to the transport sector. Under 
a Post-2012 framework, mitigation actions 
in transport in developing countries are 
likely to fall under the umbrella of Nationally 
Appropriate Mitigation Actions (NAMAs), 
which could be financed through: 

 ■ A transport window under a Mitigation 
Fund such as the future Green Climate Fund; 

 ■ An up-scaled, programmatic CDM;

 ■ A transport-specific instrument (see 
Bridging the Gap, 2010 for a proposal for a 
sectoral approach in transport); and

 ■ Other potential funds specific to capacity-
building or technology.

Nationally Appropriate Mitigation Actions 
supported by developed countries are likely to 
be backed by fund-type instruments, whereas 
actions taken to acquire credits would be 
enacted through a crediting scheme such as an 
up-scaled CDM.38

37. Of the 2,400 registered CDM projects (as of October 2010) 
only three are transport projects, and only 32 out of the 5,529 
CDM projects in the pipeline relate to the transport sector. 
Transport therefore only constitutes less than 0.l per cent of 
expected CERs. Source: UNEP-Risoe Centre.

38. The framework surrounding NAMAs is continuing to evolve, 
with the Conference of Parties (COP) to the United Nations 
Framework Convention on Climate Change (UNFCCC) agreeing 
at its 16th session in Cancun Mexico that developed countries 
shall provide support for preparation and implementation 
of developing country NAMAs, and that a registry will be 
set up to match finance, technology and capacity building 
support to NAMAs seeking international support. Nationally 
Appropriate Mitigation Actions are principally driven by 
the developing countries. As noted in Binsted et al. (2010), 
many developing countries (26 of the 43 countries that 
submitted NAMAs to the UNFCCC by September 2010) 
have proposed NAMAs in the transport sector. Available at::  
http://w w w.transpor t2012.org/br idging/ressources/
files/1/913,828,NAMA_submissions_Summary_030810.pdf

 ■ Equity – both horizontally (i.e. fair treatment of all 
transport users) and vertically (i.e. across income groups, 
ensuring support to those who are most deprived);
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 ■ Practicality – both in terms of political acceptability 
and technical feasibility, taking into account local 
conditions and priorities; and

 ■ Measurability and transparency – to ensure that the 
effects of the new funding arrangements on carbon 
emissions can be monitored and evaluated against 
various criteria including cost effectiveness.

Pricing practices and their reform (energy costs, 
taxation, subsidies)
The market for transport is currently distorted in many 
ways. Firstly, the various impacts of motorised transport 
(see Section 2) are in most cases not accounted for in 
transport costs. Secondly, roads, fuels and sometimes 
vehicles are subsidised in many countries. These 
subsidies can be significant, in the European Union they 
are estimated to amount to 4 per cent of GDP (however, 
total taxes related to transport are about the same size). 
This results in unsustainable transport patterns and is 
a major barrier to the introduction of green transport 
models. On the other hand, studies  show that there is 
an economic case for subsidising mass transit systems. 
For example, a study by Parry and Small (2007) shows 
subsidies for public transport are warranted as they 
support a reduction of urban traffic congestion and 
various scale economies that can be exploited (e.g. less 
time wasted waiting at stops when trains and buses run 
more frequently).

To escape this deadlock, economic instruments such 
as charges and taxes need to be applied, which can be 
designed to reflect at least some of the external costs onto 
the users. As regards transport taxes, Hayashi and Kato 

(2000) point out that such instruments can be applied at 
three different levels, namely car purchase, car ownership 
and car use (e.g. fuel/mileage tax, road user charging and 
parking charges). The distinction between car ownership 
and use is important. Many developed countries, especially 
in Europe, combine high levels of car ownership with limited 
vehicle use. For example, the city of Vienna has one of the 
highest car ownership rates among European cities, while 
the use of public transport is also among the highest. Taxing 
car use rather than ownership, together with providing high 
quality public and non-motorised transport alternatives, 
seem to be able to limit car use in many European cities.

Changes in pricing are essential in promoting green 
transport. Revenues from a full-cost-priced transport 
system39 can be used to invest in green transport. Such 
changes do not necessarily have to result in increased tax 
burden; reforming existing tax structures can effectively 
reduce congestion and reduce emissions. London’s 
Congestion Charge scheme, for example, directs part 
of its revenue towards improving the quality of the 
city’s bus services (see Box 12). Pricing private modes of 
transport correctly will also ensure a level playing field 
for public transport.

The relationship between levels of trade and 
environmental sustainability is complex and their impacts 
should be assessed from a holistic perspective. In some 
cases, importing goods from other countries may actually 

Box 11: Fuel subsidies – 
transitional arrangements

The implementation of policies and shifts in 
financing priorities will inevitably lead to some 
groups in society to be worse off, at least in the 
short term. The elimination of fuel subsidies may 
impact disproportionately on poorer households, 
with little access to alternative sources of energy. 
UNEP (2008b) argues that targeted subsidies 
towards the lower income groups may offset such 
impacts. Lessons can be learnt from the recent 
reduction of fuel subsidies in Indonesia, which 
has been coupled with cash compensations and 
increases in other types of social benefits for 
vulnerable groups, such as staple food prices and 
education (Bank of Indonesia 2008).

Box 12: Congestion charging

Congestion charging, a fee charged to motorist 
to enter a zone prone to heavy congestion, may 
be an important element of more comprehensive 
energy price rationalisation in the longer term, 
particularly in developed countries. Congestion 
charging in London is thought to have reduced 
the vehicle volumes by around 15 per cent in 
2003-2004 (Green Fiscal Commission 2009). 
The Eddington Review (2006), for example, 
emphasised the importance of controlling 
spiralling future congestion costs in the UK. 
This may facilitate a restructuring – and in some 
cases perhaps lowering – of fuel excises to focus 
them on the objectives they are best served to 
address, such as climate change mitigation.

39. Especially in developing countries where coverage of all transport costs 
is difficult due to existing structures, one may begin by initially pricing for the 
variable (operational and maintenance costs), and/or subsidising certain 
elements of transport from other transport revenues in the form of cross-
subsidies, for example, using fuel tax revenue to cover rail transport infrastructure.
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be less carbon intensive – for example if organically 
grown imports replace food crops grown in greenhouses. 
In other cases, there could be a renewed case for local 
production and consumption of seasonal products.

A related issue is the trading of transport vehicles 
themselves. On the one hand, the global market may 
allow the rapid diffusion of the most recent technology, 
including green vehicles. On the other hand, Davis and 
Kahn (2009) point out that free-trade agreements (such 
as NAFTA) have enabled used cars (often not meeting 
environmental standards) to flow from rich countries 
to developing countries and adversely affect the 
environment. In this context, it is vital that environmental 
standards are harmonised to mitigate the creation of 
pollution havens.40

5 3 Ensuring technology 
transfer and access

A wide range of technologies are relevant to 
green transport, as shown in Table 9. Conventional 
technologies involve the use of fossil fuels for vehicle 
propulsion, which are the main cause of air pollution and 
GHG emissions. Advanced transportation technologies 
aim at energy efficiency, switching from fossil fuels to 
renewable and clean technologies, improvements in 
public transport and non-motorised transport systems 
and infrastructure and travel demand management in 
order to reduce the negative externalities caused by 
conventional technologies. 

In order to meet the sustainable transport development 
challenge for future, it is important to continue to 
develop new technologies. According to the International 
Chamber of Commerce (2007), technology developments 
in the transport sector should focus on:

Table 9: Various technologies to support green transport goals 
Authors’ assessment based on IEA (2009); Petersen et al. (2009)

Level of importance/significance*

Green Transport Goals Technologies 2010 2020 2030

 ■ Improvement in energy 
efficiency

 ■ Reduction in air pollution 
and greenhouse gases

 ■ Increased use of renewable 
resources

 ■ Reduced use of non-renewa-
ble resources

 ■ Improved internal combustion engines (ICEs) + + + + + + 

 ■ Vehicle technology improvements (e.g. material substitution, aerodynamics) + + + + + + + +

 ■ Retrofitting technologies + + + + + + + 

 ■ Hybrid and Plug-in hybrid electric vehicles + + + + + + + +

 ■ Battery electric vehicles ++ + ++ + +

 ■ Solar electric vehicles + + +

 ■ Fuel cell vehicles + + + + +

 ■ Flex-fuel vehicles + +  + + + + + +

 ■ Alternative fuel technologies – Biofuels, CNG, LNG, LPG1 and hydrogen + + + + + + +

 ■ Non-motorised transport vehicles + + + + + + + + +

 ■ Public transport systems + + + + + + + + +

 ■ Intelligent transport systems + + + + + + + +

 ■ Use of Information technologies for traffic management (smart infrastructure) + + + + + + + +

 ■ e/tele-technologies for travel demand reduction + + + + + + + +

 ■ Integrated ticketing + + + + + + + + +

 ■ Eco-driving and speed control + + + + + + + +

 ■ Waste minimisation 

 ■ Reduction in land pollution

 ■ Material substitution, use of composite materials + + + + + + + +

 ■ Recycling technologies + + + + + + + +

 ■ Reduced noise pollution
 ■ Electric vehicles, hybrids + + + + + + + +

 ■ Silencers, etc. + + + + +

 ■ Safety  ■ Vehicle safety technologies such as tyre-pressure monitoring, Adaptive cruise 
control/collision mitigation, Emergency brake assist/collision mitigation, etc. + + + + + + + +

+++ : Central, ++: Highly Relevant, + : Relevant 
1  Compressed natural gas (CNG); Liquefied natural gas (LNG); Liquefied petroleum gas (LPG)

40. UNEP is currently working, with partners in the Partnership for Clean 
Fuels and Vehicles (PCFV) to regulate the export of used vehicles to 
developing countries and transitional countries. For additional information, 
see: www.unep.org/PCFV. see: www.unep.org/PCFV.
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1. Promoting use of existing efficient technologies;

2. Retiring existing inefficient technologies; and

3. Supporting R&D for advanced technology 
developments.

At the same time, there is a need for commercialisation 
and widespread dissemination of existing efficient 
technologies. For example, applying already existing 
efficiency measures at a global scale (weight saving 
measures, stop-and-start technology, low resistance 
measures and hybridisation of vehicles, etc.) can already 
double the fuel economy of the global vehicle fleet. This 
is without introduction of state-of-the-art technologies 
such as electric and hydrogen vehicles (see Box 13). 

Technology transfer/access needs
Technologies developed for developed nations often 
cannot simply be transferred to developing countries. 
According to UNEP (2009), effective technology transfer 
in the transport sector requires:

 ■ Accelerated deployment and diffusion of technologies;

 ■ Learning from the technology progress within 
countries already practicing technology transfer; and

 ■ Supporting mechanisms through appropriate financial 
mechanisms, knowledge networks and capacity building.

Technological, financial, institutional, information and  
social barriers can prevent the effective transfer of 
technology. The United Nations Environment Programme 
(2009) highlights economic and market barriers as some 
of the main obstacles of technology transfer. Furthermore, 
technology and knowledge transfer in transport should  
take place between developing countries, for example, to 
share experiences in applying low cost transport solutions 
such as BRT systems.

To facilitate an increased level of technology transfer, 
a detailed inventory of relevant technologies should 
be developed at national and regional levels. This 
may be linked to a Technology Needs Assessment, 
currently undertaken by many developing countries, 
which could also identify key actions for support from 
the international community. 

5 4 Strengthening Institutions 
and Capacity

Realising the changes to investments and enforcing/
executing the aforementioned policies, regulations and 
standards for green transport calls for strong institutional 
arrangements at both national and sub-national levels:

 ■ National level institutions, such as Ministries of 
Transport (in strong coordination with Ministries of 
Finance, Environment, Energy, Urban Development 
and Health) can help direct investments towards green 
technology to promote sustainable low carbon transport, 
bring in fiscal measures such as taxes and subsidies on 
vehicles and fuels and introduce regulations that restrict 
or discourage the usage and development of energy-
intensive modes/ transport systems.

 ■ Sub-national level institutions, such as the Municipal 
Transport Agencies (in strong coordination with land use 
planning agencies and other local level agencies) can 
help integrate urban land use planning with transport 
infrastructure development, coordinate public transport 
systems, and introduce transport demand management 
measures such as congestion pricing, parking 
management, etc. (see section 5.1 for further details). The 
development of integrated urban transport agencies as 
seen in Singapore may help towards these aims.

Capacity building can help fine-tune the existing 
institutions to remove their infirmities and develop new 
ones to fill the vacuum, wherever it exists. To enable 
green transport, capacity building can in particular be 
targeted at:

Box 13: The global fuel 
economy initiative

Improving the efficiency of conventional 
engines is shown (at least in the short term) 
as one of the most cost-effective means to 
reduce environmental impacts (McKinsey and 
Company 2009). In this context, UNEP works 
with the IEA, the International Transport Forum 
(ITF) and the FIA Foundation in the Global Fuel 
Economy Initiative (GFEI)41 to promote vehicle 
efficiency worldwide. The GFEI is promoting 
at least a doubling of global vehicle fuel 
efficiency by 2050, and through this will make 
a major contribution to a future climate regime 
and meeting of climate targets. By providing 
the space for discussion and consensus on 
automotive fuel economy, the GFEI serves as a 
bridge between the car industry, governments, 
international organisations and NGO groups 
worldwide, in addition to providing support for 
the development of national clean and efficient 
vehicle policies.

41. See http://www.globalfueleconomy.org/
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 ■ Improving administrative capacity of national and 
sub-national institutions to frame and execute green 
transport policies as well as develop core financing 
mechanisms directed towards investment in sustainable 
transport; 

 ■ Methods to raise public awareness to use environment-
friendly and energy efficient modes of transport;

 ■ Methods to mobilise the private sector, including the 
management of Public-Private-Partnerships (PPP), and 
support for indigenous technological development, 
encompassing R&D capability; and

 ■ Collection and maintenance of data which are 
essential for planning and monitoring progress towards 
green transport.
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6  Conclusions
This report highlighted that the current patterns of 
transport activity, based primarily on private motorised 
vehicles, generates many social, environmental and 
economic costs, represented for example by:

 ■ Consumption of more than half of global liquid fossil 
fuels;

 ■ Emission of nearly a quarter of the world’s energy-
related CO2.;

 ■ The source of typically more than 80 per cent of 
developing cities’ local air pollutants;

 ■ More than 1.27 million fatal traffic accidents per year, 
mostly in developing countries; and

 ■ Chronic traffic congestion amounting to time and 
productivity loss.

Such costs, which can add up to nearly or over 10 per 
cent of a region or country’s GDP, were shown to grow 
further under the current trends of ever-increasing 
motorisation. This trend is unsustainable.

There is a need for a fundamental shift in investment 
patterns, based on the principles of:

 ■ Avoiding or reducing trips through integration of 
land use and transportation planning, and localised 
production and consumption; 

 ■ Shifting to more environmentally efficient modes 
such as public transport and non-motorised transport 
and to rail and water transport (for freight); and

 ■ Improving fuels and vehicles through introduction of 
cleaner more efficient fuels and vehicles.

Models and scenarios show that a global paradigm shift 
is possible; investing in green transport measures could 
reduce emissions of the global transport sector by as 
much as 70 per cent. However this is only achievable with 
integrated policies that combine measures from all three 
components of the Avoid, Shift and Improve strategy. 

Quantitative analysis using an integrated macro-
economic model suggests that a small reallocation of 
investments (approximately 0.16 to 0.34 per cent of 

global GDP) in support of public transport infrastructure 
and efficiency improvement of road vehicles would 
(in the year 2050, and compared to BAU) avoid travel 
volume of road vehicles by 27 per cent and 35 per cent, 
shift the share of private-car transport to other modes 
(by nearly 30 per centage points), reduce oil-based 
fuel usage by between 16 per cent and 31 per cent, 
reduce carbon emissions by 5 to 8.1 Gigatonnes (38 
to 63 per cent compared with BAU), and retain strong 
and growing employment. Most of the green transport 
measures would actually be cost-efficient – for example 
major carbon reductions can be achieved with little or 
no extra investment.

Moving towards a green transport sector as part of an 
overall green economy strategy would also result in:

 ■ Green growth, by supporting cities with less 
congestion, air pollution and other costs; 

 ■ The creation of jobs, particularly through the 
development for public transport infrastructure and 
operations; and

 ■ The alleviation of poverty by increasing affordability 
of transport and improving accessibility to markets and 
other essential facilities.

Furthermore, it was highlighted that, among others, 
such investment should be enabled via: 

 ■ Policies, including land use planning to promote 
compact or mass transit corridor-based cities and 
conservation-based transportation infrastructure, 
regulation of, for example, fuel and vehicle standards, 
and the provision of information and awareness raising 
(e.g. on the health and safety benefits of active travel 
such as cycling and walking) to promote behavioural 
change in the form of modal choice;

 ■ A shift in financing priorities towards public and non-
motorised transport, coupled with strong economic 
incentives (via taxes and charges) to promote 
sustainable consumption patterns and behaviour and 
to ensure green modes are commercially feasible and 
economically attractive; and

 ■ Development and application of green transport 
technology 
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Key messages

1. Tourism has significant potential as a driver for growth for the world economy. The tourism economy 
represents 5 per cent of world Gross Domestic Product (GDP), while it contributes to about 8 per cent of 
total employment. International tourism ranks fourth (after fuels, chemicals and automotive products) 
in global exports, with an industry value of US$1 trillion a year, accounting for 30 per cent of the world’s 
exports of commercial services or 6 per cent of total exports. There are around four billion estimated 
domestic arrivals every year and in 2010, some 940 million international tourists were recorded. Tourism 
is one of five top export earners in over 150 countries, while in 60 countries it is the number one export. 
It is also the main source of foreign exchange for one-third of developing countries and one-half of least 
developed countries (LDC).

2. The development of tourism is accompanied by significant challenges. The rapid growth in both 
international and domestic travel, the trends to travel farther and over shorter periods of time, and 
the preference given to energy-intensive transportation are increasing the non-renewable energy 
dependency of tourism, resulting in the sector’s contribution of 5 per cent to global greenhouse gas 
(GHG) emissions, which is expected to grow substantially under a business–as-usual (BAU) scenario. 
Other challenges include excessive water consumption compared with residential water use, discharge 
of untreated water, the generation of waste, the damage to local terrestrial and marine biodiversity and 
the threats to the survival of local cultures, built heritage and traditions. 

3. Green tourism has the potential to create new, green jobs. Travel and tourism are human-resource 
intensive, employing directly and indirectly 8 per cent of the global workforce. It is estimated that one 
job in the core tourism industry creates about one and a half additional or indirect jobs in the tourism-
related economy. The greening of tourism, which involves efficiency improvements in energy, water and 
waste systems, is expected to reinforce the employment potential of the sector with increased local 
hiring and sourcing and significant opportunities in tourism oriented toward local culture and the 
natural environment.

4. Tourism development can be designed to support the local economy and reduce poverty. Local 
economic effects of tourism are determined by the share of tourism spending in the local economy 
as well as the amount of the resulting indirect economic activities. Increasing the involvement of 
local communities, especially the poor, in the tourism value chain can, therefore, contribute to the 
development of the local economy and to poverty reduction. For example, in Panama, households 
capture 56 per cent of total local tourism income. The extent of direct benefits to communities and 
poverty reduction will largely depend on the percentage of tourism needs that are locally supplied, such 
as products, labour, tourism services, and increasingly “green services” in energy and water efficiency 
and waste management. There is increasing evidence that more sustainable tourism in rural areas can 
lead to more positive poverty-reducing effects.

5. Investing in the greening of tourism can reduce the cost of energy, water and waste and enhance the 
value of biodiversity, ecosystems and cultural heritage. Investment in energy efficiency has been found 
to generate significant returns within a short payback period. Improving waste management is expected 
to save money for tourism businesses, create jobs and enhance the attractiveness of destinations. The 
investment requirement in conservation and restoration is small relative to the value of forests, mangroves, 
wetlands, and coastal zones including coral reefs, which provide ecosystem services essential for the 
foundation of economic activities and for human survival; the value of ecosystems for tourists remains 
undervalued in many cases. Investment in cultural heritage—the largest single component of consumer 
demand for sustainable tourism—is among the most significant and usually profitable investments. 
Under a green economy investment scenario, tourism makes a larger contribution to GDP growth, while 
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significant environmental benefits include reductions in water consumption (18 per cent), energy use 
(44 per cent) and CO2 emissions (52 per cent), compared with BAU.

6. Tourists are demanding the greening of tourism. More than a third of travellers are found to favour 
environmentally-friendly tourism and be willing to pay between 2 and 40 per cent more for this experience. 
Traditional mass tourism has reached a stage of steady growth. In contrast, ecotourism, nature, heritage, 
cultural and “soft adventure” tourism are taking the lead and are predicted to grow rapidly over the next 
two decades. It is estimated that global spending on ecotourism is increasing at a higher rate than the 
industry-wide average growth.

7. The private sector, especially small firms, can, and must be mobilised to support green tourism. 
The tourism sector involves a diverse range of actors. The awareness of green tourism exists mainly in a 
selection of larger-scale firms. Smaller firms are mostly outside this sphere and diverse supplier groups 
may not be connected at all. Specific mechanisms and tools to educate small and medium-sized tourism- 
related enterprises are critical and are most effective when they are accompanied by actionable items. 
The promotion and widespread use of recognised standards for sustainable tourism, such as the Global 
Sustainable Tourism Criteria (GSTC), can help businesses improve sustainability performance, including 
resource efficiency, and assist in attracting additional investment and customers. 

8. Much of the economic potential for green tourism is found in small and medium-sized Enterprises 
(SMEs), which need better access to financing for investing in green tourism. The majority of tourism 
businesses are SMEs with potential to generate greater income and opportunity from green strategies. 
Their single greatest limiting factor for greening, however, is lack of access to capital. Governments and 
international organisations can facilitate the financial flow to these important actors with an emphasis 
on contributions to the local economy and poverty reduction. Public-private partnerships can spread 
the costs and risks of large green tourism investments. Besides reducing administrative fees and offering 
favourable interest rates for green tourism projects, in-kind support such as technical, marketing or 
business administration assistance, could also help. 

9. Destination planning and development strategies are the first step towards the greening of 
tourism. In developing tourism strategies, local governments, communities and businesses need to 
establish mechanisms for coordinating with ministries responsible for the environment, energy, labour, 
agriculture, transport, health, finance, security and other relevant areas. Clear requirements are needed 
in such areas as zoning, protected areas, environmental rules and regulations, labour rules, agricultural 
standards and health requirements particularly related to energy, emissions, water, waste and sanitation. 

10. Government investments and policies can leverage private sector actions on green tourism. 
Government spending on public goods such as protected areas, cultural assets, water conservation, 
waste management, sanitation, public transport and renewable energy infrastructure can reduce 
the cost of green investments by the private sector in green tourism. Governments can also use tax 
concessions and subsidies to encourage private investment in green tourism. Time-bound subsidies 
can be given, for example, on the purchase of equipment or technology that reduces waste, encourages 
energy and water efficiency, the conservation of biodiversity and the strengthening of linkages with 
local businesses and community organisations. At the same time, resource and energy use as well as 
waste generation need to be correctly priced to reflect their true cost to society. 
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1  Introduction
This chapter seeks to make the case, primarily an 
economic one, for investing in the greening of tourism 
and it provides guidance on how to mobilise such 
investments. The objective is to inspire policy makers 
to support increased investment in greening the sector. 
The chapter shows how green investment in tourism can 
contribute to economically viable and robust growth, 
decent work creation, poverty alleviation, improved 
efficiency in resource use and reduced environmental 
degradation.

A growing body of evidence shows that greening tourism 
can lead to broad economic, social and environmental 
benefits for host countries and their communities (Mill 
and Morrison 2006, Rainforest Alliance 2010, World 
Economic Forum 2009a, Klytchnikova and Dorosh 2009). 
Tourism’s potential for creating employment, supporting 
livelihoods and enabling sustainable development is 
huge, given that it is one of the main sources of foreign-
exchange income—the principal source for one-third 
of developing countries and one-half of the world’s 
LDCs according to the UN Conference on Trade and 
Development (UNCTAD 2010).

The chapter starts with an explanation of what is meant 
by greening tourism, followed by a discussion of the 
challenges and opportunities facing the sector. It then 
discusses the goals for greening the sector and the 
potential economic implications of green investment 
being made in the sector, including the results from a 
modelling exercise. Finally, the chapter presents the 
conditions that are important for enabling the greening 
of the sector. 

1 1 Tourism in a green economy

Tourism in a green economy refers to tourism activities 
that can be maintained, or sustained, indefinitely in their 
social, economic, cultural and environmental contexts: 

“sustainable tourism”. Sustainable tourism is not a special 
form of tourism; rather, all forms of tourism may strive 
to be more sustainable (UNEP and UNWTO 2005). A 

clear distinction should be made between the concepts 
of ecotourism and sustainable tourism: “the term 
ecotourism itself refers to a segment within the tourism 
sector with focus on environmental sustainability, while 
the sustainability principles should apply to all types 
of tourism activities, operations, establishments and 
projects, including conventional and alternative forms”. 1 

Sustainable tourism describes policies, practices and 
programmes that take into account not only the 
expectations of tourists regarding responsible natural-
resource management (demand), but also the needs of 
communities that support or are affected by tourism 
projects and the environment (supply)2. Thus, sustainable 
tourism aspires to be more energy efficient and climate 
sound (e.g. by using renewable energy); consume less 
water; minimise waste; conserve biodiversity, cultural 
heritage and traditional values; support intercultural 
understanding and tolerance; generate local income and 
integrate local communities with a view to improving 
livelihoods and reducing poverty. Making tourism 
businesses more sustainable benefits local communities 
and raises awareness and support for the sustainable use 
of natural resources. In this chapter, the conceptual and 
operational framework for sustainability in tourism is 
based on the Global Sustainable Tourism Criteria (GSTC), 
an international consensus on the minimum criteria that a 
tourism business should follow to approach sustainability3. 
A group of key variables based on the GSTC are used for 
the analysis of the greening of tourism in this chapter.

The movement toward more sustainable tourism 
promotes significant improvements in the performance 
of conventional tourism, as well as growth and 
improvements in smaller, niche areas centred on natural, 
cultural and community resources. The expansion of the 
latter, as a proportion of the industry as a whole, may 
have especially positive implications for biodiversity 
conservation and rural poverty reduction. However, the 
greening of conventional and mass tourism is likely to 
have its largest effects on resource use and management, 
as well as on increased economic spillovers and the 
inclusion of disadvantaged populations.

1. International Year of Ecotourism 2002, available at http://www.unep.fr/scp/tourism/events/iye/pdf/iye_leaflet_text.pdf.

2. ILO (2010b) views sustainable tourism as “composed of three pillars: social justice, economic development, and environmental integrity. It is committed 
to the enhancement of local prosperity by maximizing the contribution of tourism to the destination‘s economic prosperity, including the amount of visitor 
spending that is retained locally. It should generate income and decent employment for workers without affecting the environment and culture of the 
tourists’ destination and ensures the viability and competitiveness of destinations and enterprises to enable them to continue to prosper and deliver benefits 
in the long term”.

3. The Global Sustainable Tourism Criteria (GSTC) were developed as part of a broad initiative managed by The Partnership for Global Sustainable Tourism Criteria 
(GSTC Partnership), a coalition of over 40 organisations working together to foster increased understanding of sustainable tourism practices and the adoption 
of universal sustainable tourism principles. The Partnership was initiated by the Rainforest Alliance, the United Nations Environment Programme (UNEP), the 
United Nations Foundation and the United Nations World Tourism Organization (UNWTO). See www.gstcouncil.org/resource-center/gstc-criteria.htm.

420



Tourism

2  Challenges and opportunities 
for tourism in a green economy

2 1 Challenges

The tourism industry faces a multitude of significant 
sustainability-related challenges. Challenges that 
need to be resolved through the greening of the 
industry include (1) energy and GHG emissions; (2) 
water consumption; (3) waste management; (4) loss of 
biological diversity; and (5) effective management of 
cultural heritage.

Energy and GHG emissions
The tourism sector’s growing consumption of energy, 
especially in travel and accommodation, and its 
dependence on fossil fuels has important implications for 
global GHG emissions and climate change as well as for 
future business growth. Several elements contribute to 
tourism’s increasing energy consumption, including growth 
rates in international tourist arrivals and domestic travel; 
trends to travel further and over shorter periods of time; as 
well as preference given to energy-intense transportation 
(e.g. aircraft and car travel over train and bus, and flying first 
and business class instead of economy (Peeters et al. 2010). 
The sustainability and competitiveness of tourism depends 
in part on energy efficiency (reductions in overall energy 
use) and a more intensive use of renewable resources.

After transport, accommodation is the most energy-
intensive component of the tourism industry, through 
its demand for heating or cooling, lighting, cooking 
(in restaurants), cleaning, pools and, in tropical or arid 
regions, the desalination of seawater. A general rule is 
that the more luxurious the accommodation, the more 
energy will be used. In a wide review of studies, energy-
use in hotels range between 25 and 284 MJ/guest-
night (Peeters et al. 2010). Tourism-related transport 
consumption of energy is related to travel mode. Coach 
and rail transport, cars and buses, aircraft and cruise 
ships have diverse energy intensities.4 

There is no systematic international country dataset 
on energy consumption from tourism activities. The 
UNWTO and UNEP (2008) estimate 250 MJ per person 
is consumed through activities not related to travel 

to the destination or accommodation on an average 
international tourist trip, 50 MJ per person is expended 
on shorter and less activity-oriented business trips and 
100 MJ per person for Visiting Friends and Relatives 
(VFR) trips. The weighted global average of energy 
consumption for activities of international tourists is 
estimated at 170 MJ per trip, excluding transport and 
accommodation. As a comparison, world daily energy 
consumption per capita is estimated at 135 MJ (a value 
that includes energy generation and industry).5 

Given the rising global trend for travel and the growing 
energy intensity of most trips, future emissions from the 
tourism sector are expected to increase substantially, 
even considering current trends in technological 
energy-efficiency gains in transport (air and ground) and 
accommodation. Tourism is estimated to create about 5 
per cent of total GHG emissions (1,302 Mt CO2), primarily 
from tourist transport (75 per cent) and accommodation 
(21 per cent, mainly from air-conditioning and heating 
systems). A globally-averaged tourist journey is estimated 
to generate 0.25 tonnes of CO2 (UNWTO and UNEP 2008). 
The World Economic Forum (WEF 2009b), using a different 
set of sub-sectors, estimated global GHG emissions from 
tourism to be 13 per cent higher (1,476 Mt CO2 in 2005). 
The report distinguishes direct and indirect emissions 
from tourism, with direct emissions being defined as 

“carbon emissions from sources that are directly engaged 
in the economic activity of the tourism and travel sector.” 
While these are included in the WEF estimate, indirect 
emissions are excluded, i.e. emissions from electricity 
usage in airline or travel agent offices, and emissions from 
transportation of hotel consumables, such as food or 
toiletries (Peeters et al. 2010). Scott et al. (2010) estimate 
the sector contributed between 5.2 per cent and 12.5 per 
cent of all anthropogenic radiative forcing in 2005.

Over the next 30-50 years, GHG emissions from the 
tourism sector are projected to grow substantially in 
a business-as-usual scenario, in large part because 
emissions from aviation, the most important emitter in 
the industry, are expected to grow by at least a factor 
of 2 to 3 (UNWTO and UNEP 2008, WEF 2009b). Aviation 

4. For instance, in New Zealand, the total energy consumed for tourism transport and accommodation is distributed by 43 per cent for road transport, 42 per 
cent for air travel, 2 per cent for sea transport and 1 per cent for rail transport, with accommodation comprising the remaining 12 per cent. For local travel, 
coach tourism consumes the greatest energy per day, followed by camper tourists, soft comfort and auto tourists (Becken et al. 2003).

5. Own estimation with data from the International Energy Agency, available at http://data.iea.org/ieastore/default.asp.
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and tourism are expected to account for a large share 
of emissions unless a major change in the emission 
trajectories is achieved (Peeters et al. 2010).

Water consumption 
While water use by tourism, on a global basis, is far less 
important than agriculture, industry, or urban domestic 
use, in some countries and regions, tourism can be the 
main factor in water consumption. In such areas, it can 
increase pressure on already diminished water resources 
and compete with other sectors as well as subsistence 
needs of local populations (Box 1). Tourism can also 
directly affect water quality, for example, through the 
discharge of untreated sewage or freshwater abstraction 
(Gössling 2010). 

Global direct water consumption by international tourism 
(accommodation only) is estimated to be 1.3 km3 per year 
(Gössling 2005). Available data suggests that direct water 
use in tourism varies between 100 and 2,000 litres per 
guest night, with a tendency for larger, resort-style hotels 
to use significantly more water than smaller, pension-like 
establishments or campsites. The main water-consuming 
factors are golf courses, irrigated gardens, swimming 
pools, spas, wellness facilities and guest rooms. 

UNEP (2003) estimates that in the USA, tourism and 
recreation consume 946 million cubic metres of water 
per year, of which 60 per cent is linked to lodging (mostly 
spent on guest consumption, landscape and property 
management and laundry activities), and another 13 per 
cent is for foodservice. Total yearly water consumption 

by tourism in Europe is estimated at 843 million cubic 
metres. Each tourist consumes 300 litres of freshwater 
per day on average, whereas luxury tourists can 
consume up to 880 litres. By comparison, average per 
capita residential consumption in Europe is estimated at 
241 litres per day.6 

Waste management 
Waste management is another increasing and well-
recognised challenge in the industry. Every international 
tourist in Europe generates at least 1 kg of solid waste per 
day, and up to 2 kg/person/day for the USA (UNEP 2003). 
By comparison, CalRecovery and UNEP (2005) report 
total country waste generation, including industrial and 
other sources, for Austria (1.18 kg/person/day), Mexico 
(0.68 kg/person/day), India (0.4 kg/person/day) and the 
USA (2.3 kg/person/day).

Impacts are also considerable for wastewater 
management, even in high-income countries. In the 
Mediterranean region, for instance, it is commonplace 
for hotels to discharge untreated sewage directly into 
the sea (WWF 2004), with 60 per cent of water used in 
tourism resulting in sewage in need of disposal (GFANC 
1997). In the European Mediterranean, only 30 per cent 
of municipal wastewater from coastal towns receives 
any treatment before discharge. Anecdotal evidence 
suggests that this is also the case in many other countries 
outside the European Union (Gössling 2010).

6. Author’s estimation with data from AQUASTAT-FAO. Available at http://
www.fao.org/waicent/faoinfo/agricult/agl/aglw/aquastat/dbase/index.stm.

Box 1: Water consumption for tourism and local communities

Tourism development is concentrated in coastal areas 
and on small islands, where potable water is typically 
scarce. This scarcity can be caused by either a physical 
absence of freshwater, or because the necessary 
infrastructure or resources are lacking. A tourism-
thirsty industry can secure its water needs wherever it 
operates, although this can create situations of stark 
water inequity between tourists and neighbouring 
communities. Tourism’s water demands can even 
lead to the appropriation of supply to the detriment 
of local domestic and agricultural needs, caused by 
the overexploitation of aquifers and reservoirs and 
the lowering of groundwater tables. 

In a popular resort area of one South Asian country, 
for example, privately-owned water tankers buy 
water from villages through local elites and transport 
it to supply nearby hotels. This leaves villagers with 
water supply to their communal standpipes for a 

few hours a day only (Tourism Concern 2009 and 
2010). Luxury resorts on an East African island are 
estimated to use up to 2,000 litres of water per 
tourist per day, almost 70 times more than the 
average daily domestic consumption of local people 
(Gössling and Hall 2006). 

Golf tourism is rapidly expanding. An estimated 
9.5 billion litres of water are used to irrigate the 
world’s golf courses per day, equivalent to the daily 
needs of 80 per cent of the global population. One 
Mediterranean island, where water is so scarce 
it must sometimes be shipped in, is planning to 
increase its golf courses from three to 17, with 
tourism cited as the principal driver. This will involve 
building over agricultural land and constructing 
several desalination plants to ensure continual 
supply (Tourism Concern 2009).
Source: Tourism Concern (2010)
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Loss of biological diversity 
There are many examples where large-scale tourism has 
had detrimental effects on biodiversity, including coral 
reefs, coastal wetlands, rainforests, arid and semi-arid 
ecosystems and mountainous areas (UNWTO 2010d). 
Coral ecosystems have suffered strong adverse impacts 
from the use of coral for construction materials for 
hotels, over-fishing off reefs to feed tourists, sewage 
dumping and sedimentation from improperly managed 
runoff from buildings, parking lots, and golf courses. 
Coastal wetlands, particularly mangroves, have routinely 
been damaged or destroyed to build beach resorts. 
And in arid and semi-arid ecosystems, golf courses and 
other water-intensive activities have lowered water 
tables affecting local fauna and flora. Biodiversity will 
be greatly affected by the way in which tourism grows 
and develops, especially in developing countries (UNEP 
2010). Moreover, failure to incorporate biodiversity 
concerns in destination planning and investment will 
have detrimental effects on the natural environment, 
increase conflict with local communities, and lead 
to reduced value-creation potential for both the 
destination and investors (notably as interest in nature-
based tourism is growing rapidly around the world 
and represents a strategic argument for maintaining 
biodiverse environments, which are often tourist 
destinations in developing countries).

Management of cultural heritage 
Interest in unique cultures by tourists can result in adverse 
impacts and severe disruption for communities. There 
are examples of communities overrun by large numbers 
of visitors, commercialisation of traditions and threats 
to cultural survival from unplanned and unmanaged 
tourism. Tourism destinations are occasionally built by 
outsiders (usually with government approval) in areas 
that indigenous or traditional communities consider 
to be theirs, and where the development was neither 
desired nor locally validated. These situations lead to 
conflicts that make cooperation and mutual benefits 
nearly impossible to achieve, and instil animosities that 
negatively affect the local communities and the tourism 
destination. Frequently, the cultural issues overlap and 
are aggravated by environmental issues such as access 
to water, coastal resources and wildlife. Over the last two 
decades, with the growth in ecotourism and alternative 
travel, tourism impacts on vulnerable cultures has 
begun to be taken seriously by the tourism industry, 
governments, non-governmental organisations and the 
cultural groups involved (Wild 2010).

2 2 Opportunities 

The following trends and developments provide a 
particularly promising space for greening tourism: (1) 
sizing and growth of the sector; (2) changing consumer 

patterns; and (3) maximising potential for addressing 
local development and poverty reduction. 

Sizing and growth of the tourism sector 
Tourism is one of the most promising drivers of growth 
for the world economy. The sheer size and reach of 
the sector makes it critically important from a global 
resource perspective. Even small changes toward 
greening can have important impacts. Furthermore, the 
sector’s connection to numerous sectors at destination 
and international levels means that changes in practices 
can stimulate changes in many different public and 
private actors. 

The tourism economy represents 5 per cent of global GDP, 
while it contributes to about 8 per cent of total employment. 
International tourism ranks fourth (after fuels, chemicals and 
automotive products) in global exports, with an industry 
value of US$ 1 trillion a year, accounting for 30 per cent of 
the world’s exports of commercial services or 6 per cent of 
total exports. Tourist arrivals have shown continuous yearly 
growth over the last six decades, with an average 4 per 
cent annual increase during 2009 and 2010. This trend has 
held in spite of occasional short drops from international 
crises, such as pandemics, recessions and terrorism. There 
are around four billion estimated domestic arrivals every 
year  (UNWTO and UNEP 2008) and international tourism 
arrivals reached 922 million in 2008, dropped to 880 million 
in 2009, and then recovered in 2010 with 940 million 
(UNWTO 2011) (Figure 1). The tourist industry has been 
sensitive but resilient to economic, political and social 
global phenomena. The number of tourist trips is expected 
to continue to grow for the next decade, with the number 
of international tourist arrivals expected to reach 1.6 billion 
by 2020 (UNWTO 2001).

However, the economic significance of tourism is highly 
variable across countries. While it represents only 1.9 
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per cent and 3.3 per cent of GDP in Japan and Peru 
respectively, it represents 7.7 per cent and 10.9 per cent 
of GDP in South Africa and Spain respectively (UNWTO 
2010c; WTTC 2010b). Regarding employment, the 
tourism industry contributes with 2.8 per cent, 3.1 per 
cent, 6.9 per cent and 11.8 per cent of total employment 
for the same countries (UNWTO 2010c; WTTC 2010b); in 
terms of investment, it accounts for 5.8 per cent, 9.9 per 
cent, 13 per cent, and 13.8 per cent of total investment 
respectively (WTTC 2010 and 2010b).7 

Proportionately, tourism will grow faster in less developed 
countries than in developed economies in the next ten 
years. Destinations in emerging economies receive 47 
per cent of worldwide international tourist arrivals and 
US$ 306 billion in international tourism receipts (36 
per cent of the global total). Moreover, growth in the 
decade since 2000 has been most marked in emerging 
economies (58.8 per cent). Market share has also grown 
more significantly in emerging economies (from 38.1 
per cent in 2000 to 46.9 per cent in 2009). Recent trends 
and forecasts point to a spreading of tourism to new 
destinations, largely in developing countries, where 
there is outstanding potential to support development 
goals, and where new environmental and cultural 
attributes can make an important contribution to more 
sustainable tourism destinations (UNWTO 2010b).

Changing consumer patterns
Tourist choices are increasingly influenced by 
sustainability considerations. For instance, in 2007 
TripAdvisor surveyed travellers worldwide and 38 per 
cent said that environmentally-friendly tourism was a 
consideration when travelling, 38 per cent had stayed at an 
environmentally-friendly hotel and 9 per cent specifically 
sought such hotels, while 34 per cent were willing to pay 
more to stay in environmentally-friendly hotels (Pollock 
2007). Center on Ecotourism and Sustainable Development 
(CESD) and International Ecotourism Society (TIES) (2005) 
found that a majority of international tourists are interested 
in the social, cultural and environmental issues relevant to 
the destinations they visit and are interested in patronising 
hotels that are committed to protecting the local 
environment. Increasingly, they view local environmental 
and social stewardship as a responsibility of the businesses 
they support. Choice experiments conducted in Uganda 
conclude that biodiversity attributes increase the 
willingness to visit tourism attractions, independently of 
other factors (Naidoo and Adamowickz 2005). Research 
also indicates that consumers are concerned about the 
local environments of their travel destinations and are 
willing to spend more on their holidays if they are assured 
that workers in the sector are guaranteed ethical labour 
conditions in the places they are visiting (ILO 2010b). On 

7. See Annex 1 for an indication of the economic dimension of tourism in 
a country sample.

the other hand, Rheem (2009) argues that less than a 
third of American travellers indicate a willingness to pay 
some sort of pre mium for green travel, higher prices (cost 
premium) being seen as a demand barrier for 67 per cent 
of respondents. 

Traditional mass tourism such as “sun-and-sand” 
resorts has reached a steady growth stage. In contrast, 
ecotourism, nature, heritage, cultural and soft 
adventure tourism, as well as sub-sectors such as rural 
and community tourism are taking the lead in tourism 
markets and are predicted to grow most rapidly over the 
next two decades. It is estimated that global spending 
on ecotourism is increasing at a higher rate than the 
industry-wide average growth. Nature-based tourism is 
an important economic component of the entire tourism 
market, including 75 per cent of Australia’s international 
tourism, while 42 per cent of European recreational 
tourists in 2000. In 2006, nature tourists contributed 
US$ 122.3 billion to the USA’s tourism market (UNWTO 
2010d). About 14 per cent of international visitors to 
South Africa in 1997 engaged in an “adventure activity” 
during their stay (Travel to South Africa n.d.). Of the 
826,000 tourists to Kenya in 1993, 23 per cent visited 
national parks and reserves for wildlife safari tourism 
(Sindiga 1995).  In 1993, the Asia-Pacific region alone 
reported 10 per cent of tourism revenue came from 
ecotourism activities (Dalem 2002).

There is empirical evidence that tourists seeking 
environmental and culturally differentiated destinations 
are willing to pay more for this experience. Inman 
et al. (2002) estimate this to be between 25 per cent 
and 40 per cent. The World Economic Forum (WEF) 
(2009) estimates that 6 per cent of the total number of 
international tourists pay extra for sustainable tourism 
options and 34 per cent would be willing to pay extra 
for them. One third to one half of international tourists 
(weighted toward the USA) surveyed in a CESD and 
TIES (2005) study said they were willing to pay more 
to companies that benefit local communities and 
conservation. Research by SNV (2009) records two 
studies where 52 per cent of respondents in a UK survey 
would be more likely to book a holiday with a company 
that had a written code to guarantee good working 
conditions, protect the environment and support local 
charities, while some 58.5 million US travellers would 
pay more to use travel companies that strive to protect 
and preserve the environment. 

Wells (1997) presents a survey of nature-tourism 
willingness to pay (WTP) studies and shows that, in almost 
all cases, consumer surplus (private value of benefits from 
nature tourism) is higher than collected fees from tourists. 
In other words, the value of ecosystems for tourism is 
undervalued in many cases. For instance, Adamson (2001) 
estimates that 50 per cent or more of the economic value 
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from Manuel Antonio National Park in Costa Rica is not 
captured in entrance fees. Willingness to pay (WTP)  for 
entrance fees from international tourists was estimated at 
US$ 12 (compared with a US$ 6 actual entrance fee) and 
US$ 6 for national tourists (compared with an actual fee 
of US$ 2). Furthermore, it is estimated that the average 
value of coral reef opportunities for recreation and tourism 
is almost US$ 68,500 per hectare per year in 2007 values, 
while it could reach up to more than US$ 1 million (TEEB 
2010). The maximum monetary value of ecosystem services 
for tourism, per hectare per year, has been estimated for 
coastal systems (US$ 41,416), coastal wetlands (US$ 2,904), 
inland wetlands (US$ 3,700), rivers and lakes (US$ 2,733) 
and tropical forests (US$ 1,426) (TEEB 2010).

Potential for local development and poverty reduction
Making tourism more sustainable can create stronger linkages 
with the local economy, increasing local development 
potential. Of particular and recognised importance (Hall and 
Coles 2008) are: purchasing directly from local businesses, 
recruiting and training local unskilled and semi-skilled staff, 
entering into neighbourhood partnerships to make the 
local social environment a better place to live, work 
and visit for all, and ability to improve the local natural 
environment within its areas of direct and indirect 
influence (Ashley et al. 2006). The move toward more 
sustainable tourism has been shown in a number 
of destinations to enhance this local development 
potential through several means:

1. Its ability to harness biodiversity, landscape and 
cultural heritage available in developing countries 
can play a major role in enhancing incomes and 
employment opportunities; 

2. Tourism is a relatively labour-intensive sector 
traditionally dominated by micro and small 
enterprises with activities particularly suited for 
women and disadvantaged groups; 

3. A tourism product is a combination of different 
activities and inputs produced by many sectors: 
enhanced spending by tourists can benefit 
agriculture, handicrafts, transport, water and 
waste management, energy efficiency and other 
services; 

4. As tourism development at destinations requires 
investment in facilities such as roads, water 
supply, and energy, it improves the basic common 
infrastructure facilities required for development 
of other sectors and improvement of quality of life 
(Bata 2010); and

5. Tourism employs more women and young people 
than most other sectors: providing economic 
benefits and independence to women is very 
important in terms of supporting child development 
and breaking the cycle of poverty. 
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3  The case for investing in 
the greening of tourism 

3 1 Spending in the tourism sector 

Tourism drives significant investments. Adding even 
small percentages of investment for a greener sector 
results in very significant increases in investment 
flows. Furthermore, much new investment flow is 
directed toward developing countries, where increased 
investment could have greater impact on green 
outcomes. It is estimated that travel and tourism-sector 
investments reached US$ 1,398 billion in 2009, or 9.4 
per cent of global investment. It increased on average 
by 3 per cent during the last decade, notwithstanding 
a significant contraction in 2009 (-12 per cent). Global 
investment in tourism has fluctuated between 8 per 
cent and 10 per cent of total world investment over the 
last 20 years. In developing countries, such as in the 
Caribbean region, this figure could be as high as 50 per 
cent (WTTC 2010).8 In OECD countries, investment in 
hotels, travel agencies and restaurants range from 6 per 
cent of national gross value added in Germany to 32 per 
cent in Portugal (OECD 2010). 

Foreign Direct Investment (FDI) is an important source 
of world tourism investment. The stock of outward 
and inward FDI in the hotels and restaurants sector 
reported by UNCTAD (2009) accounts for almost 1 
per cent of total FDI stock. This figure, however, does 
not take into account other tourism-related elements 
in other sectors, such as construction, transport or 
business activities. There is a growing focus on tourism 
as a generator of FDI in developing countries, where it 
is a priority of many Invest ment Promotion Agencies 
(IPAs). In this regard, the case of Costa Rica is illustrative 
as foreign investment in the tourism sector represented 
17 per cent of total FDI inflows in 2009 and 13 per cent 
on average for 2000-09.9

3 2 Benefits in employment

Tourism is human-resource intensive due to the service 
nature of the industry. It is among the world’s top job 

creators and allows for quick entry into the workforce for 
youth, women and migrant workers. The wider tourism 
economy provides, both directly and indirectly, more 
than 230 million jobs, which represents about 8 per cent 
of the global workforce. Women make up between 60 
and 70 per cent of the labour force in the industry and 
half the workers are aged 25 or younger (ILO 2008). In 
developing countries, sustainable tourism investment 
can help create job opportunities, especially for poorer 
segments of the population.

The move toward more sustainable tourism can 
increase job creation. Additional employment in 
energy, water, and waste services and expanded local 
hiring and sourcing are expected from the greening 
of mainstream tourism segments. Furthermore, an 
increasing body of evidence suggests significantly 
expanded indirect employment growth opportunities 
from segments oriented toward local culture and the 
natural environment (Cooper et al. 2008; Moreno et al. 
2010; Mitchell et al. 2009).

Tourism creates jobs directly and leads to additional 
(indirect) employment. It is estimated that one job in 
the core tourism industry creates about one and a half 
additional jobs in the tourism-related economy (ILO 
2008). There are workers indirectly dependent on each 
person working in hotels, such as travel-agency staff, 
guides, taxi and bus drivers, food and beverage suppliers, 
laundry workers, textile workers, gardeners, shop staff for 
souvenirs and others, as well as airport employees (ILO 
2008). These relationships influence the many types of 
workplace relationships that include full-time, part-time, 
temporary, casual and seasonal employment and have 
significant implications for employment opportunities 
within the sector. A study of South Africa shows that 
direct employment in the core tourism sector only 
accounts for 21 per cent of total employment creation 
due to tourism spending in 2008 (Pan African Research 
& Investment Services 2010). Available data indicate that 
every new job in tourism can have multiplying effects in 
the whole economy, as illustrated in Table 1.

8. It is worth mentioning that WTTC estimates incorporate all fixed investment expenditure by tourism service providers and government agencies, in 
facilities, capital equipment and infrastructure for visitors. In this sense, it could be overestimating infrastructure investments that are not tourism sector 
specific but affect the whole economy (for instance, road improvements or airport construction). Still, it is the only cross-country source of tourism investment 
data available.

9. Author’s calculations with data from the Central Bank of Costa Rica. Available at www.bccr.fi.cr, accessed on September 12, 2010.
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For the EU 27, GHK (2007) estimates direct and indirect 
employment multipliers for environment-related tourism 
at between 1.69 and 2.13. This means that for every 100 
jobs directly created in the sector, 69 more are created 
elsewhere in the economy as a result of indirect effects 
and the figure increases to 113 when induced effects 
are taken into account. The authors define Environment-
related tourism (ERT), as activities where the natural 
environment (not the built environment) is responsible 
for influencing the choice of destination for the tourism 
activity, including visits to hills, mountains, coasts, 
farmland, woods, forests, springs, lakes and wildlife and 
the activities of fishing (sea, game and coarse), walking, 
climbing, golfing, skiing, cycling, bathing/swimming, etc. 

It is estimated that sustainable tourism in Nicaragua, a 
destination that focuses very prominently on its culture 
and natural environment, has an employment multiplier 
of 2. That is, for every job in the tourism sector, additional 
local employment is created, with higher wages than the 
national averages (Rainforest Alliance 2009). 

3 3 Local economic development 
and poverty reduction

Local economic development 
Tourism is an important and effective driver of local 
economic development. Tourist spending enters the 
local economy to varying degrees depending principally 
on the structure of the tourism business and its supply 
chain at a destination. The economic contribution 
entering the economy is the local contribution and is 
typically measured as an average amount per tourist, 
and as a percentage of the total tourism spending that 
stays in the local economy. That which is not retained 
in the local economy is “leakage.” Multiplier effects are 
limited by leakages, which reduce the positive economic 
impacts of tourism. Wells (1997) reports values of leakage 
as a percentage of gross tourism receipts ranging from 
11 per cent (Philippines) to 56 per cent (Fiji)

The income multiplier is used to describe the amount of 
the indirect economic activity resulting from the local 
contribution. The economic development potential 
of tourism is a direct function of the local contribution 
and multiplier – larger local contributions and larger 
multipliers each lead to greater economic activity in 
the local economy and there are important synergies 
between them. From a global perspective, Mill and 
Morrison (2006) review the literature on income 
multipliers and present a list of estimations from 
different countries and regions. Income multipliers 
can be relatively low for specific destinations such as 
the City of Winchester (0.19) and higher for a country 
such as Turkey (1.96). According to Cooper et al. (2008), 
tourism impacts income in different ways depending 

on the country or region where it develops. Every US 
dollar spent by overnight tourists impacts income in the 
economy between 1.12 to 3.40 times. This high variability 
indicates that local economic impact development will 
depend on particular characteristics of the tourism 
business model, in particular the quantity and type of 
products and services sourced from the local economy. 

In destinations where a large percentage of tourist 
needs are locally supplied (beds and linens, food and 
beverage, equipment and supplies, labour, tour and 
transportation services, souvenirs, among others), local 
contribution and multipliers tend to be high, and the 
resulting economic impact correspondingly greater. In 
destinations where substantial income is not captured 
locally, economic impact from tourism is less. This effect 
can vary dramatically between destinations:

 ■ For Granada, Nicaragua, the Rainforest Alliance (2009) 
reports a case study of sustainable tourism where local 
purchases represent only 16 per cent of total purchases; 

 ■ For the Canary Islands, Hernández (2004) finds that 43 
per cent of total tourism expenditure is supplied from 
outside the local economy through direct, indirect and 
induced imports; and

 ■ In New Zealand, it is estimated that 24 per cent of 
tourism expenditure is for imports of goods and services 
sold directly to tourists by retailers (Hernández 2004).

Looking at a single destination illustrates how substantial 
tourism’s economic impact can be. For example, for 
Panama, Klytchnikova and Dorosh (2009) present a 
detailed evaluation of tourism’s impact in the local 
economy of three different regions. The income multiplier 
for the tourism industry (hotels and restaurants) is the 
largest of all economic sectors. An additional US$ 1 in 

Table 1: Sample of tourism employment 
multipliers
Source: Cooper et al. (2008)

Total employment  
per single job in the 

tourism sector

Employment per 
US$ 10,000 tourist 

expenditure

Jamaica 4.61 1.28

Mauritius 3.76 not available

Bermuda 3.02 0.44

Gibraltar 2.62 not available

Solomon Islands 2.58 not available

Malta 1.99 1.59

Western Samoa 1.96 not available

Republic of Palau 1.67 not available

Fiji not available 0.79

UK (Edinburgh) not available 0.37
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value added results in US$ 2.87 total income. This large 
multiplier is due to strong backward linkages in terms of 
demand for local food products as well as forward linkages 
of household spending from tourism income. This gain 
results from consumer spending effects as incomes 
earned in various activities are spent in the domestic 
economy. In comparison, multipliers are smallest (1.30 
to 1.64) in sectors such as the Panama Canal, mining and 
textiles where there are few production linkages (as much 
of the inputs are imported). In contrast, the multipliers for 
fruit, shellfish and other agricultural exports are especially 
large because much of the income earned accrues to rural 
households who spend a high proportion of their incomes 
on non-tradable goods and services in the local economy. 

There is an increasingly convincing body of evidence 
indicating that more sustainable tourism can increase 
both the local contribution and multiplier effect. Within 
a given (or similar) destination, local contribution and 
multiplier increase the more the local community is 
involved in the tourism value chain, through the supply 
of products, labour, tourism services and, increasingly, 

“green services.” The few available meta-studies indicate 
considerably higher multipliers for natural and culturally-
oriented destinations (Chang 2001). Destination-specific 
studies, such as Brenes (2007) for Costa Rica indicate 
similar effects. The logic is sound – more local purchases 
(substituting imports) will increase local contribution, 
and the income effect will be greatest when local actors 
are the beneficiaries of those linkages. 

Poverty reduction 
When tourism-related income grows with a substantial 
reorientation in favour of the poor, poverty can be 
reduced. Thus, in 2002 the UNWTO launched the 
Sustainable Tourism for the Elimination of Poverty 
initiative (ST-EP), aimed at reducing poverty levels 
through developing and promoting sustainable forms 
of tourism.10 Increased tourism, local contributions and 
multiplier effects can accrue to wealthy, middle income, 
or the poor. Therefore, interventions must be made to 
help poor people become part of the processes that 
drive the industry (ILO 2010a). Investors and developers, 
as well as local and national governments, play a critical 
role in determining the role poorer populations play in 
the tourism industry. The local industry can also help by 
engaging in and encouraging the use of local companies 

10. ST-EP has identified seven different mechanisms through which 
the poor can benefit directly or indirectly from tourism: (1) Undertaking 
measures to increase the level of the poor working in tourism enterprises; 
(2) Maximising the proportion of tourism spending that is retained in local 
communities and involving the poor in the supply process; (3) Promoting 
the direct sales of goods and services to visitors by the poor from informal 
businesses; (4) Establishing and managing more formal tourism enterprises 
by the poor, either individually or at a community level; (5) Using taxes or 
levies on tourism income or profits with proceeds benefiting the poor; (6) 
Supporting the poor in money or in kind, by visitors or tourism enterprises; 
and (7) Investing in infrastructure that offers local communities the chance 
to gain new access to available resources (UNWTO 2004b).

for the provision of transport, services and food in order 
to generate local income and employment multipliers 
and contribute to alleviate local poverty: 

 ■ In the case of Malaysia, Tourism Planning Research 
Group (TPRG 2009) describes the case of accommodation 
businesses and the shares of income generated and 
distributed across the chain. The final impact on local 
communities depends on the business structure and the 
economic activities related to tourism. In the case of the 
accommodation sector, most income is captured by hotel 
owners. However, an important share is received by small-
business owners and local people involved in informal 
activities (Figure 2). From all tourism expenditure, 28 per 
cent is captured by hotels, while craft artisans obtain 5 
per cent and local small businesses get 11 per cent. 

 ■ In Zanzibar, Tanzania, Steck et al. (2010) estimate that 
only 10.2 per cent of total tourism income is captured by 
poor local people. The study found that the industry is 
heavily dependent on imports for both primary supplies 
and staff of suitable quality, both of which are normally 
avenues for participation of locals. 

 ■ In Panama, households capture 56 per cent of 
total local tourism income (Klytchnikova and Dorosh 
2009). Which households benefit the most, however, 
depends on the region in which the tourism revenues 
are generated. In the Colón Zone, most of the gains in 
household incomes (63 per cent) go to urban non-poor 
households and only 20 per cent of the income gains 
accrue to poor households. In contrast, in Bocas del Toro, 
where poor households account for a larger share of the 
regional labour force, 43 per cent of the total increase 
in household incomes accrues to the poor while the 
percentage gain in household incomes is nearly the 
same across household groups. The results for Chiriqui 
Province report household income gains received by the 
poor of 19 per cent, although the share earned by rural 
households is higher (46 per cent). 

Empirical studies suggest that, at best, between one-
fifth and one-third of total tourist expenditure in the 
destination is captured by the poor from direct earnings 
and supply chains (Mitchell and Ashley 2007). The 
impact of tourism on poverty depends on various factors 
including employment, the skill level of the labour force, 
changes of prices (goods and services and factors of 
production), ownership of micro and small enterprises 
and labour-market composition. As with income effects, 
there is increasingly convincing evidence that more 
sustainable tourism (particularly in rural areas) can lead 
to more positive poverty-reducing effects. 

 ■ In Costa Rica, Rojas (2009) estimated the impact 
of tourism on poverty levels and found that without 
tourism incomes the local incidence of poverty would 
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be higher in urban and rural sectors (Table 2). This result 
is consistent with other studies for the country. For 
instance, the Economic Commission for Latin America 
and the Caribbean (ECLAC 2007) estimates that tourism 
contributes to a reduction in poverty of 3 per cent in 
Costa Rica (and 1 per cent in Nicaragua). From a site 
comparison perspective, Brenes et al. (2007) estimated 
the impact of Tamarindo (mass tourism destination) 
and La Fortuna (natural and adventure attractions 
destination) and found that average monthly wages in 
La Fortuna (US$ 437) were higher than in Tamarindo 
(US$ 392). Moreover, they estimated a 0.64 probability of 
income improvement for La Fortuna inhabitants when 
working in the tourism sector. The evidence indicates 
that tourism is contributing to poverty reduction in 
Costa Rica, with the sustainability approach of the 
country as a driver of living conditions improvement.

 ■ In Malaysia, using a value-chain analysis, TPRG 
(2009) finds that economic benefits received by local  
people account on average for 34 per cent of total 
income generated by tourism. The relatively high pro-
poor income share, particularly in restaurants (Table 
3), may reflect various public and private initiatives  
to employ or involve locals in tourism business operations. 

3 4 Environmental benefits 

There is increasing motivation from both the private 
and public sectors to invest in making tourism more 
sustainable. Although the availability of global 
investment data specific to sustainable tourism is 

currently not of a sufficient quantity to draw any 
robust conclusions, it is clear that there is an increased 
awareness of the need and value of conserving unique 
natural, social and cultural assets of destinations. 

Private and public investment in tourism includes 
infrastructure (roads, airports, national parks, private 
reserves, hospitality installations and other sites 
and facilities); environmental conservation (natural 
attractions, beaches, mountains, rivers, biodiversity, 
natural barriers and endemic species); education (labour-
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Figure 2: Accommodation linkages and tourist income distribution in Tanjong Piai, Malaysia
Source: TPRG (2009). Note: RM=Ringgit Malaysia (1 RM=US$ 0.30)

Table 2: Impact of tourism on poverty rates in 
Costa Rica, 2008
Source: Rojas (2009)

With tourism income Without tourism income

National 17.69% 19.06%

Urban 16.93% 18.40%

Rural 18.73% 20.0%

Table 3: Breakdown of tourism income and pro-
poor income (PPI) contribution in Malaysia
Source: TPRG (2009)

Share in tourism 
revenue Share of PPI

Accommodation and hotel meals 88.4% 7.3%

Restaurants 4.4% 47.0%

Retail 3.7% 27.0%

Tours and excursions 3.0% 18.8%

Other 0.5% n.a
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force skills, including the greening of the skills base); 
capacity building; and technology improvements (cleaner 
production, sustainable management). Investment in 
sustainable tourism offers a wide range of opportunities, 
notably in the areas of water, energy, waste and 
biodiversity, which can generate significant returns.

There is a growing trend within the tourism industry of 
investment in sustainability. For instance, the Accor hotel 
chain has been testing environmental technologies such 
as photovoltaic electricity, grey water re-use and rain-
water recovery. Additional capital expenditure in energy 
efficiency and sustainable construction and renovation 
projects is estimated at a relatively modest 6 per cent 
of total construction costs (for a 106-room hotel), 
with excellent returns (WTTC 2009). Sol Meliá Hotels 
& Resorts have institutionalised their sustainability 
programme with independent certification for the 
company, including hotels and corporate offices on an 
international level, and a specific budget for the strategic 
project of sustainable development, financed entirely 
by company funds (WTTC 2010). 

Energy
In hotels and other accommodation there is 
considerable scope for investment in energy-
efficient features and services, including refrigeration, 
television and video systems, air conditioning and 
heating (particularly reduction or elimination of these 
systems through improved design), and laundry. Such 

investments are driven by increasing energy costs; 
likely carbon surcharges; increasing expectations 
of customers (particularly from Europe and North 
America); technological advances with low-carbon 
technology; and in some cases, government incentives. 
Many leading airlines are exploring alternative fuel 
strategies, as well as changes in routing, aircraft and 
flight practices. The railroad industry, particularly in 
Europe, is positioning itself as a green and community-
linking alternative to air travel. Increased energy 
efficiency for tourism translates as reduced operational 
costs, increased customer satisfaction, and higher 
investment in energy efficiency (through retrofits and 
improvements). 

Evidence suggests that investment in a more efficient 
use of energy in the sector generates significant returns 
(Box 2). Hamele and Eckardt (2006) reported the results 
of environmental initiatives in European hotels, bed & 
breakfast and camping sites, on energy consumption. 
On average, energy costs in hotels represented about 
6 per cent of their annual turnover, whereas in the best 
practice es tablishments, this expense factor typically 
represented 1.5-2.8 per cent. Recent studies have shown 
that a 6 per cent increase in investment in energy-efficient 
design & equipment can lower electrical consumption 
by 10 per cent (Six Senses 2009); low-cost water-efficient 
design and operation can reduce consumption by 30 
per cent (Newsom et al. 2008, Hagler Bailly 1998), and 
that overall financial cost-recovery of a destination’s 

Box 2: Investment in energy efficiency and savings

Six Senses, a luxury hotel group, reports that the 
return on investment of various energy-savings 
measures applied in resorts located in Thailand 
ranges from six months to ten years:

 ■ The energy monitoring system cost US$ 4,500, 
enabling the resort to achieve 10 per cent energy 
savings and to identify areas for further savings;

 ■ Investment for the mini chiller system was US$ 
130,000, which saves US$ 45,000 annually, and thus 
pays off in 2.8 years;

 ■ The heat-recovery system cost US$ 9,000, saving 
US$ 7,500 annually, corresponding to 1.2 years 
payback time;

 ■ The laundry hot-water system cost US$ 27,000, 
saving US$ 17,000 annually (1.6 year payback time);

 ■ Efficient lighting cost US$ 8,500, resulting in US$ 

16,000 savings per year, i.e. taking six months to pay 
back (not considering the longer life-span of the 
lights);

 ■ Investment in a water reservoir was US$ 36,000, 
leading to annual savings of US$ 330,000 (less than 
a month payback time);

 ■ Biomass absorption chillers cost US$ 120,000, 
resulting in US$ 43,000 saving annually, i.e. 2.8 years 
payback; and

 ■ Medium voltage (6.6kV) underground electric 
copper cables cost US$ 300,000. Payback is  
roughly 10 years from lower energy loss, but 
other benefits include less radiation, less power 
fluctuation, reduced fire risk and a prettier resort 
without old hanging low voltage electrical cables. 

Source: Six Senses (2009)
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green strategy (ratio of present value savings to present 
value capital expenditures) can be between 117 per cent 
and 174 per cent for investment recovery from hotel 
buildings operation efficiency (Ringbeck et al. 2010).

Rainforest Alliance (2010) presents an estimate of 
costs and benefits of sustainable-energy management 
practices for a sample of 14 tourism businesses in Latin 
America (Belize, Costa Rica, Ecuador, Guatemala and 
Nicaragua) based on GSTC indicators. The energy bill 
was reduced in 64 per cent of companies, with average 
annual savings of US$ 5,255 (maximum of US$ 17,300). 
Required investment ranged from 1 per cent to 10 per 
cent of annual operations costs. Average investment 
was US$ 12,278 (maximum US$ 56,530). The average 
payback of investments is 2.3 years.

Water
Internal water efficiency and management programmes, 
and investments in water-saving technology in rooms, 
facilities and attractions reduce costs. Greater efficiency 
and improved management allows for the increase 
of number of rooms/visitors in water-constrained 
destinations. With regard to the most water-consuming 
factor, irrigation, considerable reductions can be 
achieved through alternative gardening (choice of 
species, landscaping) as well as the use of grey water. 
Golf courses can be designed to require less water, and 
operators can measure soil moisture to help control and 
optimise water use. Hotels with spas and health centres 
can engage in a range of water-saving measures, while 
new hotel construction can seek to avoid pool landscapes 
and other water-intensive uses (Gössling 2010).

With regard to direct water use for tourists, Fortuny 
et al. (2008) demonstrated that many water-saving 
technologies relevant to hotels and other businesses 
have short payback times (between 0.1-9.6 years), 
making them economically attractive. Investments in 
water-saving systems, grey water reuse and rainwater 
collection and management systems can help reduce 
water consumption by 1,045 m3 per year, or a 27 per cent 
lower volume per guest per night. 

In the Rainforest Alliance (2010) study, the water bill 
was reduced in 31 per cent of companies, with average 
annual savings of US$ 2,718 (maximum of US$ 7,900), 
a particularly large number given the very low price of 
water charged in those countries. Required investment 
ranged from 1 per cent to 3 per cent of annual operations 
costs. Average investment was US$ 2,884 (maximum 
US$ 10,000). Average annual savings were US$ 2,718, for 
a payback period of 1.1 years.

Waste
Improved waste management provides opportunities 
for business and society. Lower levels of generation 

improves financial return for private sector actors, and 
better management of that waste creates opportunities 
for jobs, and enhances the attractiveness of destinations. 
Hamele and Eckardt (2006), reporting the results of 
an analysis of 36 hotels in the 2 to 4-star categories 
in Germany and Austria, showed average values per 
overnight-stay for solid waste (1.98 kg) and waste water 
(6.03 litres). The average cost of managing these two 
waste streams is € 0.28 per occupied room night. In 
Rainforest Alliance (2010), solid waste was reduced in 71 
per cent of companies, with average annual savings of 
US$ 3,600. 

Biodiversity
UNEP (2010) argues that biodiversity conservation 
will be greatly affected by the way in which tourism 
grows and develops, especially in developing countries 
hosting biodiversity hotspots, where tourism is expected 
to become increasingly important. Demand growth 
for experiences that involve contact with wildlife 
and pristine (or near pristine) ecosystems and the 
expectations from guests that tour operators respect and 
protect the natural resource base are increasingly driving 
changes in the tourist industry. Policies of mainstream 
tourism are likely to change towards more effective 
conservation of sensitive ecosystems, driven by market 
demand and large operator programmes (for instance, 
cruise-industry guidance on coastal systems). Moreover, 
the increasing trends for nature-based tourism will 
encourage conservation and tourism revenues (including 
protected-area fees) to grow in tandem. Current trends 
towards increasing nature-based and ecotourism are 
likely to continue or accelerate as pristine areas become 
increasingly rare, leading in turn to the incorporation 
of natural areas in tourism development and greater 
transfer of benefits toward natural areas. 

Conservation and restoration provides a highly profitable, 
low-cost investment for maintaining ecosystem services 
(Box 3). Avoiding loss of ecosystems by conservation, 
particularly of forests, mangroves, wetlands and coastal 
zones, including coral reefs, is a sound investment from 
a cost-benefit analysis. This appears to hold from both a 
societal investment perspective as well as a private one. 
The review of dozens of restoration projects worldwide 
concludes that restoration compared with biodiversity 
loss provides a benefit/cost ratio of 3 to 75 in return of 
investments and an internal rate of return of 7 to 79 per 
cent (Nellemann and Corcoran 2010).

More than 70 per cent of Latin American hotels surveyed 
by Rainforest Alliance (2010) support biodiversity 
conservation while 83 per cent of them indicate that 
conservation practices have created competitive 
advantages through operation savings, improved image 
and process improvements. Ringbeck et al. (2010) report 
significant returns of green investments in tourism 
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at major sun and beach destinations in Spain (Box 4). 
The authors estimated a present value of investments 
(capital expenditure) on water and energy efficiency, 
emissions mitigation and biodiversity conservation of 
US$ 1 billion and a significantly higher present value 
of savings (US$ 2.5 billion), with strongest investment 
recovery from biodiversity.

3 5 Cultural heritage

The largest single component of consumer demand 
for more sustainable tourism is for cultural authenticity 
(CESD and TIES 2005). Cultural heritage includes living 
cultures, both mainstream and minority, as well as 
historical, religious, and archaeological sites. Tourism 

Box 4: Financial cost-recovery of green  programmes in tourism

Based on its experience with the greening process 
of one of the world’s leading sun-and-beach tourist 
destinations (a seaside locale in Spain), Booz & 
Company report significant returns from investment 
in energy efficiency and GHG emissions, lower 
water consumption, better waste management 
practices and biodiversity conservation. The green 

transformation strategy was developed after a 
thorough baseline analysis that showed, like most 
tourist destinations, unsustainable water and 
energy consumption patterns, problems with waste 
management and the risk of total depletion of key 
natural resources such as coral reefs and marine animals 
(main attractions). Capital expenditure on greening 
the tourism sector can quickly be offset by the savings 
in operation costs, which include not only the costs 
of greening initiatives, but also the socioeconomic 
effects of lost tourism revenue. Savings by reducing 
operation costs from green programmes, compared 
with the capital expenditure, range from 174 per cent 
(hotel buildings operation efficiency) to 707 per cent 
(biodiversity conservation). Private investment and 
public funding was used to secure sufficient funding. 
The greening transformation followed a three-step 
process, including an assessment of the destination’s 
environmental status, the development of a green 
strategy and the collaborative execution of projects 
related to the green strategy.
Source: Ringbeck et al. (2010) 

Box 3: Strengthening the Protected Area Network (SPAN)

Strengthening the Protected Area Network (SPAN) 
is an initiative funded by the Global Environment 
Facility (GEF) designed to maximise the potential of 
the protected-area system in Namibia by bolstering  
its management and establishing partnerships. It is 
a six-year project with a GEF grant of US$ 8.5 million 
and co-financing amounting to US$ 33.7 million. 
Global Environment Facility analysis indicates that 
tourism in Namibia’s protected areas contribute to 
3.1 to 6.3 per cent of the country’s GDP. Investment 
by the government of Namibia in the past 20 
years has achieved a rate of return of 23 per cent. 
The government has increased the annual budget 
for park management and development by 300 

per cent in the past four years. A quarter of the 
park-entrance revenue is to be reinvested in park 
and wildlife management through a trust fund, 
providing additional sustainable financing of US$ 
2 million annually. First implemented in 2007, The 
National Policy on Tourism and Wildlife Concessions 
on State Land has approved more than 20 new 
tourism and hunting concessions. After two years it 
had generated more than US$ 1 million annually in 
fees payable to the government. Local communities 
were granted most of the concession rights in 
protected areas, creating revenue and jobs for local 
people. 
Source: GEF (2009)
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can offer opportunities for continuation, rejuvenation or 
enhancement of traditions and a way of life. 

Culture is rarely static, and linking tourism and cultural 
survival may bring benefits as well as changes and 
challenges for a community to address. The possible 
socio-cultural costs and benefits of tourism to a vulnerable 
culture are rarely quantified. Tourism projects need to 
include a programme to monitor economic and cultural 
benefits so that vulnerable cultures can assess and manage 
the impacts of tourism on their communities (Wild 2010). 
Aside from the intangible benefits, most commentators 
believe that investment in cultural heritage is among the 
most significant, and usually profitable, investments a 
society, or tourism sector, can make (Box 5). 

3 6 Modelling tourism11

To quantify the likely effects of increased investments in 
tourism, the green investment scenario (G2) simulated 
in the modelling exercise allocates on average 0.2 per 
cent of global GDP12 (or US$ 248 billion at constant 2010 
US dollar prices) per year between 2011 and 2050 to 
the tourism sector, which is further disaggregated into 
energy, water and waste management, staff training, 
and biodiversity conservation.13 The green investment 
represents 4% of tourism GDP. This would most 
likely comprise a mixture of public as well as private 
investments. Assumptions of the model are presented 
in Annex 3 and results of simulations are detailed below.

Results of the simulation
The results of the simulations of the green investment 
scenario indicates that total arrivals of international 
tourists will increase by 2.8 per cent per year by 2030 
and then at a lower rate of 2.5 per cent per year in 
the longer term to reach 2.6 billion in 2050, which 
is 30 per cent below the corresponding business-as-
usual scenario (BAU2) due to the shift towards less  
frequent -but longer- trips in the green scenario14. The 
immediate impacts of international and domestic 
tourism will lead to a yearly direct tourism expenditure 
of US$ 11.3 trillion on average between 2010 and 2050 
in the green investment scenario (in such areas as 
sales in the hotel sector, hotel payments for wages and 
salaries, taxes, and supplies and services). These direct 

11. This section (including forecasts and simulations regarding 
international tourism growth) is based on the Millennium Institute’s work 
for the Green Economy Report. 

12. Tourism accounts for 5% of global GDP.

13. In the G2 green investment scenario, an additional 2 per cent of global 
GDP is allocated to a green transformation of a range of key sectors, of 
which tourism is one (see Modelling chapter for more detailed explanation 
of scenarios and results).

14. BAU2 refers to the BAU scenario with an additional 2 per cent of global 
GDP per year invested according to current patterns and trends (see 
Modelling chapter).

Box 5: Differential economic 
contribution from cultural 
areas

In Western Australia, attempts have been made 
to measure the economic value of cultural 
heritage through direct tourism expenditure, 
using three locations: the city of Freemantle, 
the city of Albany and the town of New Norcia. 
In order to determine the proportion of the 
total overnight visitor expenditure that could 
be directly attributable to cultural heritage, an 
attribution factor was generated based on data 
from visitor surveys and other sources. The study 
found that between 63 per cent and 75 per cent 
of a visitor’s expenditure was due to the cultural 
heritage of the area, generating in the region of 
US$ 40-$ 80 per visitor per day.
Source: Tourism Western Australia, available at  

http://www.westernaustralia.com, accessed on September 10, 2010

expenditures have strong impacts on the destination 
economies resulting from various rounds of re-spending 
of tourism expenditure in other industries (i.e. industries 
supplying products and services to hotels). The total 
expenditure, including direct and indirect expenditures, 
will reach US$ 21.5 trillion on average over the next 
40 years in the green scenario. The resulting higher 
economic growth drives the sector GDP to grow from 
US$ 3 trillion today to US$ 10.2 trillion in 2050, exceeding 
the corresponding BAU scenario by 7 per cent. Direct 
employment in this sector is expected to grow to 580 
million in the green scenario by 2050, compared with 
544 million in the corresponding BAU projection. The 
training of these new employees requires US$ 31 billion 
of investment per year on average in the next 40 years.

Despite the rising flow of tourists, the green investment 
will lead to significant resource conservation through 
considerable efficiency improvements and reduction of 
losses: 

 ■ Tourism water consumption is projected to be 
6.7 km3 in 2050 in the green scenario, undercutting 
the corresponding BAU scenario by 18 per cent. In 
the meantime, additional investments are projected 
to increase water supply, which is essential for many 
tourism-dependent, water-stressed countries – on 
average 0.02 km3 per year above BAU2 from desalination, 
and 0.6 km3 per year from conventional sources (treated 
wastewater, surface and underground water) through 
better management over the 40-year period.
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 ■ Under the green scenario, tourism energy supply and 
demand will see both the expansion of renewables and 
efficiency improvements across all tourism activities. The 
incremental renewable-energy supply associated with 
tourism will be 43 Mtoe per year on average, including 
the expansion and introduction of renewable power 
generation and biofuels. On the demand side, the 
total energy consumption for various tourism activities 
will reach 954 Mtoe in 2050 under the green scenario, 
representing 44 per cent of avoided energy use relative 
to BAU2. These savings come from a mix of effective 
measures in individual activities – a modal shift to less 
carbon-intensive transport (e.g. electrified train and coach), 
behavioural changes (e.g. shorter-haul trips) to reduce total 
travel distance, better energy management (e.g. setting 
targets and benchmarking for hotels) – as well as across 
all sectors – technological advances in fuel efficiency and 
fewer inefficient uses due to better equipment or greater 
environmental awareness. More specifically, tourism 
transport, thanks to the transport-sector investments, will 
see the largest saving (604 Mtoe below the corresponding 
BAU scenario), followed by tourist accommodation, with 
150 Mtoe of avoided consumption in 2050.

 ■ As a result of these energy savings, CO2 emissions will 
be mitigated substantially relative to the corresponding 
BAU projection (-52 per cent by 2050), returning to 
the current level of 1.44 Gt in 2050, or 7 per cent of 
global emissions. The relative increase of the share of 
global emissions generated by tourism derives from 
a projected growth of tourism GDP higher than the 
average projected growth of global GDP. Tourism is 
expected to grow faster than most other sectors; and, 
without green investments, its environmental impacts 
would be much higher. By 2050, transportation is 

expected to still be the principal emitter (0.7 Gt), with 
aviation and cars accounting for 74 per cent and 24 per 
cent of the reduction respectively. Accommodation, as 
the second-largest emitter, will account for 0.58 Gt of 
emissions in 2050. The remaining CO2 emissions (98 Mt) 
are caused by other tourism activities. In addition to the 
mitigation of CO2 emissions in the green economy, as 
climate is a key resource for tourism and the sector is 
highly sensitive to the impacts of climate change, these 
sustainable practices should strengthen the capacity of 
tourist destinations to adapt to unfavourable climatic 
conditions.

 ■ Furthermore, investment in tourism waste 
management allows for a higher rate of waste collection 
and reuse (recycling and recovery). In 2050, 207 Mt of 
waste will be generated by the tourism sector in the green 
scenario, compared with 180 Mt in the corresponding 
BAU scenario (due to higher GDP and tourist visitor nights 
in green scenarios). On the other hand, green investment 
is estimated to allow 57 Mt more reuse of waste than in 
the corresponding BAU scenario, therefore cutting net 
waste disposal (taking into consideration waste reuse) in 
2050 by 30 Mt relative to BAU2.

 ■ These savings will result in potential avoided costs 
that can be reinvested in socially and environmentally 
responsible local activities (such as protected areas, local 
transportation or staff capabilities and skills), increasing 
the indirect and induced effects of tourism expenditure 
on local development. In particular, spending by visitors 
from wealthier regions to developing countries helps to 
create much-needed employment and opportunities 
for development, reducing economic disparities and 
poverty.
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4  Overcoming barriers: 
enabling conditions

Tourism can have positive or negative impacts 
depending on how it is planned, developed and 
managed. A set of enabling conditions is required 
for tourism to become sustainable: to contribute to 
social and economic development within the carrying 
capacities of ecosystems and socio-cultural thresholds. 
This section presents recommendations to create 
the enabling environment for increased investment 
in sustainable tourism development, overcoming 
barriers in the areas of (1) private-sector orientation; 
(2) destination planning and development; (3) fiscal 
and government investment policies; (4) finance 
and investment; (5) local investment generation. 
Recommendations are based substantially on the 
policy recommendations of the International Task Force 
on Sustainable Tourism Devel opment (ITF-STD).15 

Tourism market tendencies indicate that the main drivers 
towards sustainable tourism investment decisions 
are consumer demand changes; business actions to 
reduce operational costs and increase competitiveness; 
coherent policies and regulations for environmental 
protection; technology improvements; private efforts 
for environmental and social responsibility and 
natural resource conservation. These are leading the 
transformation of the industry and determining the 
returns on investments.16 The systemic characteristic of a 
sustainable tourism industry stresses the need to invest 
more in energy and water efficiency, climate-change 
mitigation, waste reduction, biodiversity conservation, 
the reduction of poverty, the conservation of cultural 
assets and the promotion of linkages with the local 
economy. The savings and higher returns expected from 
actions in those areas can simultaneously be invested in 
new green investment projects, creating a self-enforcing 
greening dynamic that could enhance competitiveness 
and strengthen sustainability. 

A cross-cutting barrier to greener or more sustainable 
tourism investment is the lack of understanding 
and recognition of the value created for companies, 
communities and destinations from the greening of 
tourism. The sharing of knowledge, information and 
experiences among public, private and civil society actors 
is a necessary first step towards overcoming these barriers. 

4 1 Private-sector orientation

Tourism is a heterogeneous industry17 where hundreds 
(and sometimes thousands) of actors operate in multiple 
market segments, even within a single country or region. 
These segments include conventional and mass tourism 
as well as niche areas such as ecotourism, adventure 
tourism, rural tourism, community-based tourism, sports 
fishing, cruise tourism and more recently, health tourism. 
The principal businesses within the tourism industry are 
accommodation, tour operation, and transport (land, air, 
and aquatic). In addition, tourism has diverse linkages 
through several economic activities, from lodging, 
entertainment and recreation, to transportation, 
professional services and advertisement, among 
others.18 While all can and should benefit in the medium 
to long term, greening will require very different actions 
and investments, and benefit companies in different 
ways – there is no single strategy or recipe for all to 
follow. A coherent strategy for green tourism growth 
must, therefore, cover all segments and activities, and 
the ways in which they interact.

The tourism industry is dominated by Small and Medium-
sized Enterprises (SMEs). Although online travel agencies 
and large conventional tour operators control an 
important share of international travel from Europe and 
North America, tourism destinations are characterised 

15. The ITF-STD was comprised of members from UNEP, UNWTO, 18 developed and developing countries, seven other international organisations, seven non-
governmental organisations, and seven international business associations. It was an outcome of the 2002 World Summit on Sustainable Development, which 
declared that “fundamental changes in the way societies produce and consume are indispensable for achieving global sustainable development”. The work of 
the Task Force will continue with its successor, the Global Partnership for Sustainable Tourism (http://www.unep.fr/scp/tourism/activities/partnership/index.htm).

16. Drivers and likely implications of sustainable investments in key strategic areas for tourism (energy, climate change, water, waste, biodiversity, cultural 
heritage and the local economy) are summarised in Annex 2.

17. Tourism does not fit the standard notion of an “industry” because it is a demand-based concept. It is not the producer who provides the distinguishing 
characteristics that determine how tourism is classified, but rather the purchaser, i.e. the visitor (OECD 2000).

18 The Tourism Satellite Account (TSA) indicates that “tourism industries comprise all establishments for which the principal activity is a tourism 
characteristic activity.” Tourism characteristics consumption products and tourism industries are grouped in 12 categories: accommodation for visitors, 
food and beverages serving activities, railway passenger transport, road passenger transport, water passenger transport, air passenger transport, transport 
equipment rental, travel agencies and other reservation services activities, cultural activities, sports and recreational activities, retail trade of country-specific 
tourism characteristic goods, and other country-specific tourism characteristic activities (see UNWTO 2010c).
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by the predominance of smaller businesses. For example, 
close to 80 per cent of all hotels worldwide are SMEs 
(WEF 2009a) and, in Europe, this figure is 90 per cent.19 
Additionally, providers of goods and services for the 
industry tend to be small, local businesses. Reaching 
out to such a wide variety of small businesses, across  
numerous sectors, continents and languages is a daunting 
task. Without information, knowledge and tools, greening 
will be nearly impossible. Nonetheless, engaging these 
critical actors is a necessary condition for a sustainable 
industry. In Nepal, for instance, incentives for private-
sector participation in capacity-building events and the 
implementation of sustainable action plans have helped 
to increase their access to international sustainable 
tourism markets, improved project performance and 
stimulated interest among other companies in Nepal in 
sustainable tourism business practices, creating synergies 
throughout the industry (UNEP 2008). 

Organisational management is a key element of 
business sustainability. According to By and Dale (2010), 
successful management of change (political, economic, 
social and technological) is crucial for the survival and 
success of tourism SMEs, particularly with the following 
eight critical factors: adaptability and flexibility; 
commitment and support; communication and co-
operation; continuous learning and improvement; formal 
strategies; motivation and reward; pragmatism; and 
the right people (skilled and motivated collaborators). 
Kyriakidou and Gore (2005) argue that best performing 
SME operations in hospitality, tourism and leisure 
industry share cultural features such as cooperative 
setting of missions and strategies, development of 
teamwork and organisational learning.

Tourism businesses are no different to other businesses 
when it comes to the criteria that must be considered 
in deciding whether to invest in them. However, there 
are some specific characteristics that will affect tourism 
business costs (Driml et al. 2010):

 ■ Tourism businesses are relatively labour-intensive 
and therefore labour costs often make up the largest 
proportion of operating costs;

 ■ The cost of inputs for capital investment and operation 
are higher for remote locations;

 ■ The cost of capital will attract a premium if there is 
uncertainty about returns from investment in tourism;

 ■ The price of land in tourist-desirable locations will be 
governed by competition with other land uses which 
may be able to pay more (due to higher returns);

19. Available at www.hotelenergysolutions.net, accessed on September 30, 
2010.

 ■ Project planning and approvals cost will be high if 
assessment is lengthy or complex; and

 ■ Labour and land make up a high proportion of inputs 
and are subject to payroll tax and land tax.

A question is how to address these basic issues while 
making sustainable investment decisions. In this regard, 
the ITF-STD recommends that “tourism businesses and 
government institutions in charge of tourism should 
adopt innovative and appropri ate technology to 
improve the efficiency of resource use (notably energy 
and water), minimise emissions of greenhouse gases 
(GHG) and the production of waste, while protecting 
bio diversity, helping reduce poverty and creating 
growth and sustainable development conditions for 
local communities.” The business case for investing in 
these areas is sound. At the private-sector level, hotel 
owners, tour operators, and transport services can play a 
key role in protecting the environment and influencing 
tourists to make sustainable choices. Increased 
public environmental awareness, including traveller 
awareness, has contributed to the development of a 
host of voluntary industry initiatives and the definition 
of environmental performance at the national, regional 
and international levels (UNEP 1998). Many larger 
corporations are already addressing their environmental 
and social impacts. In many countries, SMEs account 
for the vast majority of businesses and can have a 
significant environmental impact; however, they tend 
to be more reactive to addressing environmental issues 
(Kasim 2009). Nevertheless, increasing pressure from 
consumers could force them to address more impacts in 
order to remain competitive.

Enabling conditions for engaging the industry
1. Tourism promotion organisations, resource 

management agencies and Destination Management 
Organizations (DMOs) should link tourism products (i.e. 
parks, protected areas and cultural sites) more closely 
with marketing positions. This will ensure a consistent 
and unique selling position in world tourism markets 
based on high-value experiences at natural and 
cultural sites in a compact geographical area.

2. Tourism industry associations and wider industry 
platforms play an important role in engaging tourism 
businesses in sustainability as well as developing 
practical tools to respond to many common 
challenges. As in most industries, the concept of 
corporate social responsibility (CSR) is increasingly 
recognised in the tourism sector and is being 
promoted by industry bodies, at the international as 
well as national levels. However, a formal response, 
including measures such as triple-bottom-line 
reporting, environmental management systems and 
certification appears to be prevalent only within 

436



Tourism

a selection of larger firms. Smaller firms are largely 
outside this sphere, and diverse supplier groups 
may not be connected at all. Experience in many 
countries has shown that well designed mechanisms 
and tools to educate SMEs are critical, but are most 
effective when they are accompanied by concrete, 
actionable items.

3. International development institutions, such as 
multilateral and bilateral cooperation agencies, and 
Development Finance Institutions (DFIs) should 
engage directly to inform, educate and work 
collaboratively with the tourism industry to integrate 
sus tainability into policies and management 
practices, and secure their active participation in 
developing sus tainable tourism. At the national level, 
government and civil-society engagement should 
be a critical part of these efforts to coordinate action.

4. The increased use of industry-oriented decision-
support tools would help speed the adoption of 
green practices. Hotel Energy Solutions, TourBench 
and SUTOUR are examples of projects designed to 
provide assistance to Europe’s tou rism enterprises 
to identify potential investments and cost-saving 
opportunities for sustainable decision making 
to ensure profitability and competitiveness 
(saving money and investment in ecological 
building measures and equipment with low 
energy consumption); provide visitor satisfaction 
(fulfilling their demands and expectations for high 
environmental quali ty); achieve efficient use of 
resources (minimising the consumption of water 
and non-renewable energy sources); secure a clean 
environment (minimising the production of CO2 and 
reducing waste); and conserve biological diversity 
(minimising the usage of chemical substances and 
dangerous waste products).

5. The promotion and widespread use of internationally 
recognised standards for sustainable tourism is 
necessary to monitor tourism operations and 
management. The private sector tends to perform 
best when clear criteria, objectives and targets 
can be identified and incorporated into their 
investment plans and business operations. The 
Global Sustainable Tourism Criteria (GSTC), issued in 
October 2008, provides the most promising current 
platform to begin the process of grounding and 
unifying an understanding of the practical aspects 
of sustainable tourism, and prioritising private 
sector investment.20 The GSTC should be adopted in 

20. The Global Sustainable Tourism Criteria Partnership began in 2007 
and member organisations include the World Tourism Organization 
(UNWTO), United Nations Environmental Programme (UNEP), United 
Nations Foundation, Expedia.com, Travelocity-Sabre, and over 50 other 
organisations (Bien et al. 2008).

order to assess industry’s performance and support 
policy recommendations. At a national and even 
sub-national level, GSTC, supported by information 
sharing and access to experts and experienced 
greening pioneers, is a critical step.

6. Economies of scale in the tourism sector could be 
achieved by means of clustering. A high environmental 
quality is a key input by those companies that 
pursue competitive advantages based on sound 
environmental management. In the case of tourism, 
the conservation of the natural capital of a country 
has a chainable effect and complementary influence 
on many firms. Clustering can strengthen backward 
and forward linkages in the tourism value chain and 
drive sustainability in the whole industry. Natural 
and cultural attractions are the most valuable 
assets for tourism development. The tourism cluster 
must become actively engaged in environmental 
management and conservation. Active collaboration 
with the public sector and community organisations 
will strengthen competitive position for the entire 
cluster. In the case of Croatia, for instance, Ivanovic 
et al. (2010) show that small businesses dominate 
the tourism market share in the total number of 
enterprises and generate the highest employment 
rates and income. However, they also show the lowest 
rate of productivity. This situation partly results from 
limited understanding of the potential benefits of 
clustering in tourism, including economies of scale; 
growth of technological and organisational know-
how, and higher market share.

4 2 Destination planning 
and development

Destination planning and development strategies will be 
a critical determinant for the greening of tourism. Every 
destination is unique, and therefore each development 
strategy must be sensitive to the destination’s unique 
assets and challenges, while creating a vision to deliver 
the destination’s goals for environmental sustainability. 
Destination planners and policy officials are frequently 
unaware of the opportunities that greener tourism 
can bring to their destination. And even those who are 
aware usually lack the skills or experience necessary to 
build sustainability into new or ongoing destination 
development efforts. 

Advancing greening goals through tourism planning 
and destination development requires the ability and 
institutional capacity to integrate multiple policy areas; 
consider a variety of natural, human and cultural assets 
over an extended time frame; and put in place the 
necessary rules and institutional capacity. A destination 
cannot successfully implement a green tourism strategy 
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without the right laws and regulations in place, or the 
right governance structure to oversee them. Legislation 
should protect the environment, limit potentially 
harmful development, control detrimental practices, and 
encourage healthy behaviour. Clear rules in these areas, 
based on the destination strategy and its unique asset base, 
determine the direction, scale and scope of government 
and private investment in more sustainable tourism. 

Enabling conditions for greener destination planning
1. Higher-level government, community and private 

tourism authorities must establish mechanisms for 
coordinating with ministries responsible for the 
environ ment, energy, labour, agriculture, transport, 
health, finance, security, and other relevant areas, as 
well as with local governments. Clear requirements 
such as zoning, protected areas, environmental rules 
and regulations, labour rules, agricultural standards, 
and health requirements (particularly for water, waste 
and sanitation) establish clear rules of the game, and 
define the operating climate for investment. These 
decisions relate very closely to fiscal and investment 
considerations discussed in the following section. 

2. Organisations engaged in developing tourism 
strategies should make use of credible scien-
tific methods and tools encompassing economic, 
environmental and social approaches and assess-
ments for sustainable development that will help 
stakeholders related to different components of the 
value chain understand their environmental and 
socio-cultural impacts. 

3. Tourism Master Plans or Strategies provide a supply-
side approach for developing a tourism destination. 
Environmental and social issues must be included in 
these plans in order to manage the critical assets and 
promote greener outcomes. Green transformation 
programmes will be more effective if produced by 
a multi-stakeholder participatory planning proc ess, 
as well as through the development of partnerships 
at local, national, regional and international levels. 
Multilateral environmental and social agreements 
and the organisations that support them should be 
included in the process.21 Public, private and civil-
society stakeholders should make a decision on the 
kind of tourism industry they want to consolidate 
in the medium and long terms, considering the 
possible impacts on the natural resource base and 

21. For instance, these include the principles of the Global Code of Ethics 
for Tourism adopted by UNWTO and endorsed by the UN Gen eral Assembly 
as well as the recommendations and guidelines provided by Multilateral 
Environmental Agreements and conventions, as appropriate, including the 
Convention on Biological Diversity (CBD), the World Heritage Conven tion, 
the United Nations Framework Convention on Cli mate Change (UNFCCC), 
the United Nations Convention to Combat Desertification (UNCCD) and the 
Code of Conduct for the protection of children against sexual exploitation 
in travel and tourism.

the development opportunities for the country. 
Therefore, the creation of a sound institutional 
framework is required. Coordination among key 
actors and environmental regulations enforcement 
are key conditions. In addition, when investing in 
tourism sustainability, main short-, medium- and 
long-term objectives should be followed, based on:

 ■ The contribution to country macroeconomic 
balances;

 ■ The creation of local direct and indirect 
employment;

 ■ The use of local raw materials and inputs; 

 ■ The benefits created in other productive sectors 
(multipliers outside the industry);

 ■ The effects on local development and poverty;

 ■ The modernisation, diversification and 
sustainability of the tourism value chain; and

 ■ The growth of the internal and external demand 
for sustainable tourism.

4. When promoting sustainable tourism, a coherent 
destination planning policy is necessary to create 
a sound international reputation, a country brand 
that differentiates and positions the country 
competitively. According to FutureBrand (2008), 
while tourism is often the most visible manifestation 
of a country brand, it is clear that the image, 
reputation and brand values of a country impact its 
products, population, investment opportunities and 
even its foreign aid and funding. Therefore, a holistic 
nation approach is required in order to align public 
and private sector initiatives to create a successful 
country brand based on sustainability.

5. Assessment of carrying capacity and social fabric 
should be considered to take into account external 
and internal impacts of tourism at destination. While 
it is difficult to evaluate due to great differences from 
one destination to another, maximum thresholds 
could be agreed on so as to provide guidance for the 
development of planning policies.

4 3 Fiscal policies and 
economic instruments

The greening of tourism will require a more sophisticated 
use of instruments within government purview, such as 
fiscal policy, public investment, and pricing mechanisms 
for different public goods. 
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Tourism investment from government should focus on 
business motivations for sustainable management as 
key targets. Incentives should be consistent with both 
environmental protection and value added creation. 
Market trends and competitive advantages need to be 
mutually reinforced. In this regard, policy coherence 
is a necessary condition. From a national perspective, 
sustainable tourism policy should address market failures 
(including externalities) in a consistent manner, avoiding 
the creation of additional distortions through government 
interventions. Like markets, governments can fail. 
Selected interventions must promote a more efficient 
allocation of goods and resources than would occur in 
the absence of government action. Social policy should 
address compensation and benefits to workers, access to 
improved opportunities, human resource development, 
and value chain integration strategies. In the case of 
sustainable tourism policies, more coherence in terms of 
targets (location investments, development of specific 
areas for destination, national and local infrastructure 
investments), management (institutional coordination, 
impact analysis studies) and incentives (effectiveness, 
cost-benefit, and adequacy) is required to maintain 
sound competitive advantages. Where possible, the use 
of incentives should be based on market instruments 
rather than command and control measures. Some forms 
of market failures deserve special attention, particularly 
those that prevent learning how new sustainable tourism 
businesses can be produced profitably (self-discovery 
externalities), impede simultaneous and integrated 
investments which decentralised markets cannot 
coordinate (coordination externalities), and omit public 
inputs (legislation, accreditation, transport and other 
infrastructure, for instance). 

Enabling conditions in fiscal and government 
investment policies
1. In the case of tourism, policy intervention towards 

investment sustainability can be justified as far as 
enabling conditions promote the sustainable use 
of natural resources and therefore create positive 
externalities for the society. Alternative, less 
productive uses of natural resources (i.e. unsustainable 
agriculture) or possible depletion activities (i.e. 
housing construction) could be compensated (for their 
opportunity cost) with policy instruments that increase 
profitability for sustainable tourism businesses and 
generate positive environmental externalities. Free-
riding (non-compliance by companies) should be 
avoided with an effective performance monitoring 
and impact evaluation mechanism. There is a need to 
conduct periodical evaluations and impact analysis 
of tourism incentives, from an economic, social and 
environmental perspective.

2. Defining and committing to critical government 
investments in the green enabling environment 

plays a central role in determining private sector 
investment and direction. Government investments 
in protected areas, cultural assets, water, waste 
management, sanitation, transportation and energy 
infrastructure investments play a critical role in 
private sector investment decisions toward greener 
outcomes. Investments in public infrastructure 
related to tourism or investments in private 
tourism businesses should estimate their social 
and environmental impacts and adopt economic 
measures to compensate and offset unavoidable 
impacts. 

3. Appropriate taxation and subsidy policies should 
be framed to encourage investment in sustainable 
tourism activities and discourage unsustainable 
tourism. Use of taxation is often resorted to for 
keeping developments in limits (for instance, taxes 
on use of resources and services at the destinations) 
and controlling the specific inputs and outputs (like 
effluent charges and waste services). 

4. Tax concessions and subsidies can be used to 
encourage green investment at the destinations 
and facilities. Subsidies can be given on purchase 
of equipment or technology that reduces waste, 
encourages energy and water efficiency, or 
the conservation of biodiversity (payments for 
environmental services) and the strengthening 
of linkages with local businesses and community 
organisations. 

5. Establish clear price signals to orient investment and 
consumption. The price for such public goods as 
water production and supply, electricity and waste 
management send important signals to the private 
sector. Governments frequently price these goods at 
very low levels (frequently even free) to encourage 
investment, only to find that low prices encourage 
waste, place a drain on communities and make it 
very costly (financially and politically) to raise prices. 

4 4 Financing green 
tourism investments

Environmental and social investments are relatively 
new, and remain outside the mainstream of financial 
markets (particularly in developing countries). In many 
cases, barriers are based on misperceptions or lack of 
knowledge. For example, for many green investments, 
payback periods and amounts are not clearly 
established (due to limited experience with them), 
creating uncertainty for banks or other investors that 
can jeopardise financing. Also, the return on many green 
investments includes easily measurable components 
(such as energy savings), combined with more difficult 

439



Towards a green economy

to measure components such as guest satisfaction 
which can make calculating returns tricky.22 

In other cases, framework conditions in destination 
countries limit investment. For example, higher interest 
rates in many countries make investments that are 
completely viable in wealthy countries, unviable in the local 
environment. Another frequently cited situation found in 
many developing countries is that the financial regulatory 
systems classify environmental investments as non-
productive assets, requiring banks to hold greater reserves, 
resulting in higher interest rates and less investment. 

Enabling conditions for finance
1. The single greatest limiting factor for SMEs in moving 

toward greener tourism is lack of access to capital for 
this type of investments. Green investments must be 
seen as value-adding and made on their economic 
and financial merits, without prejudice. This will 
require greater private sector awareness of the value 
of green investment, and also policy coordination 
with Ministries of Finance and regulatory authorities.

2. Regional funds for local tourism development 
could help overcome financial barriers for green 
investments where investments also generate public 
returns (through positive externalities). Foreign 
Direct Investment (FDI), private equity, portfolio 
investment, and other potential funding sources 
should be also aligned with sustainable projects 
and strategies for the tourism industry. Ringbeck 
et al. (2010) argue that not all green initiatives are 
financially possible for the local or national parties 
undertaking them, and destinations are not always 
able to generate enough revenue through their own 
resources. When local financial resource limitations 
exist, obtaining external funding could help ensure 
the long-term sustainabil ity of investments.

3. Mainstream sustainability into tourism de velopment 
investments and financing. In this regard, the 
Sustainable Investment and Finance in Tourism (SIFT) 
network is working to integrate the expectations 
of private inves tors, the leveraged strength of the 
financing and donor community, and the needs of 
developing destinations. The SIFT Network aims 
to establish a common, voluntary standard to en-
courage greater sustainability in tourism invest ments 
by public, private and multilateral investors; intensify 
financing of sustainable tourism projects; increase 
sustainable investments in the tourism sector; 
improve capacity of developing destinations; and 

22. For example, Frey (2008) found in a survey of South African tourism 
businesses that 80 per cent of respondents agree that responsible tourism 
management leads to enhanced employee morale and performance, 
improves company reputation and is an effective marketing tool. However, 
businesses are not investing sufficient time or money into changing 
management practices. 

leverage unique knowledge and reach others. SIFT 
efforts should permeate to regional, national and 
local financial organisations (counterparts), and help 
integrate other global sustainable financial initiatives 
(e.g. UNEP FI, Equator Principles) to support green 
investments in tourism. 

4. Establish partnership approaches to spread the costs 
and risks of funding sustainable tourism investments. 
In the case of SMEs, for example, besides sliding 
fees and favourable interest rates for sustainability 
projects, in-kind support like technical, marketing 
or business administration assistance, could help 
to offset the cash requirements of firms by offering 
them services at low cost. In addition, loans and loan 
guarantees could include more favourable grace 
periods, soften the requirements on personal asset 
guarantees or offer longer repayment periods. Loans 
for sustainable tourism projects could be set up with 
guarantees from aid agencies and private businesses, 
lowering risk and interest rates. 

4 5 Local investment

As discussed above, sustainable tourism creates 
additional opportunities to increase local economic 
contribution from tourism. An often-overlooked aspect 
of these linkages is that they also offer opportunities 
for increased investment in local communities. 
Capitalised and formalised businesses in the tourism 
value chain enhance local economic opportunity 
(through employment, local contribution and multiplier 
effects) while also enhancing local competitiveness 
among tourists demanding greater local content. This 
win-win situation is recognised in the UNWTO’s ST-EP 
initiative. Notably, many of the targeted mechanisms are 
investment enhancing as well as local-income enhancing. 

This promotes a greater number and variety of 
excursions in a given destination, a “buy local” 
movement in food and beverages sector and growth 
of specialised niches. Efforts by tourism businesses to 
include local communities within value creation, public 
and private initiatives of local workers training, and the 
development of infrastructure and supporting industries, 
creates new conditions for business development, more 
equitable growth and less leakage. These businesses 
require investment, and can expect substantial growth 
opportunities in successful destinations.

Enabling conditions for increasing local contribution
1. Strengthen tourism value chains to back SME 

investment. Destination tourism is usually stable 
enough to provide sufficient guarantees for investors 
and bankers. Long-term contracts for products and 
services to hotels or other anchor businesses create 
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suitable conditions, and simple mechanisms to 
monitor performance. 

2. Expand the use of solidarity lending mechanisms 
to permit groups of local suppliers to access credit 
and build capital. Solidarity lending (guarantees 
provided by a peer group) has proven successful in 
fisheries, agriculture, and handicrafts – all industries 
of critical importance to successful sustainable 
tourism destinations.

3. Enhance development bank access to individuals 
and small businesses that are not eligible for credit, 

or are involved in the provision of public services 
(such as protected areas management, guiding, 
waste management, infrastructure construction, 
among others).

4. Establish seed funds to permit new green industries 
to develop locally. For example, solar collectors and 
photovoltaic systems can be imported as complete 
systems, or can be assembled locally from imported 
components. The latter encourages local investment 
and promotes local economic contribution. It also 
permits adaptation of the technologies to better suit 
local tourism needs. 
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5  Conclusions
Tourism is a leading global industry, responsible for 
a significant proportion of world production, trade, 
employment, and investments. In many developing 
nations, it is the most important source of foreign 
exchange and FDI. Tourism growth, environmental 
conservation, and social wellbeing can be mutually 
reinforcing. All forms of tourism can contribute towards 
a green economy transition through investments 
leading to energy and water efficiency, climate-change 
mitigation, waste reduction, biodiversity and cultural 
heritage conservation, and the strengthening of linkages 
with local communities. Making tourism businesses 
more sustainable will foster the industry’s growth, create 
more and better jobs, consolidate higher investment 
returns, benefit local development and contribute to 
poverty reduction, while raising awareness and support 
for the sustainable use of natural resources. 

The potential economic, social and environmental 
costs of a BAU scenario in the tourism industry are 
not always considered when evaluating the cost of 
investments toward sustainability. Concern about 
required investments and financing sources availability 
are common when considering actions for making 
tourism more sustainable. Nevertheless, empirical 
evidence shows that demand for traditional mass 
tourism has reached a mature stage whereas the 
demand for more responsible forms of tourism is 
booming and are predicted to be the fastest growing 
tourism markets in the next two decades. Tourism- 
market tendencies indicate that main drivers towards 
investment in sustainable tourism relate to consumer 
demand changes, actions to reduce operations costs 
and increase competitiveness, coherent policy and 
regulations, technology improvements, stronger efforts 
for environmental and social responsibility and natural 
resource conservation. These are leading transformation 
of the industry and determining the returns on 
investments.

In a BAU scenario up to 2050, tourism growth will 
imply increases in energy consumption (111 per 
cent), greenhouse gas emissions (105 per cent), water 
consumption (150 per cent), and solid waste disposal (252 
per cent). On the other hand, under an alternative greener 
investment scenario (in energy and water efficiency, 
emissions mitigation and solid waste management) 
of US$ 248 billion (i.e. 0.2 per cent of total GDP), the 
tourism sector can grow steadily in the coming decades 
(exceeding the BAU scenario by 7 per cent in terms of the 
sector GDP) while saving significant amounts of resources 
and enhancing its sustainability. The green investment 

scenario is expected to undercut the corresponding 
BAU scenario by 18 per cent for water consumption, 44 
per cent for energy supply and demand, 52 per cent for 
CO2 emissions. This will result in potential avoided costs 
that can be reinvested in socially and environmentally 
responsible local activities – such as local transportation 
and staff capabilities and skills – increasing the indirect 
and induced effects of tourism expenditure on local 
development. In particular, the spending by foreign 
visitors from wealthier regions in developing countries 
helps to create much-needed employment and 
opportunities for development, reducing economic 
disparities and poverty, notably through the multiplier 
effect and the reduction of leakage.

Tourism can have positive or negative impacts 
depending on how it is planned, developed and 
managed. Various enabling conditions are required 
for transforming tourism to contribute to social and 
economic development within the carrying capacities 
of ecosystems. 

To promote sustainable tourism in a green economy, 
the national, regional, and local economy should first 
provide a good investment climate, featuring security 
and stability, regulation, taxation, finance, infrastructure, 
and labour. Various tourism stakeholders should 
collaborate and share knowledge and tools in order 
to understand the overall picture of environmental 
and socio-cultural impacts of tourism activities at 
destinations. There is also a need for policy coherence, 
which can include economic instruments and fiscal 
policy to reward sustainable investments and practices 
and discourage the most costly externalities associated 
with uncontrolled tourism expansion. In the case of 
tourism, government and private tourism authorities 
should coordinate with ministries responsible for the 
environ ment, energy, agriculture, transport, health, 
finance, security, and other relevant areas, as well as with 
local governments. 

By steering the direc tion of policy and spearheading 
sustainability efforts, government authorities can 
motivate and influ ence other stakeholders – both public 
and private – to engage in behaviour that bolsters a 
destination’s sustainability. It is necessary that tourism 
promotion and marketing initiatives emphasise 
sustainability as a primary option. To create local 
development opportunities, marketing efforts should 
ensure access to domestic and international markets 
by sustainable local, small, medium, community-based 
and other tourism suppliers (especially in developing 
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countries). As the tourism industry is dominated by 
SMEs, it is also essential to facilitate their access to 
industry-oriented decision-support tools, information, 
knowledge as well as to capital. Partnership approaches 
to lower the costs and risks of funding sustainable 
tourism investment and in kind support to SMEs should 
be considered so as to facilitate the shift toward green 
tourism activities. 

The design and implementation of a sustainable tourism 
enabling environment should be based on a sound formal 
and well-documented analysis. Policymakers should set 
baselines and measurable targets with regard to short-, 
medium-, and long-term results of sustainable tourism 
promotion and marketing. It is important to note that 
the success of tourism destinations should be evaluated 
not only in terms of arrivals but also in terms of broader 
economic, social and environmental drivers, as well as 
its impacts. Sustainable tourism policymaking should 
be based on sound quantitative analysis. Valuation 
exercises (such as choice experiments) can help identify 
opportunities for sustainable tourism development from 
the demand side. Tools such as input-output and general 
equilibrium models, business surveys, and the Tourism 
Satellite Accounts (TSA) can support policy design 
and business strategy. The adoption of international 
standards and criteria (e.g. GSTC) at a global scale is 
highly recommended in order to assess comparable 
results and unify an understanding on the practical 
aspects of sustainable tourism enabling prioritising of 
private sector investments. Further, increased adoption 

of management standards for environmental and labour 
performance23 would greatly assist tourism operators 
in strengthening their internal management capacity 
to reduce environmental impacts and protect their 
workers, and enhance capacity to relate to community 
stakeholders.

The effects of tourism can vary dramatically between 
destinations. More quantitative studies are necessary 
to clearly understand the reasons for such variations, 
to expand the evidence base at a national and sub-
national level on tourism and local employment, 
procurement through local supply chains, poverty 
reduction, environmental benefits, and other relevant 
areas. Domestic tourism (in many countries the most 
important source of tourism income) should be further 
analysed. Business performance and the determinants of 
higher Return on Investment (ROI) on green investments 
are key variables to study.

This chapter analyses the main variables that influence 
tourism development and aims to demonstrate that 
concerted greener policies can steer the growth 
of the sector toward a more sustainable path, 
generating economic benefits, while strengthening 
its social and environmental context. Its findings 
and recommendations are addressed to all tourism 
stakeholders.

23. These include the ISO 14000 series for environmental management, 
ISO 26000 series for social responsibility management and S.A. 8000 series 
for working conditions.
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Annex 1: Economic sizing of the sector

Table A1-1: Economic relevance of tourism in selected countries
Source: Author’s calculations with data from UNWTO (2010c) and WTTC (2010)

Country
Domestic tourism 

consumption / total tourism 
consumption (%)*

Tourism gross domestic 
product / GDP (%)*

Jobs in tourism industries / 
total jobs (%)*

Tourism investment / total 
investment (%)**

Australia 73.9 4.1 4.8 12.5 

Chile 75.0 3.1 2.6 7.5 

China 90.8 4.2 2.3 8.5 

Czech Republic 45.3 3.0 3.3 11.0 

Ecuador 69.4 4.1 1.8 12.4 

Honduras 54.5 5.7 5.3 8.4 

Israel 61.0 1.8 2.6 7.6 

Japan 93.5 1.9 2.8 5.8 

Latvia 51.4 1.9 9.0 7.4 

Lithuania 56.4 2.6 2.6 9.8 

Netherlands 80.8 3.0 4.3 7.3 

New Zealand 56.2 12.0 9.7 15.0 

Peru 74.4 3.3 3.1 9.9 

Philippines 80.7 6.9 9.7 11.3 

Poland 41.0 2.0 4.8 7.1 

Romania 47.7 2.2 8.3 7.3 

Saudi Arabia 61.5 5.0 3.9 3.9 

Slovakia 44.1 2.9 7.3 11.4 

Slovenia 43.0 4.9 11.5 12.0 

Spain 42.3 10.9 11.8 13.8 

* Estimated with TSA country data for latest year available (mainly 2007). ** 2009 values.
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Annex 2: Drivers and likely 
implications of investment in 
sustainable tourism strategic areas

Table A2-1: Drivers and likely implications of investment in sustainable tourism strategic areas
Source: Author’s compilation

Strategic 
area Sustainability drivers Likely implications

Energy

 ■ Increased energy costs
 ■ Likely carbon surcharges
 ■ Customers expectations (particularly from Europe and 

North America) driving operators and entire supply chain
 ■ Availability of low-carbon technology
 ■ Possible government incentives
 ■ Decreasing costs of renewable energy technologies
 ■ Eco-labels and/or voluntary standards 
 ■ Regulations/legislation on energy efficiency and perfor-

mance of buildings

 ■ Maintain or reduce operating costs for tourism operators through energy efficiency 
 ■ Increased customer satisfaction
 ■ Investment in energy efficiency (retrofits, improvements)
 ■ New energy-efficient investment stock
 ■ Investment in more energy efficient features and services (such as efficient refrigera-

tion, television and video systems, air conditioning and heating and laundry)
 ■ Differentiation of operators and their value chains 
 ■ Modest shift toward short-haul versus long-haul tourism, with the effect increasing 

with energy costs (and offset to the extent efficiency is increased)

Climate 
change

 ■ Costs of GHG emissions (driven by post-Kyoto rules)
 ■ Concern of customer base about carbon footprint 
 ■ Host government policies and priorities (climate change 

mitigation and energy)
 ■ Uptake of corporate social responsibility (CSR) 
 ■ Climate change impact on tourism sites

 ■ Same as for energy efficiency
 ■ Increased substitution of fuels toward electricity, particularly increased investment in 

passive solar collectors, photovoltaics and alternative fuels for vehicles
 ■ Increased number of project developers orienting business strategies toward lower-

carbon footprint 
 ■ Expectations of broader stakeholder base 
 ■ Demand for carbon offsets and other mechanisms to compensate for residual emis-

sions

Water

 ■ Water scarcity 
 ■ Price for water and conflicts 
 ■ Expectations from travellers for responsible water 

management 
 ■ Expectations from major tour operators 

 ■ Reduction in water costs from internal water efficiency
 ■ Investments in water saving technology in rooms, facilities (such as laundry and 

swimming pools) and attractions (such as golf courses, gardens and water-based 
attractions)

 ■ Increase in number of rooms/visitors in water-constrained destinations
 ■ Slight advantage to destinations with more abundant water supplies in terms of 

variety of activities and cost of water resources
 ■ Increased use of water treatment systems, at firm/project level and destination

Waste

 ■ Customer demand for clean destination 
 ■ Public opinion
 ■ Degradation of water resources owing to waste dumping 

and waste water
 ■ Pressure from major tour operators 

 ■ Lower pollution and natural resource
 ■ Improved solid waste management
 ■ Reduction of open waste dumping sites and poorly managed landfills
 ■ Investments in waste water management equipment, treatment and disinfection.
 ■ Investment in sanitary landfills and solid waste recycling capacity
 ■ Lower sewage and clean-up fees

Biodiversity

 ■ Increased tourist preference for experiences that involve 
contact with wildlife and pristine (or near pristine) 
ecosystems

 ■ Expectations from guests that operators protect the 
natural resource base

 ■ Government regulations regarding sensitive ecosystems 
such as coral reefs, coastal wetlands and forests

 ■ National policies to attract resources through tourism 
capable of protecting critical biological habitat

 ■ Ecosystem services potential for tourism revenue genera-
tion

 ■ Demand for nature-based tourism likely to accelerate as pristine areas become 
increasingly rare

 ■ Increased number of policies and related practices in mainstream tourism to more 
effectively protect sensitive ecosystems 

 ■ Improved design of individual projects and destinations incorporating biodiversity 
conservation in situ, and through compensatory mechanisms 

 ■ Increased incorporation of natural areas in tourism development and greater transfer 
of benefits toward natural areas through entrance fees and Payment for Ecosystem 
Services (PES) schemes
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Table A2-1: Drivers and likely implications of investment in sustainable tourism strategic areas
Source: Author’s compilation

Strategic 
area Sustainability drivers Likely implications

Cultural 
heritage

 ■ Tourist preference for experiences that involve contact 
with authentic cultural landscapes

 ■ Expectations from guests that their tourism operators 
respect and protect traditional culture

 ■ Increased awareness of World Heritage Sites
 ■ Recognition and appreciation for cultural diversity

 ■ Respect and recognition of traditional culture, particularly in context of assimila-
tion into a dominant culture. Help to community members to validate their culture, 
especially when external influences of modern life cause the young to become disas-
sociated from traditional life and practices

 ■ Conservation of traditional lands and natural resources on which the culture has 
traditionally relied

 ■ Help to reduce poverty within a community or cultural group. Increased opportunities 
for young to remain in community instead of seeking alternative opportunities in cit-
ies and towns. Meet the needs of cultural groups, such as health care, access to clean 
water, education, employment and income

 ■ Reduced risk of losing unique cultural attributes

Linkages 
with Local 
Economy

 ■ Demand for more contact with local communities
 ■ Greater number and variety of excursions in a given 

destination
 ■ “Buy local” movement in food and beverages sector
 ■ CSR uptake 
 ■ Public and private initiatives of local workers training 
 ■ Growth of specialised niches (ecotourism, rural tourism, 

adventure tourism, sports fishing, agrotourism and 
community-based tourism)

 ■ Development of infrastructure and supporting industries

 ■ Concerted efforts by tourism authorities, local officials and civil society organisations 
to increase local content

 ■ Responses by tourism operators and increasing use of indicators to track local contri-
bution (which feed into tourism satellite accounts)

 ■ Deepened supply chain in local economy, generating increased indirect employment
 ■ Increased spending in local economy from income effects in direct and indirect 

employee consumption and purchases
 ■ Improved income distribution among industry stakeholders
 ■ Decreased leakage (imports of intermediate goods and foreign workers)
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Annex 3: Assumptions of the model
1  Tourism energy management: 
25 per cent of the tourism sector green investment (on 
average US$ 61 billion per year) is allocated in 2011-2050 
to both energy demand reduction through efficiency 
improvements and increase of renewable energy supply. 

Abatement of emissions from energy use: Emissions 
from tourism activities are reduced in the green scenario 
through efficiency improvements in tourism electricity 
and fuel consumption and behavioural changes towards 
longer stay and fewer trips, shorter travel distance and 
transport modal shifts (from aviation and private cars to 
cleaner transport, e.g. coach and electric railway). This 
investment adds up to US$ 18 billion per year on average 
over the next forty years, or 29 per cent of the tourism 
energy green investment in the green investment 
case (G2). The same rates of efficiency gain and modal 
shifts as in associated GER sectors are assumed, while 
the assumption in increase of stay (by 0.5 per cent per 
year) and reduction of trips (to retain total guest nights) 
is based on the scenarios presented by UNWTO and 
UNEP (2008). The investment is estimated by using 
CO2 abatement costs included in International Energy 
Agency (IEA) (2009). More specifically, for tourism 
transportation:

 ■ The length of stay is assumed to increase by 0.5 per 
cent per year (on average 3.7 days in 2050) instead of 
a 0.5 per cent decrease per year (2.5 days in 2050) in 
BAU, in line with the scenarios of UNWTO and UNEP 
(2008). To be consistent with the projected total guest 
nights in other scenarios, tourist arrivals in the green 
investment scenario are reduced. Thereby these 
travelling behavioural changes result in fewer but longer 
trips, but would not affect total number of guest nights. 
In addition, IEA’s assumption of reduced travel is a good 
fit with the green tourism goal (short travel and longer 
stays). 

 ■ With respect to transport modal shift and energy 
efficiency in the green scenario, to ensure coherence 
across the sectors, the same assumptions as in the GER 
transportation sector are used for tourism. In accordance 
with IEA’s reports, it is assumed that by 2050 in the green 
scenario, 25 per cent of car travel and air travel is replaced 
by bus or rail. The ratio of transport energy efficiency in 
the green investment scenario (by 60 per cent) is based 
on the amount of green investment and unit abatement 
costs from IEA.

 ■ Renewable energy production: Additional 
investments of 71 per cent of the tourism energy green 
investment (or US$ 43 billion on average per year) 

between 2010 and 2050 are allocated to the introduction 
and expansion of renewable power generation and 
biofuel production. The cost assumptions are collected 
from IEA (2009).

2  Tourism water management: 
0.1 per cent of the tourism-sector green investment 
(on average US$ 0.24 billion per year) is allocated in 
2011-2050 to both water demand reduction through 
efficiency improvements and increase of water supply24:

Water efficiency improvement: The amount of 
investment in water-efficiency improvement, aimed 
at reducing tourism water demand, is assumed to be 
US$ 0.16 billion per year on average (or 65 per cent of 
investment in tourism water management) over the 40-
year period. The unit cost is assumed to be US$ 0.28/m3.

Water supply: The remaining (35 per cent) of tourism-
sector water investment (US$ 0.86 billion per year on 
average between 2010 and 2050) aims to increase 
water supply from desalination and conventional water 
sources:

 ■ Desalination: 30 per cent of water-supply investment 
(US$ 0.026 billion per year on average), over the 40-year 
period will be invested in water desalination. The cost to 
supply water desalination is set at US$ 1.1/m3.

 ■ Conventional water supply management: 70 per cent 
of the total water-supply investment (US$ 0.06 billion 
per year on average) is allocated to conventional water-
supply management measures, including treatment 
of wastewater, reservoir storage, and surface and 
underground water supply. The unit cost to increase 
conventional water supply is set at US$ 0.11/m3.

3  Waste management: 
13 per cent of tourism-sector green investment (on 
average US$ 32 billion per year) is allocated in 2011-
2050 to upstream (collection) and downstream (reuse) 
waste treatment:

 ■ Waste reuse: 8 per cent of the tourism waste 
investment is invested in waste recycling and recovery, 
totalling on average US$ 2.4 billion per year over the 
next 40 years under the green investment scenario. The 
unit costs of recycling and compost are assumed to be 
US$ 138 per tonne and US$ 44.85 per tonne respectively.

24. The low level of investment allocated to tourism water sector is due to 
the relatively small amount of water consumption in tourism compared to 
the total of all sectors, as the same unit costs and improvement percentage 
are used for all water users.
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 ■ Waste collection: the remaining 92 per cent of green 
investment in tourism waste management is allocated to 
improve the waste collection rate, totalling on average 
US$ 30 billion per year over the next 40 years under the 
green investment scenario. The upstream cost of waste 
treatment is assumed to rise from US$ 1,083 per tonne in 
1970 to US$ 1,695.5 per tonne in 2050.

4  Training of employees:
12 per cent of tourism investment in the green 
investment scenario, or US$ 31 billion on average each 
year between 2011 and 2050. The cost of training per 
employee is assumed to be US$ 117 for 120 hours, while 
all new employees attend training for one year in total 
over the duration of their career (together with the 
assumption that as many as possible would be local 
workforce). Overall, the total cumulative cost of training 
one employee is assumed to reach US$ 2,854. A variety 
of scenarios were simulated to study and evaluate the 
impacts of the variation in training cost per employee 
per year, in the range of between 30 per cent lower and 

higher than the assumed cost (or from US$ 1,998 to US$ 
3,711).

5  Biodiversity conservation: 
50 per cent of tourism investment, or US$ 123 billion 
on average each year between 2011 and 2050. Three 
scenarios are simulated based on different biodiversity 
conservation costs. These are (a) US$ 119 per hectare, 
assuming only forest conservation – using the average cost 
offered by FONAFIFO25; (b) US$ 451 per hectare assuming 
the possibility to undertake forestry and agriculture on 
that land (based on the experience in Costa Rica, from 
Forestry chapter); (c) US$ 1,380 per hectare assuming that 
housing and other related business opportunities can be 
created, based on what is offered by Amazon Carbon and 
Biodiversity Investment Fund (ACIF)26.

25. Fondo Nacional de Financiamiento Forestal, Costa Rica.

26. The Amazon Carbon and Biodiversity Investment Fund (ACIF) offers 
between US$ 276 and US$ 3,450 per ha, but it is a very specific case for 
100,000 ha (US$ 3,450/ha seems high for an average). As a consequence, US$ 
1,380/ha is used as a maximum value of conservation cost in this analysis.
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Key messages

1. Urban development will have to fundamentally change to facilitate the transition towards 
a green economy. Urban areas are now home to 50 per cent of the world’s population but they 
account for 60-80 per cent of energy consumption and a roughly equal share of carbon emissions. 
Rapid urbanisation is exerting pressure on fresh water supplies, sewage, the living environment 
and public health, which affect the urban poor most. In many cases, urbanisation is characterised 
by urban sprawl and peripheralisation – which is not only socially divisive, but also increases energy 
demand, carbon emissions and puts pressure on ecosystems.

2. Unique opportunities exist for cities to lead the greening of the global economy. There are 
genuine opportunities for national and city leaders to reduce carbon emissions and pollution, enhance 
ecosystems and minimise environmental risks. Compact, relatively densely populated cities, with 
mixed-use urban form, are more resource-efficient than any other settlement pattern with similar levels 
of economic output. Integrated design strategies, innovative technologies and policies are available to 
improve urban transport, the construction of buildings and the development of urban energy, water 
and waste systems in such a way that they reduce resource and energy consumption and avoid lock-in 
effects.

3. Green cities combine greater productivity and innovation capacity with lower costs and 
reduced environmental impact. Relatively high densities are a central feature of green cities, 
bringing efficiency gains and technological innovation through the proximity of economic activities, 
while reducing resource and energy consumption. Urban infrastructure including streets, railways, 
water and sewage systems comes at considerably lower cost per unit as urban density rises. The 
problem of density-related congestion and associated economic costs can be addressed and offset 
by developing efficient public transport systems and road charges.

4. In most countries, cities will be important sites for the emerging green economy. This is for 
three main reasons. First, the proximity, density and variety intrinsic to cities deliver productivity 
benefits for companies and help stimulate innovation. Second, green industries are dominated by 
service activity – such as public transport, energy provision, installation and repair – which tends 
to be concentrated in urban areas where consumer markets are largest. Third, some cities will also 
develop high-tech green manufacturing clusters in or close to urban cores, drawing on knowledge 
and skill spillovers from universities and research labs. 
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5. Introducing measures to green cities can increase social equity and quality of life. Enhancing 
public transport systems, for example, can reduce inequality by improving access to public services 
and other amenities, and by helping to relieve vehicle congestion in poorer neighbourhoods. 
Cleaner fuel for transport and power generation can reduce both local pollution and health 
inequality. Reducing traffic and improving conditions for pedestrians and cyclists can help foster 
community cohesion, an important aspect of quality of life, which also has positive impacts on 
economic resilience and productivity. Evidence shows that children who live in close proximity to 
green space are more resistant to stress, have a lower incidence of behavioural disorders, anxiety, and 
depression, and have a higher measure of self-worth. Green space also stimulates social interaction 
and enhances human well-being. 

6. Only a coalition of actors and effective multilevel governance can ensure the success of 
green cities. The most important fundamental enabling condition is a coalition of actors from 
the national and local state, civil society, the private sector and universities who are committed 
to advancing the green economy and its urban prerequisites, placing it centrally within the top 
strategic priorities for the city.   The central task of this coalition is to promote the idea of a long-term 
strategic plan for the city or urban territory.  Equally, it is crucial to develop strategic frameworks 
not just at the local and urban level, but also at regional and national levels, ensuring coordinated 
design and implementation of policy instruments.

7. Numerous instruments for enabling green cities are available and tested but need to be 
applied in a tailored, context-specific way. In contexts with strong local government it is possible 
to envisage a range of planning, regulatory, information and financing instruments applied at the 
local level to advance green infrastructure investments, green economic development and a multi-
track approach to greater urban sustainability. In other contexts, local governments, in a more 
pragmatic approach, could target a few key sectors such as water, waste, energy and transport 
and commit those to a limited number of specific goals as a point of departure for greening urban 
sectors.
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1  Introduction
This chapter makes a case for greening cities. It describes 
the environmental, social and economic consequences 
of greening urban systems and infrastructure and 
provides guidance to policy makers on how to make 
cities more environmentally friendly.

An introduction to the concept of green cities is followed 
by Section 2, which presents related challenges and 
opportunities. Section 3 analyses the economic, social, 
and environmental benefits of city greening, while Section 
4 summarises green practices across a number of urban 
sectors. Section 5 offers advice on enabling conditions for 
green cities. Section 6 concludes the chapter.

1 1 Cities

A city is a social, ecological, and economic system within 
a defined geographic territory. It is characterised by a 
particular human settlement pattern that associates 
with its functional or administrative region, a critical 
mass and density of people, man-made structures 
and activities (OECD and China Development 
Research Foundation 2010). Most commonly, cities 
are differentiated from other settlements by their 
population size and functional complexity (Fellmann 
et al. 1996). The definition of cities varies significantly 
from nation to nation, and is not always dependent on 
population size but can also reflect administrative or 
historical status (Satterthwaite 2008). The definition of 
urban areas tends to rely more on a population minimum 
but varies dramatically since it is dependent on unit size 
designations given by individual governments, which 
can range from minimum thresholds of 200 to 20,000 
inhabitants upwards (UN Statistics Division 2008).1

1 2 Green cities

Green cities are defined as those that are 
environmentally friendly.2 Indicators measuring 
environmental performance can include: levels of 
pollution and carbon emission, energy and water 
consumption, water quality, energy mix, waste volumes 
and recycling rates, green-space ratios, primary forests, 
and agricultural land loss (Meadows 1999; Brugmann 
1999). Other indicators include the share of apartment 
living, motorisation rate, and modal share of urban 

 

 

transport. Another important measure of humanity’s 
demand on nature is the Ecological Footprint (Ewing et 
al. 2010).3 Defining green cities by their environmental 
performance does not mean social equity issues are 
ignored. In fact, and as detailed below, greener living 
environments can play an important role in making 
cities more equitable for their residents.

There are also existing cities that are referred to as green 
because of their ambitious green policies, a range of 
green projects and a principal trajectory towards a 
better environmental performance. A number of cities 
in western Europe, the USA and Canada have pioneered 
green strategies.4 Freiburg, a city of 200,000 inhabitants 
in Germany, has a long tradition of sustainable 
building and investment in recycling and it reduced 
CO2 emissions per capita by 12 per cent between 1992 
and 2003 (Duennhoff and Hertle 2005). Several cities 
in developing countries, especially in South America, 
have also branded themselves green. Authorities in 
Curitiba, Brazil introduced policies to integrate land-
use and transport planning and by the 1970s the city 
was equipped with an innovative bus rapid transit 
system (Economist Intelligence Unit 2010). Singapore 
introduced the world’s first road-charging scheme in 
the 1980s and it is now at the forefront of sustainable 
policies on waste, water and the greening of the 
environment (Phang 1993; Suzuki et al. 2010).

 

 

1. Satterthwaite (2008) estimates that a quarter of the world’s population 
lives in cities below 500,000 and another quarter in urban areas below 
500,000 inhabitants. He suggests that roughly two-thirds of the world’s 
population live in rural areas and small towns. This indirectly suggests that 
about one-third of the global population might live in cities.

2. The greening of cities requires some, or preferably all, of the following: 
(1) controlling diseases and their health burden; (2) reducing chemical and 
physical hazards; (3) developing high quality urban environments for all; 
(4) minimising transfers of environmental costs to areas outside the city; 
and (5) ensuring progress towards sustainable consumption (Satterthwaite 
1997). This chapter cuts across all five areas, but the issue of cities in relation 
to climate change – given its primacy in international environmental policy 
– is given added weight.

3. Ecological footprint measures how much biologically productive land 
and water area a human population or activity requires to produce the 
resource it consumes and to absorb its wastes, using prevailing technology 
and resource management practices. These areas are scaled according to 
their biological productivity to provide a comparable unit, the so-called 
global hectare.

4. While many of these initiatives have made major strides in reducing 
carbon emissions, it is important to note that none of these cities possesses 
an ecological footprint below 4 hectares per capita (UN-HABITAT 2008; 
own calculation by Arup) – more than twice the world average biocapacity 
per capita in 2006 – suggesting that there is still some way to go in 
implementing sustainable change.
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2  Challenges and opportunities
Urbanisation brings both challenges and 
opportunities for green cities. Challenges include the 
rapid pace of urbanisation and related pressure on the 
environment and social relations if it continues on the 
same trajectory (the business-as-usual or BAU model). 
Opportunities for green cities include the possibility 
to design, plan and manage their physical structure 
in ways that are environmentally advantageous, 
advance technological innovation as well as profit 
from synergies that exist between the constituent 
elements of complex urban systems.

2 1 Challenges

The rapid pace of urbanisation
In 2007, for the first time in human history, 50 per cent of 
the global population lived in urban areas. Only a century 
ago, this figure stood at 13 per cent but it is now predicted 
to reach 69 per cent by 2050 (UN Population Division 2006 
and 2010). In some regions, cities are expanding rapidly, 
while in others, rural areas are becoming more urban. 
A significant part of this urbanisation is taking place 
in developing countries as a result of natural growth 
within cities and large numbers of rural-urban migrants 
in search of jobs and opportunities. Often this happens 
despite widespread anti-urbanisation policies, which aim 
to balance development and to sustain rural economies 
(UNFPA 2007). However, such efforts have mostly been 
unsuccessful and risk that urban agglomerations are 
left unprepared for inevitable increase in population 
growth. Rapid urban growth tends to overwhelm cities 
where the struggle to develop infrastructure, mobilise 
and manage resources has negative consequences for 
the environment.

The scale of the problem comes into sharp focus in 
India and China. India’s urban population grew from 
290 million in 2001 to 340 million in 2008 and it is 
projected to reach 590 million by 2030 (McKinsey 
Global Institute 2010). The country will have to 
build 700-900 million square metres of residential 
and commercial space a year to accommodate this 
growth, requiring an investment of US$ 1.2 trillion to 
build 350-400 kilometres of subway and up to 25,000 
kilometres of new roads per year. Similarly, China’s 
urban population is expected to increase from 636 
million in 2010 to 905 million by 2030 (UN Population 
Division 2010). It is predicted that by 2050 the country 
will need to invest 800-900 billion RMB per year to 
improve its urban infrastructure, about one-tenth of 
China’s total GDP in 2001 (Chen et al. 2008). The nature 

of this investment will have significant effects on the 
potential of Indian and Chinese cities to be green.

Urbanisation and the environment
Cities of different wealth levels impact the environment 
differently. Local environmental threats are most severe in 
poorer cities and relate to issues such as fresh water, sewage, 
health and the degradation of the living environment. 
As cities become more prosperous, with wider and 
deeper patterns of consumption and production, their 
environmental impacts are increasingly felt at the global 
level (Figure 1: Urban environmental transition).

Urban areas in prosperous economies concentrate 
wealth creation as well as resource consumption and 
CO2 emissions. Globally, with a population share of just 
above 50 per cent but occupying less than 2 per cent 
of the earth’s surface, urban areas concentrate 80 per 
cent of economic output, between 60 and 80 per cent 
of energy consumption, and approximately 75 per cent 
of CO2 emissions (Kamal-Chaoui and Robert 2009; UN 
Population Division 2010). This pattern is not equally 
distributed across the globe and reflects the concentration 
of particular activities within individual cities. Buildings, 
transport, and industry – which are constituent 
components of cities and urban areas – contribute 25, 22, 
and 22 per cent, respectively, of global energy-related 
GHG emissions (Herzog 2009). Between 1950 and 2005, 
the urban population grew from 29 per cent to 49 per cent 
of the global population (UN Population Division – World 
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Figure 1: Urban environmental transition
Source: McGranahan et al. (2001)
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Urbanisation Prospects 2007), while global carbon 
emissions from fossil-fuel burning increased by almost 
500 per cent (Boden et al. 2010).

At the national level, urbanisation goes hand in hand 
with increasing resource consumption, more energy 
intensive food supply, and ever-increasing flows of 
goods and people. This general trend is illustrated in 
Figure 2: Ecological Footprint, HDI and urbanisation level 
by country, which compares the National Ecological 
Footprint with the Human Development Index (HDI) for 
countries worldwide, including their urbanisation levels. 
The graph shows that countries with higher urbanisation 
levels tend to have a significantly greater ecological 
footprint per capita, suggesting that cities may be bad 
for the environment. But, the story is more complex.

Brazil, for example, maintained relatively low per capita 
carbon emissions despite its growing urbanisation 
(World Bank 2009). Other nations also raised their carbon 
emissions with no or little increase in urbanisation 
(Satterthwaite 2009).5 Cities per se are neither drivers of 
climate change nor the source of ecosystem degradation; 

5. It is important to note, however, that the term urban in most countries 
includes any form of settlement with relatively low number of residents 
(thresholds typically range from anything between 200 and 20,000), and 
therefore does not capture the way which cities of a significant size perform 
in relation to these parameters.

certain consumption and production patterns as well as 
certain population groups within cities are.

The relationship between carbon emissions and income 
levels is not straightforward, either, as shown in Figure 3: 
Carbon emission and income for selected countries and 
cities. Carbon emissions are directly related to income. Per 
capita incomes are generally higher in cities than in rural 
areas, generating higher average per capita demand in 
major emissions sources. But this is the case only up to a 
certain income level, after which cities typically become 
more carbon-efficient compared with the average, as 
can be seen by the relatively low levels of CO2 emissions 
produced by high income cities like Tokyo or Paris.

A recent survey of the energy intensity (a measure of 
the energy efficiency of an economy calculated as units 
of energy per unit of GDP) of fifty cities by the World 
Bank confirms differential patterns of environmental 
performance. From this study, it appears that the 
combined energy intensity of major cities like Paris, 
Dhaka, São Paulo, London, Hong Kong, and Tokyo, 
amount to about one-quarter of that of the five highest-
scoring cities and less than half of a fifty-city average 
(World Bank 2010).

In order to better understand these variations, data on 
735 cities in six regions were analysed. The results show 
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that a majority of cities in Brazil, China, South Africa, India, 
Europe and the United States cities outperform their 
national average in terms of income per capita, education 
and employment levels. In terms of carbon emissions, 
energy, electricity and water consumption, dwelling and 
transport patterns and motorisation, however, there is 
a very marked difference between cities in developed 
and developing countries. Whereas cities in Europe, the 
USA and Brazil have a lower environmental impact than 
their respective countries, cities in India and China have 
a much larger impact owing to their significantly higher 
income levels compared with their national averages.

The social implications of traditional urban 
development
Patterns of urbanisation in many areas also raise 
important social challenges. The traditional business 
as-usual (BAU) model of urban development – typical 
of rapidly urbanising areas – is characterized by 
uncontrolled, often even incentivised, horizontal 
expansion. This leads to urban sprawl of affluent 
populations with lower development densities and 
increased dependency on the private car and to 
peripheralisation of the urban poor, decreasing their 
access to the city and its workplaces, services and 
infrastructure. Typical developments further include 
the emergence of socially divisive neighbourhoods in 
the form of gated communities, shopping centres and 

business districts and, a significant increase in the level 
of informal development with large swathes of slum 
housing with no access to basic services, infrastructure 
and sanitation. At a general level, the rapid growth of 
many cities coupled with insufficient resources and 
poor management compromises fresh water and 
electricity supply, waste treatment, transport, and other 
infrastructure provision, affecting the urban poor most.

2 2 Opportunities

Structural capacity
The environmental performance of cities is dependent on 
a combination of effective green strategies and physical 
structure – urban form, size, density and configuration. 
They can be designed, planned and managed to limit 
resource consumption and carbon emissions. Or, they 
can be allowed to become voracious, land-hungry, all-
consuming systems that ultimately damage the delicate 
global energy equation. 

More compact urban forms, reduced travel distances 
and investment in green transport modes lead to greater 
energy efficiency. Lower surface-to-volume ratios of 
denser building typologies can result in lower heating 
and cooling loads. Greater utilisation of energy efficient 
utilities can contribute to lower embedded energy 
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demand for urban infrastructure. Cities can be structured 
to make use of green grid-based energy systems such 
as combined heat and power and micro-generation 
of energy as well as rainwater harvesting, access to 
clean water and efficient waste management. In short, 
effective urban planning and governance, as will be 
shown below, can have significant effects on sustainable 
urban lifestyles, making the most of urban critical mass 
and reducing individual patterns of consumption. 

Despite a rich debate on the links between physical 
structure and energy use in cities, there is growing 
evidence that compact urban environments, with 
higher-density residential and commercial buildings (as 
opposed to low density, sprawl-like development) and a 
well distributed pattern of uses and an efficient, transport 
system based on public transport, walking and cycling 
reduce the energy footprint (Newman and Kenworthy 
1989; Owens 1992; Ecotec 1993; Burgess 2000; Bertaud 
2004). Research has shown that the so-called “compact 
city” model (Jenks et al. 1996) has lower per-capita carbon 
emissions as long as good public transport is provided at 
the metropolitan level (Hoornweg et al. 2011). 

This relationship between urban form and energy 
performance also applies at the local, neighbourhood 
level. In Toronto, for example, a recent study found that 
car use and building-related emissions jumped from 3.1 
tonnes of CO2 per capita in some inner-city areas to 13.1 
tonnes in low-density suburbs located on the edges of 
the city (Van de Weghe and Kennedy 2007). While the 
evidence does not identify an ideal size or configuration 
for green cities, it suggests that highly concentrated 
urban systems produce public transport efficiencies, and 
that medium-sized cities tend to perform better than very 
large or very small cities when it comes to public transport 
and energy-related efficiency (Ecotec 1993; Bertaud 2004).

Many cities around the world have recognised such 
structural opportunities for green cities. Copenhagen, 
Oslo, Amsterdam, Madrid and Stockholm (EIU 2009), 
together with Curitiba, Vancouver and Portland in 
the Americas, have all prioritised compact urban 
development, creating walkable urban neighbourhoods 
supported by accessible public transport systems. 
Mumbai, Hong Kong and New York are high density 
cities where housing, commercial, retail and leisure are 
in close proximity, thus limiting the length of everyday 
trips (from home to work). In addition, they possess 
efficient and extensive public transport networks. In 
Mumbai, these patterns are related to high levels of 
poverty and overcrowding, while in Hong Kong and 
New York they combine considerable levels of energy 
efficiency with high living standards.

Clearly, there is an upper limit for urban densities 
to deliver environmental benefits without creating 

adverse social outcomes due to overcrowding 
and strained social infrastructure such as health or 
educational facilities. But if appropriately designed, 
cities can accommodate relatively high threshold 
densities even in low-income scenarios (and not just 
in highly serviced upper income environments). In 
their study on high density, low income housing in 
Karachi, Hasan, Sadiq and Ahmed (2010) concluded 
that net residential densities of up to 3,000 persons 
per hectare can be reached without compromising 
environmental or social conditions.

Technological potential
Cities are incubators of innovation due to the close 
interaction of their residents and workers who benefit 
from the exchange of ideas and opportunities. In 
particular, they benefit from the concentration of 
diverse yet specialised skill-sets in research institutions, 
firms and service providers that can pilot and scale 
new technologies in an already highly networked 
environment. The OECD calculates, for example, that 
there are ten times more renewable technologies 
patents in urban than rural areas and that 73 per 
cent of OECD patents in renewable energy come 
from urban regions (Kamal-Chaoui and Robert 2009). 
The fast-growing cleantech clusters in Silicon Valley 
and the North East of England are both examples 
of “nursery cities”, fostering innovative activity 
(Duranton and Puga 2001). Silicon Valley business 
leaders have been working for years to leverage the 
valley’s innovation advantage in a green economy 
(Joint Venture Silicon Valley Network 2009). Section 4 
illustrates how urban systems can be readily adapted 
to innovative technologies that support the transition 
to green cities, especially in the energy sector. 

Urban synergy and integration potential
Green cities can benefit greatly from synergies 
between their constituent parts. Recognising, for 
example, the interrelationship of energy systems 
and city fabric can lead to particular synergies, as 
pioneered by the Rotterdam Energy Approach and 
Planning (Tillie et al. 2009). In New York City, a new 
mechanism introduced by the Mayor combines the 
cleaning-up of light-to-moderately contaminated 
brown-field sites with urban re-development (City of 
New York 2010). Water-sensitive urban design, which 
helps to retain storm water in public spaces and parks, 
has increased the reliability of urban water supply in 
US and Australian cities (see Water Chapter). 

An urban setting, which tends to support a diverse 
and compact pattern of production and consumption 
is further advantageous to advance the notion of 

“industrial ecology” (Lowe and Evans 1995). By optimising 
and synergising different industrial sectors and resource 
flows, outputs of one sector that become the input of 
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another create a circular economy (McDonough and 
Braungart 2002). Principles of symbioses can also help 
minimise or recycle waste. São Paulo’s Bandeirantes 
landfill, for example, is sufficiently large to provide 
biogas that generates electricity for an entire city district 
(ICLEI Local Governments for Sustainability 2009a). 

These opportunities have led to intensified efforts 
in designing cross-sectoral green city strategies 
when developing new districts or eco-cities. Recent 
examples of new green communities include the 
car-free neighbourhood of Vauban in Freiburg and 
Beddington Zero Energy Development (BedZED)6 in 
London (Beatley 2004; Wheeler and Beatley 2004; C40 
Cities 2010a). In the latter case, new homes achieved 
an 84 per cent reduction in energy consumption and 
footprints related to mobility decreased by 36 per cent. 
Recycling reduced waste by between 17 per cent and 
42 per cent (Barrett et al. 2006).7 Examples of green 
city districts include Amsterdam-Ijburg, Copenhagen-
Orestad and Hammerby Sjostad in Stockholm while 
eco-cities have become fashionable in several rapidly 
urbanising Asian countries. In recent years, high 

profile investments have been made in sustainable 
new towns, including Tianjin Eco-City in North China, 
the Songdo Eco-City in Incheon, Republic of Korea 
and Masdar Eco-City in Abu Dhabi, but it is early days 
to make a comprehensive assessment of their long-
term sustainability, especially given the very high 
capital and development costs of these show-case 
projects.

6. The footprint of BedZED residents averages 4.67 global hectares 
(BioRegional 2009). While this is lower than the UK average of 4.89 hectares 
(Ewing et al. 2010) it is still more than twice the “fair share” of 2 hectares. 
This demonstrates the limitations of insular approaches. While BedZED 
enables residents to reduce their footprint on site, a lot of their ecological 
impact is made outside of it, in schools, at work, and on holiday. BedZED 
residents fly slightly more frequently than the local average, presumably 
due to their higher average income. These limitations, however, do not 
invalidate the achievements of the development, but point to the need of 
scaling up energy efficiency measures in wider urban settlement systems as 
well as the issue of energy still being comparatively cheap in high-income 
societies, resulting in overall unsustainable levels of energy consumption, 
with rebound effects partly offsetting efficiency gains due to greater overall 
consumption levels (Binswanger 2001) .

7. In recent years, the French government has increasingly become 
attached to the concept of éco-quartiers and has initiated a range of 
projects including Quartier ZAC de Bonne in Grenoble, Quartier Lyon 
Confluence and Quartier du Théâtre in Narbonne (French Government, 
Ministère de l'écologie, du développement durable, des transports et du 
logement 2010).
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3  The case for greening cities
The case for greening cities can be made in terms of 
inter-linked economic, social, and environmental 
benefits. Economically, the benefits include 
agglomeration economies, lower infrastructure 
costs and reduced congestion cost while reducing 
carbon emissions and other environmental pressure. 
Socially, the benefits include employment creation, 
poverty reduction and improved equity, and quality 
of life including improved road safety and community 
cohesion, among others. Environmental benefits are 
embedded in most of the economic and social benefits. 
Additional environmental benefits include reduced 
pollution, which helps improve public health. Another 
environmental benefit is the potential for improving 
ecosystems within urban areas.

3 1 Economic benefits

Agglomeration economies
Larger, denser cities – which help lower per capita 
emissions – are good for economic growth. From an 
economic perspective, cities matter because they bring 
people and things closer together, help overcome 
information gaps, and enable idea flows (Glaeser 2008; 
Krugman 1991). It is for these reasons that 150 of the 
world’s most significant metropolitan economies 
produce 46 per cent of global GDP with only 12 per 

cent of the global population (Berube, Rode et al. 
2010). These agglomeration economies translate into 
productivity gains for firms, and higher wages and 
employment rates for workers. For many firms and 
workers, particularly those in service sectors, there is 
still a premium on face-to-face contact – to maintain 
trust, build relationships, and manage interactions that 
can not yet (and may never) be digitised (Charlot and 
Duranton 2004; Sassen 2006; Storper and Venables 
2004). Knowledge spillovers between firms and 
economic agents tend to be highly localised and die 
away within a few miles of the urban core (Rosenthal 
and Strange 2003).

Agglomeration economies exist in both developed and 
developing countries. Empirical studies in developed 
countries find that doubling the employment density 
of an urban area typically raises its labour productivity 
by around 6 per cent (for a summary of the literature 
see Melo et al. 2009). The same basic patterns are found 
in developing countries, with strong evidence that 
urbanisation boosts productive efficiency by lowering 
transport costs and widening trade networks (Duranton 
2008; Han 2009). Agglomeration economies can also be 
achieved by connecting several cities as in China’s Pearl 
River Delta region (Rigg et al. 2009), with the additional 
benefit of addressing inequality between leading and 
lagging regions within countries (Ghani 2010). 
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In developing countries, however, urbanisation may not 
provide the same kind of economic gains across cities and 
firms. For example, Brülhart and Sbergami (2009) find that 
within-country agglomeration boosts GDP growth only 
up to national income levels of US$ 10,000 per head. The 
main reason for this is that very rapid – and sometimes 
chaotic – urbanisation can outstrip national and city 
governments’ ability to provide adequate infrastructure 
and services (Cohen 2006). Congestion could eat up 
the benefits of higher density as in the case of cities like 
Shanghai, Bangkok, Manila and Mumbai (Rigg et al. 2009). 
Venables (2005) similarly suggests that “the presence of 
increasing returns to scale in [some developing country] 
cities leads to urban structures that are not optimally sized”.

Lower infrastructure and operating costs
Densification reduces the capital and operating costs of 
infrastructure. Evidence suggests that linear infrastructure 
including streets, railways, water and sewage systems as 
well as other utilities come at considerably lower cost 
per unit the higher the urban density (Carruthers and 

Ulfarsson 2003). Comparing smart growth areas and 
dispersed, car-dependent developments, Todd Litman 
suggests direct cost savings between US$ 5,000 and 
US$ 75,000 for building road and utility infrastructure 
per household unit (Litman 2009a). A recent exercise for 
Calgary (IBI Group 2009) indicates cost savings beyond 
pure linear infrastructure but also for schools, fire 
stations and recreation centres (see Table 1). Similarly, a 
recent study of Tianjin concluded that infrastructure cost 
savings as a result of compact and densely clustered 
urban development reach 55 per cent compared with a 
dispersed scenario (Webster et al. 2010).

Figure 4:  Private transport fuel expenditure and urban 
density of selected cities shows how urban density 
can be an essential measure for decreasing long-term 
operating costs. Critically, this relationship is made even 
stronger in the right-hand graph which standardises 
2008 fuel prices at the EU average (US$ 1.41) – in other 
words, it assumes that all cities in the sample face the 
same fuel price. It is clear that EU cities tend to be denser 
than North American cities and significantly more 
effcient in terms of fuel consumption – citizens of more 
sprawling North American cities tend to travel further. 
But even with current US fuel prices, density pays 
back. In the case of New York City, CEO for Cities (2010) 
estimates that density-related cost savings through 
reduced expenditure on cars and petrol translates into 
a green dividend of US$ 19 billion annually.

While denser city strategies tend to promote 
greater energy efficiency and cheaper infrastructure, 
promoting transport modal shifts can deliver higher 
lifecycle capacity and lower running costs (see Table 2: 
Capacity and infrastructure costs of different transport 
systems). The most significant cost saving is derived 
from a shift away from car infrastructure towards 
public transport, walking and cycling. For example, at 
similar capacity levels, bus rapid transit (BRT) offers 
significant costs savings compared to traditional metro 

Table 1: Infrastructure costs for different 
development scenarios in Calgary
Dispersed scenario: additional 46,000 ha; 
recommended direction: additional 21,000 ha
Source: IBI Group (2009)

Total cost (CA$ billion)

Dispersed 
scenario

Recommended 
direction Difference Percent 

difference
Road capital cost 17.6 11.2 6.4 -36

Transit capital 6.8 6.2 0.6 -9

Water and wastewater 5.5 2.5 3.0 -54

Fire stations 0.5 0.3 0.2 -46

Recreation centres 1.1 0.9 0.2 -19

Schools 3.0 2.2 0.9 -27

Total 34.5 23.3 11.2 -33

Table 2: Capacity and infrastructure costs of different transport systems
Source: Rode and Gipp (2001), VTPI (2009), Wright (2002), Brilon (1994)

Transport Infrastructure Capacity 
[pers/h/d]

Capital costs 
[US$/km]

Capital costs/ 
capacity

Dual-lane highway 2,000 10m – 20m 5,000 – 10,000

Urban street (car use only) 800 2m – 5m 2,500 – 7,000

Bike path (2m) 3,500 100,000 30

Pedestrian walkway / pavement (2m) 4,500 100,000 20

Commuter Rail 20,000 – 40,000 40m – 80m 2,000

Metro Rail 20,000 – 70,000 40m – 350m 2,000 – 5,000

Light Rail 10,000 – 30,000 10m – 25m 800 – 1,000

Bus Rapid Transit 5,000 – 40,000 1m – 10m 200 – 250

Bus Lane 10,000 1m – 5m 300 – 500
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and regional rail. Bogotá’s TransMilenio infrastructure 
cost US$ 5.8 million per km, US$ 0.34 per passenger 
over three years compared with estimates for metro rail 
with US$ 101 million per km, US$ 2.36 per passenger 
(Menckhoff 2005). As a result and unlike most public 
transport systems, TransMilenio is not only able to 
cover its costs but is making a profit (Whitelegg and 
Haq 2003).

A preliminary study has been carried out to provide 
additional information on the costs and potential 
savings of green city projects (Table 3: Investment and 
operating costs of selected green city projects). Column 
3 in Table 3 contains either the project operating 
revenue (such as the fares collected or the sale of the 
collected energy) or the savings the project allowed. 
The savings have been calculated by looking at the 
difference between what would have been spent in 
resources without the project and what has been spent 
since its realisation. For example, Tokyo’s water leakage 
control leads to savings both in terms of electricity 
(less of which is needed for the same amount of water 
reaching end-consumers) and in terms of water. 

Reduced congestion costs
Bigger, more productive cities tend to suffer from crowding 
and congestion, as firms and households compete for 
space in the most popular locations (Overman and Rice 
2008). Real-world examples of urban agglomerations 
such as Mexico City, Bangkok and Lagos suggest that the 
economic advantages of being in cities tend to mitigate 
even severe congestion problems (Diamond 2005). Even 
so, however, the financial and welfare costs to cities and 
citizens can be substantial. In the largely urbanised  
European Union, these costs are 0.75 per cent of GDP 
(World Bank 2002). In the case of the UK, they amount 
to an annual costs of up to £ 20bn (Confederation of 
British Industry 2003). They reach even higher figures 
in developing countries. The costs of congestion in 
Buenos Aires are 3.4 per cent of GDP, in Mexico City 
2.6 and in Dakar 3.4 per cent (World Bank 2002).

One proven method for controlling congestion is 
demand management via charging. For example, 
Central London’s congestion charge reduced 
congestion by 30 per cent from February 2003 
to February 2004 compared with previous years 
(Transport for London 2004a) and led to benefits 
such as the reduction in the number of trips by private 
vehicles entering central London (Transport for London 
2004b) and a 19.5 per cent drop in CO2 emissions 
(Beevers and Carslaw 2005). Stockholm’s congestion 
tax also resulted in a reduction in traffic delays by one-
third and a decrease in traffic demand by 22 per cent 
(Baradaran and Firth 2008). The annual social surplus 
of Stockholm’s congestion tax is estimated to be in the 
region of US$ 90 million (Eliasson 2008).

Many public transport projects around the world have 
brought about significantly reduced congestion costs, 
notably BRT systems such as in Bogotá and successfully 
emulated in Lagos, Ahmadabad and Guangzhou and 
Johannesburg. A synergetic interplay of compact urban 
form and an efficient bus system has been observed 
in Curitiba, which boasts the highest rate of public 
transport use in Brazil (45 per cent). There, reduced 
congestion means much less fuel is wasted in traffic 
jams: only US$ 930,000, compared with an estimated 
US$ 13.4 million in Rio de Janeiro (Suzuki et al. 2010).

3 2 Social benefits

Job creation
Greening the cities can create jobs on a number of fronts: 
1) urban and peri-urban green agriculture; 2) public 
transport; 3) renewable energy; 4) waste management 
and recycling; and 5) green construction. Green services 
will generally be more urban-orientated than green 
manufacturing or primary industry, although there will 
be some high-tech green manufacturing clusters in or 
close to urban cores, drawing on knowledge spillovers 
from universities and research labs. Already, the 100 
largest metropolitan regions in the USA have far greater 
shares of low-carbon employment in wind and solar 
energy (both 67 per cent), energy research (80 per cent) 
and green buildings (85 per cent) compared with the 
66 per cent share of the national population (Brookings 
and Battelle 2011).

At the same time, specific sectors and firms may combine 
remote or off-shored production with highly urbanised 
consumer/service/support markets. This means that 
there is potential for cities to grow both green tradable 
activity (high value, exportable) and develop greener 
non-tradable activities (lower value, goods and services 
for local consumption) (Chapple 2008). Overall, a green 
economy cannot be expected to create or destroy net jobs 
in the long run; the supply and demand for labour tend to 
equate in accordance with labour market conditions. In a 
well-functioning labour market, in the long run, increased 
demand for labour in one sector will put upward pressure 
on the going wage rate and displace labour in another 
sector. Labour creation in low-carbon sectors will crowd 
out labour creation elsewhere. Hence, although gross 
employment in the sector may rise in the long run, net 
employment across all sectors may not. In the short 
run, with unemployed resources, the net employment 
creation effect is likely to be larger.

First, there is considerable policy interest in urban 
and peri-urban agriculture (Smit and Nasr 1992; 
Baumgartner and Belevi 2001). Green urban agriculture 
can reuse municipal wastewater and solid waste, 
reduce transportation costs, preserve biodiversity and 
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wetlands, and make productive use of green belts. The 
findings of national censuses, household surveys and 
other research suggest that “up to two-thirds of urban 
and peri-urban households in developing countries are 
involved in agriculture” (FAO 2001).

Second, transport activities typically make up a 
significant share of a city’s employment (operationally 
and in infrastructure development). In many countries, 
public transport jobs account for between 1 per cent 
and 2 per cent of total employment (UNEP, ILO, IOE 
and ITUC 2008). In New York almost 80,000 local jobs 
are related to its public transport sector, in Mumbai 
more than 160,000 and in Berlin about 12,000 (Table 
4: Urban transport employment).

Third, the International Labour Organisation research 
(UNEP et al. 2008) indicates that shifting from 
conventional to renewable energy will result in small 
net job losses, but cities are well-placed to benefit 

from new opportunities. As well as research and 
development activity, renewable energy systems may 
often involve decentralised production, which locates 
power generation close to urban consumer cores. 
Critically, installation and servicing activities are both 
labour-intensive and urban-orientated. These domestic 
or personal service activities will be an important source 
of green jobs in urban areas.

Fourth, waste and recycling activity is similarly labour-
intensive. A recent estimate reveals that up to 15 
million people are engaged in waste collection for their 
livelihood in developing countries (Medina 2008). For 
example, in Dhaka, Bangladesh, a project for generating 
compost from organic waste helped create 400 new jobs 
in collection activities and 800 new jobs in the process 
of composting. Workers collect 700 tonnes/day of organic 
waste to obtain 50,000 tonnes/year of compost (see Waste 
Chapter). And in Ouagadougou, Burkina Faso, a project for 
collecting and recycling plastic waste has helped improve 

Table 3: Investment and operating costs of selected green city projects
Source: multiple sources, see Appendix 1

Project Initial capital costs  
(million US$)

Operating costs  
(million US$)

Operating revenue / savings  
(million US$)

London Congestion Charge (2002-2010) 480 692 1,746

Bogotá Transmilenio (2000-2010) 1,970 (until 2016) around 20/year around 18.5/year

Copenhagen District Heating (1984-2010) 525 136.5 184

Paris Velib’ (2007-2010) 96 (private investment) 4.1 (private) 3.96/year (city), 72/year (private)

Bogotá CicloRutas (1999-2006) 50.25 - 40/year (fuel savings)

Toronto Atmospheric Fund (1991-2010) 19 - 2.2

Austin Energy’s GreenChoice Program - - 3.9 (customer energy savings in 2006)

Austing Green Building Programme (1991-2010) - 1.2/year 2.2/year (customer energy savings) 

Freiburg PV system (1986-2010) 58.6 - -

Berlin’s Energy Saving Partnership (1997-2010) - - 12.2 (energy bills)

Toronto Lake Water Conditioning (2002-2010) 170.4 - 9.8/year

Tokyo Water System - 60.3/year 16.7 (electricity savings), 172.4 (leak-
age prevented)

San Francisco Solar Power system (2004-2010) 8 - 0.6

São Paulo waste to energy (2004-2010) 68.4 - 32.1 (from carbon credit auction)

Curitiba BRT (1980-2010) - 182.5 201

Stockholm Congestion Charge (2007-2010) 350 - 70

NYC public plaza improvements (2008-2010) 125.8 - -

Strasburg’s 53.7 km tram (1994-2010) - 167.7 168.3

Copenhagen’s 3% of waste to landfills (1990-2010) - - 0.67/year

Copenhagen offshore 160MW windfarm (2002-2010) 349 - -

NYC Greener, Greater Buildings Plan (2009-2010) 80 (city), 16 (federal) - 700/year (residential energy costs)

Hong Kong Combined Heat and Power plant (2006-2010) 0.9 - 0.3/year

Portland SmartTrips (2003-2010) - 0.55/year -

Portland LED traffic lighting (2001-2010) 2.2 - 0.335

Seoul car-free days (2003-2010) 3 - 50/year (fuel savings)
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the environmental situation and has created jobs and 
income for local people (ILO Online 2007).

Fifth, many developed nations have also started 
looking at green construction as the largest possible 
employment provider. Germany’s 2006 retrofitting 
programme created nearly 150,000 additional full-time 
equivalent jobs in 2006 (UNEP et al. 2008). Retrofitting 
existing building stocks will provide a massive 

employment opportunity for many mature cities, since 
work is undertaken on site (see Buildings Chapter). 
Higher environmental standards for construction and 
fittings also create employment potential. The U.S. 
Department of Labor estimates that new standards 
for water heating and fluorescent lamps, among other 
products, could generate 120,000 jobs through to 2020 
(UNEP et al. 2008). Most excitingly, green construction 
has also the potential of making buildings to go from 
being exclusively consumers of resources to becoming 
producers – in esources like water, energy, food and 
materials, or even green space.

Poverty reduction and social equity
The World Development Report (2009) describes 
increasing economic density – one of the main features of 
a green city – as “a pathway out of poverty”. Along similar 
lines, Nadvi and Barrientos (2004) assess the impact of 
clusters or agglomeration effects on poverty in several 
urban areas of developing countries. It is observed that 
these clusters are labour-intensive, informal in nature 
and also employ a lot of women as household-workers. 
Based on a study of industrial clusters in Kumasi (Ghana), 

Table 4: Urban transport employment
Source: LSE Cities based on multiple sources, see Appendix 1

City Persons employed (operations)  
in public transport sector

New York 78,393

London 24,975

Mumbai 164,043

São Paulo 15,326

Johannesburg 22,276

Tokyo 15,036

Berlin 12,885

Istanbul 9,500

Box 1: Green jobs in the urban economy8

The process of making the world’s cities and 
urban fabric greener and maintaining them in a 
sustainable way will bring considerable employment 
opportunities. Upgrading to greener infrastructure 
generates jobs, whether by improving roads and 
buildings, establishing public transport networks, 
repairing and enhancing drainage and sewerage 
systems or creating and managing efficient recycling 
services. Many of these jobs will require knowledge 
of new technologies or working practices, for 
example, in constructing, installing and maintaining 
local hydrogen fuel-cell power stations or a network 
of charging points for electric vehicles. Providing 
training and support is fundamental to the process, 
within local authorities and for private companies, 
particularly small enterprises.

In creating the jobs that will enable cities to be 
greener, there is a great opportunity to address 
urban poverty, which is widespread (and in many 
places increasing at a faster rate than rural poverty), 
particularly in developing countries. Providing 
job opportunities where there are few is clearly 
important, but to make real inroads into poverty, 
employment must also encompass workers’ rights, 
their social protection and social dialogue. The 

burgeoning international movement on “the right 
to the city” promotes community and consumers’ 
rights but workers’ rights are increasingly being 
recognized. Coalitions of urban workers in Brazil, 
for example, are helping to draw attention to and 
reduce informal, casualised labour. Inappropriate 
working and living conditions expose many urban 
workers to risk on a daily basis, while many do not 
have access to an adequate system of health care, 
pay for holidays and protection against loss of pay 
when they are unable to work. Several ILO initiatives 
provide a sound basis for action on improving 
social protection, and other efforts of communities 
to organise their own risk protection should be 
supported. 

In Marikina, Philippines and through the municipal 
“decent work” programmes of Belo Horizonte 
and São Paulo, Brazil, progress has been made 
in improving labour conditions by establishing 
meaningful dialogue between workers, employers 
and local governments. In sum, the greening of cities 
can and should provide significant opportunities for 
decent employment, which can bring prosperity 
and, if carefully managed, reduce inequality and 
rural-urban differentials. 

8. This box was prepared based on contributions from ILO to this chapter.

470



Cities

Lima (Peru), Java (Indonesia), Sinos Valley (Brazil), Torren 
(Mexico) and Tiruppur (India), it is shown that usually 
there is a high rate of employment growth among mature 
clusters drawing the poor from rural areas. Alongside an 
increase in employment, this study also showed that 
wage levels in clusters were higher than average regional 
wage levels but with longer working hours.

While urbanisation has helped to reduce absolute poverty, 
the number of people classified as urban poor is on the 
rise (Ravallion et al. 2007). Between 1993 and 2002, there 
was an addition of 50 million poor in urban areas while the 
number of rural poor declined by 150 million (Ravallion et 
al. 2007). Urban growth puts pressure on the quality of 
the local environment, which disproportionately affects 
poorer people, such as the lack of adequate access to 
clean water and sanitation. This results in a huge disease 
burden that further affects their livelihood options. 
Moreover, a large proportion of the urban population 
is in the informal sector with: a) inadequate access to 
social security, including health insurance; b) homes in 
informal settlements in disaster-prone areas – both of 
which make them more vulnerable to crises. With climate 
change posing its own threat, the urban poor are likely to 
be more affected as most live in non-durable structures 
and in more vulnerable locations such as riverbanks and 
drainage systems. More generally, the poor have little if 
no means to reduce potential risks and prepare for the 
consequences of or be insured against natural disasters.

Innovative approaches to urban planning and 
management can make urbanisation inclusive, pro-
poor and responsive to threats posed by environmental 
degradation and global warming. For example, 
enhancing public transport use can reduce inequality in 
access to public services and other amenities, on top of 
reducing carbon emissions (Litman 2002). It can also play 
a part in improving poorer neighbourhoods by relieving 
vehicle congestion (Pucher 2004). Switching to cleaner 
fuels for cooking, transport and power generation can 
minimise local pollution and reduce health inequality 
(Haines et al. 2007). Poor urban households in low-
income nations have to spend a large proportion of their 
income on energy needs including food and cooking 
fuel (Karekezi and Majoro 2002). Introducing cleaner 
and more efficient sources of energy offers the potential 
to both reduce direct expenditure and to lower health 
costs connected to indoor-air pollution (Bruce et al. 
2002). In Brazil, for example, an initiative in the City of 
Bentim to install solar heaters in housing estates for low 
income families resulted in 20 per cent savings in energy 
consumption and up to 57 per cent savings in the energy 
bill for the average 3 to 4 member family (ICLEI 2010b). 9 

9. The significant reduction in the energy bill can be explained through 
the fact that low energy consumption is rewarded by tax benefits. The 
installation of solar heaters helped the families to reach the threshold of 
< 90khW/month.

There are other examples of how greening cities can 
address poverty and equity concerns. Improving sanitation 
and fresh water supply can reduce persistent poverty and 
the adverse impacts of water-borne disease (Sanctuary 
et al. 2005). Retrofitting older buildings in lower-income 
neighbourhoods can improve energy efficiency and 
resilience, reducing the vulnerability of poorer communities 
when energy prices rise (Jenkins 2010). Upgrading 
infrastructure in slum areas offers both health benefits and 
fewer adverse impacts on the environment (WHO 2009).

Improvement in quality of life
Community cohesion is one aspect of quality of life and 
affects individuals, families and social groups at the 
neighbourhood and district level. Social relationships 
not only have particularly positive impacts on physical 
and mental health but also on economic resilience and 
productivity (Putnam et al. 1993; Putnam 2004). This 
is especially the case for disadvantaged people, as 
community cohesion and social inclusion are linked 
(O’Connor and Sauer 2006; Litman 2006).

Improving the urban environment by measures such 
as traffic calming and promoting walkability can help 

Table 5: Mercer quality of living city ranking 2010
Source: Mercer (2010)

Rank 2010 City Country Qol index 2010

1 Vienna Austria 108.6

2 Zurich Switzerland 108

3 Geneva Switzerland 107.9

4 Vancouver Canada 107.4

4 Auckland New Zealand 107.4

6 Dusseldorf Germany 107.2

7 Frankfurt Germany 107

7 Munich Germany 107

9 Bern Switzerland 106.5

10 Sydney Australia 106.3

11 Copenhagen Denmark 106.2

12 Wellington New Zealand 105.9

13 Amsterdam Netherlands 105.7

14 Ottawa Canada 105.5

15 Brussels Belgium 105.4

16 Toronto Canada 105.3

17 Berlin Germany 105

18 Melbourne Australia 104.8

19 Luxembourg Luxembourg 104.6

20 Stockholm Sweden 104.5
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foster a sense of community (Frumkin 2003; Litman 
2006). Such changes are often designed to counteract 
instances of community severance, as identified by 
Bradbury et al. (2007): 

 ■ Physical barriers whereby either spatial structures 
themselves prohibit interaction or certain activities 
cause disruption, as in the case of road traffic;

 ■ Psychological barriers that are related to the 
perception of certain areas determined by traffic noise 
and pollution or perceived danger; and

 ■ Long-term social barriers where residents change 
behaviour following initial disruptions and create a 
more sustained form of being disconnected from certain 
people and areas close-by. Putnam’s research implies that 
ten minutes avoided in commuting increases time spent 
on community activities by 10 per cent (Putnam 2000).

Kuo et al. (1998) observed that the more trees and 
greenery form part of inner-city public spaces, the 
more these spaces are used by residents. The study 
also found that, compared with residents living near 
barren spaces, those closer to greenery enjoy more 
social activities, have more visitors, know more of their 
neighbours, and have stronger feelings of belonging. 
Wells and Evans (2003) found that children with nature 
near their homes are more resistant to stress; have 
lower incidence of behavioural disorders, anxiety, and 
depression; and have a higher measure of self-worth 
(Grahn et al. 1997; Fjortoft and Sageie 2000). Green 
space also stimulates social interaction between 
children (Moore 1986; Bixler et al. 2002). 

A further dimension in the quality of life surrounds road 
safety. Road traffic accidents are the leading cause of 
death among young people between 15 and 19 years, 
according to a report published by the WHO in 2007 
(Toroyan and Peden 2007; see also Transport Chapter). 
Road traffic collisions cost an estimated US$ 518 billion 
globally in material, health and other expenditure. For 
many low- and middle-income countries, the cost of 
road crashes represents between 1-1.5 per cent of 
GNP and in some cases exceeds the total amount the 
countries receive in international development aid 
(Peden et al. 2004). Mohan (2002) showed that this is, 
in fact, underestimated and evaluated that these costs 
represent 3.2 per cent of India’s GDP.

Some of the most effective strategies to improve 
pedestrian and cyclist safety include dedicated facilities 
and motorised vehicle speed controls. An average 
increase in speed of 1 km/h leads to a 5 per cent higher 
risk of serious or fatal injury (Finch et al. 1994; Taylor 
et al. 2000). Dedicated lanes for buses, bicycles and 
pedestrians, especially along arterial roads should also 

be a priority. Evidence from the Netherlands, Bogotá 
and Denmark shows that restricting the space available 
to cars, limiting their speed and providing safe facilities 
for pedestrians and cyclists result in the adoption of 
green transport modes.

Other major attributes of green cities are also considered 
part of the quality of life, such as walkability, access to 
green spaces, cycling infrastructure and recreational 
facilities (HM Government, Communities and Local 
Government 2009). In developing countries, this may 
partly explain the relationship between green cities 
and cities with a high quality of life. Among the top 20 

“quality of living cities” identified by Mercer in 2009, at 
least half have particularly strong green credentials 
(Table 5). The top five includes best-practice green cities 
such as Vienna, Zurich and Vancouver. In Zurich, the 
city’s focus on public transport has been an important 
contribution to its favourable ranking in the Mercer 
survey (Ott 2002). Similarly, the integration of green 
space and natural elements within the city significantly 
enhance the quality of living.

At least in developed countries, a city’s overall quality 
of life (or quality of place), may be linked to economic 
advantages, mainly as a result of greater attractiveness to 
skilled workers and high paying firms (HM Government, 
Communities and Local Government 2009; Lee 2005). 
Evaluation of the largest companies (more than 500 
employees) in the European Union suggests that about 
10 per cent of these firms consider quality of life as 
one of the top three attributes determining location 
decisions (Healey and Baker 1993 in Rogerson 1999). 
These decisions, it is argued, are increasingly based on 
so-called city “lifestyle amenities” which attract highly-
skilled, mobile workers with their general flexibility in 
choosing living and working locations (Hasan 2008).

3 3 Environmental and health benefits

Reducing pollution and improving public health 
Air pollution in cities remains a major public health 
burden, particularly in the developing world. In extreme 
cases such as Dakar, pollution-related health costs are 
above 5 per cent of GDP, while a range between 2 and 
3 per cent is observable for several mega cities in Latin 
America and Asia (World Bank 2003). In urban areas 
globally, around 800,000 deaths per year are caused by 
air pollution (Dora 2007).

Many cities have already taken decisive action and 
significantly improved the situation. Outside Europe 
and the USA, cities with PM 10 levels of 20 mg/m3 have 
a mortality rate almost 10 per cent lower than those 
with levels of 150 mg/m3 (Dora 2007). Urban greenery 
provides a unique opportunity to improve air quality. In 
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Chicago, urban trees provided a service for air cleansing 
that is equivalent to US$ 9.2 million dollars and their 
long-term benefits are estimated to be more than twice 
their costs (McPherson et al. 1994).

There is a broader set of public health issues around 
healthier lifestyles in cities. It is estimated that physical 
inactivity accounts for 3.3 per cent of all deaths globally 
and for 19 million disability-adjusted life-years (Bull et 
al. 2004). Green urban transport is a unique opportunity 
to link physical activity and emissions reduction by 
promoting walking and cycling. In Europe, more than 
30 per cent of trips made by cars are for distances of 
less than 3 km and about half still below 5 km, in 
theory allowing for their replacement by cycle journeys 
(European Commission 1999). 

It is no coincidence that cities with a long tradition of 
applying land-use planning, public transport strategies 
and a focus on public green space are among the 
healthiest cities in the world. Portland was rated 
number one of the 100 largest USA cities in meeting 
Healthy People 2000 goals (Geller 2003), Vancouver 
is first amongst the Canadian cities (Johnson 2009), 
Copenhagen and Munich rank amongst the top 10 
healthiest and safest cities and Melbourne among the 
healthiest and safest in Australia (Sassen 2009).

Ecosystem services and risk reduction
Urban greenery and vegetation represent a range of 
ecosystem services with significant wider welfare effects 
(TEEB 2010). A study of Toronto’s Green Belt estimated 
the value of its ecosystem services at CA$ 2.6 billion 
annually, an average of around CA$ 3,500 per hectare 
(Wilson 2008). 

Ecosystem services further play a critical role in risk 
reduction measures. Tropical cities such as Jakarta have 
dramatically increased their risk exposure to flooding 
as a consequence of local deforestation. The city’s most 
recent floods in 2007 affected 60 per cent of the city 
region, killed 80 persons and forced more than 400,000 
residents to leave their homes (Steinberg 2007). Similarly, 
the 2005 floods in Mumbai, which killed more than 1,000 
people and paralysed the city for almost five days (Revi 
2008) were linked to a lack of environmental protection 
of the city’s Mithi River (Stecko and Barber 2007). 

Restoration of urban ecosystems is part of the city 
greening effort, which can reduce the impact of freak 
weather conditions. Coastal regions in particular can 
benefit both in terms of lives and money. Mangrove re-
planting in Vietnam, for example, saves US$ 7.3 million 
annually on dike maintenance while it costs only US$ 1.1 
million (International Federation of the Red Cross and Red 
Crescent Societies 2002). More generally, an increase in the 
amount of green cover in urban areas not only increases 
a city’s ability to reabsorb CO2 but also ameliorates the 
urban heat island effect (McPherson et al. 1994). 

Safeguarding natural ecosystems in cities’ hinterlands 
is also important in reducing their exposure to risk. 
This is of particular relevance to fresh water supply and 
food security. As they have expanded, many cities have 
exhausted local fresh water sources and rely on importing 
water from their wider region. Such requirement to 
import water is already associated with enormous costs 
for cities such as Mexico City and São Paulo. In New York 
City, the protection of its fresh water supply has allowed 
the city to avoid paying US$ 5 to US$ 7 billion for an 
additional filtration plant (TEEB 2010).
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4  Greening urban sectors
Having illustrated the general economic, social, and 
environmental benefits of greening cities, this section 
looks at examples of how the greening of specific 
sectors – including transport, buildings, energy, water, 
waste and technology – can be achieved at the city 
scale. Most of these sectors are addressed more broadly 
in the respective chapters of this report, and some of 
the examples below are referenced elsewhere in this 
chapter to support broader, cross-sectoral strategies to 
aid the transition to green cities.

4 1 Transport

Most green transport policies that follow the “avoid-
shift-improve” paradigm outlined in the Transport 
Chapter can be found in cities. While “avoiding 
transport” is mostly covered by structural adjustments 
to the shape of cities introduced earlier, classic 
green transport strategies in cities primarily focus 
on reducing car use or at least slowing its growth. In 
Central London, for example, the congestion charge 
reduced daily vehicles trips by 65,000 to 70,000 
(Transport for London 2004 b) and CO2 emissions by 
19.5 per cent (Beevers and Carslaw 2005). Singapore’s 
Electronic Road Pricing and Vehicle Quota System 
slowed increasing car use and motorisation (Goh 2002). 
Bogotá’s BRT system has contributed to a 14 per cent 
drop in emissions per passenger (Rogat et al. 2009). It 
is encouraging, therefore, to see that the BRT system 
has been replicated in Istanbul, Lagos, Ahmadabad, 
Guangzhou, and Johannesburg.

In Europe, cities are following Zurich’s example of 
investing in a tram system as the backbone of urban 
transport in preference to an expensive underground 
system (EcoPlan 2000). Emission standards and car 
sharing schemes (Schmauss 2009; Nobis 2006) have 
reduced car dependency while low-emission zones and 
timed delivery permits have helped reduce congestion 
and pollution (Geroliminis and Daganzo 2005).

In recent years, some cities have led efforts to 
electrify road-based transport, even though walking 
and cycling are still the greenest forms of transport. 
Copenhagen, Amsterdam, London, and New York are 
investing in pro-cycling and walking strategies. Cycle-
hire schemes have changed attitudes towards cycling 
in London and Paris. In South America, cities such as 
Bogotá, Mexico City and Rio de Janeiro have instituted 
regular car-free days or weekend street closures (Parra 
et al. 2007). 

4 2 Buildings

Tackling the energy demand of existing building stock is 
a priority for cities, and urban green building strategies 
also include more efficient use of other resources such 
as water and materials. As outlined in the Buildings 
Chapter, three principal green building strategies can 
be differentiated: design, technology, and behaviour-
related. Particularly in a developing world context, 
passive design solutions to improve environmental 
performance are by far the most cost-effective 
approaches. For example, housing projects on the 
coast in Puerto Princesa City, the Philippines, have been 
designed to reduce energy demand through increased 
natural light, improved ventilation, the cooling effect of 
the roofing material, and strategic planting (ICLEI, UNEP 
and UN-HABITAT 2009).

Stringent building codes, mandatory energy certificates, 
tax incentives and loans, have had a measurable 
impact on energy demand in a number of European 
and US cities (C40 Cities 2010b). Toronto’s revolving 
energy fund and Austin Energy’s Power Saver Program 
have imposed higher energy efficiency standards for 
new buildings and are leading to a comprehensive 
retrofitting programme of existing building stock (C40 
Cities 2010c, Austin Energy 2009). Berlin requires a solar-
thermal strategy for all new buildings and Freiburg’s 
energy efficient housing standard has reduced average 
household energy consumption for space heating 
by up to 80 per cent (von Weizsäcker et al. 2009). As 
owners of large amounts of public property, municipal 
authorities are able to set an example by implementing 
green strategies on their own public building stock 
with beneficial effects on the development of a local 
green building market.

4 3 Energy

Cities uniquely concentrate energy demand and rely 
on energy sources beyond their boundaries. But cities 
have the potential to either dissipate the distribution of 
energy or optimise their efficiency by reducing energy 
consumption and adopting green energy systems 
including renewable micro-generation, district heating, 
and combined heat and energy plants (CHP). Rizhao, 
China has turned itself into a solar-powered city; in its 
central districts, 99 per cent of households already use 
solar water heaters (ICLEI, UNEP and UN Habitat 2009). 
In Freiburg, PV systems, encouraged by Germany’s 
generous feed-in tariff, now supply 1.1 per cent of the 
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city’s electricity demand. A biomass CHP system and 
wind turbines provide for a further 1.3 per cent and 6 per 
cent respectively of the city’s energy needs (IEA 2009).

Oslo and São Paulo have harnessed power generated by 
nearby hydro-electric facilities to gain a relatively high 
share of renewable energy. Wind and tidal power are 
becoming increasingly important sources of renewable 
energy for cities, while geothermal heat can also be 
exploited to provide reliable, secure, low-cost, power. 
Manila, located on the island of Luzon, receives 7 per cent 
of its electricity from geothermal sources (ICLEI, UNEP 
and UN Habitat 2009). A grid-based, decentralised energy 
system, with district heating systems can provide space 
and water heating for large urban complexes (like hospitals, 
schools or universities) or residential neighbourhoods. 
They can significantly reduce overall energy demand. 
Their efficiency further improves with combined heat and 
power energy generation systems. Copenhagen‘s district 
heating system, for example, supplies 97 per cent of the 
City with waste heat (C40 Cities 2010d).

4 4 Vegetation and landscape 

While cities are principally made up of buildings and 
infrastructure, they can contain a significant proportion 
of open space. Despite sustained growth, cities like 
Johannesburg, London and Delhi have maintained high 
levels of green open space (parks, public and private 
gardens), while others like Cairo, Tokyo or Mexico City 
have far lower levels of green space. Parks, protected 
green space and gardens, street trees and landscaping 
provide vital ecosystem services, acting as green lungs 
absorbing and filtering air pollution or as acting as filters 
for waste water (TEEB 2010). They also provide a habitat 
for wildlife and offer recreational benefits to city dwellers.10 
As noted above, a study of Toronto’s Greenbelt identified 
its wetland and forests as one of its most valuable assets 
in terms of ecosystem services including carbon storage, 
habitat, water regulation and filtration, flood control, 
waste treatment and recreation (Wilson 2008).

In addition, the presence of green landscaped areas helps 
regulate natural processes, including the mitigation of 
local temperature extremes: a ten per cent increase in 
tree cover reduces cooling and heating energy use by 
between five per cent and ten per cent (McPherson et 
al. 1994). Vegetation and soft open space also play a role 
in decreasing stormwater volumes, thus helping cities 
to manage the consequences of heavy rainfall, and are 

10. At the macro level, strategies for greening the city protect existing 
green areas from development. Such measures are of particular importance 
along the city fringe, where urban growth boundaries in cities such as 
Portland and London restrict development. In Stockholm, thanks to the 
protection of green areas, almost the entire population lives within 300 
meters of parks and green areas (City of Stockholm 2009).

effective in helping flood protection in coastal cities. 
New design strategies have pioneered the use of green 
roofs and facades on buildings, to add to the quantity of 
natural (as opposed to man-made) surfaces in cities and 
to reduce cooling energy demand. For example, Itabashi 
City in Tokyo is promoting climbing plants as “green 
curtains” around public buildings and private homes to 
avoid buildings overheating in summer and to reduce 
the use of air conditioning (ICLEI 2009b).

4 5 Water

Cities require significant transfers of water from rural to 
urban areas with water leakage being a major concern. 
Upgrading and replacement of pipes has contributed 
to net savings of 20 per cent of potable water in many 
industrialised cities. Over the last ten years alone, Tokyo’s 
new water system has reduced water waste by 50 per 
cent (C40 Cities 2010e). Volumetric charging has proven 
most effective in incentivising more efficient water 
use. Many cities are introducing water meters and are 
shifting away from simple water access fees. A measure 
to maximise utility of fresh water is the cascading of 
water use where the waste water generated by one 
process can be used in another with a lesser quality 
requirement (Agudelo et al. 2009). 

To further reduce water consumption and provide 
alternatives to piped water supply, rain can be harvested 
and used as drinking and non-drinking water. Such 
services can only be implemented in cities where there is 
a greater willingness to pay for water than in rural areas 
(see Water Chapter). To counter severe water shortages 
in Delhi, the Municipal Corporation made rainwater 
harvesting a requirement for all buildings with a roof 
area above 100 square metres and a plot area greater 
than 1,000 square metres. It is estimated that 76,500 
million litres of water per year will be made available 
for groundwater recharge (ICLEI, UNEP and UN-HABITAT 
2009). In Chennai, urban groundwater recharging 
raised the city’s groundwater levels by four metres 
between 1988 and 2002 (Sakthivadivel 2007). Fiscal 
incentives have proved successful, notably Austin’s tax 
rebates for harvesting systems saving an estimated 8.7 
gallons per person per day for a single family rainwater 
harvesting unit (Texas Water Development Board and 
GDS Associates 2002). 

4 6 Food

The food footprint of a city has significant impacts 
on its green credentials, especially if one takes into 
account the energy use generated by transporting food 
from remote locations to urban marketplaces (Garnett 
1996). For example, the food supply of European 
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cities accounts for approximately 30 per cent of their 
total ecological footprint (Steel 2008). More broadly, 
urbanisation is usually accompanied by a loss of nearby 
arable land and a rise in demand for processed foods 
by urban consumers. While there is some way to go 
to see a substantial reduction in the food footprints of 
highly consumptive cities such as London and New York, 
there is evidence that farmers’ markets are successfully 
re-establishing links between inner cities and regional 
agriculture. Other cities benefit from their location at the 
heart of rich agricultural landscapes, which reduces the 
need for long and expensive travel of food products. In 
Milan, Italy, up to 40 per cent of daily produce is grown 
within a four-hour radius of travel, reflecting the city’s 
proximity to the agricultural plains of the Po Valley and 
the Mediterranean Sea. 

Approximately 15-20 per cent of the world’s food is 
produced in urban areas, with urban crops and animal 
products often representing a substantial part of the 
urban annual food requirement (Armar-Klemesu and 
Maxwell 2001). The extensive role of food production 
in cities is a common feature of many developing world 
cities. Estimates suggest that 35 per cent of households 
of Nakuru, Kenya were engaged in urban agriculture in 
1998 and nearly half of households in Kampala, Uganda 
in 2003 (Foeken 2006; David 2010). In Accra, Ghana 
90 per cent of the city’s vegetable supply is produced 
within the city’s boundaries (Annorbah-Sarpei 1998). 
Successful urban agriculture projects are scattered 
across some Western cities, albeit usually on a small 
scale, making use of communal gardens, roof spaces 
and unused urban spaces. In shrinking cities such as 
Detroit, urban farms have been established in some of 
the areas with particularly low development pressures 
on land (Kaufman and Bailkey 2000). 

4 7 Waste

By concentrating people and activities, cities have 
become centres of the waste economy, which plays 
a dominant role in a city’s ecological footprint. Yet, 
cities have demonstrated considerable resilience in 
finding green solutions that reduce overall waste, 
increase recycling and pioneering new forms of 
environmentally friendly treatment of unavoidable 
waste. In developing world cities which typically suffer 
from insufficient formal waste collection, it is a large 
workforce of mostly informal recyclers and reclaimers, 

such as the Zabbaleen in Cairo, who have implemented 
sophisticated reuse and recycling systems (Bushra 
2000 in Aziz 2004). However, these jobs mostly do not 
match decent work requirements and green waste 
strategies in these contexts often fail to recognise 
the potential role of these actors (Medina 2000) and 
implement expensive, technology-driven recycling 
models (Wilson et al. 2006).

In many European cities, recycling levels are in the region 
of 50 per cent, while Copenhagen only sends three per 
cent of its waste to landfills (C40 Cities 2010f ). In 1991, 
Curitiba established a green exchange programme 
(cambio verde) that incentivises people to exchange 
recyclable waste for fresh fruits and vegetables 
acquired by the city from local surpluses (Anschütz 
1996). Composting is a further critical component for 
greening waste. Positive examples range from Dhaka’s 
decentralised composting to San Francisco’s municipal 
food composting programmes (Zurbrügg et al. 2005).

4 8 Infrastructure and digital  
technology 

The assessment of digital technology on greener cities 
lies outside the scope of this section of the Report, but 
a growing body of evidence suggests that cities are the 
natural sites of investment in smart infrastructure to 
deliver more sustainable environments. Cities provide 
a critical mass of potential users for a wide range of 
IT-based services which build upon complex physical 
infrastructure (such as roads, rail, cabling and distribution 
systems). The digital infrastructure of the internet and 
data centres create an intelligent infrastructure that 
connects people to people, people to city systems and 
city systems to each other, allowing cities and their 
residents to respond to changing circumstances by 
adapting in near real-time and to recognise patterns to 
help make informed decisions. 

In addition, smart transport systems are being used to 
tackle congestion, facilitate road user charges or supply 
real-time information on traffic problems. Examples 
include Stockholm’s congestion tax and Singapore’s 
electronic road pricing. They also facilitate bike hire 
schemes in many cities around the world. Amsterdam 
currently trials smart work centres that allow workers to 
use local office facilities rather than commuting to their 
main office (Connected Urban Development 2008).

476



Cities

5  Enabling green cities
The previous sections of this chapter confirm that the 
greening process is complex, fragmented and multi-
layered. Enabling green cities is and will continue to be 
equally complex and piecemeal in the near future. There 
is no single silver bullet that can help shift cities to a 
green agenda but those that are flexible and diverse will 
be in a strong position. 

This section addresses the key barriers that constrain 
the adoption of green policies in cities and puts  
forward a number of practical suggestions on the way 
forward, based on enabling best practices found in 
metropolitan regions across the globe. While a “one-size-
fits-all” model is neither envisaged nor proposed, it is 
argued that there are common barriers and constraints 
in cities in developing and developed countries that 
need to be overcome before green development 
can take hold. It further suggests that a combination 
of political restructuring, policy innovation, market 
stimulation and consumer participation is essential to 
enable the gradual transition towards green cities in the 
coming decades.

Before identifying key constraints, it is important to 
recognise that the shift to environmental responsibility 

– in cities, as in all other aspects of the green economy 
debate – is not just a technical issue, but one that 
has deep cultural and political ramifications. Hence, 
governance and democratic accountability, together 
with a dynamic involvement of the private sector, need 
to be given equal attention in the discussion about 
implementation as innovations in policy, planning 
and regulation. Green city solutions will not be 
realised overnight by classic top-down or bottom-up 
approaches, but by the actions of a coalition of actors 
from the national, state and local levels, from civil 
society and its multiple subdivisions, from the private 
sector and institutions including universities, not-for-
profit foundations and interest groups who share a 
commitment to advance the green economy in cities.

5 1 Barriers and constraints

This chapter has argued that there are compelling 
reasons why the green economy model can be adopted 
in cities across the world. Section 4 identified examples 
of best practice in cities across both advanced and 
developing nations, but they are a drop in the ocean with 
respect to the vast majority of new urban development 
in Africa, Asia and the Americas. Today, most cities are 
adopting fundamentally non-sustainable practices as 

a result of a combination of the following barriers and 
constraints, which vary in significance according to 
geographical location and position with the economic 
and political development cycle:

 ■ Fragmented governance – lack of coordination 
between policy frameworks that promote green 
economy measures at supra-national, national, regional 
and metropolitan levels;

 ■ Affordability – even cost-effective green measures 
may be out of the reach of poorer cities, leaving them 
saddled with more wasteful urban infrastructure;

 ■ Lack of investment – despite wider acceptance of 
the relevance of the green economy to well-being, the 
private and public sector have not prioritised green 
investment in basic city infrastructure (such as green 
planning, public transport and housing strategies);

 ■ Negative tradeoffs – without effective policy 
intervention and infrastructure investment, (which 
promote productivity and resource efficiency) green 
city strategies can lead to greater congestion (of people 
and traffic), higher land values and costs of living;

 ■ Consumer preferences – when given a choice 
consumers may not be willing to adopt new models 
of urban living that require changes in individual and 
collective patterns of consumption (e.g. high-density 
apartment living, public transport use);

 ■ Switching costs – high short-term transition (welfare 
and capital) costs for businesses that shift from brown 
to green, leave many companies without adequate 
compensation to make the investment;

 ■ Vested business interests – industry dynamics in 
construction, road-building and infrastructure are 
resistant to change that challenges existing business 
models and threatens the potential of short-term 
return on investment;

 ■ Risk aversion – individuals, corporate and 
government organisations are resistant to any change 
that does not demonstrate immediate improvement in 
economic well-being, quality of life or enhanced status 
within the community; 

 ■ Perverse policies  – these produce underpriced goods 
and services, thereby encouraging overconsumption. 
Such policies include subsidised road infrastructure; 
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the failure to charge developers fully for the cost of 
services and infrastructure new developments require; 
various tax abatements encouraging home ownership 
and other public policy measures that facilitate urban 
sprawl and the use of the private car as a dominant 
means of transport; and

 ■ Behavioural response and the rebound effect – 
consumers may respond to reduced energy costs 
(generated by energy efficiency measures) by either 
increasing per capita energy consumption or by spending 
savings and increasing overall consumption per head.11

5 2 Enabling strategies

Overcoming this set of barriers and constraints requires 
a multi-faceted response across different sectors, which 
are addressed in turn, from governance and planning to 
incentives and financing. 

Figure 5: Enabling conditions, institutional strength and 
democratic maturity illustrates the breadth of policy 
instruments and tools that can promote investment 
in greening cities. Importantly, it correlates their 
effectiveness over time in relation to the strength of 
local institutions and the strength of the democratic 
system in different urban contexts. By plotting the 
enabling conditions available in systems with both 
strong and weak institutions against weaker and more 
mature democracies, it suggests that the process of 
change is in most cases a long one, and requires the 
development of mature institutions before long-term 
change can be implemented, whilst recognising that 
civil-society activism and autonomous green initiatives 
can be effective in the short-to-medium term, especially 
in weaker institutions and less mature democracies. 

All of these transition factors suggest that it is critical 
to develop policy frameworks not just at the local 
and urban level, but also at the regional and national 
level. More broadly, policy makers need to look at  
the conditions that will enable cities in different  
parts of the world to make the transition to green 
economy models in relation to the maturity of their 
own political infrastructure.

To overcome existing barriers and constraints, joining 
up is essential. For example, engineering solutions 
need to be complemented with fiscal instruments such 
as carbon pricing (Birol and Keppler 2000, in Allan et 
al. 2006) to harvest the benefits of improved technical 
efficiencies, while avoiding undesirable rebound effects.

11. see Allan et al. (2006). However, von Weizsäcker et al. (2009) suggest 
that energy cost savings can provide households with the capital needed 
to invest in further energy saving measures and the State to invest in R&D in 
renewable energies, thus even enabling a positive feedback loop.
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Figure 5: Enabling conditions, institutional 
strength and democratic maturity

It remains difficult to achieve green city synergies 
which simultaneously deliver economic prosperity, 
reduce resource intensity and promote social inclusion 
because economic added value is derived from 
processes and regimes that fail to account properly for 
environmental and social externalities. Until this issue 
is properly addressed, it is unlikely that fundamental 
economic enabling conditions to advance green cities 
will be found.

An efficient global response to the problem of climate 
change will therefore entail up-front finance and 
technological support to enable fast-growing cities in 
the developing world to “leap-frog” developed world 
cities in planning and installing the latest, most efficient, 
infrastructure that will bring down resource intensity 
and save money for decades. But it is to governance that 
we first turn, to establish the principle for core enabling 
strategies that can bring about change.

5 3 Governance

Governance encompasses the formal and informal 
relationships linking the various institutions involved 
in the urban system – the local, metropolitan, regional, 
state, civil society and private-sector actors – and its 
quality depends on the depth of reciprocity, trust, and 
legitimacy. These are enhanced by mechanisms and 
opportunities to facilitate meaningful dialogue, and 
by well-structured organisations in civil society, the 
business sector and the relevant government level. 
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The practical imperatives of debating trade-offs and 
priorities in pursuing green city development can 
contribute to the maturing of governance relationships. 

In contexts with strong local government it is possible 
to envisage a range of planning, regulatory and 
financing instruments to advance green infrastructure 
investments, green economic development and a 
multitrack approach to greater urban sustainability. In 
countries where local government is weak or marked 
by mistrust and disinterest due to its inefficiency and/
or corruption, it is important to underscore that unless 
broad-based cultural movements are fostered that can 
shift the aspirational horizons of ordinary people, it will 
prove very difficult to promote and institutionalise the 
numerous green city reforms proposed in this chapter. 

In poorer cities, the building up of such capacities is 
important, as is their access to financial resources for 
investing in the various sectors of green cities. Here it may 
be prudent to adopt a more pragmatic and minimalist 
approach, which primarily commits municipal sectors 
such as water, waste, energy and transport to a limited 
number of strategic goals. These are the major areas 
where the support from national governments and 
international organisations is needed.

Coalitions that work to advance green city principles 
and practices need to identify practical ways in 
which they can design and execute mass-based 
campaigns to make alternative approaches to 
routine consumption a desirable option for ordinary 
people, especially the middle and working classes 
but also the large segments of the population that 
one can term the working poor. In these contexts, it 
is important to drive home the connections between 
poverty reduction through effective slum policies, 
which of course can be dovetailed with aspects of 
green infrastructure such as decentralised systems 
and community maintained systems. 

However, external (to the local) actors, be they funding 
agencies or national departments who operate through 
local offices, are also working on city-wide infrastructure 
investments and these protagonists should be targeted 
as well to ensure that they see the potential value of 
technological leap-frogging and more community-
based decentralised delivery systems. But such an ideal 
immediately sounds naïve because these technological 
approaches effectively undermine the political control 
of national elites over local territories. In this sense, 
advancing effective and deep democratic institutions 
become a truly foundational enabling condition for  
green cities.

Effective governance will also come into its own  
through a substantive agenda or vision that is shared 

by diverse stakeholders. Such a coalition can promote 
the idea of a long-term strategic plan for the city 
complementing the more conventional spatial and 
environmental planning instruments. For example, the 
internationally-based Cities Alliance (2007) promotes so-
called City Development Strategies (CDS), as appropriate 
tools to address the nexus between sustainable 
economic growth and ecological preservation and 
restoration. They are based on the premise that local 
governments have little power and funding to promote 
or impose change, and that partnerships are the only 
practical way forward.12 

This should be backed up by effective resource allocation 
and decision-making systems that demonstrate to 
everyone in the city that systematic progress is being 
achieved towards the long-term goal of becoming a 
green city. To date, however, city level green economy 
initiatives have been largely decoupled from national 
policy frameworks. Glaeser and Kahn (2010), in a study 
of US metro areas, find that the cities with the lowest 
per capita CO2 emissions also tend to have the tightest 
planning restrictions. They suggest that “by restricting 
new development, the cleanest areas of the country 
would seem to be pushing new development towards 
places with higher emissions” (Glaeser and Kahn 2010). 

To avoid a patchwork of uncoordinated targets, goals, and 
programmes, and to allow the most cost-effective emission 
reduction opportunities to be exploited, national and city 
initiatives need to be synchronised as part of a coordinated 
design and implementation of policy instruments. In the 
example of the USA above, the city-level coordination 
failure could be dealt with at national level through a 
personal carbon tax that internalises the environmental 
costs of household behaviour, including location decisions. 
Governance restructuring witnessed in many parts of the 
world often simultaneously involves devolution as well as 
powers shifting to supranational bodies. These processes 
increase the role of municipalities as independent 
policy actors. In addition, they play an important role 
in implementing national policies at the local level and 
in shaping the immediate living environment via long 
standing municipal policy instruments. However, these 
also need to be improved as decentralisation efforts 
in most developing countries, and especially in least 
developed countries remain deeply flawed, uneven and 
partial (Manor 2004).

Within this framework, it is possible to generalise from 
everyday practice, and suggest a potential distribution 

12. “Local governments alone cannot turn a city around. They control a 
minuscule portion of the capital available for city building and often have an 
even smaller proportion of the available talent in urban innovation. Although 
important as catalysts and as representatives of the public interest (in theory, 
at least), local governments should work in partnership with private interests 
and civil society to change a city’s developmental direction – CDS processes are 
based on private, public, and civil society partnerships” (Cities Alliance 2006).
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of functions within a three-tier system of governance 
which could help deliver green city strategies more 
effectively. In addition, international bodies and bilateral 
networks can help enabling developing country 
governments to invest in green cities by providing 
finance and by helping with technology transfer.

 ■ The national/state level creates the general conditions 
under which the economy works and for example, has a 
strong focus on social security; ensuring national policy 
on water; supplying infrastructure of national importance; 
and ensuring design standards by implementing general 
building regulation. In the context of a green economy, 
national government can set a price on carbon (carbon 
tax), create markets for clean technologies (carbon 
pricing, regulation, tax breaks), fund or enable major 
infrastructure investment (smart grid) and set minimum 
standards. Besides financing, the national level should 
also employ preferential policies to enable green cities.

 ■ The metropolitan/regional level includes the entire 
functional city-region, even though there is often a 
non-alignment between political boundaries and urban 
development. Metropolitan governance directly addresses 
three of the five principle categories of environmental 
performance (health, hazards and high quality urban 
environments) with a responsibility for a wide range of 
functions such as strategic planning, regulating waste 
disposal and water management, overseeing regional 
banks and land banks, ensuring skills training matches 
targets for the regional economy, promoting green 
transport infrastructure and operations, and setting 
specific building standards regarding flexible use, 
additional green targets and climate change adaptation. 
Increasingly, it is also the metropolitan level that addresses 
the transfer of environmental costs and sustainable 
consumption with targets regarding carbon reduction. In 
these cases, strategic actors such as publicly owned utility 
companies able to invest long-term or integrated, multi-
modal transport agencies facilitating the greening of 
transport have proved to be extremely beneficial.

 ■ The local/municipal borough or district level operates 
for areas that might include between 100,000 to 500,000 
residents and is responsible for implementing policies 
developed at other spheres; managing green objectives; 
implementing food and resource management in close 
consultation with residents; overseeing local policing; 
and providing input on socio-economic development 
for other spheres.

5 4 Planning and regulation 

While the large proportion of informal practices makes 
planning and regulation less relevant in some cities 
in developing nations, they are the most common 

policy instruments that shape urban development in 
more complex and mature political environments. In 
these instances, they range from strategic and land-
use planning to building codes and environmental 
regulation. Besides regulating for desired environmental 
outcomes, they help to kick-start green innovation and 
create demand for green products at various levels. 

To maximise synergies across different urban sectors, 
integrated planning that combines land use and urban 
development with other policies and cuts across the 
urban functional region of cities is critical in achieving 
greater environmental performance. The recently 
launched World Bank Eco2 Cities programme, for 
example, demonstrates why planning, finance and 
infrastructure imperatives are inextricably linked in a 
low-carbon world (Suzuki et al. 2010). This programme 
argues for a one-system approach to: “realise the benefits 
of integration by planning, designing and managing the 
whole urban system.” On a practical level this implies that 
all cities need to understand their urban form and the 
nature and patterning of material resource flows through 
the urban system. 

The intersections of infrastructure and the dynamics, 
resilience or vulnerability of urban form are crucial. As 
described previously, it is not untypical for poor people 
to live without access to various infrastructure networks 
in the most climate-vulnerable areas of a city (Moser 
and Satterthwaite 2008). Possible impacts on urban 
form and resource flows need to be considered when 
planning infrastructure investments, especially given 
the enormous sums required for capital expenditure in 
rapidly urbanising areas. More than anything else, urban 
sustainability will depend upon how these sums are 
going to be allocated. 

A combined understanding of urban form and resource 
flows helps isolate effective actions to achieve greater 
overall resource efficiency. It also forces a longer-term 
horizon for understanding trends, the most strategic 
intervention points, and how to weigh up trade-offs 
between various spaces of an urban region. If it is based 
on sound data, it will hold the potential to provide a 
shared basis for understanding what is going on in a 
city, where it may be leading and what needs to be done 
to change the efficiency of the overall system (Crane, 
Swilling et al. 2010). It is only when this kind of analysis 
and political discussion becomes commonplace, that one 
can achieve a broad-based commitment to effective long-
term strategic planning.

The recent UN-Habitat Global Report on Human 
Settlements seeks to bring planning back to the 
centre of urban development debates (UN Habitat 
2009), reinforcing the idea of strategic spatial planning 
that focuses on a “directive, long range, spatial plan, 
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and broad and conceptual spatial ideas” as opposed 
to traditional master planning with detailed spatial 
designs. A central component of strategic planning 
is the linking-up of spatial and infrastructure plans 
and the promotion of public transport to drive urban 
compaction and accessibility. Many cities, particularly 
in Western Europe, have adopted strategic planning 
while some, including Johannesburg are turning to new 
planning-regulatory frameworks that serve as a basis 
for new approaches.

For city governments to insist on planning reform is 
also crucial for implementing the actions required to 
address the global environmental crisis. Playing those 
roles requires a much greater capacity for effectual 
planning. The planning implied is a clinical engagement 
with the urban form and flows of the city to identify 
how best to sequence, coordinate and integrate 
various infrastructure investments that will set the 
long-term course for urban efficiency, competitiveness 
and inclusivity.

The examples cited in previous sections of this chapter 
suggest that the most effective green city planning 
strategies have a direct impact on the shape and size 
of a city and its metropolitan hinterland. Reusing 
existing urban land while restricting urban sprawl 
and peripheralisation is central to the creation of 
sustainable urban environments, especially when 
retrofitting mature cities with previously developed 
industrial land. Increasing and maintaining urban 
density levels is desirable but can only be successful 
if associated with other services, such as high quality 
public transport and public space. Urban design 
and public space standards and a polycentric urban 
structure that encourages mixed-use developments 

and varying densities with peaks around nodes 
supported by public transport are essential. To ensure 
environmental sustainability, there should be a policy 
bias against greenfield development in mature or 
recently established cities, until all available urban land 
is developed at appropriate densities. While a wide 
range of planning and regulatory tools exist that can be 
of particular relevance to the implementation of green 
cities, Table 6 summarises some of the most effective 
instruments that have brought about sustainable 
change in examples reviewed in this chapter.

5 5 Information, awareness and  
civic engagement

Effective planning and governance across different 
administrative levels requires high-quality information 
to raise awareness amongst urban residents to promote 
behaviour change. In addition, given that cities contain 
large consumer markets which are potentially valuable 
to producers of green goods and services, information is 
also an essential tool to influence consumer choice. But 
consumer preferences, in developed and developing 
nations, are not always green. For example, very dense 
urban development is not always popular in many parts of 
the UK and Europe (Cheshire 2008) and the North American 
propensity for suburbanisation is well documented. 

At the same time, information and active communication 
on the potential benefits of greener lifestyles in cities 
can enable consumers to make more informed decisions. 
For example, in Munich new residents are given an 
information package on green mobility opportunities. 
Using such tools can also impact on the behaviour of 
businesses as the Indian city of Surat, one of Gujarat’s 

Table 6: Selected planning and regulatory instruments
* FAR is the most common density measure for planning purposes. It is calculated by adding all the area of residential and business floor 
space and dividing it by the entire area of the development site.

Urban growth boundaries
Establish clear limits to any form of building development around cities to limit urban sprawl; create green corridors that protect 
existing ecosystems

Land-use regulation Introduce zoning regulation that prioritises development of inner-city, previously developed (brownfield) land over greenfield 
development at city-wide level

Density regulation 
Provide minimum rather than maximum density standards; establish clear density standards at city-wide level (e.g. Floor Area 
Ratios, FAR*) in support of compact city development with a hierarchy of higher density, mixed-use clusters around public transport 
nodes

Density bonus Provide development bonuses that allow increased development rights (i.e. extra floor area with respect to standard planning 
regulations) for green projects that support city-wide and local sustainability

Special planning powers Establish urban development corporations or urban regeneration companies to promote and enable green projects

Vehicle and traffic regulation Regulate for vehicle types, emission standards, speed limits and road space allocation that favours green transport and especially 
green public transport 

Parking standards Provide maximum rather than minimum parking standards; reduce private car parking standards to a minimum (e.g. less than one 
car per household) especially in areas of high public transport accessibility

Car-free developments Provide planning incentives for car free developments in higher density areas with high public transport accessibility

Minimum emission standards Regulate minimum carbon emission and energy efficiency standards at the local level for buildings and vehicles
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largest industrial centres, has shown. A combination of 
information and regulatory enforcement tools are used 
to force textile firms to reduce water pollution – saving 
money in the process. One large firm reduced pollution 
by 90 per cent, energy use by 40 per cent and chemical 
use by 85 per cent (Robins and Kumar 1999). 

Table 7: Selected information-based instruments 
presents a range of informational tools covering three 
broad categories of monitoring, engagement and 
awareness. The instruments selected have either been 
critical to successful examples of greening cities or have 
gained particular prominence in the current discourse.

Table 8: Selected incentives

Fuel taxes Increase fuel tax to internalise external costs of private vehicle use and to adjust demand to the road capacity

Carbon pricing International, national or regional cap and trade schemes that set a maximum for carbon emissions which are being traded

Pricing for ecosystem services Payments for ecosystem services (PES) that linking beneficiaries and suppliers of related services

Reduce perverse incentives Cut tax reductions or incentives that encourage longer commuting (Germany) or single family housing (US)

Tax incentives Provide funding or tax reductions for citizens or companies investing in renewable energy, retrofitting buildings or other green 
projects

Road user charges Managing traffic demand and adjusting vehicle levels to available or reduced road capacities by charging private vehicle use in cities

Parking charges Charging for on- and off-street parking based on market prices to reduce parking demand and release space for higher value usage

Land development tax Taxing the release of new land to maximise usage and to contribute to financing green infrastructure development

Land auctioning Limiting over-consumption of land by capping the release of new land to then be auctioned

Licence plate auctioning Limiting the growth of private vehicles by capping at certain numbers and auctioning related licences

Table 7: Selected information-based instruments

Monitoring

Environmental performance 
measures Introduce new accounting and benchmarking standards for environmental performance at the city level

Environmental performance 
targets Set clear time-based and sector specific targets based on robust indicator for green city development

Carbon budget Ensure that any urban development strategy or policy across all levels will have to be looked at in terms of carbon emission effects

ecoBUDGET Introduce this new management system for natural resources and environmental quality measured and accounted for in a budget

City Biodiversity Index Adopt a city biodiversity index which combines quantifying biodiversity, related ecosystem’s services and related management

Geographic Information 
Systems (GIS) Integrate this map based analysis tools in all processes allowing cities to better track and plan developments

Engagement

Online access Increasing internet access particularly of poorer communities while making all relevant information available online

Public consultation Issue-based engagement with local communities and public debates with politicians presenting and defending development plans

Local activism Harness the potential of local activism to improve quality of life and the environment through community-based projects

Transparency Ensure maximum levels of transparency and advance on freedom of information legislation

E-democracy Recognise role of e-governance and participation in providing information and access to monitoring and achieving sustainability 
targets

Awareness

Education School curriculums to include “green education” and provision of professional “green training” for public and private organisations

Public campaigns Raising awareness of the advantages of green city strategies, particularly on compact city living and green transport

Labelling Eco-labelling of consumer items to help consumers make more informed choices and provide additional incentives for green products

Smart meters New smart monitoring and metering devices can provide real time information on resource use: Without smart metres no smart 
consumers

Welcome packs Providing new residents with information packages on green living as behaviour can be best changed when building a new daily 
routine

Best Practice Disseminating information on green city projects that have worked elsewhere to inform local adaptations

Demonstration projects Establishment of test projects within cities to allow for better assessment and public exposure to new approaches
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5 6 Incentives

Information alone is insufficient to change behaviour 
patterns; it needs to be supplemented by incentives 
to bring about lasting change. In part, this may  
be to minimise adjustment costs to citizens and  
firms. For example, firms and workers in brown industries 
may face higher prices as cities shift their industrial 
structures towards greener models. National and city-
level policy makers need to compensate these short-
term losers while recalibrating urban economies. 

Incentives may be within the tax system (e.g. tax breaks 
or taxing environmental “bads”), other types of charges 
(e.g. road pricing) or payments (e.g. targeted subsidies). 
Subsidies were successfully used as part of the policy 
mix in Bavaria during the 1990s and 2000s. The state’s 
Future Bavaria and High-Tech initiatives spent over 4bn 
Euros, mainly on R&D and technology transfer around 
the city of Munich. The investments helped kick-start 
the city’s environmental technologies sector, with the 
city garnering Germany’s highest share of cleantech 
patents in 2007 (Rode et al. 2010). 

Apart from providing direct economic incentives, city 
governments also provide public services – such as 

workforce education and training, business spaces and 
green infrastructure. Such services not only reduce 
the costs to business of going green, but also shift the 
business environment towards one in which low-carbon 
activity is the norm.

At the same time, full cost pricing (internalising  
external environmental costs), whether as taxes or user 
charges is essential for inducing behaviours to be consistent 
with green city criteria. Full cost pricing measures have 
been successful in managing demand for energy, water 
and other resources and find increasing applications 
in urban contexts. Many cities in the USA have recently 
introduced impact fees to recover the cost of additional 
infrastructure, such as roads, telecommunication, or 
schools, necessitated by new development (Brueckner 
2000).  They can also help avoid negative rebound effects 
with over-consumption as a result of efficiency savings. 
Furthermore, one such measure – environmental tax – 
can be used to cut costs for labour, thereby proving an 
impetus for employment creation.

Major pricing tools in the urban context are presented in 
Table 8: Selected incentives, which summarises some of 
the most effective instruments that have brought about 
sustainable change in examples reviewed in this chapter.

Table 9: Selected financing instruments

Taxes Cities need to be able to raise local taxes and service charges as they are the main revenues sources that can be used for public green 
city strategies

Cost recovery Introduce user fees of municipal services to help greening these services and supporting the development of greener alternatives

Land value capturing Financing public transport based on integrated “transport-property” development models

Micro-financing Critical financing opportunity where micro-enterprises are involved in green city strategies, e.g. recycling developing country cities

Profit-making public 
companies

Cities to hold shares of profit making companies, e.g. utilities to allow for long-term green investments

Purchasing pools Cities can also work together to purchase technology thereby bringing down the cost

Carbon credits Clean Development Mechanisms (CDM) already pay for a range of green city projects in Bogotá, São Paulo and Dhaka

Table 10: Top-up training for low-carbon jobs
Source: adapted from IPPR (2009)

Current job Core training 
requirement

Additional low-carbon 
skill requirement New low-carbon job

Electrician Apprenticeship Working on roofs; installation of solar 
PV panels Solar PV fitter

Offshore oil or gas maintenance 
technician Apprenticeship Offshore wind technology Offshore wind maintenance technician

Aerospace technician Apprenticeship Technology-specific knowledge Wind turbine technician

Architect Undergraduate degree, masters degree 
and paid work experience

Energy efficiency and zero-carbon 
knowledge Low-carbon architect

City trader Undergraduate degree Carbon literacy, understanding or 
carbon trading schemes Carbon trader

Facilities manager No specific qualification required Sustainability and energy management 
issues

Low-carbon facilities manager
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5 7 Financing

Finance can be a stumbling block to the introduction of 
concerted policies to shift cities away from a carbon and 
resource-intensive metabolism. Although several sources 
of revenues exist, in many countries national fiscal policy 
prevents local authorities from raising enough capital 
both, locally and on international financial markets. This 
has been reinforced in many parts of the developing 
world by decentralisation reforms that have often entailed 
a dispersal of central government functions, without any 
transfer of resources and power to autonomous lower 
level authorities. Layered on top of this has been the 
competitive pressure to offer tax concessions in order to 
attract potential foreign and domestic investors. 

Three imperatives are central to advance on green 
city finance. First, getting a detailed understanding 
of the existing financial position in terms of potential 
revenue. This analysis should be based on domestic 
and international comparison with cities of similar size. 
Second, city governments need to initiate various forms 
of partnership with local businesses and community 
organisations. If cities set the framework for engagement, 
act transparently and accept the return on investments 
for private actors, then there is considerable room for 
leveraging private-sector capital. Third, horizontal and 
vertical networks are required. According partnerships 
and coalitions allows for cross-municipal cooperation 
and regional and international participation in various 
local government policy forums. 

Many of the green city investment projects are within the 
reach of city governments, which can leverage national 
or private funds to pay for the initial capital investments. 
In Hong Kong, the enormous costs for new urban rail 
infrastructure are covered by the city’s principle rail 
operator, the MTR Corporation, which capitalises on 
the real-estate potential of its stations as part of an 
integrated rail-property development model (Cervero 
and Murakami 2009). In Paris and London, urban bike 
hire schemes are paid for privately in return for prime 
advertising space, while the biogas in São Paulo’s landfills 
are a resource that is privately turned into energy and for 
which the city receives carbon credits. Once the initial 
investment has been made, these projects bring in a 

steady revenue stream that can be reinvested. Some 
projects do not even need initial capital investments 
as they rely on statutory regulations, such as the green 
building programmes in Berlin or Austin.

Table 9: Selected financing instruments provides 
a general overview on financing instruments that 
have been central to existing green city strategies. In 
successful cases, many of these tools have been directly 
available to city governments. 

A priority in any green urban planning is investment in 
cost-effective public transport infrastructure particularly 
over investment in road construction that further 
promotes private car use. Surface public transport such 
as bus rapid transit needs to play a central role particularly 
in lower income contexts. Non-motorised transport has 
to be recognised as basis of any transport system and 
requires greater shares of overall transport budgets.

In both developing and developed countries, another 
priority is investing in education and training at the city 
level. Training of workers in green technologies and job 
skills would be required to ensure that they can access 
green employment opportunities. Table 10: Top-up 
training for low-carbon jobs provides some UK examples 
developed by the Institute for Public Policy Research 
(IPPR 2009), illustrating the nature and the extent of 
additional training that will be required to foster a shift 
towards a lower-carbon economy.

For poorer cities, however, access to finance, green 
technologies and skills may be out of reach. This 
is where support in up-front finance, technology, 
and capacity building is needed from the national 
government and international community. In the 
case of climate change, for example, the Copenhagen 
Accord proposes generating US$ 100 billion per year 
by 2020 in the support of climate change mitigation 
and adaptation in the developing world (Glemarec, 
Waissbein and Bayraktar 2010). Such finance would  
be particularly effective to enable fast growing cities 
in the developing world to “leap-frog” developed  
world cities in planning and installing efficient 
infrastructure that will reduce resource intensity and 
save money for decades. 
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6  Conclusions
Cities are where some of the world’s most pressing 
challenges are concentrated: unsustainable resource 
and energy consumption, carbon emissions, pollution, 
and health hazards. But cities are also where hope 
lies. They are magnets attracting hundreds of 
millions of rural migrants in search for economic 
opportunities. The net effect of urbanisation on 
poverty reduction has been effective at the global 
level. Although urbanisation has been accompanied 
by increased pressure on the urban environment and 
the increase of the urban poor, these problems are not 
insurmountable.

As the nations of the world explore more sustainable 
development trajectories, this report argues that 
cities can and should play a leading role in greening 
economies – in both developed and developing 
countries. There are clear opportunities for national 
and city leaders to exploit urban areas to reduce 
carbon emissions and pollution, enhance ecosystems 
and minimise environmental risks.

Greening cities can also produce a set of wider 
economic and social benefits. First, as well as lowering 
per capita carbon emissions, densification as a central 
green city strategy tends to enhance productivity, 
promote innovation, and reduce the capital and 
operating cost of infrastructure. Densification can also 
raise congestion and the local cost of living, but green 
city strategies and interventions to subsidise housing 
costs can help to mitigate these.

Second, in most countries cities will be important sites 
for the emerging green economy. Cities’ basic offer of 
proximity, density and variety delivers productivity 
benefits for firms, and helps stimulate innovation and 
new job creation – for example in high-tech clusters, as 
are already emerging in urban regions like the Silicon 
Valley. Much of a green economy is service-based, and 
will tend to cluster in urban areas where consumer 
markets are largest. 

Third, social considerations can be fully integrated 
into the design of green cities. An emphasis on public 
transport, cycling, and walkability, for example, not 
only contributes to road safety and community 
cohesion but also works in favour of the urban low 
income class who rely on these transport modes 
much more than other segments of society. The 
consequently improved access to jobs, education and 

medical facilities, clean energy, safe drinking water, 
and sanitation may hold the key to lifting the urban 
poor out of poverty altogether. 

Greening cities is not cost free. There are tradeoffs 
and switching costs, creating both winners and losers. 
Consumer preferences are not always green. Cities may 
face financial, structural and technological constraints. 
And fragmented governance may lead to perverse 
outcomes of policy, if action is not carefully joined up 
between different spatial levels. The “rebound effect”, 
where energy-saving innovations actually raise total 
energy consumption, illustrates how many of these 
issues come together. 

These factors suggest it is critical to look at both 
national and urban policy levers; and at the conditions 
that will enable cities in different parts of the world 
to make the transition to green economy models. In 
practice, green cities will require a coalition of actors 
across public, private and civil society sectors – and 
multilevel governance models that allow these actors 
to come together effectively. 

Numerous instruments for enabling green cities 
are available and tested but need to be applied in 
a tailored, context-specific way. In contexts with 
strong local government it is possible to envisage 
a range of planning, regulatory, information and 
financing instruments to advance green infrastructure 
investments, green economic development and a 
multitrack approach to greater urban sustainability. 
City governments need to coordinate policies and 
decisions with other levels of government, but more 
importantly, they need to be equipped with strategic 
and integrated planning capacities, including the 
capacities to choose regulatory tools and economic 
incentives to achieve locally appropriate green city 
objectives.

In poorer cities, the building up of such capacities is 
important, as is their access to financial resources for 
investing in the various sectors of green cities. Here 
it may be more prudent to adopt a more pragmatic 
and minimalist approach, which primarily commits 
municipal sectors such as water, waste, energy 
and transport to a limited number of overarching 
strategic goals. These are the major areas where the 
support from national governments and international 
organisations is needed.
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Key messages
1. A Green Economy grows faster than a brown economy over time, while maintaining and 
restoring natural capital. Quantitative modelling for the Green Economy Report demonstrates 
that greening can not only generate increases in natural capital, but also produce a higher rate of 
Gross Domestic Product (GDP) growth – a classical, if outdated, measure of economic performance. 
Gross Domestic Product in the green scenario is projected to overtake business-as-usual (BAU) 
within ten years. An adjusted measure of net domestic product, accounting for both physical capital 
depreciation and also for natural capital depletion, achieves this result even earlier, indicating that 
a green economy offers improved and integrated capital management.

2. Business-as-usual can only deliver development gains at an unaffordable price. Under a 
BAU scenario, which replicates historical trends and assumes no fundamental changes in policy or 
external conditions to alter the trends, development benefits in terms of GDP growth and poverty 
reduction may continue for some time. But, these development gains would be achieved at an 
unaffordable price. Business-as-usual continues on the current high carbon intensity development 
path, with its associated environmental impacts, especially in terms of the long-term concentration 
of atmospheric greenhouse gases (GHG), which would approximate 1,000 ppm CO2-eq by 2100, 
resulting in temperature increases most likely around 4 degrees centigrade (as per IPCC scenarios 
A1B and A2). In addition, BAU would also significantly draw down natural capital assets; the results 
indicate that the global ecological footprint would be more than two times the available bio-
capacity of the earth.

3. A green economy promotes pro-poor growth and achieves energy and resource efficiency. 
A green economy strengthens pro-poor economic growth through building up natural capital, on 
which the livelihood of the poor depends. In a green investment scenario, 2 per cent of global GDP 
is allocated to greening the energy, manufacturing, transport, buildings, waste, agriculture, fisheries, 
water and forests sectors. In the simulations, these investments help to, by 2050, potentially double 
fish stocks, and increase forestland by one-fifth, as compared to BAU. They would also reduce use of 
fossil fuels by 40 per cent, and demand for water by about 20 per cent, relative to BAU. By maintaining 
and building up natural capital and mitigating resource scarcity, these investments would provide 
the basis for enhanced human well-being, and sustained economic growth over the next 20 to 40 
years, at least as strong as BAU with considerably reduced downside risks.
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4. A green economy has the potential to create additional jobs in the medium to long run. 
A shift to a green economy also means a shift in employment, which, at a minimum, should not lead 
to a net loss of jobs. The jobs created will at least make up for the losses that would be incurred from 
transforming environmentally unsustainable activities. In the short- and medium-term, the net direct 
employment under green investment scenarios may decline due to the need to reduce excessive 
resource extraction in sectors such as fisheries. But between 2030 and 2050, these green investments 
would create employment gains to catch up with and likely exceed BAU, under which employment 
growth will be further constrained by resource and energy scarcity and the impact of climate change.

5. The greening of most economic sectors would reduce GHG emissions significantly. With 
about 1.25 per cent of global GDP invested in raising energy efficiency across sectors and expanding 
renewable energy, including second generation biofuels, global energy intensity would be reduced 
by 36 per cent by 2030 and annual volume of energy-related CO2 emissions would decline to 20 
Gt in 2050 from 30.6 Gt in 2010. Including the potential carbon sequestration of green agriculture, 
a green investment scenario is expected to reduce the concentration of emissions to 450 ppm by 
2050, a level essential for having a reasonable likelihood of limiting global warming to the threshold 
of 2 degrees centigrade.

6. A green economy sustains and enhances ecosystem services. Green investments in the 
forestry and agricultural sectors would help reverse the current declines in forestland, rejuvenating 
this important resource to about 4.5 billion hectares over the next 40 years. Higher yields from 
investing in green agriculture would reduce the amount of land used for crops and livestock in 2050 
by 6 per cent compared with projected BAU trends, while producing more food. Soil quality would 
rise by a quarter on average in 40 years. In addition, investments to increase water supply and expand 
access, while improving management, would provide an additional 10 per cent of global water 
supply in both the short- and long-term, and also contribute to sustaining groundwater and surface 
water resources. In the fisheries sector, the reduction of excessive capacity would help fish stocks 
to recover by 2050 to 70 per cent of their total level in 1970, as compared with a projected further 
decline to 30 per cent of the 1970 level under BAU. These investments in “ecological infrastructure” 
help to restore the earth’s bio-capacity and also to enhance human well-being.

505



Towards a green economy

1  Introduction

This chapter describes the modelling exercise 
conducted for the entire Green Economy Report (GER) 
and presents its results. The modelling was to test  
the hypothesis – which gave rise to this report – 
that investing in the environment delivers positive 
macroeconomic results, in addition to improving the 
environment. The modelling tool used is the Threshold 
21 World model (T21-World), which comprises several 
sectoral models integrated into a global model. The 
sectoral models are at the core of the modelling 
exercise supporting the analysis carried out by the 
authors of the GER. The modelling traces the effects of 
investing various amounts of GDP in green – as opposed 
to business-as-usual (BAU) – economic activities in 
terms of stimulating the economy, improving resource  
 efficiency, lowering carbon intensity, and creating jobs.

The next section describes the key issues that need 
to be addressed by a modelling framework that tries 
to quantify the challenges of moving towards a green 
economy. The third section describes key features 
of the modelling structure. This is followed by a 
section describing the assumptions underlying the 
various scenarios: a BAU scenario with no additional 

investment, two BAU scenarios with increased 
levels of investment, but no change in energy and 
environmental policies (BAU1 and BAU2), and two 
green scenarios which combine the higher levels of 
investment with improved environmental polices 
(G1 and G2). After that, a fifth section describes the 
results of the various scenarios. This is followed by a 
short concluding section. Additional technical details 
are provided in an Annex as well as in the separate 
Technical Background Material. 

It should be noted that all sector chapters in this report 
have, to a varying extent, made use of the results from 
the modelling exercise presented here. Although the 
modelling includes a number of scenarios, the sector 
chapters generally compare only one green scenario, 
G2, with the corresponding BAU2 scenario, in addition 
to describing relevant aspects of the baseline BAU 
scenario. The G2 scenario is more relevant as it explicitly 
aims to reduce CO2 emissions sufficiently to achieve an 
atmospheric concentration of 450 ppm, as well as a 
number of other policy targets in the areas of nutrition, 
fisheries management, reducing deforestation, water 
availability and waste management.

506



Modelling

2  Understanding the 
green economy
The key drivers of a green economy, as represented in the 
global model developed for the analysis carried out in the 
GER, are stocks and flows of natural resources in addition 
to the stocks and flows of capital and labour which are 
important in any long-term economic model. Stocks are 
accumulations of inflows and outflows (as forests are the 
accumulation of reforestation and deforestation). In the 
T21-World model, moreover, capital and labour are needed 
to develop and process natural resource stocks. Thus, three 
key factors transform natural resources into economic 
value added: the availability of capital (which accumulates 
through investments and declines with depreciation), 
labour (which follows the world demographic evolution, 
especially the age structure, and labour force participation 
rates), and stocks of natural resources (which accumulate 
with natural growth – when renewable – and decline with 
harvest or extraction). Examples of the direct impact of 
natural resources on GDP are the availability of fish and 
forest stocks for the fishery and forestry sectors, as well as 
the availability of fossil fuels to power the capital needed to 
catch fish and harvest forests, among others. In this respect, 
the T21 model accounts for both monetary and physical 
variables representing each sector in a coherent and 
consistent manner. Other natural resources and resource-
efficiency factors affecting GDP include water stress and 
waste recycling and reuse, as well as energy prices, all of 
which are endogenously determined.

The analysis carried out in the GER focuses on the transition 
towards a green economy, characterised by high resource-
efficiency and low-carbon intensity, assessing the needs 
for a short- to medium-term transition and evaluating the 
impacts of a longer-term green economic development. 
Emphasis is therefore naturally put on stocks because 
they define the state of the system, as highlighted by 
projections of many key indicators for sustainability, such 
as the ecological footprint.1 In fact, longer-term sustainable 
growth is related to the sustainable management of natural 
resources, such as water, land and fossil fuels. Increasing 
the efficiency of use and curbing waste of such resources 
would reduce the decline of stocks, or even support their 
growth in certain cases. In this respect, understanding the 
relationship between stocks and flows is crucial (e.g. the 
concentration of emissions in the atmosphere may keep 
increasing, even if yearly emissions are kept constant or 
decline. Carbon concentration will decline only if yearly 

1.  The ecological footprint is a measure of humanity’s demand on nature. It 
represents how much land and water area a human population requires to 
regenerate the resources it consumes and to absorb its wastes (GFN 2010).

emissions are below the natural sequestration capacity of 
forests and land, among others). 

The economic growth of recent decades, while profiting 
from the contribution of natural resources, did not allow 
stocks to regenerate (as has been illustrated by the 
Millennium Ecosystem Assessment). For instance, today 
only 25 per cent of the commercial fish stocks, mostly 
of low-priced species, are underexploited (FAO 2008) 
and some 27 per cent of the world’s marine fisheries 
had already collapsed by 2003 (Worm et al. 2006); oil 
production has reached its peak and is declining in most 
countries (EIA 2009), and global peak oil is expected to 
take place between now and 2015 according to some 
(ASPO-USA 2010) or after 2030 according to others 

Figure 1: The relations between economic growth 
and natural resources

Natural resources are both a driver and a possible 
constraint of economic growth. The higher GDP, 
the higher demand for natural resources; growing 
demand leads to higher production, which depletes 
stocks – all else being equal. Declining stocks, on the 
other hand, reduce potential medium- to longer–
term production of natural resources, potentially 
constraining economic growth. Resource efficiency is 
promoted in the GER, to reduce demand and improve 
the management of supply. The rebound effect is also 
taken into consideration, as it normally reduces the 
intended benefits of efficiency improvements by 
increasing demand.
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(IEA 2009); water is becoming scarce and water stress is 
projected to increase with water supply satisfying only 60 
per cent of world demand in 20 years (McKinsey 2009); 
agriculture saw increasing yields primarily owing to the 
use of chemical fertilisers (FAOSTAT 2009), which, on the 
other hand reduced soil quality (Muller and Davis 2009) 
by almost 10 per cent relative to 1970 level, and did not 
curb the growing trend of deforestation-remaining at 13 
million hectares per year in 1990-2005 (FAO 2009).

There has been a long-standing perception among 
both the general public and policy makers that the 
goals of economic growth, environmental protection, 
national and energy security involve a complex 
set of trade-offs, one against another (Brown and 
Huntington 2008; CNA 2007; Howarth and Monahan 
1996). This study aims at analysing the dynamic 
complexity of the social, economic, and environmental 
characteristics of our world with the goal of evaluating 
whether green investments can create synergies and 

help move toward various green economy goals: 
resilient economic growth, job creation, low-carbon 
development and resource efficiency.

By adopting an integrated approach focused on 
the interaction of stocks and flows across sectors, 
this chapter examines the hypothesis that a correct 
management of natural resources does not necessarily 
imply accepting lower economic growth going 
forward. Instead, it explores the question of whether 
equal or higher growth could be attained with a more 
sustainable, equitable and resilient economy, in which 
natural resources would be preserved through more 
efficient use. This initial framing is in contrast with 
a variety of sectoral reports focused on energy and 
climate change mitigation scenarios. By way of contrast, 
the green economy approach supports both growth 
and low-carbon development, by reducing emissions 
and conserving stocks in the short-term to profit from 
their healthier state in the future.
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3  Modelling the green economy
National governments often formulate long-term 
development objectives and a strategic approach to 
achieving them articulated in a development plan. A 
description of policies and measures to achieve the 
stated development goals forms the basis for shorter-
term decision-making, such as the expenditure 
and revenue-raising plans reflected in the annual 
budget. Quantitative models have been developed to 
approximate the relationships among policy measures 
and development objectives.

3.1 A characterisation of 
modelling approaches

Over the last 40 years, a variety of applied models 
and modelling methods have been developed to 
support national planning. Among those tools, the 
most commonly used today include: Disaggregated 
Consistency (DC) models, Computable General 
Equilibrium (CGE) models, Macro-Econometric (ME) 
models and System Dynamics  (SD) models.2 These 
methods have proven useful to different degrees for 
various kinds of policy analyses, especially for mid-
short-term financial planning. While recent global 
developments have stressed the importance of jointly 
addressing the economic, social, and environmental 
dimensions of development, most of the methods 
mentioned above do not effectively support integrated 
long-term planning exercises.

More specifically, CGE models are based on a matrix 
of flows concept, where actors in the economy 
interact according to a specified set of rules and 
under predetermined equilibrium conditions 
(Robinson et al. 1999). Initially conceived to analyse 
the economic impact of alternative public policies, 
e.g. those that work through price mechanism, such 
as taxes, subsidies, tariffs, recent CGE models include 
social indicators (Bussolo and Medvedev 2007) and 
environmental ones (OECD 2008). Macro-Econometric 
(ME)  models are developed as combinations of 
macroeconomic identities and behavioural equations, 
estimated with econometric methods (Fair 1993), and 
they are largely used by national and international 
financial organisations to support short and mid-
term macroeconomic policy analysis, such as 
general fiscal and monetary policies. Disaggregated 
Consistency (DC) models consist of a combination of 

2. For more information on models for national development, planning 
see Pedercini (2009). 

spreadsheets representing the fundamental national 
macroeconomic accounts, and enforcing consistency 
among them; well-known examples of such category 
of models include the World Bank’s RMSM-X (Evaert 
et al. 1990) and the International Monetary Fund’s 
FPF (Khan et al. 1990), mostly used to analyse the 
macroeconomic impact of adjustment programmes. 
The three methods described above focus primarily on 
the economic aspects of development, and in general 
are not designed to support integrated, long-term 
planning exercises.

As a technique to analyse a variety of development 
issues (Saeed 1998), including national policy analysis 
(Pedercini and Barney 2009), the methodology of 
systems dynamics (SD), conceived in the late 1950s at 
the Massachusetts Institute of Technology (MIT), has 
greatly evolved over the last 25 years (see Forrester 
1961 for early examples on the use of this methodology). 
Specifically, the SD method has been adopted in 
various instances to analyse the relationship between 
structure and behaviour of complex, dynamic systems. 
In SD models, causal relationships are analysed, verified 
and formalised into models of differential equations 
(see Barlas 1996), and their behaviour is simulated and 
analysed via simulation software. The method uses a 
stock and flow representation of systems and is well 
suited to jointly represent the economic, social, and 
environmental aspects of the development process.

3.2 The Threshold 21 World model

The approach proposed uses system dynamics as 
its foundation and incorporates optimisation (for 
technical choice in the energy sector), econometrics 
(for parameters of production functions) in the 
construction of the model, and simulations to illustrate 
possible alternative futures.

The model developed for the GER, largely drawing 
upon the Threshold 213 family of models created by 
the Millennium Institute (see, among others, MI 2005, 
Bassi 2010b), builds on assumptions (structural and 
numerical) from existing detailed sectoral economic 
and physical models into a comprehensive structure 
that generates scenarios of what is likely to happen 
throughout an integrated economic, social, and 
environmental system (see Figure 2).

3. The name Threshold 21 comes from the belief that the 21st century is 
going to be a threshold period for humankind.
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By generating systemic, broad and cross-sectoral 
scenarios over time that address environmental, 
economic, and social issues in a single coherent 
framework, the global model simulates the main short-, 
medium- and longer-term impacts of investing in a 
green economy. As a global model without regional 
or national disaggregation, changes in geographical 
patterns of economic activity, social characteristics or 
environmental impacts are not explicitly represented 
(as explained in Annex 1). Furthermore the global 
model does not address explicitly the responsibilities 
or reactions of different actors, particularly 
governmental authorities. The most important  
contribution of this model is its systemic structure 
that includes endogenous links within and across  

the economic, social, and environmental 
sectors (all defined at a global aggregate level)  
through a variety of feedback loops.4 Most existing 
models focus on one or two sectors, but make 
exogenous assumptions about other sectors that affect 
and are affected by the sector under consideration. 
Using endogenous formulations instead improves 
consistency over time and across sectors, because 
changes in the main drivers of the system analysed are 
reflected throughout the model and analysis through 
feedback loops.

4. Feedback is a process whereby an initial cause ripples through a chain of 
causation ultimately to re-affect itself (Roberts et al. 1983).

Society

Environment

Society

Economy

Economy

Environment

 
Figure 2: Conceptual overview of T21-World

The environment, society and the economy represent the highest level of aggregation in the model (see left). 
Although our environment encompasses society and the economy, for simplicity we represent them separately in 
this report, to highlight the interconnections existing across them (see right).
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4  Scenario definition and challenges
The model was used to simulate two green investment 
scenarios – promoting resource efficiency and low-
carbon development – to be compared with BAU or 
baseline scenarios that favour a more conventional use of 
resources and fossil fuels. 

The BAU case replicates history over the period 1970-
2009, and assumes no fundamental changes in policy 
or external conditions going forward to 2050. This 
scenario is set up and calibrated to reflect baseline 
projections of various existing sectoral models and 
reports on population, economy, energy, transport 
and water, including among others: United Nations’  
World Population Prospects (WPP) (UNPD 2009), World 
Bank’s World Development Indicators (WDI) (WB 2010), 
OECD’s Environmental Outlook to 2030 (OECD 2008), 
FAO’s FAOSTAT (FAO 2010) and State of World’s Forests 
(FAO 2009), McKinsey’s Charting Our Water Future  
report (McKinsey 2009), IEA’s World Energy Outlook  
2010 (IEA 2010), Sustainable Production of Second 
Generation Biofuels (IEA 2010), Transport, Energy and 
CO2 (IEA 2009) and Energy Technology Perspectives  
(IEA 2010) and Global Footprint Network (GFN) reports 
(GFN 2010).

The two green scenarios (G1 and G2) assume increased 
investments over the period 2010 to 2050, and these 
are contrasted with two respective business-as-usual 
scenarios (BAU1 and BAU2) in which the same amounts 
of investments are simulated, but allocated according to 
existing patterns.5 Green scenarios simulate additional 
investments that increase resource efficiency and reduce 
carbon intensity while creating jobs and stimulating 
economic growth. Efficiency improvements driven by 
investments can be achieved both directly - through 
the construction of more efficient infrastructure 
and adoption of resource-saving technologies - and 
indirectly - through technological advances due to 
relevant research and development. Examples include 
investments in renewable energy (e.g. power supply) and 
energy-efficiency improvements. Further, investments 
are allocated to reduce deforestation and increase 
reforestation, or to reduce extractive capacity in the 
fishery sector and support the restoration of fish stocks.

5. Two different methods were developed to simulate green economy 
investments and analyse them. (1) The first approach simulated additional 
investments, both green and following business-as-usual, across sectors. (2) 
The second approach shifts investments from business-as-usual to green. In 
this case investments are practically reallocated to green investment across 
sectors. The first approach is presented in this chapter. A comparison of 
the results obtained through the simulation of both methods is presented 
in section I, Technical Background Material. In brief, our analysis indicates 
that when using the same assumptions, results of the simulations do not 
significantly differ from each other for most variables.

The green scenarios build on and extend the 
recommendation of UNEP’s Global Green New Deal Policy 
Brief (UNEP 2009), which called for a significant portion 
of the stimulus packages – at least 1 per cent of GDP – to 
be channelled towards investments in a range of green 
sectors. As a response to the multiple crises facing the 
world, such an investment was proposed as a means to 
revive the global economy, while embarking on a new low-
carbon, resource-efficient growth path. At the global level, 
commitments fell well short of this target, although the 
Republic of Korea and China both stand out as countries 
that allocated more than 5 per cent of GDP, in the form of 
their stimulus packages, to investments in green sectors. 
The Republic of Korea also extended this programme into 
its medium-term “Five-Year Green Growth Plan” (2009-
2013), which devotes 2 per cent of GDP to investments in 
climate change and energy, sustainable transport and the 
development of green technologies. The green scenarios 
here represent a similar strategy of embedding green 
investments and enabling policy framework into a long-
term commitment.

As stated, the BAU1 and BAU2 scenarios assume 
additional investments, as in the green cases, but project 
the continuation of the current trends for resource 
use and energy consumption, among others. More 
specifically, these scenarios assume that no additional  
investments – relative to BAU – will be allocated to 
the expansion of renewable energy, that agriculture 
will continue to rely on chemical fertilisers, and that 
deforestation will not be curbed.6 Instead, growth will be 
attained through resource exploitation, including draw 
down of fossil fuels, fish and forest stocks.

The comparison of green and BAU scenarios for selected 
sectors and actions are listed in Figure 3 and Table 1.

The G1 and G2 green investment scenarios are 
constructed for different purposes and emphases,7 
but are not meant to be exhaustive in terms of the 
potential breadth and extent of scenarios.  The 1 per 

6. The BAU does already incorporate, though indirectly, current trends 
in investments in such sectors, but does not anticipate major changes in 
those trends.

7. A variety of additional investment scenarios could be easily simulated 
and analysed. On the other hand, for simplicity and to present a solid 
analysis that could be easily compared with other leading studies, the 1 
per cent and 2 per cent cases were selected. Investment scenarios beyond 
2 per cent of GDP were also carefully assessed, and discarded due to lack 
of information on (1) potential feasible reductions in energy and material 
consumption and (2) related costs (e.g. carbon abatement cost) beyond 
peer reviewed and published estimates. For instance, if carbon abatement 
were to be pushed beyond IEA’s estimations, assumptions on the marginal 
costs of doing so would need to be made by the authors. In our analysis 
instead, we rely on existing estimates, to be consistent and coherent with 
state of the art research across sectors.
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cent case (G1) is an experimental exercise to clarify 
and illustrate the concept of green economy – as it 
assumes an about equal allocation of funds across 
the sectors analysed – and to compare the projected 
impacts of the implementation of a green economy 
strategy with, among others, climate scenarios such  
as IEA’s 450 case. On the other hand, the 2 per cent  
case (G2) can be considered more relevant and  
coherent. In this case, current key issues, such as  
climate change, water scarcity and food security, 
determine the allocation of the investment across 
sectors. Being central to addressing climate change, 
energy investments are prioritised in this scenario  
to reach the emissions targets of IEA’s 450 and BLUE  
Map scenarios. It is important to note that, for the most 
part and unless otherwise stated, the sectoral chapters 
in the GER refer to G2 as the green investment scenario.

More specifically, these scenarios include investments 
in agriculture, fisheries, forestry, water, waste and 
energy, also allocated across sectors, such as industries, 
transportation, buildings and tourism. Cities are also 
analysed. More details on the scenarios follow:

Scenario G1: assumes that 1 per cent of global GDP is 
channelled annually through green investment. In this 
green scenario, 1 per cent of GDP is generally divided 
equally among the sectors, each receiving 10 per cent of  
the green investment, with some exceptions, as 
highlighted in Table 2, depending on specific 
sectoral targets. This distribution of funds serves to 
illustrate the broader benefits of greener investments, 
providing national leaders facing socio-economic 
and environmental challenges with insights on likely 
impacts of increasing green investments. For cities, in 
addition to analysing the impacts of global investment 
on urban settings, we simulate the allocation of 1  
per cent of urban GDP to expand public transport, 
being key to cities’ socio-economic as well as spatial 
development. 

Scenario G2: assumes that 2 per cent of global GDP 
is channelled annually through green investments. In 
this scenario, priorities are driven by sectoral policy 
targets, emphasising energy and climate change (which 
according to the IEA would require approximately 1 per 
cent of global GDP through 2030 to reduce emissions to 
450 ppm concentration, and limit global warming to 2o 
C). As a consequence, a higher share of GDP is allocated 
to energy (both demand and supply measures) and 
the remainder is shared across the remaining sectors 
(e.g. agriculture, forestry, fishery, waste and transport 
infrastructure).

The investments under G1 and G2 take place on an annual 
basis over the period 2010-2050, implying a concerted 
but gradual shift in shifting the economy’s capital stock 
and reducing potential: costs of premature obsolescence. 
Scenarios BAU1 and BAU2 also assume additional 
investments of 1 per cent and 2 per cent of GDP, as is the 
case with G1 and G2, but these are allocated across the 
economy in a BAU context, without targeting specific 
sectors. Generally, the effects of G1 and G2 are evaluated 
in comparison to projections under BAU1 and BAU2 (the 
additional BAU scenarios), respectively. 

Table 1: Comparison of scenarios for selected sectors and objectives

Sector and objective BAU Scenariosa Green Scenarios

Agriculture
Yield increase Higher utilisation of chemical fertilisers Expansion of conservation agriculture, using organic 

fertilisers, among others

Energy
Expansion of power generating capacity Thermal generation (fossil fuels) Renewable energy power generation

Fisheries
Increase production Expansion of the vessel fleet, pushing catch in the short-term Reduction of the vessel fleet, investing in stock management 

to increase catch in the medium- and longer-term

Forestry
Increase production Increase deforestation Curb deforestation and invest in reforestation  

 (expanding planted forests)

Water
Manage supply and demand Increase water supply through higher withdrawal Invest in water efficiency measures, water management 

(including ecosystem services) and desalination

a Refers to BAU1 and BAU2 with additional investments allocated to match existing patterns.

BAU
Scenario

Green 
Scenarios

Resource 
exploitation

Resource 
e�ciency

Fossil fuels
Renewable 

energy

Job creation Job creation

Figure 3: Representation of the main underlying 
assumptions of green and BAU investments
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4.1 Defining investments 
and methodology
 
It is worth noting that a variety of policies are 
simulated together with the allocation of investments 
to green sectors. In fact, our scenarios account for 
both public and private investments, and assume that 
the total amount allocated is effectively spent across 
sectors. For this reason, when we refer to investment,  
we consider both public and private expenditure. The 
former can be represented by fiscal policies to stimulate 
the purchase of more efficient capital (e.g. tax rebates 
for purchasing a fuel efficient car, or a refrigerator) and 
the latter is the actual private expenditure to make the 
purchase. In addition, investment is generally referred 

8. Investments allocated to cities are not presented in this table. Modelling 
work on cities has proven difficult to carry out do to the lack of data on 
a variety of key variables, including water and energy consumption. 
Emphasis was therefore put only on transport, as indicated in the Cities 
Chapter, given its relevance to urban development. 

to here in its economic sense as increases to fixed 
capital, including infrastructure.9 It will be important 
to develop criteria and indicators that can be used to 
monitor relevant investments under eventual green 
investment scenarios. 

In the modelling exercise, the source of funding for 
green investments is not explicitly defined. This is 
due to the fact that different governments, facing 
different constraints and being characterised by 
very heterogeneous contexts, may prefer to rely 
on different policies and schemes to support the 
transition to a green economy.

9. For some sectors, including natural-resource based sectors, such as 
agriculture, forestry and fisheries, investments included under the green 
investment scenarios do have a broader character, including expenditure 
on programmes (both capital and operating costs) to restore or maintain 
natural capital. These can also be considered as investments in natural 
capital in an economic sense, even though such investments have an 
indirect nature.

Sector Share of green 
investment Share of GDP Sectoral targets

G1 G2 G1 G2

Agriculture 10 8 0.1 0.16 Increase nutrition levels to 2800-3000 Kcal/person by 2030 (FAO 2009).

Buildings 10 10 0.1 0.2 Increase energy efficiency to reach energy consumption and emissions reduction targets set in IEA’s BLUE Map 
scenario (IEA 2008).

Energy (supply) 15 26 0.15 0.52 Increase the penetration of renewable energy in power generation and primary energy consumption to reach 
targets set in IEA’s BLUE Map scenario (IEA 2008).

Fisheries 10 8 0.1 0.16 Restore fish stock to potential reach the maximum sustainable yield set by FAO by 2050.

Forestry 3 2 0.03 0.03 Phase in a 50% reduction in deforestation by 2030, and increase planted forests to sustain forestry  
production.

Industry 6 3 0.06 0.06 Increase energy efficiency to reach energy consumption and emissions reduction targets set in IEA’s BLUE Map 
scenario (IEA 2008).Tourism 10 10 0.1 0.2

Transport 16 17 0.16 0.34 Expand public transport and increase energy efficiency to reach energy consumption and emissions  
reduction targets set in IEA’s BLUE Map scenario (IEA 2008).

Waste 10 8 0.1 0.16 Reducing 70% of waste that goes to landfill through proper implementation of 3Rs.

Water 10 8 0.1 0.16 Attain the MDGs for water and reduce water intensity (reduce consumption and increase supply) (see McKinsey 
2010).

Total 100 100 1% 2%

Power and fuel 
efficiency* 33 35 0.33 0.71

Table 2: Allocation of investments across sectors in the G1 and G2 scenarios
 as a share of total investment and GDP (2011 – 2050 average) and sectoral targets of green scenarios8

* This category includes all energy efficiency investment (both fuel and power) implemented across sectors. These include most, 
but not all, investments allocated to buildings (residential, commercial and agriculture), industry, tourism and transport. In 
addition, the impacts of the green investment scenario for sectors for which the investment concentrates exclusively on energy 
efficiency - buildings, industry - are not presented separately below, but are captured under energy.
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Further, as opposed to several studies that only 
provide information on “net costs” (or required 
additional investments),10 disaggregated capital 
costs and savings (or avoided costs) are used in T21-
World. This approach is useful because as capital 
costs are an immediate expenditure, as opposed to 
operational savings – that are accumulated over the 
lifetime of capital – it allows the model to calculate 
the actual capital formation that corresponds to the 
additional investment simulated in the green and 
BAU1, 2 scenarios.

As indicated above, the calculation of required capital 
investment and operational costs includes a detailed 
assessment of costs associated with various technologies 
(capital) and their required inputs (e.g. energy). For 
instance, we account for the capital and O&M cost of a 
wind turbine, which, on a per MW basis, is often similar 
to the cost of a coal-fired plant. On the other hand, wind 
does not require fuel inputs and does not generate 
emissions, but it is an intermittent source of energy with 
a relatively low capacity factor when compared to coal. 
All these factors are considered in our analysis to break 
down as much as possible the costs and savings related 
to green investments.

Determining both the gross and net cost of moving 
toward a green economy has various purposes.  
These include the need to estimate (and disaggregate) 
present costs and future benefits for the key actors 
involved, both in economic terms and expressed as 
preservation of natural resource stocks. Also, it supports 
the further evaluation of the impact of policy options 
in light of the associated opportunities and risks. For 
instance, if a government has set an environmental  
goal (e.g. reducing emissions below 1990 levels) and 
decides to rely considerably on incentives (e.g. tax  
breaks or discounts) to support the shift from old to 
new capital and/or to more sustainable consumption, 
the buy-in of households and the private sector will  
be a key factor defining the success or failure of  
the policy. In this case, the government risks missing 
the targets and goals for emissions reduction; at the 
same time, if the private sector does not participate  
as expected, the economic expenses of the government 
(and the private sector) would be also be less. This policy 
option normally targets negotiated goals to mitigate 
the economic burden on households and the private 
sector. As an alternative case, when governments set 
mandates, the buy-in of households and private sector 
is assured by law, and the economic cost is either shared 
(if incentives are put into place) or fully sustained by 

10. When considering the cost of purchasing, for instance, a more efficient 
refrigerator, the net cost is calculated as capital expenditure minus savings 
occurred in the operation of the refrigeration (i.e. savings originating from 
the reduced energy consumption). This is the case of McKinsey Cost Curves 
(for water see McKinsey 2009).

households and the private sector. In this case emphasis 
is put on reaching the policy target (through mandates) 
and costs can be more easily estimated knowing  
that both economic actors (public or private, in  
different ways) will have to sustain the costs associated 
with the full implementation of the mandate.

This study serves primarily to quantify the impacts of 
investments, identify opportunities and avoid dead 
ends. Given that similar policies will be more or less 
successful in different countries, the global study is 
focused on the value of allocating funds to greener 
investments, providing a broad range of information 
to national policy makers, as presented in the following 
sections. Additional information on funding options and 
enabling conditions (i.e. required policy frameworks) are 
available in the respective chapters.
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5  Results of the simulations 
and analysis

5.1 Baseline projection (BAU)

The baseline projection of the T21-World model is 
modelled on the assumption that current trends 
will continue, with only minor progress shifting to a 
green economy (e.g. high energy use and emissions 
and continued unsustainable exploitation of natural 
resources). Total population is projected to grow by 
29 per cent in the period 2010 – 2050, reaching 8.9 
billion  people, matching historical data from WDI and 
future projections from WPP (Figure 4). These WPP 
projections are based on continuing declines in fertility, 
and dependent on population policies and programmes, 
including universal access to sexual and reproductive 
health. When looking at the population pyramid, we 
see that when under-five mortality rates decline and life 
expectancy increases the population will become more 
equally distributed across age cohorts. Employment is 
projected to increase to 4.6 billion in 2050, driven by 
economic growth.11 Real GDP, endogenously simulated 
by the model, is in fact projected to grow by 2 per cent 
per year on average between 2010 and 2050, reaching 
US$ 151.3 trillion, or US$ 17,068 per capita, using 2010 
as the constant US dollar base year,12 which compares to 
historical data from WDI. As a result of economic growth, 
the proportion of people living below the poverty line 
will decline to 16.8 per cent in 2020 and 11.1 per cent in 
2050 and the income distribution will improve over time, 
with more people being lifted out of poverty and into 
higher income classes.13

In line with the overall GDP growth, the value added 
generated by agriculture, industry and service sectors is 
projected to increase by 0.7 per cent, 1.9 per cent, and 
2.1 per cent per year on average respectively between 

11. Note that although the T21-World model does not incorporate an 
explicit labour market, it does not assume full employment.

12. Note: All monetary values in the chapter are presented in constant 
2010 US dollars.

13. T21-World projects income but not inequality. Gini coefficients are 
assumed, following historical trends, and income distribution in this chapter 
indicates how many people are living in each income class, including those 
below the poverty line. As a result, changes in projected poverty levels are 
largely driven by the simulated level of income (endogenously determined 
and impacted by the investment assumed). We estimate poverty levels 
using economic indicators (e.g. income), but do also consider access to 
basic services (without calculating an aggregated indicator accounting for 
social and monetary factors at once). Since it is unfair to reduce poverty 
to monetary poverty only, we consider social aspects as well in broader 
poverty-related considerations.

2010 and 2050, accounting for 1.4 per cent, 23.4 per cent, 
and 75.2 per cent of real GDP in 2050. At this time, the 
share of total employment by sector will be: 32.3 per 
cent (agriculture), 23 per cent (industry), 39.3 per cent 
(service), and more specifically, 0.3 per cent (fisheries), 
0.5 per cent (forestry), 2.5 per cent (transportation), 0.4 
per cent (energy), 0.5 per cent (waste) and 1.1 per cent 
(water). In the agriculture sector, total volume of crop 
yield (Figure 5) has increased by 1.8 per cent per annum 
between 1970 and 2009, following FAOSTAT values, and 
is projected to continue to grow by 0.8 per cent per year 
for the next 40 years. As a result, a projected 36 per cent 
growth in crop production value between 2010 and 
2050 will improve the average nutrition level by 7 per 
cent over the simulation period. The fishery sector and 
forestry industry will contribute 0.04 per cent and 0.6 
per cent of global GDP by 2050, with an average growth 
rate of -1.6 per cent and 0.3 per cent per year.

Owing to the growth of population and GDP, the 
world’s primary energy demand will grow by over 57 
per cent in the coming decades, reaching 19,733 Mtoe 
in 2050. To meet the rising demand, the production 

Figure 4: Simulation of population in BAU compared 
with population values of WPP

Figure 5: Simulation of total volume of crop yield in 
BAU compared with values of FAOSTAT
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of fossil fuels, nuclear and renewable energy will 
increase from 10,174 Mtoe, 755 Mtoe and 1,620 Mtoe 
respectively in 2011, to reach 16,073 Mtoe, 1,089 Mtoe, 
and 2,577 Mtoe respectively in 2050, with the share of 
fossil fuels remaining at 81 per cent throughout 2050.

For oil demand, among other fossil fuels, the simulated 
trends of growth in BAU and corresponding WEO 
values are illustrated in Figure 6. The projection of 
oil price follows IEA’s WEO, and increases faster after 
2030, due to the peak of conventional oil projected to 
take place after 2035.

Driven by the same factors, total water consumption 
is projected to reach 8,141 km3 in 2050 – 70 per 
cent above its current value – with total water 
supply heavily relying on groundwater reservoirs 
and streams well beyond sustainable withdrawals. 
This production level would probably compromise 
aquifers, increasing salt-water infiltration in coastal 
areas and forcing massive migrations. 

Concerning land use, total agricultural land will expand 
to 5.4 billion hectares by 2050, with pasture and arable 
land growing by 11 per cent and 6 per cent between 
2010 and 2050. The harvested area in turn will reach 
1.3 billion hectares by 2050, a 9 per cent increase 
relative to 2010 to meet the increasing food demand. 
In addition, settlement land will grow by 0.7 per cent 
per year on average, reaching 226 million hectares in 
2050. Correspondingly, forestland will suffer from an 
average net loss of 6 million hectares per year and a 
deforestation rate of 15 million hectares per year, with 
only 3.7 billion hectares of forestland left by 2050. As a 
result, the total carbon storage in forests will decline by 
about 7 per cent between 2010 and 2050. The fishery 
sector will also face challenges such as declining stocks. 
The total amount of fish caught is projected to decline 
by as much as 46 per cent between 2010 and 2050, due 
to overcapacity and ineffective management of the 
industry and natural resources.

Finally, owing to the larger population and higher 
income, the world is expected to generate over 13.2 
billion tonnes of waste in 2050, 19 per cent higher than 
the amount in 2009. 

As a consequence of these trends, total world CO2 
emissions are projected to increase throughout the 
simulation, with fossil fuel emissions reaching about 50 
billion tonnes (Gt) per year in 2050, 71 per cent above 
2009 and 138 per cent above 1990 emission levels 
(Figure 8). This increase corresponds also to a 26 per 
cent reduction in global carbon intensity (calculated as 
emissions per US$ of GDP) between 2009 and 2050. The 
transport sector, as a major emitter, will account of 13 Gt 

Figure 6: Simulation of oil demand in BAU compared 
with values of WEO*
*For past and future projections, the model fits well with WEO values 
in terms of oil demand-R-square of 98.3 per cent and average point-to-
point deviation 0.69 per cent.

Figure 7: Simulation of arable land and forestland in BAU compared with values of FAOSTAT
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of CO2 emissions per year in 2050, doubling the current 
level (see Table 3 below for transport emissions in BAU 
and corresponding IEA’s projections). With this level of 
emissions, the long-term concentration of atmospheric 
greenhouse gases will approximate 1,000 ppm by 2100, 
and likely remain in the range of 855 ppm to 1,130 ppm 
CO2-eq, as projected by the IPCC for scenarios A1B and 
A2. In addition, over the next 40 years, the ecological 
footprint will reach 25 billion hectares, consuming more 
than twice the biocapacity of the planet (i.e. sustainable 
natural supply). In fact, the ratio of ecological footprint 
to biocapacity rises to 2.1 in 2050 from 0.81 in 1970 and 
1.5 in 2009 (Figure 8).

On top of the impacts estimated in this study, according 
to current state of the art research, the projected BAU 
trends for emissions and ecological footprint are not 
sustainable and will trigger considerable negative 
consequences on society, economy and environment. 

A long-term concentration of atmospheric 
greenhouse gases of about 1,000 ppm CO2-eq would 
have an extremely low probability (<5 per cent) of 
restricting global warming to 2oC. It is more likely 
that the temperature increase will approximate 4oC, 
ranging between 1.7oC and 5.5oC (see A1B and A2  
scenarios from IPCC (2007) AR4). In such a scenario, the 
negative impacts will be many and varied, including, 
according to the IPCC, consequences for water supply, 
food production, human health, the availability of 
land and ecosystems. In particular, by 2050, hundreds 
of millions of people will face increasing water stress; 
sea-level rise will accelerate coastal storm surges, 
leading to land loss and erosion and intrusion of 
saltwater into surface and groundwater; 15 to 40 per 
cent of species will face extinction with 2°C of warming; 
crop yields, especially in Africa, will decline, probably 
leaving hundreds of millions without the ability to 
produce or purchase sufficient food. Developing 

Figure 8 and Figure 9: Simulation of fossil-fuel CO2 emissions in BAU compared with WEO values (left); 
Simulation of footprint/biocapacity in BAU compared with values of Global Footprint Network (right)

Mt/year 2010 2020 2030 2050

Transport mode * MoMo BAU * MoMo BAU * MoMo BAU * MoMo BAU

Total emissions 6,221 6,989 7,573 8,387 9,308 10,175 12,709 12,991

Cars 2,826 3,084 3,557 3,945 4,494 5,129 6,652 6,923

Buses 424 485 443 511 453 518 470 505

Other passenger 
road 157 185 180 220 209 248 291 314

Trucks 1,211 1,375 1,364 1,513 1,603 1,750 2,143 2,157

Passenger rail 29 32 34 39 41 44 57 60

Freight rail 127 138 137 155 143 157 152 168

Air 721 972 1,030 1,229 1,451 1,507 1,864 1,995

Water 727 718 827 776 915 822 1,080 868

Table 3: Transport emissions by mode in business-as-usual scenarios of GER and IEA
* Source: MoMo Transport Model (IEA, 2009)
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countries are the most vulnerable to climate  
change impacts. As many of the effects of climate 
change depend on the degree of adaptation, which 
itself will be determined by income levels and market 
structure, these countries have fewer resources to adapt  
socially, technologically and financially. It is estimated 
in Stern’s Review of the Economics of Climate Change 
(2006) that climate change will impose an overall cost 
equivalent to 0.5 to 1 per cent of world GDP per annum 
by the middle of the century if no emission mitigation 
measures are taken in the short- and medium-term. 
Further, the report indicates that if we start to take 
strong action now to achieve a stabilisation between 
710ppm and 445ppm CO2-eq by 2050, the global  
average macro-economic costs for GHG mitigation are 
between negative 1 per cent and positive 5.5 per cent 
of global GDP, which is equivalent to slowing average 
annual global GDP growth by about 0.12 per cent per year.

In the GER BAU scenario, the feedback effects from 
natural resource depletion are sufficiently important 
that the annual rate of world GDP growth gradually 

falls from about 2.7 per cent per year in the period 
2010-2020 to 2.2 per cent in 2020-2030 and further to 
1.6 per cent in 2030-2050.

5.2 Green economy projections

Investing various additional proportions of GDP in the 
green economy or following BAU has various impacts 
throughout society, economy and the environment. 
Despite difficulties in estimating global impacts of 
investments, we were able to calculate the general 
repercussions on GDP and estimate employment, 
avoided costs and state of natural resources for most 
of the sectors analysed in the GER. The main impacts 
of simulating green and additional business-as-usual 
investments in various scenarios are highlighted in Table 
4, Figure 10 and Figure 11. 

Generally, the green economy scenarios show the 
beginning of the marked decoupling of natural resource 
uses from economic growth (see Figure 12). In fact, 
the key difference between green and additional BAU 

2011 2015 2020

Unit BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2

Additional investment US$ bn/year 0 763 1,535 0 760 1,524 885 1,798 0 883 1,789

Real GDP US$ bn/year 69,334 78,651 79,306 77,694 78,384 78,690 91,028 92,583 88,738 90,915 92,244

GDP per capita US$/person/year 9,992 10,868 10,959 10,737 10,832 10,874 12,000 12,205 11,698 11,983 12,156

* Annual GDP per 
capita^ %/year 1.8% 2.1% 2.3% 1.8% 2.1% 2.2% 1.9% 2.1% 1.7% 2.0% 2.2%

Consumption per capita US$/person/year 7,691 8,366 8,435 8,264 8,338 8,370 9,236 9,394 9,004 9,224 9,357

Population below $2/
day % 19.5% 18.1% 17.9% 18.3% 18.1% 18.1% 16.4% 16.2% 16.9% 16.5% 16% 

Total employment billion people 3.2 3.4 3.4 3.4 3.4 3.4 3.7 3.7 3.6 3.7 3.7

Energy intensity Mtoe/US$ bn 0.18 0.17 0.17 0.17 0.17 0.17 0.16 0.16 0.17 0.16 0.21

Fossil fuel CO2 emissions Gt/year 30.6 33.3 33.6 32.9 32.0 30.7 36.6 37.1 35.6 33.2 30.3

Footprint/biocapacity Ratio 1.5 1.6 1.6 1.6 1.5 1.5 1.7 1.7 1.6 1.6 1.4

Continued. 2011 2030 2050

Additional investment US$ bn/year 0 1,137 2,334 0 1,150 2,388 1,616 3,377 0 1,719 3,889

Real GDP US$ bn/year 69,334 116,100 119,307 110,642 117,739 122,582 164,484 172,049 151,322 174,890 199,141

* Annual GDP per 
capita^ US$/person/year 9,992 14,182 14,577 13,512 14,358 14,926 18,594 19,476 17,068 19,626 22,193

GDP per capita growth 
rate %/year 1.8% 1.5% 1.6% 1.3% 1.7% 2.0% 1.6% 1.7% 1.4% 1.5% 2.2%

Consumption per capita US$/person/year 7,691 10,916 11,220 10,401 11,052 11,488 14,312 14,991 13,138 15,106 17,082

Population below  
US$ 2/day % 19.5% 13.9% 13.5% 14.6% 13.7% 13.2% 10.4% 9.8% 11.4% 9.8% 8.4%

Total employment billion people 3.2 4.1 4.2 4.1 4.1 4.1 4.7 4.8 4.6 4.8 4.9

Energy intensity Mtoe/US$ bn 0.18 0.15 0.15 0.15 0.13 0.12 0.13 0.13 0.13 0.08 0.07

Fossil fuel CO2 emissions Gt/year 30.6 42.7 43.8 40.8 35.6 30.0 53.7 55.7 49.7 29.9 20.0

Footprint/biocapacity Ratio 1.5 1.8 1.8 1.8 1.6 1.4 2.2 2.2 2.1 1.4 1.2

Table 4: Main indicators, BAU and green investment scenarios
* Annual GDP per capita growth rate
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investments is created by the projected future of stocks 
of natural resources (see Box 1, based on section VI in 
the Technical Background Material, which presents 
the changes in natural resource stocks in more detail, 
including estimates of changes in the value of natural 
capital assets and adjusted net domestic product –
NDP). Business-as-usual scenarios push consumption, 
stimulating economic growth in the short- and medium-
term, thus exacerbating known historical trends of 
depletion of natural resources. As a consequence, in the 
longer-term, the decline of natural resources (e.g. fish 
stocks, forestland and fossil fuels) will have a negative 
impact on GDP (i.e. through reduced production 
capacity, higher energy prices and growing emissions) 
and results in a lower level of employment. Additional 
consequences may include large-scale migration driven 
by resource shortages (e.g. water), faster global warming 
and considerable biodiversity losses. 

The green scenarios, by promoting investment in key 
ecosystem services and low-carbon development, 
show slightly slower economic growth in the short- to 
medium-term, but faster and more sustainable growth 
in the longer-term. In this respect, the green scenarios 
show more resilience, by lowering emissions, reducing 
dependence on volatile fuels and using natural resources 
more efficiently and sustainably. In other words, the 
green economy investment scenarios take the earth off 
of the collision course it is currently on with biophysical 
constraints. A more detailed summary of key results 
across sectors is presented below.

Worth noting, while BAU investments show a higher 
return on investment (ROI) in the short- and medium-
term, green investments indicate higher economic ROI 
in the longer-term, outperforming BAU investments by 

over 25 per cent throughout 2050-yielding, on average 
by 2050 over US$ 3 for each US$ invested. Also, both 
investments yield positive economic returns after about 
nine to 11 years in the green cases and seven to 9 years 
in BAU scenarios. More specifically, it can be observed 
that BAU investments will drive faster economic growth – 
in terms of total and per capita GDP14 – than the green 
alternatives in the short-term, with only marginal 
difference in social improvements (poverty reduction, 
employment, nutrition). In the medium- to longer-
term, however, the economic and social development 
in a green economy is expected to outperform the 
BAU cases. Moreover, the green scenarios always see 
lower negative impacts on the environment (e.g. energy 
intensity, emissions and footprint), which will contribute 
to the faster medium- to longer-term economic growth 
observed in green scenarios relative to BAU ones.

Results of the BAU and green scenarios indicate that 
global real GDP would reach between US$ 175 and 
US$ 199 trillion by 2050 respectively in the G1 and G2 
scenarios, which exceeds the US$ 164 in the BAU1 and 
US$ 172 trillion in BAU2 cases, by 6 per cent and 16 
per cent respectively. The average annual growth rate 
reaches, on average, 2.3-2.7 per cent between 2010 
and 2050 in the green scenarios, although the relevant 
comparison is to the BAU1 and BAU2 scenarios. These 
latter scenarios see faster economic development  
in the short to medium term, with 2.3 per cent to 2.4 
per cent annual growth rate between 2010 and 2050. 
However, GDP in the BAU1 and BAU2 scenarios in 2050 
is lower than in G1 and G2, due to natural resource 
depletion and the higher energy costs (Figure 13). This 
can partly be seen in calculations of NDP adjusted 
for depreciation of both fossil fuel and fish stocks (see 

14. Even by this limited, conventional measure, which does not represent 
progress nor wealth (See Box 1).

Figure 10: Results of the G1 scenario relative to the 
BAU1 case in 2015, 2030 and 2050 (per cent)*

* Footprint-biocapacity ratio (or biocapacity ratio): the ratio of ecological footprint over 
biological capacity. The biological capacity (or biocapacity) is the ability of an ecosystem 
to produce resources it consumes and to absorb wastes generated by humans (GFN 

2010).

Figure 11: Results of the G2 scenario in 2015, 2030 
and 2050 relative to BAU2 (per cent)
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Box 1). Economic development in a green economy 
pushes total employment up to 4.8-4.9 billion in the G1 
and G2 scenarios (3 per cent to 5 per cent above BAU) 
(see Table 4). Depending on the investment simulated, 
and its timing, the total net direct employment in  
green sectors may decline in the short-term (primarily 
due to a decline in the fishery and forestry sector 
employment15), to then converge or rise above 
BAU employment in the medium to long run. The 
employment gain is projected to range from 134 
million to 238 million for the G1 and G2 scenarios, 
depending on the projected growth of sectors that 
depend on natural resources.16 In the additional BAU 
scenarios, employment is expected to range between  
97 million and 176 million higher than BAU in 2050, 
which assumes, perhaps optimistically, that the trend of 
depletion of natural stocks does not inhibit production 
and employment growth. On the other hand, when  
accounting for the indirect employment effect across 
the economy as well (jobs created or lost in sectors 
depending on the ones analysed in more details in this 
study, e.g. fish distribution), we observe a growth in 
the range of 149 million to 251 million jobs for green  

15. Employment in the fisheries sector, when adopting the second 
approach proposed in the Fishery Chapter (i.e. the reduction of fishing 
capacity will affect primarily large vessels and industrial production), will 
be reduced by only 1-1.2 m people in the short-term – as opposed to a loss 
of about 10 m direct jobs. In this case, employment in the fishery sector in 
the longer-term will be largely above the BAU cases.

16. As noted above, the T21-World model does not assume full 
employment. In addition to the further details on employment per 
sector are presented below, an additional analysis of employment 
impacts based on contributions by the ILO can be found at  
www.ilo.org/wcmsp5/groups/public/@ed_emp/@emp_ent/documents/
publication/wcms_152065.pdf.

scenarios and 126 million to 223 million for BAU1 
and BAU2 scenarios respectively by 2050. The results 
highlight the need to confront transition costs of 
greening, particularly with regard to retraining and 
repositioning labour for a lower carbon future.

More specifically on short-term impacts, world GDP will 
be slightly higher (less than 1 per cent in 2015 and 2020) 
in the additional BAU scenarios, relative to green cases. 
In 2020, total GDP in both scenarios will reach about 
US$ 91-92 trillion, or 2.5 per cent to 4 per cent above  
BAU. In accordance, total employment will be 8-21  
million (or 0.2 per cent to 0.6 per cent) lower in a  
green economy than in BAU1 and BAU2 cases, 
respectively by 2020, while it will be 2 to 3 per cent 
higher in G1 and G2 when only net direct employment 
in green sectors is considered.

Pressure on natural resources increases as GDP grows, 
and tends to slow the rate of GDP growth in both 
BAU1 and BAU2. Lower soil quality, higher water  
stress and fossil fuel prices all impact GDP negatively, 
in turn impacting indicators such as the HDI. Natural 
resources have varied impacts on the ecological  
footprint, which pushes resource use to 2.2 times what 
the planet can sustainably generate by 2050 in the BAU2 
case, from 1.5 times in 2010 and 1.7 times in 2020. In 
the G1 and G2 scenarios, while investments support 
the transition to a lower carbon and more resource 
efficient economy, they generate higher GDP, as well as 
greater energy and water demand than would otherwise 
have been the case. As a consequence, the impact of 
green investments on resource conservation will be 
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Figure 12: Trends in GDP growth rate (right axis) and stocks of natural resources (left axis: oil discovered 
reserves, fish stock and forest stock, relative to 1970 levels), in the BAU and G2 scenarios

Stocks are better managed and saved for future generations in G2, while supporting GDP growth already in the 
medium- and longer-term.
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partially offset by the additional GDP and associated  
consumption. Synergies, as explained below, can 
be found in investments in energy efficiency and 
renewable energy among others, because they 
generate a net reduction in fossil fuel demand,  
which in turn pushes prices below the BAU projection 
and generates considerable savings (or avoided  
costs) over time, despite the impact of the rebound effect. 

As a result of green investments, global energy demand 
and CO2 emissions will be mitigated considerably by 
2050 relative to BAU (Figure 14). Even without explicitly 
modelling and analysing the positive impacts on 
emissions of transitioning to conservation agriculture,17 
we project a concentration in the range of 500-600 ppm 
in the green scenarios.18 This indicates a moderate to 
unlikely probability that global warming will be limited 
to 2oC, as indicated in the IPCC AR4 report (IPCC 2007). 
More specifically, the projections result in a 36 per cent 
reduction in global energy intensity by 2030 in the G2 
case, with the annual volume of energy-related CO2 

emissions declining to 30-20 Gt in 2050 from 30.6 Gt 
in 2010, also a 40 per cent and 60 per cent below BAU 
in 2050 for the G1 and G2 scenarios respectively, which 
is more significant than the short-term mitigation 
(reducing BAU by 3 to 6 per cent in 2015 and 7 to 15 
per cent in 2020). Non-energy related emissions from 
fertiliser use, deforestation and harvested land will be 
lower than BAU by 16 to 25 per cent, 33 per cent and 
1 per cent in 2015, and 45 to 68 per cent, 55 per cent 
and 4 per cent, respectively in 2050. It is worth noting 
when considering the enactment of a cap and trade 
mechanism with carbon prices aligned with the recent 
US domestic proposal (reaching US$ 77 per tonne of 
CO2 by 2030 and US$ 221 by 2050, in constant US dollars 
at 2010 prices), that the reduction in emissions from the 
green economy investment would represent a savings 
in avoided permit costs of about US$ 1000-1,650 billion 
per year on average between 2012 and 2050.

Finally, under the green economy scenarios, the 
ecological footprint will also improve in the medium to 
long run after a slight increase in the short-term, with 
the biocapacity ratio reaching 1.5 (or 4 per cent to 6 per 
cent below BAU) in 2015 and then stabilising at 1.4-1.2 
throughout 2050, well below 2.0 in the BAU and 2.21-
2.4 in the BAU1 and BAU2 scenarios (See Figure 15), and 
years of life expectancy lost due to emissions will be 
reduced by 3.6 per cent and 7 per cent on average in 
the G1 and G2 cases.

17. Due to the lack of global estimations on soil carbon absorption under 
conservation agriculture practices.

18. The concentration of emissions could be lowered to 450 ppm when 
accounting for the potential carbon sequestration of organic and 
conservation agriculture. Conservative estimates for the annual global 
sequestration potential of OA amount to 2.4–4 Gt CO2-eq, while other 
estimates point at a potential of 6.5-11.7 or even more (see Müller and 
Davis (2009); Nelson et al. (2009).

Since the green investments simulated have economic 
impacts (e.g. GDP), as well as social (e.g. employment, 
poverty) and environmental impacts (e.g. energy 
consumption, emissions, land and water management), the 
context in which they are applied are particularly relevant 
to the analysis. Developing countries, such as sub-Saharan 
countries, facing extreme poverty and considerable 
challenges in reaching the Millennium Development 
Goals (MDGs) (World Bank 2007), are heavily dependent 
on agriculture and highly vulnerable to climatic changes. 
Improving socio-economic conditions, through higher 
access to water and energy, but also improved nutrition, 
and the efficient utilisation of natural resources are key 
goals of green economy strategies in these countries. 
Developing countries strive to improve productivity and 
increase their economic resilience in order to sustain strong 
economic growth. Here, energy and resource efficiency are 
key to longer-term development. Equatorial nations, often 
endowed with oil and other natural resources, are a good 
example: being a net exporter of resources these countries 
can profit from a reduction in domestic demand, and by 
preserving forest and other stocks of natural resources  
 - possibly through payments for ecosystem services - can 
maintain Earth’s biodiversity stocks. Finally, developed 
countries can more actively contribute to technology 
development and become a solid example of how mature 
economies can become resource efficient and reduce their 
carbon path, while creating jobs.

Agriculture
In the case of the green investment scenarios, the 
additional investment in the agriculture sector 
(US$ 118-US$ 198 billion per year on average in 2011-
2050 in G1 and G2, respectively) is allocated to more 
extensive use of organic fertiliser, agricultural research 
and development, pest control, and food processing. 
In these scenarios, the volume of agricultural (crop) 
production (excluding livestock forestry and fishery), is 
projected to increase by 7 to 11 per cent in 2030 and 11 
to 17 per cent in 2050 compared with BAU.19 Relative 
to BAU1 and BAU2, value added in the green cases will 
be between 3 and 5 per cent in 2030 and in the range 
of 5 to 9 per cent in 2050. This development is mainly 
due to higher yield per hectare (15 to 22 per cent 
higher than BAU and 6 to 10 per cent than additional 
BAU scenarios by 2050, with BAU1 and BAU2 having a 
higher yield than the green scenarios in the short- to 
medium-term only), driven by improved soil quality 
(thanks to the extensive use of organic fertilisers), R&D 
efforts and effective pest control. As is presented in 
Figure 16, natural crop yield per hectare depends on 
a number of primary factors, with the actual effective 

19. When assuming that a price premium could be applied to certified 
products, or those goods originating from sustainable agriculture practices, 
the total value of agricultural GDP in the G1 and G2 cases would be on 
average 28 per cent higher than BAU1 and BAU2 and 40 per cent higher 
than BAU. This calculation assumes, among others, that producers have 
access to markets that demand (or reward) sustainable practices.
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Box 1: Changes in natural capital stocks 
Conventional economic indicators, such as GDP, 
provide a distorted lens on economic performance 
particularly since such measures fail to reflect the 
extent to which production and consumption 
activities may be drawing down natural capital. By 
either depleting natural resources, or degrading 
the ability of ecosystems to deliver economic 
benefits, in terms of provision, regulating or 
cultural services, economic activity may be based 
on the depreciation of natural capital. Various 
alternative approaches to adjusting the system 
of national accounts and aggregate economic 
indicators are being refined and discussed at the 
international level (e.g. Integrated Environmental 
and Economic Accounting – SEEA*).

The T21 model tracks the evolution of various 
natural resource stocks over time as highlighted 
in Figure 12 and in more detail in section VI 
of the Technical Background Material. The 
green economy scenarios are characterised 
by investment in and recovery of these stocks, 
providing a basis for sustained income gains over 
the medium- to longer-term.

It is insightful to undertake some additional 
calculations, using relatively simplistic 
assumptions, to generate some sense of the 
potential economic magnitude of the improved 
management of natural capital. The table below 
presents changes in the value of three resource 
stocks-fossil fuels, forests and fisheries-over the 
short- and medium-term in both absolute terms 
and relative to GDP. The change in physical values 
for fossil fuels and fish is valued using estimates 
of the economic value (unit rent), and for 
forests, using estimates from TEEB. Following the 
methodology employed by the World Bank (2006), 
these estimates of depreciation (or appreciation-
where changes below are positive), these amounts 
can be seen as reflecting additional components 
of a measure of negative net savings in global 
wealth (as could be represented in asset accounts 
following system of national accounts).

According to these calculations, annual drawing 
down fossil fuel stocks is equivalent to 1.8 per 
cent of current GDP. Under BAU, this remains 
roughly the same in the short-term and then 
rises in the medium- to longer-term. The G1 
and G2 scenarios reverse this trend with this 
depreciation, as a ratio to GDP, declining over 
the period 2010-2050, reaching 0.5 per cent of 
GDP by 2050 under G2, reflecting the marked 
reduction in fossil fuel dependence of the global 
economy in this scenario.

Lower and upper bound values of the value of 
the depreciation of natural capital in the form 
of forest land are presented due to the wider 
range of uncertainty concerning global reference 
values (see section VI, Technical Background 
Material, which makes use of results from TEEB 
research). Current depreciation of forestland is 
thus estimated at between US$ 2.8 billion and US$ 
2.6 trillion - spanning three orders of magnitude 
- which is between 0.01 per cent and 5.4 per cent 
as a proportion of GDP. Note that the higher range 
estimates are comparable to, and indeed well 
above, those for fossil fuels. The green scenarios 
considerably reduce this loss within the short-term 
and turn it around into modest positive growth - or 
appreciation instead of depreciation - by 2050.

Similar improvements can be seen in fish stocks. 
The current estimate of depletion of this natural 
asset is valued at US$ 116 billion per year, which 
is -0.24 per cent when expressed as a ratio to GDP. 
The green scenarios succeed in reducing this lost 
and over the medium- to longer-term, stabilising it 
or turning into a net appreciation.

Although a range of results is only presented for 
forest resources, due to the wide range of existing 
measures, the estimates for fossil fuels and fish 
could also be developed into ranges. These would, 
however, probably not have the same degree of 
variability as those for forests.

It is important to bear in mind that even though 
the results are presented in a way that makes 
comparison between the estimated depreciation 
of the different assets comparable, this should 
be done and interpreted with care. In particular, 
the three assets are not substitutes for each 
other. Fossil fuels are a source of energy. Forests, 
including how they are valued here, provided a 
range of provisioning and regulating services, both 
locally but also much more widely, including even 
globally. Fisheries provide a major source of protein 
and employment to a substantial proportion of 
the world’s population but many of these people 
would not be able to substitute forests for fisheries 
as a source of food and livelihoods, or vice-versa. 

In general, the results underline the substantial 
economic significance of how the world is 
currently managing its natural capital, as well 
as the potential gains that can be won from 
pursuing a green economy strategy. This allows 
the global economy to invest in natural capital  
that is critical for sustained well-being, while 
reducing the dependence on fossil fuels.
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yield being further affected by pre-harvest losses (in 
addition, post-harvest losses will reduce the amount of 
final food supply).20 

Higher yields allow using a lower amount of land, 4 
per cent less than BAU and 6.2 per cent less than 
additional BAU cases in 2050. As a result, the quantity 

20. Causal loop diagrams (CLD) for each sector modelled and analysed in 
the GER are presented in section VII, Technical Background Material.

of calories consumed per person in the green cases will 
be higher than BAU and additional BAU investment 
scenarios, especially in the longer-term, by 4 to 7 per 
cent and 1 per cent to 1.4 per cent by 2030 respectively, 
reaching close to 3,100 Kcal/person/day. By 2050 the 
overall quality of nutrition is projected to rise by 9 to13 
per cent relative to BAU, with 3,250 and 3,380 Kcal 
being consumed per person per day. In line with the 
agricultural production increase in the green scenarios, 
employment in the agriculture sector will reach 1.62 

Figure 13: Trends in annual GDP growth rate, historical data (WDI, 2009) and projections in BAU, BAU2 and G2 
scenarios
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Unit BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2

Real GDP US$ billion/year 69,334 78,651 79,306 77,694 78,384 78,690 91,028 92,583 88,738 90,915 92,244

NDP US$ billion/year 59,310 69,082 69,625 68,244 68,898 69,174 79,700 80,981 77,705 79,766 81,007

Change in fossil fuel stocks US$ billion/year -1,212 -1,447 -1,471 -1,413 -1,309 -1,221 -1,730 -1,788 -1,645 -1,392 -1,163

ratio to GDP -1.8% -1.8% -1.9% -1.8% -1.7% -1.6% -1.9% -1.9% -1.9% -1.5% -1.3% 

Change in fish stocks US$ billion/year -160 -151 -151 -149 -77 -36 -141 -141 -134 -46 1

ratio to GDP -0.24% -0.19% -0.19% -0.19% -0.10% -0.05% -0.16% -0.15% -0.15% -0.05% <0.01% 

Adjusted NDP US$ billion/year 57,992 67,533 68,052 66,733 67,515 67,878 77,875 79,097 75,973 78,305 79,771

2011 2030 2050

Unit BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2

Real GDP US$ billion/year 69,334 116,100 119,307 110,642 117,739 122,582 164,484 172,049 151,322 174,890 199,141

NDP US$ billion/year 59,310 100,686 103,215 96,006 102,638 107,133 139,621 145,483 128,599 149,887 172,198

Change in fossil fuel stocks US$ billion/year -1,212 -2,616 -2,787 -2,373 -1,692 -1,127 -4,705 -4,972 -4,312 -2,306 -979

ratio to GDP -1.8% -2.3% -2.3% -2.1% -1.4% -0.9% -2.9% -2.9% -2.8% -1.3% -0.5%

Change in fish stocks US$ billion/year -160 -122 -122 -116 -9 52 -91 -91 -88 40 142

ratio to GDP -0.24% -0.11% -0.10% -0.10% -0.01% 0.04% -0.06% -0.05% -0.06% 0.02% 0.07%

Adjusted NDP US$ billion/year 57,992 97,988 100,345 93,558 100,939 105,930 134,855 140,450 124,231 147,509 171,129

Box 1 cont. Notes: The results here, based on calculations presented in section VI of the Technical Background Material, consist largely of supplementary 
calculations using T21 model results on evolution of physical natural resource stocks over time and complimenting that with data from other studies. 
Adjusted net domestic product (NDP) deducts the changes in the value of fossil fuel and fish from NDP*. 

* See http://unstats.un.org/unsd/envaccounting/seea.asp
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billion and 1.7 billion in 2050 in the G1 and G2 cases 
respectively, well above the BAU1 (1.6 billion), BAU2 
(1.66 billion) and BAU (1.5 billion) scenarios.

In line with the medium- to long-term improvements, 
the same trends are observed in the short-term, albeit 
to a lesser extent, with crop production and nutrition 
being 3.3 to 5.1 per cent and 1 to 2 per cent higher than 
BAU in 2015. Soil quality, in particular, will rise by only 
1 to 2 per cent in five years compared to 10 to 14 per 
cent and 21 to 27 per cent in 20 and 40 years due to the 
delayed effect of more sustainable agriculture practices.

It can be argued that green investments should be 
allocated to agriculture more predominantly where 
this sectors is a major driver of economic and social 
development. This is the case of sub-Saharan countries, 
among the least developed countries in the world, 
where investments in the promotion of more sustainable 
agriculture could increase yields and production, also 
improving nutrition and food security. As an exercise, if all 
investments simulated in the primary sector (including 
agriculture, fishery and forestry) were allocated to 
agriculture-based countries, the value added per capita 
of rural inhabitants would grow on average by around 
US$ 600 per year, or US$ 1,450 when considering only 
the rural poor population.21 Even if only 20 per cent of 
these investments were to reach agriculture-based 
countries, increasing per capita GDP by US$ 118 and US$ 
290 per person per year for rural population and rural 
poor respectively, it would still be a important increase 
considering that GDP per capita in agriculture-based 
countries in 2005 was US$ 524 per year. A disaggregated 
agricultural sector, for example most simply between 
smallholder agriculture of developing countries and 

21. Population estimates and trends were calculated using data published 
in the 2008 World Development Report (World Bank 2008).

high external input agriculture typical of industrialised 
countries, would provide an even clearer picture of the 
potential equity benefits of such investments.22

Forestry
In the green economy scenarios, green investment 
in the forestry sector, totalling US$ 40 billion per 
year on average between 2010 and 2050, is allocated 
to both deforestation reduction and reforestation. 
The average annual deforestation rate of natural 
forests in the green scenarios is projected to be 50 
per cent lower than BAU between 2010 and 2030 
(See Figure 17 and Figure 18). With the deforestation 
rate declining to 6.7 million hectares per year 
from 2030 in the green cases, an estimated 283 
million hectares (or 8 per cent) of natural forest 
area is saved. Additional green investments will 
considerably increase reforestation (planted forest) 
to 19 million hectares per year in 2050. Thus, planted 
forests will be 497 million  hectares (or 143 per 
cent) more than BAU by then, providing sufficient 
resources for forestry production to exceed baseline 
projections in the longer-term (after 2015). In 
accordance with the forestry production growth in 
green scenarios, forestry employment will reach 30 
million people in 2050, which is 20 per cent above 
BAU. As a result of the enhanced reforestation and 
avoided deforestation efforts, total forestland is 
projected to reach 4.5 billion hectares over the 40-
year period, outperforming the BAU case by 21 per 
cent. This will allow 502 Gt of carbon to remain in 

22. The feasibility depends primarily on the availability of adequate data 
and this is being explored in further versions of the model.

Figure 14: Fossil fuel CO2 emissions in additional 
BAU and green scenarios relative to the BAU case 
(selected years)

Figure 15: Composition of ecological footprint in 
2050 in various scenarios, relative to 1970 value 
(left), and indication of the projected footprint-
biocapacity ratio in 2050 (right)
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forest ecosystems in 2050, which is 71Gt above BAU 
and 21Gt higher than the current level. Furthermore, 
a greater extent of forested land improves soil 
quality and often increases water availability, two 
factors that impact agriculture production positively 
(Pretty et al. 2006). In the short-term, however, 
the efforts of reforestation (2.5 and 3 times that 
of BAU) and avoided deforestation (60 per cent 
and 46 per cent above BAU) as a result of green 

investment do not bring immediate benefits to the 
environment, given the time it takes to increase the 
area of planted forests. The total forest area (around 
4 billion hectares) is projected to be 1 per cent 
and 3 per cent higher than BAU in 2015 and 2020. 
Forestry production will start seeing benefits around 
2020, reaching US$ 840 billion of value added in 
2020, which is 12.5 per cent higher than baseline,  
creating around 3 million additional jobs.
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Figure 16: Causal loop diagram (CLD) representing the main factors influencing crop yield in the agriculture 
sector of the model (blue boxes). Orange boxes represent the green investment options analysed

The effective crop yield is defined as the difference between natural yield and losses due to plant diseases. The 
natural crop yield instead is influenced by capital and labour, as well as by R&D (e.g. seed improvements), soil 
quality, the use of fertilisers and water availability. Soil quality is further influenced by the use of fertilisers and by 
forestland. 

525



Towards a green economy

Forests are very important for many countries, 
where both their harvesting and preservation are 
important economic drivers. In certain cases, waste 
land could be converted to forests over time, without 
negative impacts on agriculture and settlements. 
Simultaneously, better control measures would 
reduce the rate of deforestation, limiting the rapid 
depletion of forestland and natural resources. 

Fisheries
The green investment in fisheries, (US$ 118-198 billion 
per year over the next 40 years) is allocated to three 
areas: 1) vessel buyback programmes to prevent over-
capacity of fishing, 2) retraining and relocation of 
fisheries employment, and 3) fisheries management to 
support fish-stock regeneration. In these green scenarios, 
the fishery sector will also move toward sustainability 
through a reduction in vessel capacity and investments 
in the management of fish stocks.23 With the withdrawal 
of vessels between 2011-2020, fishing capacity will be 
26 per cent lower than BAU by 2020. This will cause 
the global fish catch to drop to 50 million tonnes by 
2017, considerably lower than current levels – and one-
fourth lower than BAU – but a necessary step to restore 
the fish stock, which would halt its decline and level 
off around 2020. Once the decline of the fish stock is 
curbed and investments are freed up to promote better 
management of the industry, the fish catch could grow 
well above the projected 50-63 million tonnes in 2050 in 
the G1 and G2 cases, with 2 to 4 per cent more catch per 
year on average than BAU between 2010 and 2050. 

While lower fishing capacity will reduce direct 
employment in the short-term (by 19-20 million 
people in 2020 under G1 and G2 relative to 24 million 
under BAU and 29 million in 2011), higher stock levels 
and better management of the sectors are projected 

23. Fish stock represents the total number of fish. Modelled as a stock 
variable, its value changes by accumulating fish birth and reducing by fish 
death per year, and is dependent on values of previous year. Similarly, forest 
and agricultural land stocks represent sizes of land areas for forests and 
agricultural production, that changes by annual conversion among types 
of land. Other stocks include resources of fossil fuels and water sources.

Figure 17: Land allocation in 2050 under BAU and 
the G2 scenario, in billion hectares and as a share of 
total land

Figure 18: Total forest stocks (right axis), and flows of deforestation and reforestation (left axis) in BAU, BAU2 
and G2 scenarios
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to lead to 27 to 59 per cent higher employment level 
in the green scenarios relative to the baseline by 
2050.24 On the other hand, additional BAU investments, 

24. Employment in the fisheries sector, when adopting the alternative 
approaches proposed in the Fishery chapter (e.g. the reduction of fishing 
capacity will affect primarily large vessels and industrial production), will 
be reduced by only 1-1.2 million people in the short-term – as opposed to 
a loss of about 10 million direct jobs. In this case, employment in the fishery 
sector in the longer-term will be largely above the BAU scenarios.

assumed to be allocated to current business practices, 
will further deplete fish stocks, expected to be largely 
exploited by 2050 (it is estimated that only 56 per 
cent and 33 per cent of the fish available in 1970 will 
be in place by 2015 and 2050), leaving few resources 
for what could be currently considered cost-effective 
fish catch (Figure 19). Here again, the results indicate 
the need to offset transition costs in the short run to 
reach higher productivity and employment levels in 
the future under a green economy scenario.

To carefully evaluate the effectiveness of investments 
in the fishery sector, a variety of scenarios were 
simulated where the cost (effectiveness) of fish-stock 
management interventions are assumed at between 
US$ 354 and US$ 1,180 per ton (BAU is US$ 736, or a 
1:4 ratio of cost/benefit), following a random uniform 
distribution. The results of the corresponding 
changes in fish stock and fish catch are presented in 
Figure 20.

In the two extreme scenarios, the global fish stock 
in 2050 will respectively return to the 1970 level 
(lowest cost case) and current level - around half of 
1970 volume - (highest cost case). In the G2 scenario, 
around 70 per cent of the amount of fish resources 
in 1970 is available by 2050, which drops to a mere 
30 per cent under BAU, where no additional stock 
management activities are assumed. As a result, 
the world fish catch will recover, after a short-term 
decline, to the relatively wide range of between 50 
million tonnes and 90 million tonnes per year in 2050, 

Figure 19: Fish stock relative to 1970 level (left axis) 
and fish catch (right axis) in BAU, BAU2 and G2 
scenarios

Figure 20: Results of the sensitivity analysis for (a) fish stock relative to 1970 level (left) and (b) fish catch in 
tonnes/year (right)21

21 Area in yellow: 50 per cent of the range of scenarios in the sensitivity analysis, green for 75 per cent, blue for 95 per cent and grey for 100 per cent.
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exceeding the baseline volume in early 2020s and in 
2035 under the two scenarios.

Energy
The green investment in energy will contribute to 
both the supply side (expansion of low-carbon power 
generation and biofuel production), and the demand 
side (energy efficiency improvements for end-use energy 
demand, involving industry, transport and buildings 
sectors). It is worth noting that synergies are found under 
an early peak-oil scenario (see also Bassi et al. 2010), 
where the increased efficiency and a faster transition 
beyond fossil fuels, driven by green investments, will 
reduce energy prices below BAU throughout the 
simulation period, making the economy more resilient 
and sustaining economic growth. A variety of scenarios 
were simulated to study and evaluate the impacts of the 
timing of several conventional oil production trends. The 
total amount of resources and reserves was changed to 
endogenously obtain world oil production. While a more 
detailed analysis is available in Bassi et al. (2010), the 
range of scenarios analysed is presented in Figure 21.

Energy supply
In the green economy scenarios, the energy supply sector 
will receive green investment of US$ 174 - US$ 656 billion 
per year between 2010 and 2050 to expand biofuel 
production and power generation using renewables and 
advanced technologies (such as CCS). 

The substitution of green investment in clean energy for 
additional BAU investments in carbon intensive energy 
sources will increase the penetration rate of renewables 

to 19 to 27 per cent of total primary energy demand by 
2050, compared with 13 per cent under BAU and 12 per 
cent in the BAU2 scenario. 

In the power sector, the capacity of power generation 
by energy sources in green cases will reach: 1.7 TW 
(hydro), 204 GW (waste), 955-1515 GW (wind), 38-54 GW 
(geothermal), 655-1304 GW (solar), 8-21 GW (tidal), and 
3-16 GW (wave) in 2050 respectively. As a result, these 
renewable sources of energy will account for 29 to 45 per 
cent of total electricity generation by 2050, significantly 
higher than the 24 per cent in BAU and 23 per cent under 
BAU2. The share of fossil fuels, coal in particular, will 
decline accordingly to 34 per cent in 2050, compared 
with 64 per cent in the BAU scenario, mostly owing to the 
expansion of renewables (See Figure 22 and Table 5).

The green scenarios are expected to see the introduction 
and major expansion in second generation biofuels. In 
2025 and 2050, the production of second generation 
biofuels is projected to reach 151-490 billion litres 
of gasoline equivalent (lge) and 254-844 billion lge, 
contributing to 4.2 to 16.6 per cent of world liquid fuel 
production by 2050 (8.4 to 21.6 per cent when first 
generation biofuels are considered). Between 12 per 
cent and 37 per cent of agricultural and forestry residues 
would be needed in the G1 and G2 scenarios respectively. 
In case residues above 25 per cent are not available or 
usable (as indicated by the IEA 2010), marginal land is 
assumed to be used. Between 330,000 and 1 million jobs 
would be created for biofuels and agriculture residues, 
and the figure would increase up to 3 million if a mix 
of agricultural residues and conventional feedstocks is 

Figure 21: Global conventional oil production scenarios considered in the GER
“World oil production rate”: Annual conventional world oil production, in million barrels/year.
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used. Additional scenarios were simulated to test the 
impacts of variations in the labour intensity of second-
generation biofuels, for which very few estimates were 
found (e.g. Bio-era 2009). The values considered range 
from 1/6 and 1/3 of the employment of first generation 
biofuels. Also considered is a scenario where second 
generation biofuel share the same labour intensity 
as first generation biofuels. In the first case, the  
range considered would result in projected biofuel 
employment to grow rapidly and reach between 
almost 3 million and 4 million in 2050, compared with 
3.1 million in G2 and 2 million under BAU. On the other 
hand, assuming that the labour intensity of biofuels 
does not change with the introduction of second 
generation biofuels, total employment would reach 7.7 
million by 2050.

The total employment in the energy sector is 
projected to slightly decrease over time in the BAU 
scenario, reaching 18.6 million by 2050 against 
19 million in 2010, owing to increasing labour 
productivity in fossil fuel extraction and processing. 
In the green scenarios, short-term net job creation 
is observed (for both G1 and G2) primarily due to 
the higher labour intensity of renewable energy 
versus thermal power generation. In the longer-term 
instead, the G1 case shows lower employment levels 
than BAU (4 per cent below BAU in 2050), while the 
employment in the G2 case (23.3 million) will be  
higher than the BAU1 scenario (19.5 million), and 
will greatly outperform the BAU (18.6 million) by 
almost 26 per cent when energy efficiency jobs are 
considered (Figure 23).

Figure 22: Trends in BAU and G2 scenarios (a) in total energy consumption (left axis) and renewable penetration 
rate (right axis), (b) power generation (left axis) and renewable penetration rate in power sector (right axis)

% 2030 2050

*WEO GER *WEO GER *ETP GER

Scenarios Reference BAU 450 G2 BLUE Map G2

Coal 29 31 19 25 15 15

Oil 30 28 27 24 19 21

Gas 21 23 21 23 21 25

Nuclear 6 6 10 8 17 12

Hydro 2 2 3 3 4

Biomass and wastes 10 8 14 12 29 16

Other RE 2 3 5 5 8

Total 100 100 100 100 100 100

Table 5: Comparison of energy mix in 2030 and 2050 in various GER and IEA scenarios
Source: WEO 2010 (IEA 2010); ETP 2010 (IEA 2010)
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Considering short-term impacts of the green investment, 
the energy sector will see the expansion of renewable 
energy with less significant improvements compared 
with the longer-term: the renewable energy penetration 
rate will rise to 19 to 22 per cent in power supply and 14 
to 17 per cent in total energy supply by 2020, from 18 
per cent and 13 per cent respectively in BAU. By then, 
green investments will push the production of second-
generation biofuels up to 133-424 billion lge, creating 
1.5-1.9 million jobs (12 per cent to 40 per cent above 
BAU) in biofuel production. As a result, total energy 
employment will be 5.5 per cent higher in G2 (21 
million) than the baseline (20 million), but 2 per cent 
lower than BAU in G1 (19 million). These figures include 
the 0.25-0.62 million jobs created by 2020 through 
energy- efficiency improvements. 

Energy demand
Additional green investments, totalling US$ 277- 
US$ 651 billion per year over the next 40 years, are 
allocated to improve efficiency for end-use energy 
demand, especially in power use (across sectors) and 
in fuel use in industry (see also HRS-MI 2009) and 
transport (transport investments are analysed in a 
separate section looking at the expansion of the public 
transport network as opposed to increased efficiency).

These energy savings efforts are projected to curb total 
primary energy demand by 4 to 6 per cent, 10 to 15 

per cent and 26 to 34 per cent by 2020, 2030 and 2050 
respectively compared with BAU, reaching 14,120-
13,709 Mtoe in 2020, 15,107-14,269 Mtoe in 2030 and 
14,562-13,051 Mtoe in 2050.25 Total fossil fuels demand 
will decline by 6 to 12 per cent relative to BAU in 2020, 
and 22 to 41 per cent relative to BAU and up to 28 per 
cent to 48 per cent relative to BAU1 and BAU2 by 2050, 
driven by the expansion of the public transportation 
network (rail and buses) and by improvements in 
energy efficiency (e.g. in the industrial and buildings 
sector), as well as the increased use of renewable 
energy and waste, as mentioned above (IEA  2008). 

The lower energy consumption will generate 
considerable savings on energy expenditure (e.g. 
avoided capital and fuel costs in the power sector will 
result in savings averaging US$ 415-US$ 760 billion per 
year between 2010 and 2050). 

Furthermore, green investments allocated to energy 
efficiency are expected to create an additional 2.9-
5.1 million jobs by 2050, causing the total energy 
employment in G2 to reach 23.4 million in 2050, 
above the baseline by 26 per cent (See Figure 23 for 
power-sector employment and Figure 24 for a detailed 
breakdown of energy employment).

Transport
The green investments in the transportation sector, 
totalling US$ 187-US$ 419 billion per year over the 40-
year period, will be allocated both to improve energy 
efficiency across all transport modes, as mentioned 
above, and to support the shift from private transport 
to public or non-motorised (e.g. walking or cycling) 
transport. In 2050, private cars account for only one-
third of total passenger travel - in terms of passenger-
km/year - almost cutting the baseline percentage in 
half, resulting in a reduction in the number of cars by 
34 per cent relative to BAU. Accordingly, the shares of 
passenger travel carried by trains and buses increase 
drastically to 18 per cent and 35 per cent by 2050 
in the G2 scenario. The combination of this modal 
transition, further energy efficiency improvements and 
expected changes in total travel volume is expected to 
lead to energy savings in almost all transport modes - 
between 57 and 75 per cent for cars and 40 to 65 per 
cent overall in the green economy scenarios relative 
to BAU. This outweighs the slight increase in rail and 
bus energy consumption (Table 6). As a consequence, 
total CO2 emissions from transport energy use are 
expected to decline to 7.8-4.6 Gt per year in 2050 in 
the green scenarios, compared with around 13 Gt 
per year in the baseline. By then, cars will account for 

25. As a point of comparison, energy efficiency in OECD countries has 
reduced projected growth in energy consumption by 56 per cent over the 
30-year period, 1973-2004 (IEA 2008).

Figure 23: Composition of power supply 
employment in 2050 in various scenarios in power 
plants (in manufacturing, construction, installation 
and operation and management), power supply 
fuels, energy efficiency
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a declining share of the emissions from 53 per cent  
under BAU to 38 per cent in the green scenarios. 
Primarily as a result of the job gains in public transport 
expansion, total employment in the green scenarios 
will increase to 124-130 million in 2050 (or 5 to 10 per 
cent above the baseline). 

In the short-term, private cars will account for 41 per cent 
of passenger travel due to green investments in 2020 
compared with around half under BAU, allowing the 
share of rail transport to grow to 11 per cent from 7 per 
cent in BAU. As a result, the total energy consumption 
of automobiles is curbed by 28 per cent relative to 
BAU, resulting in a 20 per cent reduction in total energy 
consumption and emissions from all vehicles by 2020. 
At the national level we find synergies in allocating 
investments to increase fuel efficiency, expanding and 
electrifying the rail network. If non-thermal power 
sources are adopted, this leads to reduced liquid fuel 
demand, higher efficiency and lower carbon intensity. 
At the same time, the economy and employment will 
benefit from infrastructure construction and reduced 
congestion but short-term increases in emissions are 

possible due to the higher demand of iron and steel, 
among other things.

Water
In the green economy scenarios, US$ 118 - 
US$ 198 billion per year is invested on average 
between 2010 and 2050 in the water sector to 
expand the access to potable water and water 
services, to improve water-use efficiency, and 
to increase water supply through desalination 
and supply management measures. With these 
investments, water demand will be curbed by 
about 24 per cent to 19 per cent in the G1 and 
G2 scenarios by 2050 relative to BAU (3 per cent 
by 2015 and 13 to 12 per cent in 2030). This 
reduction is mainly a result of increased water 
efficiency in the agriculture sector as well as  
investments in the industrial and municipal sectors. 
Furthermore, investments to manage and increase 
supply and improve access to water will support 
the preservation of groundwater and surface water, 
contributing to about 10 per cent of global water 
demand both in the short- (2015) and longer-term 

Figure 24: Total employment in the energy sector, and its disaggregation into fuel and power, and energy 
efficiency under the G2 scenario

Mtoe/year 2020 2030 2050

Scenario * WEO/450 Scenario G2 *WEO/450 Scenario G2 * IEA's BLUE Scenarios G2

Total transport 
energy consumption 2,710 3,155 3,182 3,139 2,100-3,200 2,163

in which oil 2,483 2,699 2,891 2,526

in which biofuel  193 427 245 580 400-800 874

Table 6: Transport energy consumption in green scenarios of GER and IEA, in selected years
Source: * WEO/450 Scenario: WEO 2010 (IEA 2010); IEA’s BLUE Scenarios: Transport energy and CO2 (IEA 2009)
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(2050) (See Figure 25). In accordance with the higher 
availability of fresh water resources in the green 
economy scenarios, the fraction of population under 
water stress will increase to 60 per cent in 2020 and 
stabilise in the long-term to around 62 per cent 
in 2050, compared to 67 per cent in the baseline. 
Water-sector employment will reach 40-43 million 
in 2050, which is 24 to 19 per cent below BAU owing 
to the reduction in total water consumption, but it 
is still 30 to 38 per cent higher than the 2010 level. 
In the short-term, employment will remain about 
the same, 34 million in 2015 under the green and 
BAU scenarios. It is worth noting that investments 
in the water sector could have considerable impacts 
in developing countries, where interventions to 
improve sanitation would considerably increase 
access to potable water, and higher expenditure 

in infrastructure could result in more efficient 
use of water and increasing agricultural yields - 
contributing to poverty reduction, especially in 
rural areas.

In the case of lower precipitation in the decades 
to come, water stress is projected to be higher and 
to have more serious impacts on, among others, 
agriculture production. More specifically, with 
precipitation being 10 per cent below BAU by 2050, 
water stress is expected to affect nearly 70 per cent 
of the population in 2050. Under this scenario, green 
investments will reduce water stress by about 6 per 
cent, reaching 64 per cent.

Waste
In the green economy scenario, a total of 
US$ 118 - US$ 198 billion per year on average 
is invested in the waste sector to increase 
the waste collection rate and promote  
recycling and composting practices. The 
higher collection rate of wastes (around 82 to 
83 per cent between 2010 and 2050) as well 
as the projected economic development in 
the green scenarios are projected to increase  
the total usable waste volume in BAU and green 
scenarios by 2 to 3 per cent in 2020 and 9 to 12 per 
cent in 2050.  However, owing to the significant 
improvement in waste recovery (e.g. recycling rate 
is 7 per cent in green scenarios, 2.2 per cent in 
BAU and additional BAU cases in 2050), the annual 
amount of waste directed to landfills in the green 
scenarios will be much lower than the BAU scenario 
by 2050. Thanks to the improvements in upstream 
waste treatment, its employment will reach 25-26 
million jobs in 2050, which is 2-3 million higher than 
under BAU (the employment gain in 2020 is 0.4-0.54 
million). It is worth mentioning the contribution of 
recycling to reducing energy demand and emissions  
as well as production costs - positively affecting 
industrial GDP.

Figure 25: Water supply by source and water 
demand by sector (km3), under BAU baseline and G2 
scenarios
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6  Conclusions
The simulation of future scenarios with an integrated 
cross-sectoral model highlights the characteristics 
of the green economy approach and provides an 
assessment of the global impacts of green investments, 
relative to BAU. These impacts are summarised below.

Undertaken at the global level, this analysis 
necessarily does not reflect different national or 
regional circumstances, which should be an area 
for additional work. Among other aspects, such 
analysis will need to pay attention to the means and 
ability of governments to direct investment at the 
scale envisaged, including necessary international 
financial flows.26

The projections in the additional BAU investment 
scenarios (BAU1 and BAU2), are for increases in GDP 
and employment, but accompanied by a growing 
depletion of natural resources. More specifically, 
water stress will worsen, impacting population 
growth, agriculture and industrial production. A 
larger number of vessels in the fishery sector will 
allow fish catch to rise in the short-term but fall in the 
medium- to longer-term, limited by a considerable 
decline of fish stocks in capture fisheries in the next 
40 years. The increased use of chemical fertilisers 
is projected to increase yields in the agriculture 
sector in the short-term at the expenses of a longer-
term decline of soil quality. This will require more 
land - converted from forest area to farmland - to feed 
the growing population. Moreover, the increasing 
use of fossil fuels projected in the additional BAU 
scenarios will further jeopardise energy security 
and tend to slow economic growth, through higher 
energy (especially oil) prices. As a consequence of 
high fossil fuel dependency and deforestation, CO2 
emissions are projected to grow beyond BAU over 
the 40-year period. As a consequence, while GDP 
will still grow, its pressure on natural resources will 
increase, pushing our ecological footprint to over 
two times the available biocapacity by 2050 and 
atmospheric carbon concentrations to over 1,000 
ppm by 2100.

In the green economy scenarios, one observes 
significant efficiency improvements, resource 
conservation and carbon mitigation, which 
contribute to stronger and more resilient economic 
growth in the medium- and long-term. The 

26. Such issues are discussed in more detail in the chapters on enabling 
conditions and finance.

sustainable management of natural resources, 
resulting from a reduction in fishing capacity, a 
decline in deforestation, the promotion of organic 
fertiliser and a reduction in fossil fuel use, will allow 
the restoration of stocks of key natural resources, or 
greatly mitigate their depletion. For example, fish 
stocks, forestland and soil quality are estimated to 
increase by 64 to 106 per cent, 21 per cent and 21 to 
27 per cent respectively relative to BAU by 2050, with 
clear benefits for the productivity of these sectors. 
In addition, the efficiency improvement of water and 
energy use in a number of sectors will considerably 
curb the consumption of these resources (below 
BAU by 34 to 50 per cent for fossil fuels and 24 to 
19 per cent for water in 2050) and avoid negative 
consequences arising from their depletion. With 
increased carbon sequestration from forests, 
the potential sequestration from conservation 
agriculture (still to be estimated in detail), and the 
substitution of traditional energy resources with 
low-carbon alternatives, CO2 and GHG emissions, 
will be considerably lower than BAU over the next 
40 years. 

Increasingly decoupled from the consumption 
of natural resources, GDP growth under a green 
scenario is expected to surpass that under BAU in 
the medium- to long-term. Taking into account the 
improved maintenance of natural capital in the 
G1 and G2 scenarios, an adjusted measure of net 
domestic product would probably perform even 
more favourably relative to the BAU scenarios (see 
Box 1). Driven primarily by green investments and 
the subsequent push to economic development, 
total net direct employment in the sectors analysed 
in this chapter is projected to be lower than 
additional BAU cases in the short-term, and to then 
rise above all BAU scenarios in the medium to long 
run (2-3 per cent above BAU1 and BAU2 scenarios, 
respectively, and 8 to 14 per cent above BAU in 
2050). When total employment is considered, the 
green scenarios are expected to converge to the  
corresponding BAU cases in the longer-term, and 
exceed BAU by 3 to 5 per cent in 40 years. These results 
point to the need for policies that recognise and manage  
the transition costs involved in moving towards  
a green economy, with a focus on an equitable 
distribution of costs and benefits that emerge from 
new opportunities.
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2011 2015 2020

Unit BAU BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2

Economic sector

Real GDP US$ bn/year 69,334 78,651 79,306 77,694 78,384 78,690 91,028 92,583 88,738 90,915 92,244

GDP per capita US$ bn/year 9,992 10,868 10,959 10,737 10,832 10,874 12,000 12,205 11,698 11,983 12,156

Agriculture production * US$ bn/year 1,921 1,965 1,967 1,945 1,963 1,976 2,066 2,071 2,035 2,146 2,167

     Crop US$ bn/year 629 674 677 657 679 691 713 718 690 726 744

     Fishery US$ bn/year 106 101 101 99 73 75 95 95 88 69 72

     Forestry US$ bn/year 748 718 718 718 740 740 747 747 747 840 840

     Livestock US$ bn/year 439 471 471 471 471 471 511 511 511 511 511

Industry  
production

US$ bn/year 17,168 19,304 19,457 19,146 19,363 19,439 22,091 22,444 21,727 22,330 22,642

Services  
production

US$ bn/year 50,245 57,382 57,882 56,604 57,058 57,275 66,871 68,068 64,975 66,439 67,434

Consumption US$ bn/year 53,368 60,539 61,044 59,803 60,334 60,569 70,066 71,263 68,303 69,979 71,002

Investment US$ bn/year 15,966 18,874 19,798 17,892 18,240 18,502 21,847 23,118 20,435 21,157 21,689

Additional  
investment

US$ bn/year 0 763 1,535 0 760 1,524 885 1,798 0 883 1,788

Social sector

Total population billion people 6.9 7.2 7.2 7.2 7.2 7.2 7.6 7.6 7.6 7.6 7.6

Calories per capita Kcal/P/D 2,787 2,829 2,857 2,791 2,834 2,865 2,887 2,946 2,802 2,897 2,955

Population below $2/day % 19.5% 18.1% 17.9% 18.3% 18.1% 18.1% 16.4% 16.2% 16.9% 16.5% 16.2%

HDI Index 0.594 0.600 0.601 0.600 0.600 0.601 0.610 0.611 0.608 0.611 0.613

Total  
employment

million people 3,187 3,407 3,419 3,392 3,420 3,441 3,685 3,722 3,641 3,676 3,701

     Agriculture million people 1,075 1,119 1,123 1,113 1,147 1,167 1,185 1,200 1,167 1,215 1,244

     Industry million people 662 725 728 723 722 721 803 810 796 793 790

     Services million people 1,260 1,366 1,371 1,361 1,357 1,357 1,491 1,506 1,476 1,465 1,461

     Fisheries million people 29 28 28 28 21 21 27 27 24 19 20

     Forestry million people 21 20 20 20 21 21 21 21 21 24 24

     Transportation million people 70 75 75 74 79 79 79 80 78 85 85

     Energy million people 19 20 20 20 20 21 20 20 20 19 21

     Waste million people 20 20 20 20 20 21 21 21 21 21 21

     Water million people 31 34 34 34 33 33 37 37 37 35 35

Environmental sector

Forest land billion ha 3.9 3.9 3.9 3.9 4.0 4.0 3.9 3.9 3.9 4.0 4.0

Arable land billion ha 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6

Harvested area billion ha 1.20 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

Unit BAU BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2

Water demand km3/Yr 4,864 5,264 5,275 5,251 5,079 5,081 5,767 5,792 5,737 5,357 5,375

Waste generation Mtonnes/year 11,238 11,514 11,527 11,475 11,607 11,660 11,836 11,864 11,775 12,002 12,084

Total landfill billion tonnes 7.9 8.4 8.4 8.4 8.0 8.0 9.0 9.0 9.0 7.6 7.7

Fossil fuel CO2 emissions Mtonnes/year 30,641 33,269 33,557 32,867 31,966 30,746 36,556 37,069 35,645 33,231 30,323

Footprint/ 
biocapacity

Ratio 1.5 1.6 1.6 1.6 1.5 1.5 1.7 1.7 1.6 1.5 1.4

Primary energy demand Mtoe/year 12,549 13,589 13,674 13,470 13,315 13,245 14,926 15,086 14,651 14,120 13,709

Coal production Mtoe//year 3,620 4,098 4,150 4,026 3,975 3,858 4,592 4,671 4,435 4,202 3,907

Oil production Mtoe/year 3,838 4,059 4,079 4,028 3,847 3,704 4,344 4,398 4,264 3,907 3,591

Natural gas production Mtoe/year 2,715 2,886 2,897 2,869 2,840 2,804 3,233 3,259 3,195 3,107 2,980

Nuclear power Mtoe/year 755 807 807 807 820 848 869 869 869 897 956

Hydro power Mtoe/year 257 279 279 279 280 280 309 309 309 310 311

Biomass and waste Mtoe/year 1,077 1,132 1,132 1,132 1,208 1,372 1,202 1,203 1,201 1,289 1,484

Other renewables Mtoe/year 286 328 328 328 344 378 377 377 377 410 481

RE share of primary demand % 13% 13% 13% 13% 14% 15% 13% 13% 13% 14% 17%

Table 7: Main indicators in BAU and green investment scenarios
* Note: Agriculture production includes production of crops, livestock, fisheries and forestry products. All monetary values are presented in constant 2010 US dollars.  
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2011 2030 2050

Unit BAU BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2

Economic sector

Real GDP US$ bn/year 69,334 116,100 119,307 110,642 117,739 122,582 164,484 172,049 151,322 174,890 199,141

GDP per capita US$ bn/year 9,992 14,182 14,577 13,512 14,358 14,926 18,594 19,476 17,068 19,626 22,193

Agriculture production * US$ bn/year 1,921 2,259 2,268 2,219 2,383 2,421 2,545 2,559 2,494 2,773 2,852

     Crop US$ bn/year 629 786 795 752 806 836 898 913 849 941 996

     Fishery US$ bn/year 106 83 83 75 69 76 61 61 57 72 91

     Forestry US$ bn/year 748 803 803 803 918 918 870 870 870 1,038 1,039

     Livestock US$ bn/year 439 588 588 588 589 590 716 715 718 721 726

Industry  
production

US$ bn/year 17,168 27,629 28,311 26,831 28,614 29,692 37,738 39,218 35,571 41,455 46,588

Services  
production

US$ bn/year 50,245 86,212 88,727 81,592 86,742 90,469 124,201 130,272 113,258 130,661 149,701

Consumption US$ bn/year 53,368 89,364 91,833 85,163 90,626 94,354 126,606 132,429 116,476 134,616 153,282

Investment US$ bn/year 15,966 27,872 29,808 25,479 27,401 28,825 39,493 42,996 34,847 40,704 46,831

Additional  
investment

US$ bn/year 0 1,137 2,334 0 1,150 2,388 1,616 3,377 0 1,719 3,889

Social sector

Total population billion people 2,787 2,973 3,050 2,840 3,001 3,093 3,178 3,273 2,981 3,238 3,382

Calories per capita Kcal/P/D 19.5% 14% 14% 15% 14% 13% 10% 10% 11% 10% 8%

Population below $2/day % 0.594 0.630 0.633 0.626 0.635 0.643 0.671 0.680 0.663 0.688 0.714

Unit BAU BAU1 BAU2 BAU G1 G2 BAU1 BAU2 BAU G1 G2

HDI Index 0.594 0.630 0.633 0.626 0.635 0.643 0.671 0.680 0.663 0.688 0.714

Total  
employment

Mn people 3,187 4,137 4,204 4,057 4,108 4,143 4,739 4,836 4,613 4,762 4,864

     Agriculture Mn people 1,075 1,331 1,371 1,284 1,351 1,393 1,580 1,656 1,489 1,618 1,703

     Industry Mn people 662 923 931 915 907 900 1,064 1,067 1,059 1,051 1,042

     Services Mn people 1,260 1,663 1,680 1,643 1,629 1,622 1,837 1,851 1,813 1,836 1,843

     Fisheries Mn people 29 23 23 21 19 21 17 17 16 20 25

     Forestry Mn people 21 23 23 23 26 26 25 25 25 30 30

     Transport Mn people 70 89 90 87 100 98 99 120 122 117 130

     Energy Mn people 19 19 19 19 18 20 19 19 19 18 23

     Waste Mn people 20 22 22 22 22 23 24 24 23 25 26

     Water Mn people 31 43 44 43 37 38 43 44 43 43 44

Environmental sector

Forest land billion ha 3.9 3.8 3.8 3.8 4.1 4.1 3.7 3.7 3.7 4.5 4.5

Arable land billion ha 1.6 1.6 1.6 1.6 1.5 1.5 1.6 1.6 1.6 1.5 1.5

Harvested area billion ha 1.20 1.27 1.27 1.27 1.25 1.25 1.31 1.31 1.31 1.26 1.26

Water demand km3/Yr 4,864 6,735 6,784 6,668 5,810 5,889 8,320 8,434 8,141 6,220 6,611

Waste generation Mtonne/Yr 11,238 12,445 12,499 12,342 12,785 12,946 13,400 13,505 13,201 14,305 14,783

Total landfill billion Tonnes 8 10 10 10 6 6 12 12 12 1 2

Fossil fuel CO2 emissions Mtonne/Yr 30,641 42,669 43,785 40,835 35,635 29,967 53,703 55,684 49,679 29,943 20,039

Footprint/ 
biocapacity

Ratio 1.5 1.8 1.8 1.8 1.6 1.4 2.2 2.2 2.1 1.4 1.2

Primary energy demand Mtoe/year 12,549 17,407 17,755 16,832 15,107 14,269 21,044 21,687 19,733 14,562 13,051

Coal production Mtoe/year 3,620 5,447 5,636 5,143 4,126 3,660 7,512 7,930 6,602 2,677 2,049

Oil production Mtoe/year 3,838 4,910 5,019 4,726 4,026 3,478 4,968 5,102 4,727 3,770 2,724

Natural gas production Mtoe/year 2,715 3,901 3,951 3,816 3,578 3,218 4,906 5,000 4,744 4,114 3,239

Nuclear power Mtoe/year 755 968 968 968 1,024 1,151 1,089 1,089 1,089 1,179 1,500

Hydro power Mtoe/year 257 373 373 373 374 377 459 459 459 461 467

Biomass and waste Mtoe/year 1,077 1,341 1,342 1,339 1,447 1,709 1,525 1,524 1,528 1,687 2,079

Other renewables Mtoe/year 286 467 467 467 532 676 584 584 584 673 992

RE share of primary demand % 13% 13% 12% 13% 16% 19% 12% 12% 13% 19% 27%

Table 7: Main indicators in BAU and green investment scenarios (continued)
* Note: Agriculture production includes production of crops, livestock, fisheries and forestry products. All monetary values are presented in constant 2010 US dollars.  
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Table 8: Comparison (per cent) of main indicators in G1 scenario relative to BAU1 scenario (1 per cent case), 
and G2 scenario relative to BAU2 scenario (2 per cent case)
* Note: Agriculture production includes production of crops, livestock, fisheries and forestry products. 

2015 2020 2030 2050
1% case 2% case 1% case 2% case 1% case 2% case 1% case 2% case

Economic sector
Real GDP -0.3 -0.8 -0.1 -0.4 1.4 2.7 6.3 15.7
GDP per capita -0.3 -0.8 -0.1 -0.4 1.2 2.4 5.6 13.9
Agriculture 
production * -0.1 0.5 3.9 4.7 5.5 6.7 9.0 11.4

     Crop 0.6 2.1 1.7 3.6 2.6 5.2 4.9 9.0
     Fishery -27.6 -26.1 -27.1 -23.9 -15.9 -7.6 17.8 47.5
     Forestry 3.0 3.0 12.5 12.5 14.4 14.4 19.4 19.5
     Livestock 0.0 0.0 0.0 0.0 0.2 0.3 0.7 1.6
Industry  
production 0.3 -0.1 1.1 0.9 3.6 4.9 9.9 18.8

Services  
production -0.6 -1.0 -0.6 -0.9 0.6 2.0 5.2 14.9

Social sector
Total population 0.0 0.0 0.0 0.0 0.2 0.3 0.7 1.6
Calories per capita 0.2 0.3 0.3 0.3 0.9 1.4 1.9 3.4
Population below 
$2/day 0.3 0.7 0.1 0.4 -1.3 -2.4 -6.0 -14.3

HDI 0.0 0.0 0.2 0.3 0.9 1.5 2.5 5.1
Total  
employment 0.4 0.6 -0.2 -0.6 -0.7 -1.5 0.5 0.6

     Agriculture 2.5 3.9 2.5 3.7 1.5 1.6 2.4 2.8
     Industry -0.4 -0.9 -1.3 -2.5 -1.8 -3.3 -1.2 -2.4
     Services -0.6 -1.0 -1.7 -2.9 -2.1 -3.5 0.0 -0.4
     Fisheries -27.6 -26.1 -27.1 -23.9 -15.9 -7.6 17.8 47.5
     Forestry 3.2 3.2 12.7 12.7 14.6 14.6 19.8 19.9
     Transport 6.0 5.5 7.5 6.7 10.1 10.0 3.0 6.4
     Energy 0.1 6.8 -3.1 3.2 -5.9 4.8 -6.3 21.0
     Waste 0.8 1.2 1.4 1.9 2.7 3.6 6.8 9.5
     Water -3.5 -3.7 -7.1 -7.2 -13.7 -13.2 -25.2 -21.6
Environmental sector
Forest land 1.3 1.4 3.2 3.3 7.9 8.1 21.1 21.2
Arable land -1.1 -1.1 -2.6 -2.6 -5.8 -5.8 -11.4 -11.4
Harvested area -0.3 -0.3 -0.7 -0.7 -1.7 -1.6 -3.8 -3.7
Water demand -3.5 -3.7 -7.1 -7.2 -13.7 -13.2 -25.2 -21.6
Waste  
generation 0.8 1.2 1.4 1.9 2.7 3.6 6.8 9.5

Total landfill -5.3 -4.9 -15.6 -15.1 -39.0 -38.3 -87.6 -87.2
Fossil fuel CO

2 
emissions -3.9 -8.4 -9.1 -18.2 -16.5 -31.6 -44.2 -64.0

Footprint/ 
biocapacity -5.0 -7.5 -7.1 -12.5 -12.8 -21.5 -37.8 -47.9

Primary energy 
demand -2.0 -3.1 -5.4 -9.1 -13.2 -19.6 -30.8 -39.8

Coal production -3.0 -7.0 -8.5 -16.4 -24.3 -35.1 -64.4 -74.2
Oil production -5.2 -9.2 -10.1 -18.4 -18.0 -30.7 -24.1 -46.6
Natural gas 
production -1.6 -3.2 -3.9 -8.5 -8.3 -18.6 -16.1 -35.2

Nuclear power 1.6 5.0 3.2 10.0 5.9 19.0 8.3 37.8
Hydro power 0.1 0.3 0.2 0.6 0.3 1.0 0.4 1.8
Biomass and 
waste 6.7 21.2 7.2 23.4 7.9 27.4 10.6 36.4

Other  
renewables 4.9 15.2 8.7 27.3 13.8 44.7 15.2 69.9

RE share of  
primary demand 7.5 20.5 12.4 32.5 24.3 57.5 58.7 129.1
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Annex 1. Technical specifications of 
the Threshold 21 (T21) World model
Finding that currently available national and global 
planning models are either too detailed or narrowly 
focused, and perhaps too decision oriented and 
prescriptive, this study proposes an approach that 
a) extends and advances the policy analysis carried 
out with existing tools by accounting for the dynamic 
complexity embedded in the systems studied, and 
b) facilitates the investigation and understanding of 
the relations existing between energy and society,  
economy and the environment. This is crucial, since 
understanding the characteristics of real systems, 
feedback, delays and non-linearity is fundamental 
for the correct representation of structures, whose  
behaviour is outside their normal operating range 
(Sterman 2000; see also Figure 1). The inclusion of 
cross-sectoral relationships - social, economic and 
environmental - allows for a wider analysis of the 
implication of policies by identifying potential side 
effects or longer-term bottlenecks for development. In 
other words, a policy can have very positive impacts 
for certain sectors and create issues for others. Also, 
successful policies in the longer-term may have negative 
short-term impacts, for which mitigating actions may be 
designed and implemented.

As indicated earlier, the approach proposed uses  
System Dynamics as its foundation and incorporates 
various methodologies, such as optimisation (in the 
energy sector) and econometrics (in the economic 
sectors). The integrated global model is used to: 
(1) provide an integrated analysis and evaluation 
of investment choices; (2) generate projections of  
future developments (though acknowledging that 
long-term accurate projection cannot easily be 
produced, even when simulating a large number of  
endogenous key variables (Sarewitz 2000); (3)  
increase the understanding of the relations underlying 
the system analysed; and (4) and bring consistency to 
models. 

The Threshold21 (T21) World model (T21-World) is 
structured to analyse medium- long-term development 
issues. The model integrates in a single framework the 
economic, the social, and the environmental aspects of 
development planning. T21-World modelling structure 
includes both monetary and physical indicators, to 
fully analyse the impacts of investments on natural 
resources, low-carbon development, economic growth 
and job creation. Key characteristics of the model are 
highlighted below.

Boundaries: Variables that are considered an essential 
part of the development mechanisms, object of the 
research, are endogenously calculated. For example, 
GDP and its main determinants, population and its main 
determinants, and the demand and supply of natural 
resources are endogenously determined. Variables that 
have an important influence on the issues are analysed, 
but those that are only weakly influenced by the issues 
analysed or that cannot be endogenously estimated 
with confidence are exogenously represented. 

Granularity: The T21-World model presented in this 
chapter is a global model, with no regional or national 
disaggregation; although, the model is routinely 
developed for specific countries, and is applicable at 
other scales such as communities.27 Nonetheless, the 
main social, economic and environmental variables of 
T21-World are disaggregated in considerable detail. For 
example, population is divided into 82 age-cohorts and 2 
genders, and the age-gender distinction is used in most 
social indicators; production is divided into industry, 
services and agriculture, this last further divided into 
crops, fishery, animal husbandry and forestry; land is 
divided into forest, agriculture, fallow, urban and desert. 
Finally, given its level of aggregation, the model is 
generally based on global average values for variables 
such as unit costs and prices.

Time horizon: T21-World is built to analyse medium- 
to long-term development issues. The time horizon 
for simulation begins in 1970 and extends to 2050. 
Beginning the simulation in 1970 ensures that, in most 
cases, the historical patterns of behaviour characterising 
the issues being investigated can be replicated by the 
model. 

Modules, sectors and spheres: T21-World is a relatively 
large model, which includes more than 200 stock 
variables and several thousand feedback loops. Because 
of its size and level of complexity, the structure of the 
model has been reorganised into smaller logical units, 
called modules. A module is a structure, whose internal 
mechanisms can be understood in isolation from the 
rest of the model.28 The 80 modules comprising T21-

27. As it is emphasised later on in the text, although it is possible to 
understand the internal mechanism of a specific module in isolation 
from the rest of the model, the fully understanding of its functioning and 
relevance requires studying its role in the whole model’s structure.

28. For more information, see Bassi and Baer (2009), Bassi and Yudken 
(2009), Bassi and Shilling (2010), Bassi et al. (2009a, 2009b, 2010), Magnoni 
and Bassi (2009), Pedercini and Barney (In Press), Yudken and Bassi (2009).
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World are grouped into 18 sectors: 6 social, 6 economic 
and 6 environmental sectors, as listed in Table 9. Sectors 
are groups of one or more modules of similar functional 
scope. For example, the water sector groups both the 
water demand and water supply modules. Finally, for 
convenience in summarising and communicating the 
results, society, economy and environment are known as 
the three spheres of T21-World. All sectors in T21 belong 
to one of the three spheres,29 depending on the type of 
issue they are designed to address. Modules are built to 
be in continuous interaction with other modules in the 
same sector, across sectors, and across spheres.30 Table 9 
lists the spheres, sectors and modules of T21-World.

The Social sphere of T21-World contains detailed 
population dynamics organised by gender and age 
cohort. Fertility is a function of the level of income and 
education and mortality rates are determined by the 
level of income and the level of access to basic health 
care. Access to education and health care services, 
nutrition, employment and basic infrastructure are also 
represented in this sphere. Access to basic social services 
is used – in addition to income – to determine poverty 
levels in a broad sense. Social development is highly 
connected to economic performance in T21-World. As 
economic conditions improve, a higher proportion of 
expenditure is allocated to health care and education, 
among others, increasing labour productivity and, thus, 
faster economic growth.

The Economy sphere of the model contains several 
major production sectors (agriculture, fishery, forestry, 
industry and services). Production is generally 
characterised by modified Cobb-Douglas production 
functions (See Box A1) with inputs of labour, capital, and 
technology, with the specification varying from sector 
to sector. Agriculture, fishery and forestry production 
is highly influenced by the availability and quality of 

29. In certain country customisations, with energy being a key area 
of analysis and using a variety of modules, we represent it as the 4th 
sphere of T21.

30. Causal loop diagrams (CLD) highlighting the main structural 
components of each sector modelled and analysed in the GER are 
presented in section VII, Technical Background Material.

natural resources. While capital and labour contribute 
to production, the stock of fish, forest and the quality of 
soil - together with water availability for agriculture - are 
also important determinants of output in these sectors.

For this reason T21-World tracks the physical flow of key 
natural resources, endogenously calculating depletion 
and its impacts on production.31 Further, production in 
the three major economic sectors is influenced by social 
factors, such as life expectancy and education level, 
included in the calculation of total factor productivity 
(TFP) together with the impact of natural resources 
availability and energy prices. These feedback effects 
are sufficiently important that in the business-as-usual 
scenario, the annual rate of world GDP growth gradually 
falls from about 2.7 per cent per year in the period 2010–
2020 to 2.2 per cent in the period 2020–2030 and further 
to 1.6 per cent in the period 2030–2050.

The Environment sphere tracks land allocation, water, 
waste and energy demand and supply. T21-World 
calculates also air emissions (CO2, CH4, N2O, SOX 
and greenhouse gas) and the ecological footprint. 
Economic activities and demographic growth create 
increasing pressure on natural resources, while at 
the same time allowing for development of better 
and more efficient technologies. In the case of 
energy, stocks of fossil fuel resources and reserves 
are explicitly and endogenously modelled. These 
stocks are among the primary drivers of fossil fuel 
prices, which are calculated by taking into account 
short and longer term trends. Fossil fuel prices, in 
turn, influence oil exploration and discovery as well as 
energy demand, and, as a consequence, oil recovery 

– creating a variety of feedback loops (see Bassi 2009, 
and section III in the Technical Background Material 
for more details).

In order to validate the model, both structural and 
behavioural tests were carried out. On the structural 
validation, T21-World and its sectors were designed 
based on existing state-of-the-art sectoral models  
with updated data. The knowledge gained through 
the review of these models was then translated into 
T21-World, exogenous inputs were replaced with 
endogenous ones, and causal relations were explicitly 
represented in a disaggregated manner. The new 
structure of each sector was then verified and validated 
comparing the behaviour of the model against 
historical data (normally from 1970 until 2008). More 
detailed analyses were then performed to identify and 
analyse the causal relations included in the model and 
the relevance of exogenous assumptions (or drivers), 
through the simulation of sensitivity analyses for  

31. There is no requirement imposed, even in the green investment 
scenarios, that stocks reach an equilibrium state.

Figure A1: Spheres and sectors of T21-World

Society Economy Environment

Population Agriculture Land

Nutrition Fishery Water

Education Forestry Energy

Employment Industry Waste

Poverty Services Emissions

Public infrastructure Economic accounts Footprint
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selected variables (e.g. availability of reserves and 
resources, or the elasticity of GDP to oil prices). Further, 
extreme condition tests, feedback loop analysis as 
well as unit consistency tests were performed on all  
models. Further, boundaries as well as structural 
(i.e. causal relations and equations) and parameter 
consistency tests were normally checked with experts in 
the field analysed. Overall, the structure of the models 
presented in the five studies presents less detailed 
disaggregation but higher dynamic complexity (cross 
sectoral relationships and feedback loops) when 
compared with other existing models (e.g. MARKAL, 

in the energy sector). In other words, each sector 
developed for the studies is relatively simple when 
taken in isolation, and the complexity comes out of the 
feedback loops built into the model across modules and 
sectors.

Concerning behavioural validation, over 450 social, 
economic and environmental variables were simulated 
against history. Historical projections generally match 
well with data, as partly illustrated in Figures 5, 6, 8 and 9, 
and, as shown in section III in the Technical Background 
Material. During the modelling process particular 

Box A1: The Cobb-Douglas production function in T21 for agriculture, 
industry and services macro sectors

 The classic form of the CD production function is expressed as following:

 Y = A × Kα × L(1-α)

Where here the traditional technology term, A, is used to represent a series of factors affecting total factor productivity 
(TFP; as in a growth accounting approach), K represents the stock of capital, and L represents labour. The constant α 
represents the elasticity of output to capital: the ratio between the percentage change of output and the percentage 
change of an input. The elasticity of output to labour is set to 1-α, assuming that there are constant returns to 
scale (the production function is thus first order, homogeneous). In T21 the standard CD production function is 
transformed into a more transparent algebraic form, and TFP is expanded to include several different elements. 

The equation used to estimate industry production is as shown below:

 yit = yi0 × rict
α × rilt

β × fpit

Where  yit  is the current industry production,  yi0  is the initial industry production, rict is the relative industry capital 
(relative to 1970), ricl  is the relative industry labour and  fpit is the industry total factor productivity. Moreover, α is 
the elasticity of capital and β is the elasticity of labour. The T21 takes an approach whereby total factor productivity 
is comprised of a number of components related to human and natural capital. Thus, total factor productivity in 
industry fpit is determined by a range of human and natural capital related components, including health (relative 
life expectancy rlet), education (relative years of schooling  ryst), energy (relative oil price ropt ), relative waste recycle 
rate rwrt , and relative water stress rwst. The total factor productivity of industry is calculated as follows, with relative 
oil price and water stress having a negative impact on productivity, reflecting the negative effects that scarcities 
of these have on industrial production, either through higher prices or other costs that have to be incurred to 
compensate:

  ƒpit  = ryst
α / ropt

c × rlet
β × rwrt

d ×  rwst
e

The equation used to estimate agricultural production is defined in terms of yield, still determined by a transformed 
Cobb-Douglas production function, uses different inputs for TFP. The equation below is used to estimate natural 
yield per hectare. Effective crop yield is the natural crop yield per hectare minus yield lost due to pest diseases. By 
multiplying the harvested area by effective crop yield per hectare, we determine the total crop yield. Total crop 
yield multiplied by crop value added gives agriculture (food processing) production, or the total value added.

 yt = yit-1 × rct
α × rlt

β × ƒ(R & D, sq, ƒt, , 1/ws)

Where  yt  is the current natural crop yield per hectare, yit-1 is the initial natural crop yield per hectare,  rct 
 is the relative 

capital, and  rlt
  is the relative labour. Where ƒ is the effect of R & D (relative research and development), sq (relative 

soil quality), ƒt (relative fertiliser use) and ws (relative water stress) on crop yield. Moreover, α is the elasticity of 
capital and β is the elasticity of labour. Labour in the agriculture production function represents human capital that 
consists of quantity and quality of labour. The quantity of labour is agriculture employment while quality of labour 
is determined by literacy (average years of schooling) of the labour force and health conditions (life expectancy).
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emphasis was given to the analysis of the performance 
of aggregated indicators, and details were added and 
more carefully addressed in the models of the specific 
sectors analysed in the GER - where adding granularity 
was useful to provide insights on the impact of selected 
investments. Furthermore, future projections were 
compared with those from other organisations, as 
shown in section III of the Technical Background Material, 
including among others, the IEA, FAO, World Bank, 
UNIDO, United Nations Population Division, United 
Nations Statistics Divsion, and McKinsey & Company.

Finally, it is worth mentioning at the outset that the 
model has several limitations relative to the breadth of 
the GER. T21-World is a global model (with no regional or 
national disaggregation, and no explicit representation 
of trade) that focuses on medium- to longer term trends. 
In addition, T21-World includes only a limited amount 
of feedbacks linking GHG emissions to health and 
economic activity, and accounts for a limited number 
of natural resources (e.g. details on stock of non-fuel 
minerals are not included in the model). Further, the 
model does not quantify biodiversity and does not fully 
capture a number of important features of the labour 
market (while labour force, employment figures and 
income are calculated endogenously, disaggregated 
real wages by sector are not estimated and the quality 
of work, or “decent work”, could not be determined with 
confidence). Finally, the capital and financial markets  
are not specifically modelled, and T21-World uses a 
supply-side approach to production, although in many 
cases both demand and supply are calculated at the 
sectoral level.32  33 

32. Other existing models used to support medium- to longer term 
planning exercises and analysis face similar issues, and often have very 
narrow boundaries compared to T21-World. OECD models employed 
to project scenarios presented in their environmental outlook do not 
explicitly account for the labour market and unemployment, and World 
Bank budgetary frameworks often do not single out capital and financial 
markets. Sectoral models - normally based on case studies - exist, but 
there is little agreement on the extent to which these relate to other 
sectors and dynamic projections of future trends are normally missing. 
More details on model specifications are provided in various sections of 
the Technical Background Material.

33. More information on T21, and several customizations and country 
applications can be found at www.millennium-institute.org. Selected 
publications include: Bassi (2010a, 2011), Bassi and Baer (2009), Bassi and 
Yudken, (2009, Forthcoming), Bassi and Shilling (2010), Bassi et al. (2009a, 
2009b, 2010), Cimren et al. (2010), Magnoniand Bassi (2009), Yudken and 
Bassi (2009).
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Key messages
1. Enabling a green economy means creating a context in which economic activity increases 
human well-being and social equity, and significantly reduces environmental risks and ecological 
scarcities. Changing the economic environment in this way is an ambitious undertaking which requires 
a holistic set of policies to overcome a broad range of barriers across the investment landscape. This 
chapter identifies six key areas of policy-making which most governments will need to focus on in order 
to correct the incentive structures in current, unsustainable markets and to alter investment landscapes 
in the short to medium-term. It also raises the question of whether classical measures of economic 
performance, such as Gross Domestic Product (GDP) growth, are adequate for assessing wealth creation 
and human well-being in the transition to a green economy.

2. Carefully designed investment and spending can stimulate the greening of economic sectors. 
While the bulk of green economy investment will ultimately have to come from the private sector, the 
effective use of public expenditure and investment incentives can play a useful role in triggering the 
transition to a green economy. A number of sector chapters in the report recommend public investments 
in infrastructure and public services to enable green markets and ensure more efficient use of the 
environment and natural resources. Governments can also stimulate markets by using sustainable public 
procurement practices that create high-volume and long-term demand for green goods and services. 
This sends signals that allow firms to make longer-term investments in innovation and producers to 
realise economies of scale, leading in turn to the wider commercialisation of green goods and services, 
as well as more sustainable consumption. Investment and spending for a green economy, however, 
require regular assessments to ensure equity, transparency, accountability and cost effectiveness.

3. Taxes and market-based instruments are powerful tools to promote green investment and 
innovation. Significant price distortions exist that can discourage green investments or contribute to 
the failure to scale up such investments. In a number of economic sectors, negative externalities, such 
as pollution, health impacts or loss of productivity, are typically not reflected in costs, thereby reducing 
the incentive to shift to more sustainable goods and services. A solution to this problem is to internalise 
the cost of the externality in the price of a good or service via a corrective tax, charge or levy closer to 
the source of the pollution or, in some cases, by using other market-based instruments, such as tradable 
permit schemes. Also, markets establishing payments for providing ecosystem services, such as carbon 
sequestration, watershed protection, biodiversity benefits and landscape beauty, can influence land use 
decisions by enabling landholders to capture more of the value of these environmental services than 
they would have done in the absence of the scheme.

4. Government spending in areas that deplete environmental assets is counterproductive 
to a green economy transition. A number of the sector chapters highlight how poorly managed 
government spending can represent a significant cost to countries. Artificially lowering the price of 
goods through subsidisation can encourage inefficiency, waste and overuse, leading to the premature 
scarcity of valuable finite resources or the degradation of renewable resources and ecosystems. Such 
outdated subsidies can also be socially unfair. Moreover, they can reduce the profitability of green 
investments: when subsidisation makes unsustainable activity artificially cheap or low risk, it biases the 
market against investment in green alternatives. Reforming environmentally harmful and economically 
costly subsidies can therefore bring both fiscal and environmental benefits. However, short-term support 
measures accompanying the reform may be necessary to protect the poor.
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5. A well-designed regulatory framework creates incentives that drive green economic activity. 
The sector chapters in this report emphasise that a robust regulatory framework at the national level, 
as well as the effective enforcement of legislation, can be a potent means of driving green investment. 
Such a framework reduces regulatory and business risks and increases the confidence of investors and 
markets. The use of regulations is often necessary to address the most harmful forms of unsustainable 
behaviour, either by creating minimum standards or prohibiting certain activities entirely. In particular, 
standards can be effective in promoting markets for sustainable goods and services and can induce 
efficiency and stimulate innovation, which can have a positive effect on competitiveness. Standards 
may, however, pose a challenge to market access for small and medium-sized enterprises, particularly 
from developing countries. It is, therefore, crucial for countries to balance environmental protection 
through the use of standards and other regulations with safeguarding market access.

6. Investing in capacity building and training is essential to support a transition to a green 
economy. The capacity to seize green economic opportunities and implement supporting policies 
varies from one country to another, and national circumstances often influence the readiness and 
resilience of an economy and population to cope with change. A shift towards a green economy 
could require the strengthening of government capacity to analyse challenges, identify opportunities, 
prioritise interventions, mobilise resources, implement policies and evaluate progress. Training and skill 
enhancement programmes may also be needed to prepare the workforce for a green economy transition. 
Temporary support measures may, therefore, be required to ensure a just transition for affected workers. 
In some sectors, support will be needed to shift workers to new jobs. In developing countries, inter-
governmental organisations, international financial institutions, non-governmental organisations, the 
private sector and the international community as a whole can play a role in providing technical and 
financial assistance to facilitate the green economy transition.

7. Strengthened international governance can assist governments to promote a green economy. 
Multilateral environmental agreements, which establish the legal and institutional frameworks for 
addressing global environmental challenges, can play a significant role in promoting green economic 
activity. The Montreal Protocol on the Substances that Deplete the Ozone Layer, for instance, led 
to the development of an entire industry focused on the destruction and replacement of ozone-
depleting substances. The international trading system can also have significant influence on green 
economic activity, enabling or obstructing the flow of green goods, technologies and investments. If 
environmental resources are properly priced at the national level, then the international trading regime 
allows countries to sustainably exploit their comparative advantage in natural resources that benefits 
both the exporting and importing country. Finally, an active role by governments in international 
processes, such as the United Nations Conference on Sustainable Development in 2012 (Rio+20) and the 
United Nations Environmental Management Group’s work on green economy, can promote coherence 
and collaboration in the transition to a green economy.
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1  Introduction
A green economy focuses on improving human well-
being and reducing social inequity over the long term, 
while not exposing future generations to significant 
environmental risks and ecological scarcities. It seeks 
to do this in two ways. First, by increasing investment 
in the sustainability of ecosystem services upon which 
much of the world’s poor depend, it ensures that the 
environment can continue to be used for the benefit 
of current and future generations. Second, by basing 
strategies for economic growth on the sustainable 
use of natural resources and the environment, a green 
economy generates the long-term jobs and wealth that 
are needed to help eradicate poverty. A green economy 
also recognises that conventional economic indicators, 
such as GDP, may provide a distorted lens for economic 
performance. This is because such indicators fail to 
reflect the extent to which production and consumption 
activities may be drawing down natural capital.

The various sector chapters of this report have 
demonstrated that while there is a clear economic 
case for promoting a green economy, certain enabling 
conditions need to be created and maintained so that 
private sector actors will have an incentive to invest in 
green economic activity. This chapter focuses on these 
enabling conditions, and in particular, explores the 
measures that can be used to create them. 

Enabling conditions are defined as conditions that make 
green sectors attractive opportunities for investors 
and businesses. If the right mix of fiscal measures, 
laws, norms, international frameworks, know-how 
and infrastructure is in place, then the green economy 
should emerge as a result of general economic activity. In 
addition to these policies, creating the right conditions 
in the investment environment requires a combination 
of capacity, information, dissemination of good policy 
practice, social assistance, skills, general education and 
awareness to make sure that green measures are well 
designed, implemented, enforced and understood, 
without causing unintended impacts or being prevented 
by practical or political challenges.

Enabling conditions can be created by a wide range 
of actors and institutions, including, first and foremost, 
governments, but also intergovernmental organisations 
(IGOs), international fora such as the Asia-Pacific 
Economic Cooperation (APEC) forum or the Group 
of Twenty (G20) Finance Ministers and Central Bank 
Governors, multilateral environmental agreements 

(MEA), such as the United Nations Framework 
Convention on Climate Change (UNFCCC), international 
and national non-governmental organisations (NGOs), 
unions, and private sector actors from international 
conglomerations and large firms to small and medium-
sized enterprises (SMEs). 

This chapter focuses on the changes that could 
feasibly be introduced in the short to medium term 
by governments at all levels, from the executive power 
to particular ministries (such as those responsible for 
environment, finance and the general economy), and 
provincial and local authorities. The chapter provides a 
survey of the main categories of policy tools available 
to governments to promote a transition to a green 
economy. It begins with a discussion of five key areas 
of policy-making that have been highlighted in the 
previous chapters as creating the enabling conditions 
that support a green economy transition: 

1. using public investment and spending to leverage 
private investment, including public infrastructure 
projects, green subsidies and sustainable public 
procurement;

2. using market-based instruments, such as taxes and 
tradable permits to level the playing field and provide 
market incentives in order to promote the greening 
of key sectors; 

3. implementing subsidy reform in areas that deplete 
and degrade natural capital;

4. designing a country’s regulatory framework of 
legislation, institutions and enforcement to channel 
economic energy into environmentally and socially 
valuable activity; and 

5. the role of international frameworks that regulate 
economic activity, including the international 
trading system, in driving a green economy.

The chapter concludes with a discussion of additional 
supporting measures that may be required, namely, 
capacity building and investment in training and 
education. A summary of the enabling conditions 
identified in the sector chapters of this report is included 
in Annex 1. Given their importance and complexity, 
measures related to finance are discussed in a separate 
chapter.
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2  Key policy tools
The sections below outline the main categories of policy 
tools that governments may use to promote a transition 
to a green economy. As an introductory remark, it is 
worth noting that green economy strategies and related 
timeframes will vary based on a country’s circumstances. 
The mix of policy tools, and the timeframes for their 
implementation, will consequently vary from one 
country to another. Moreover, a country’s particular 
transition strategy may arise as a result of government 
decisions at the most senior level or may instead emerge 
gradually from initiatives being taken at a sectoral or 
sub-sectoral level by ministries and local government 
authorities, as well as in response to innovation from 
the private sector and civil society. Given these factors, 
it is not possible or advisable to prescribe a single green 
economy policy mix that is relevant and applicable to 
all countries. Rather, in supporting a green economy, 
transition countries will likely prioritise their choice of 
policy based on a number of factors, including: 

 ■ Existing development plans and commitments. These 
include state economic and development plans, national 
sustainable development strategies, poverty reduction 
strategies, and strategies for meeting the Millennium 
Development Goals (MDGs). To avoid duplication, policy 
tools for a green economy should complement and 
contribute to these existing strategies;

 ■ National circumstances. These include the cost and 
abundance of labour and capital, environmental and 
natural resource endowments, the extent of locked-in 
capital stock, availability of renewable energy resources, 
institutional capacity and governance strengths and 
weaknesses, political stability, demographic profile, and 
the strength of the private sector and social actors;

 ■ Sub-national differences. In many cases, the greening 
of key sectors will have differential impacts on rural and 
urban areas, or different sub-national regions. Regions 
with pressing environmental or social problems might 
be targeted as a focus for green development;

 ■ Culture and traditions. These factors can influence 
a community’s material aspirations and consumer 
behaviour, thereby affecting a country’s path to a green 
economy. More broadly, culture and traditions will in 
many cases require long-term attention to ensure a just 
transition; and

 ■ Costs and timescales of different policies. In some sectors, 
there are quick wins that can be targeted and achieved on 
a relatively short time scale. Elsewhere, medium- to long-

term preparation might be needed to overcome technical 
and political economy challenges. In some circumstances, 
such as the design of cities or investments in renewable 
energy, there might also be pressing reasons to act now 
to prevent significant future losses despite high financial 
and political costs in the short term.

A careful analysis of the above factors will also assist 
countries in assessing the feasibility of implementing 
a given policy reform or tool. No matter which policies 
are prioritised, the existence of robust institutions – at 
a national and an international level – is vital. Strong 
institutional capacity provides the basic functions for 
the effective design, implementation and operation 
of any policy intended to enable a green economy: 
consistent, science-based measurement, analysis and 
decision-making; inclusive consultation and strategic 
planning; monitoring the performance of policies 
and economic actors; adaptation of policies where 
necessary; enforcement of laws; transparency and 
accessibility regarding information of interest to citizens; 
and existence of systems that ensure the accountability 
of decision-makers. The need for strong institutional 
capacity reinforces the importance that should be placed 
on the international community to provide technical 
and financial assistance for building such capacities in 
developing countries.

2 1 Promoting investment 
and spending in areas that 
stimulate a green economy

While the bulk of green economy investment will ultimately 
have to come from the private sector, in some situations 
the careful use of public expenditure and investment 
incentives can play an important role in enabling markets 
to incentivise green economic activity. Such situations 
might include the need to overcome market barriers or the 
need to act quickly, due to fear of locking in unsustainable 
assets and systems, or of losing valuable natural capital that 
people depend on for their livelihoods. Three important 
focuses for public spending are: (a) the promotion of 
innovation in new technologies and behaviours that 
are vital to green markets; (b) investment in common 
infrastructure that is required for certain green innovations 
to flourish; and (c) fostering infant green industries, as part 
of a strategy to build comparative advantage and drive 
long-term employment and growth.

Public expenditure can be harnessed in a number of 
ways to alter the operation of markets. Many of these 
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measures are already being used by governments to 
support investments more generally in the economy, 
but can be targeted specifically and strategically at 
changing market dynamics for green projects, sectors 
or investors. Considerable caution is needed, however, 
in considering such strategies: fiscal resources are scarce 
and it is not possible or advisable for governments to try 
to spend their way out of an unsustainable economy. 
Ultimately, if it is to enable markets, the short-term use of 
public expenditure should be prudently applied in ways 
that alter market dynamics in the long-term. Choosing 
which green investments to support, for example, 
is not an easy task; governments have a chequered 
record of choosing specific technologies and goods 
as winners. Such decisions are particularly difficult in 
the context of immature technologies. Comprehensive 
analysis of national conditions and a range of potential 
interventions can help determine what to support and 
how – from investing in infrastructural improvements 
that will enable rural communities to embrace 
conservation agriculture, to establishing feed-in tariffs 
that will foster an infant renewable energy industry. 
Although situations vary, most interventions should:

 ■ Be aligned with sustainable development priorities, 
taking into account possible impacts across economic 
sectors;

 ■ Be aligned, where possible, with strategies to 
strengthen a country’s national comparative advantage;

 ■ Not replicate or support investments that are likely to 
be made anyway;

 ■ Be solution-neutral, avoiding designating specific 
technologies or firms as champions, and allowing 
market forces to best determine how green outcomes 
can be achieved;

 ■ Be strategically targeted to have long-term impacts 
on market dynamics, that will continue after the funding 
is withdrawn; and

 ■ Be designed with mechanisms to control costs.

The following section discusses in more detail some of 
the ways in which additional public expenditure might 
be applied, as well as how existing expenditure can be 
harnessed to stimulate markets through sustainable 
public procurement.

Public expenditure measures
There are a variety of measures that governments can 
use to promote investment in the green economy. 
Several of these measures can be considered a subsidy. 
Subsidies are not just direct financial transfers, but also 
include advantages such as exemptions from taxes or 

regulations, accelerated depreciation of assets, or below-
market access to government-owned resources. A 
number of the sector chapters in this report recommend 
that subsidies should be used to help promote 
innovation, establish green common infrastructure and 
foster green infant industries (see Box 1).

Government subsidies for innovation may be needed 
where market barriers dissuade private investments, or 
where accelerating the development of an innovation is 
clearly in the public good. Innovation – in its broadest 
sense, transformational improvements in meeting 
social needs – includes not only the development 
and deployment of new technologies, but also the 
modification of technologies to new contexts and the 
development of new behaviours. Governments can 
“push” innovation by providing subsidies to parts of 
the research and development (R&D) chain, from basic 
research in universities to applied research in labs and 
industry, often on a cost-sharing basis. In addition to 
subsidising R&D, governments are increasingly offering 
support for the demonstration of projects with costs that 
are too high to attract private investors. Alternatively, 
policies can be designed to “pull” innovation, by creating 
clear demand for, say, a certain technology in the 
marketplace, such that the private sector has a strong 
incentive to drive the innovation process.

“Pull” policies overlap with green industrial policy more 
generally – that is to say, policies dedicated to the 
creation or fostering of green markets. This might involve 
the creation of common infrastructure required to green 
economic activity, such as smart grids, or affordable 
access to broadband internet connections. It could also 
involve targeted support to key green industries. Short-
term support from governments can give businesses 
the time they need to achieve competitiveness through 
a range of factors, such as reducing costs through 
learning-by-doing and producing at economies of 
scale, or establishing a customer base through market 
recognition. Packages of investment incentives are 
also often used to attract foreign direct investment or 
retain large domestic investors. This can be particularly 
important for the stimulation of local sourcing and the 
transfer of skills and technology to domestic businesses. 

There are a large number of mechanisms that 
governments regularly employ to this end. Foregoing 
government revenue is one such example. Turkey, for 
instance, offers reduced licence fees for entities applying 
for licences to construct renewable energy facilities and 
provides deductions for the rent and right of access and 
usage of the land during the investment period (Gaupp 
2007). Tax incentives are another variant of this type of 
support. A number of municipalities in India, for instance, 
have established a rebate in the property tax for users of 
solar water heaters. In some cases this rebate is 6-10 per 
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cent of the property tax (Ministry of New and Renewable 
Energy of India 2010). Similarly, accelerated depreciation 
is often used to encourage the production of energy from 
renewable sources. It allows an investor to depreciate 
the value of eligible fixed assets at a higher rate, which 
reduces the investor’s taxable income. In Mexico, 
investors in environmentally sound infrastructure have 
benefited from accelerated depreciation since 2005, 
and in Hong Kong, buyers of environmentally friendly 
vehicles benefit from a reduction in registration tax 
and other tax incentives (National Ecology Institute of 
Mexico 2007; Environmental Protection Department of 
Hong Kong).

Loan support is also common, either through favourable 
lending conditions (such as loan guarantees or less 
stringent repayment conditions) or low-cost financing 
(such as subsidised interest rates or soft loans). These 
types of measures have been successfully implemented 
in both developed and developing countries. In Brazil, for 
instance, the São Paulo State Industrial Pollution Control 
Programme (PROCOP), established in 1980, provided 
preferential credit and technical assistance to polluters, 
making the pre-treatment process less burdensome. 
The project was funded by the state government and 
the World Bank and administered by the state pollution 
control agency, CETESB, and it is considered to have 
played an important role in encouraging environmental 
pollution control activities and improving environmental 
quality in São Paulo, Brazil (Benjamin and Weiss 1997).

Many countries also provide legislative support to 
favoured industries. The establishment of mandates can 
guarantee a market for producers, such as the European 
Commission’s Renewable Energy Directive, which 
requires EU countries to source 20 per cent of their 
energy from renewables by 2020. Feed-in tariffs operate 
in a similar fashion, by requiring electricity suppliers to 
purchase renewables-based electricity from producers 
at a certain price.

The important thing to note, however, is that none 
of these policies are free – they all use up scarce fiscal 
resources, and are vulnerable to capture by industry. 
The essence of green industrial policy should be that 
government investments are targeted at helping infant 
industries mature, are closely monitored, and are strictly 
time-limited (see Ensuring rational public expenditure 
for more information).

As an alternative to committing additional funding to 
the stimulation of green industry, governments can also 
focus on how their existing spending is being used – 
namely, sustainable public procurement. Procurement 
of goods and services by governments and state-owned 
enterprises usually represents a large proportion of total 
public spending. Analysis in 2001 estimated that OECD 
countries spent between 13-20 per cent of their GDP on 
procurement of such goods and services as buildings, 
rail and road infrastructure, cleaning and other services, 
and purchases of office supplies and energy (IISD 2008). 

Box 1: Investing in green infrastructure 

A number of sector chapters in this report 
recommend specific public investments in 
infrastructure or public services that enable green 
markets and more efficient use of the environment 
and natural resources. Improving the physical and 
telecommunications infrastructure of agricultural 
communities, for example, can stimulate growth 
in sustainable agricultural markets and provide 
employment and development opportunities in 
rural areas. 

It is estimated that the vast majority of green 
infrastructure investment will take place in 
developing countries to address issues related to 
the quality and availability of essential economic 
goods and services including energy, water, 
sanitation and transport (UNEP 2010b). These 
investment choices will have a significant bearing 
on future patterns of economic development  
and environmental conditions, and can therefore 

have a considerable impact on the transition to a 
green economy. 

Globally, it is estimated that from 2008-2009 some 
US$ 512 billion out of US$ 3.3 trillion in public 
funds committed to government stimulus packages 
was earmarked for low carbon and environmental 
infrastructure investments (Barbier 2010b). For 
example, in January 2009, at the height of the 
global recession, the Republic of Korea launched its 
national Green New Deal plan. At a cost of around 
US$ 36 billion, or approximately 3 per cent of GDP,  
the initiative aims to create 960,000 jobs based on 
green infrastructure projects and public services.  
The low-carbon projects include developing 
railroads and mass transit, fuel efficient vehicles 
and clean fuels, energy conservation and 
environmentally friendly buildings. Additional 
projects aim to improve water management and 
ecological protection (Barbier 2010a).
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Although less data is available regarding procurement 
in developing countries, literature suggests similar and, 
in some cases, higher percentages: 8 per cent of GDP in 
Kenya and Tanzania; 30 per cent in Uganda (Odhiambo 
and Kamau 2003); 35 per cent in South Africa; 43 per 
cent in India; and 47 per cent in Brazil (IISD 2008). By 
committing to purchase goods which meet certain 
criteria for sustainability, governments can therefore 
represent a powerful force of market demand.

Like many of the subsidy mechanisms identified above, 
government demand for green goods and services can 
provide businesses with a high-volume and long-term 
buyer. The market signal allows firms to make longer term 
investments in innovation, and allows producers to realise 
economies of scale, lowering costs. In turn, this can lead to 
the wider commercialisation of green goods and services 
and thereby promote sustainable consumption. One 
study examining 10 product groups found that the most 
advanced sustainable public procurement programmes 
in Europe reduced the carbon footprint of procurement 
by an average of 25 per cent (Pricewaterhouse Coopers, 
Significant and Ecofys 2009). Unlike most other subsidies, 
it can be achieved largely through the reorientation of 
existing spending. It also provides governments with 
a valuable tool to demonstrate their commitment to 
sustainable development. Nearly all developed countries 
have some kind of sustainable public procurement 
policies, and many developing countries, such as India, 
Chile, South Africa and Vietnam, are in the process of 
establishing their own (Perera, Chowdhury and Goswami 
2007) (see Box 2).

Ensuring rational public expenditure
There are a number of challenges associated with the 
implementation of public expenditure measures, and 
these challenges can be particularly pronounced in 

countries with limited institutional capacity. In some 
cases, governments may lack the capacity to design 
effective incentives and incentive schemes, or to 
implement and monitor the measures. In other cases, 
governments may lack the technical expertise to ensure 
that an asset is constructed and operated (or a service 
provided) in the most cost-effective and sustainable way, 
or there may be a lack of available public funds. A number 
of innovative initiatives have been launched to overcome 
these constraints (see Box 3).

Given the institutional capacity that is often required to 
ensure that a public expenditure measure is effective and 
leads to a desired outcome, it is important to carefully 
assess what type of measure should be used. The various 
measures discussed above have their strengths and 
weaknesses and the choice of measure depends in large 
part of the overall policy objective. For instance, direct 
spending to support the development of environmentally 
sound technologies may in some cases be preferable 
to tax incentives because it can be difficult to ensure 
that expenditure in the form of tax incentives promotes 
innovation that generates social rather than private 
benefits (UNEP 2010b). Nevertheless, where the tax 
incentive supporting technology development is based 
on performance and rewards the best observed practices, 
the instrument is likely to be efficient (OECD 2010b). 

In some cases, performance incentives may be more 
suitable for ensuring that economic activity is green. 
These incentives can be used to help reduce the cost of 
adherence to environmental and social standards without 
compromising those standards. For example, several 
regional investment incentives in India, the Philippines, 
Chile and Costa Rica have established funds for the 
certification of management systems on environmental 
and social performance. The International Organization 

Box 2: The Marrakech Task Force on sustainable public procurement 

The Marrakech Task Force on Sustainable Public 
Procurement was launched by the government 
of Switzerland in 2005, and is one of seven Task 
Forces in the Marrakech Process on Sustainable 
Consumption and Production, led by UNEP and the 
United Nations Department of Economic and Social 
Affairs (UN DESA). It is an international initiative 
to promote sustainable public procurement in 
developing and developed countries. Since 2008, 
its objective has been to roll out an approach 
for the implementation of sustainable public 
procurement in 14 countries, with pilot projects 
currently being conducted in Mauritius, Tunisia, 

Costa Rica, Colombia, Uruguay, Chile and 
Lebanon. The approach consists of first assessing a  
country’s procurement status; identifying the 
legislative framework for procurement and 
possibilities for integrating social and environmental 
criteria into procurement activities; carrying out 
a market readiness analysis to scope the existing 
supply-side capacity in sustainable goods and 
services; and finally the development of a country-
based sustainable public procurement policy, 
including a capacity-building programme for 
sustainable public procurement officers (UNEP 
2010c; UNEP 2010d).
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for Standardization estimates that these measures have 
played an important role in the uptake of the ISO 14000 
series on environmental management and the ISO 14065 
series on greenhouse gas monitoring in lower income 
countries and small organisations (IISD 2009). 

Despite their potential for kick-starting a green 
economy, once incentives and subsidies have been 
created, they can be difficult to remove as recipients 
have a vested interest in their continuation. In general, 
governments can try to keep expenses to a minimum by 
designing subsidies that are time-bound and with cost 
control in mind. For example, depending on the support 
mechanism, this might include regular programme 
reviews, with agreed conditions for adjustment, as well 
as caps on total spending and clear sunset provisions 
(Victor 2009). Moreover, an International Energy 
Agency (IEA) analysis of subsidies for renewable energy 
suggests that, where countries aim to stimulate private 
investment in a sector, it is important that the support is 
stable and predictable, gives certainty to investors, and 
is phased out over time in order to motivate innovation 
(OECD/IEA 2008).

In terms of sustainable public procurement, one 
of the biggest hurdles facing governments is that 
environmentally and socially preferable goods and 
services can have higher up-front costs than less 
sustainable alternatives. This is especially true where 
markets for green alternatives are still in their infancy. 
There are a number of strategies to reduce these costs, 
such as:

 ■ Focusing on goods and services, which promise lower 
overall costs in the short-to-medium term once their 
efficiency gains in running costs are taken into account; 

 ■ Considering long-term leasing of items such as 
electronic equipment, vehicles and furniture, which 
transfer the costs of maintenance, repair, upgrading and 
replacement back to the suppliers;

 ■ Transforming tenders for individual products into 
tenders for integrated services; and 

 ■ Exploring cooperative contracts and central 
purchasing platforms, through which the purchases of 
many agencies can be collectively negotiated to obtain 
sizable bulk discounts.

2 2 Addressing environmental 
externalities and market failures

Supporting a green economic transition will require that 
governments address existing market failures, including 
where markets are completely lacking, as is the case 
for many ecosystem services, or when markets fail to 
account for the true costs and benefits of the economic 
activity. Unsustainable economic activity often enjoys 
a price advantage when there is a negative externality; 
that is, where the production or consumption of 
goods and services has negative spill-over effects on 
third parties, the cost of which is not fully reflected in 
market prices. In essence, an externality means that 
the market price of an unsustainable good or service 
is lower than its actual social costs, with the difference 
borne primarily by people other than the buyer and 
seller. For instance, in a number of economic sectors, 
such as transportation, negative externalities such as 
pollution, health impacts or loss of productivity, are 
typically not reflected in costs. The situation for waste is 
similar, where the full cost associated with the handling 

Box 3: Private finance initiatives

Where governments lack the technical expertise  
to ensure that an asset is constructed and operated 
(or a service provided) in the most cost-effective  
and sustainable way, or where the availability of 
public funds is limited, one alternative is private 
finance initiatives (PFIs). Under a PFI arrangement,  
a tender is advertised specifying what asset or service 
a government would like to achieve, including 
criteria for promoting sustainable development 
objectives. It then selects the best bidder and 
enters into a contract where the design, finance  
and construction are all provided by the 
private sector, often through a consortium of  
enterprises. The logic is that by integrating these 
functions in one package, sustainable design 

and green technologies can be planned for in an 
integrated manner and better efficiencies can be 
achieved. A variant on this model is co-investment, 
whereby the public sector provides a share of the 
project capital. 

The advantage of the PFI model is that it allows 
the private consortium to operate the asset for a 
substantial period of time, thus harnessing their 
ingenuity and efficiency and often creating cost 
savings. PFIs also involve extensive risk transfer 
to the private sector and, as a result, greater cost 
certainty for the government. Of course this comes 
at a cost – the private sector will not bear the risk 
without being compensated.
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and disposal of waste is usually not reflected in the price 
of a product or waste disposal service. Aside from the 
problem of basic fairness, this is a problem because 
in order for markets to efficiently allocate resources, 
prices need to accurately reflect the full social costs of 
economic activity. 

This section looks at how market incentives might be 
altered by improving price signals through the use 
of environmentally-related taxes and other market-
based instruments (see Boxes 4 and 5). In so doing, the 
enabling condition of a more level playing field would 
be established between green activities and their 

Box 4: Feed-in tariffs

Feed-in tariffs can be a powerful market-based 
instrument to reduce greenhouse gas emissions, 
enhance energy supply security, and enhance 
economic competitiveness. A feed-in tariff is 
regulated by the government and makes it 
mandatory for energy companies responsible for 
operating the national grid to purchase electricity 
from renewable energy sources at a pre-determined 
price that is sufficiently attractive to stimulate new 
investment in the sector (UNEP 2010e). 

Feed-in tariffs are the most common policy used 
by governments to promote renewable power 
generation. Of the 83 countries that currently have 
renewable energy policies, at least 50 countries – 
both developed and developing – and 25 states/
provinces have feed-in tariffs. Over half of these 

tariffs have been adopted since 2005 (REN21 2010). 

Analysis of the use of feed-in tariffs in the European 
Union suggests that the tariffs achieve greater 
renewable energy penetration than other market 
based instruments, and do so at lower costs for 
consumers (European Commission 2008). In Kenya, 
it is expected that a recently revised feed-in tariff 
policy will stimulate around 1300 MW of electricity 
generation capacity, contributing significantly 
to energy security in the country. Moreover, the 
Kenyan feed-in tariff is expected to stimulate the 
building of renewable energy infrastructure as well 
as lead to the implementation of projects to increase 
the capacity of sugar companies for biomass-based 
cogeneration, thereby contributing to employment 
and development in rural areas (UNEP 2010e).

Box 5: Peak pricing 

Peak pricing is a pricing technique commonly used 
by electricity distributors, whereby electricity usage 
charges are higher during periods of peak demand. 
This gives electricity consumers an incentive to 
reduce consumption, at least during peak periods. 
Peak pricing has been used by developed and 
developing countries. For instance, in 1987, peak 
pricing was introduced in some areas of China to 
address the country’s electricity supply shortages, 
and led to a variation in the cost of hydropower 
between dry and rainy seasons (Zhao 2001).

Congestion pricing is a similar technique, used 
to manage traffic congestion. One of the earliest 
examples of congestion pricing is Singapore’s road-
charging scheme, which subjects road users to a 
congestion fee each time they enter a cordoned 
area. Road charges vary depending on traffic 
conditions at the pricing points (Land Transport 
Authority of Singapore 2011). The scheme has 

proven successful in managing the congestion of 
Singapore’s roads (Keong 2002). Congestion pricing 
is a useful mechanism for making users aware of the 
negative externalities of road transport, such as air 
and noise pollution, environmental degradation 
and delays, as these costs are internalised so that 
consumers are obliged to pay for their contribution 
to traffic congestion. The economic rationale is that 
congestion charges encourage users to consider 
cheaper alternatives, such as travelling during off-
peak times, or switching to public transport.

Peak pricing and congestion pricing can 
encourage electricity and road users to reduce 
their consumption. Furthermore, peak pricing may 
facilitate increases in the proportion of electricity 
supplied by renewable sources, by enabling 
electricity distributors to manage periods when 
renewable energy supply is low, such as during 
periods of low wind or sunlight.

558



Enabling conditions

unsustainable competitors. In addition to their price 
effects, some of these policies also have the potential to 
increase public revenue, which could make an important 
contribution to the financing of a green economy. 
Generally, the key actors involved in creating this change 
are governments, although, as will be made clear in the 
subsequent discussion, there are challenges regarding 
data, implementation and politics that other actors can 
help overcome.

Environmentally related taxes 
As noted above, failing to reflect environmental 
externalities in prices makes it harder for sustainable 
alternatives to compete, biasing the market against 
investment in green sectors and retarding the 
development of green economic activity. A solution to 
this problem is to use pricing techniques to internalise 
the cost of the externality in the price of a good or service 
via a corrective tax, charge or levy, also sometimes 
referred to as full-cost pricing. Another solution is to 
use other market-based instruments, such as tradable 
permit schemes.

Environmentally related taxes can be broadly broken 
down into two categories: “polluter pays” focused on 
charging producers or consumers at the point that they 
are responsible for the creation of a pollutant; and “user 

pays”, which focuses on charging for the extraction or 
use of natural resources. Such taxes can provide clear 
incentives to reduce emissions and use natural resources 
more efficiently. Environmentally related taxes have also 
been shown to be particularly effective in stimulating 
innovation (see Box 6).

The revenue raised from environmental taxes can be 
used to mitigate the damage done by unsustainable 
production and consumption; to promote green 
economic activity; or to contribute to other priority 
spending areas. The overall tax burden can be kept 
unchanged by lowering incentive-distorting taxes 
simultaneously with the introduction of environmentally 
related taxes. This can help make green taxes politically 
more acceptable and may also result in a double or 
even triple dividend – a reduction in pollution at  
the same time as an increase in efficiency and,  
possibly, employment (Green Fiscal Commission 2009) 
(see Box 7).

Tradable permit schemes
Like taxes, other market-based instruments, such as 
tradable permits, are being increasingly used to address 
a range of environmental issues. As opposed to taxes 
which fix a price for pollution and then allow the market 
to determine the level of pollution, tradable permit 

Box 7: Green tax shifts – A double dividend for jobs and the 
environment

Governments can use taxes to put a price on pollution 
and the use of scarce natural resources, and, at the 
same time, maintain the same amount of overall tax 
revenue by proportionately reducing taxes on socially 
beneficial activity, such as human labour. A study 
by the International Labour Organization (ILO) on 
the impact on the global labour market found that 

imposing a price on carbon emissions and using the 
revenue to cut labour costs by lowering social security 
contributions would create 14.3 million net new jobs 
over a period of five years, which is equivalent to a 
0.5 per cent rise of world employment (ILO 2009). 
Even carbon-intensive industries see an increase in 
employment (ILO 2009).

Box 6: Environmental taxes and innovation 

In a recent study, the OECD found that placing 
a price on pollution creates opportunities for 
innovation as firms seek out cleaner alternatives.  
For instance, in Sweden the introduction of a tax 
on NOx emissions led to a dramatic increase in  
the adoption of existing abatement technology – 
from 7 per cent of the firms adopting the technology 
prior to the tax to 62 per cent the following  
year. Taxation has an advantage over more 

prescriptive instruments, such as regulations, by 
encouraging innovation across a range of activities 
from the production process to end-of-pipe 
measures. The study also found that the design of 
the measure is of critical importance. Taxes that  
are levied closer to the source of pollution (e.g. taxes 
on CO2 emissions versus taxes on motor vehicles) 
provide greater opportunities for innovation  
(OECD 2010b).
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schemes, including cap-and-trade systems, first establish 
an overall level of pollution allowed and then let the open 
market determine the price. Tradable permit schemes 
were first introduced by countries several decades ago 
and have gained renewed attention more recently given 
their application for addressing climate change. For 
instance, the Kyoto Protocol provides countries with the 
ability of trading greenhouse gas emissions reduction 
credits. In total, the Protocol resulted in 8.7 billion tonnes 
of carbon traded in 2009 with a value of US$ 144 billion 
(World Bank 2010). 

Likewise, markets establishing payments for providing 
ecosystem services such as carbon sequestration, 
watershed protection, biodiversity benefits and 
landscape beauty, have gained considerable attention 
over the last several years. Payments for ecosystem 
services (PES) schemes aim to influence land use 
decisions by enabling landholders to capture more of 
the value of these environmental services than they 
would have done in the absence of the scheme (Barbier 
2010a). The evidence on the effectiveness of PES 
schemes in reducing deforestation has been mixed. A 
number of studies looking at national PES schemes in 
Costa Rica and Mexico found that much of the land being 
put under payments was not at risk of being converted 
because of its low opportunity costs (Muñoz-Piña et al. 
2008; Sanchez-Azofeifa et al. 2007; Robalino et al. 2008).

As the contribution of deforestation and forest 
degradation to greenhouse gas emissions has become 
better understood, the potential to create an international 
PES scheme related to forests and carbon has become a key 
focus of international climate negotiations. The scheme, 
coined REDD (Reducing Emissions from Deforestation 
and Forest Degradation) and more recently as REDD+, 
which adds conservation, sustainable management 
of forests and enhancement of forest carbon stocks to 
the list of eligible activities, represents a multilayer PES 
scheme with transfers of finance between industrialised 
countries and developing countries in exchange for 
emission reductions. 

The sums of money being estimated for full implementation 
of REDD+ are in the tens of billions of US dollars worldwide. 
The amounts committed for preparation activities and 
bilateral programmes greatly exceed what has been 
provided so far in PES, providing grounds for optimism 
that this new mechanism can capture and transfer 
important new resources for ecosystem services provided 
by forests. Although PES will not be the only strategy 
used by governments to achieve forest-based emission 
reductions, it is likely to be important. 

Ensuring effective use of environmentally related taxes 
The sector chapters in this report identify many promising 
applications for environmentally related taxes and 

market-based instruments to internalise environmental 
externalities such as the cost of greenhouse gases, 
industrial pollutants, impacts of fertiliser and pesticide 
use, waste, and the over-exploitation of common 
resources such as fisheries, forests and water. 

Environmentally related taxation on some level has been 
used successfully by countries around the world since the 
1970s and 1980s, including China, Malaysia, Columbia, 
Thailand, the Philippines and Tanzania (Bluffstone 2003). 
China, for example, developed an extensive system of 
charges since the late 1970s, which raised over US$ 2 
billion in revenues by 1994 (OECD 2005). Likewise, levies 
on natural resource extraction are common practice and 
many developing countries are highly dependent on 
revenues from resource extractive industries (UNEP 2010b).

There are some key issues to bear in mind when 
considering the use of environmentally related taxation 
instruments. For one, their applicability is often limited to 
unsustainable economic activity that governments would 
like to reduce or better manage, not to those activities 
they want to eliminate entirely. In cases where the activity 
should be prohibited, regulatory measures are typically 
a more appropriate instrument than taxes. It is also well 
recognised in taxation literature that to be most effective, 
taxes should be levied at the point where the externality 
is created, and to the extent possible, set at a rate equal to 
the cost of the externality (UNEP 2010b; Roy 2009). 

In reality, it is not always possible to meet these 
objectives rigorously. Setting taxes at the correct 
level, for example, requires regular monitoring of 
externalities and undertaking studies to estimate 
their cost. Where tax rates are set higher than the 
amount strictly needed for internalization of the 
externalities, the end result can be a socially sub-optimal 
resource allocation in which value-generation that  
involves sustainable levels of pollution or resource 
extraction is foregone. Likewise, it is not always possible 
to directly tax the externality in question. In some 
cases, proxies are used, such as a road tax as a proxy for 
a CO2 emissions tax. However, these taxes may fail to  
discriminate between the different amounts of  
externalities generated by actors engaged in the same 
activity, such as the aforementioned road tax which is 
insensitive to more and less efficient car engines. 

As with subsidy reform, although the overall aim of a  
green tax will be to increase welfare, this net gain will 
almost certainly mask individual winners and losers 
within an economy. It is widely recognised, for example, 
that high-carbon industries such as cement or steel 
manufacturing would find it difficult to compete 
with international rivals if carbon pricing were only 
implemented in their country of operation. Similarly, 
low-income households are sensitive to any price 
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increases, energy use being a higher portion of their 
total incomes, and might be unduly affected by a new 
tax. Any increase to the overall tax burden will have some 
negative effect on economic output. For these reasons, 
comprehensive research is usually needed to estimate 
how green taxes will affect an economy and to help 
design complementary policies that can ease transition. 

Experience with existing environmentally related taxes 
shows that these dilemmas are commonly overcome  
by introducing tax exemptions to certain economic 
sectors. Although these may be effective political 
solutions, they risk weakening the incentive effect of the 
tax. Carbon tax exemptions for high-carbon producers, 
for example, often carve out exactly those firms that 
are contributing most powerfully to the problem. The 
best alternative would be international agreements – 
globally, regionally or sectorally – to tax externalities at a 
specific level, thus offsetting competitiveness concerns. 
An intermediary step towards this end-point might 
be to agree on minimum levels of taxation of certain 
externalities; or, via regional agreements, to simply 
begin by agreeing on lists of externalities to tax, but 
leaving the rate of taxation up to member countries to 
determine. Any remaining impacts could be dealt with by 
recycling tax revenues into aid for industry restructuring. 
A portion of this might involve support for capacity 
reduction, including welfare payments for unemployed 
workers and retraining schemes. Where international 
agreements cannot be reached, countries with 
ambitious internalisation policies might alternatively be 
able to negotiate conditions for the use of a border tax 
on imports in the World Trade Organization (WTO), thus 
mitigating any competitiveness impacts. 

Similar solutions are often proposed for offsetting 
any negative social impacts: tax revenues can be re-
channelled into social welfare safety nets or other 
welfare-enhancing programmes, potentially allowing 
governments to make the final outcome socially 
progressive, as opposed to simply neutral. As with subsidy 
reform, it is vital that social impacts are properly assessed 
before implementation to ensure that the right flanking 
measures are in place to deliver socially just outcomes. It 
is equally important that such complementary policies be 
well communicated if they are to help overcome political 
opposition to change. Governance is also a significant 
issue and public support for green taxation can be 
increased if governments introduce effective measures 
to ensure transparency and accountability. It should be 
noted that the practice of earmarking – committing to 
recycle revenues for particular purposes, often politically 
effective at increasing popular support for green taxes – 
is generally considered to place excessive constraint on 
public finances, particularly assuming that the share of 
revenue sourced from environmentally related taxation 
is to increase substantially (UNEP 2010b).

A green tax shift is another strategy for minimizing 
or indeed entirely offsetting the economic costs of 
increased environmentally related taxation. Revenues are 
re-chanelled by reducing taxes on things that promote 
economic and social well-being, such as jobs, incomes 
and profits (Green Fiscal Commission 2009). The goal is a 
double dividend that decreases losses in environmental 
capital at the same time as boosting employment. In the 
1990s and the early 2000s, modest green tax shifts took 
place in a number of European countries, with broadly 
positive outcomes in energy demand, CO2 emissions, 
employment and GDP.

2 3 Limiting government spending in  
areas that deplete natural capital

As noted earlier, subsidies are any form of preferential 
treatment that is provided by governments to producers 
or consumers. In their most obvious form, they are 
direct financial transfers that, for example, reduce the 
price of a good. However, support can be transferred in 
many other ways, such as tax rebates, exemption from 
legal obligations or below-market prices for access 
to government land (GSI 2010). They are a popular 
policy instrument for many governments because the 
mechanisms to implement subsidies do not require 
much administrative capability, and they can be used 
to win political support by appealing to specific lobby 
groups or the perceived needs of the general populace.

Environmentally harmful subsidies
Although, as noted above, there are legitimate 
reasons for using subsidies in some cases, they can be 
environmentally harmful in other cases. Moreover, once 
they have been created, subsidies are hard to remove, 
and they entail a high opportunity cost. According to 
analysis by the World Bank, a large number of countries 
spend more on fuel subsidies than they do on public 
health (World Bank n.d.). When spending is linked to 
product prices or volatile markets, it can increase to 
levels far beyond those originally intended. 

An International Monetary Fund (IMF) survey of 42 
developing and emerging market economies showed 
that rising oil prices in 2007 led to an average increase 
in explicit subsidies equal to 1.5 per cent of GDP and 
implicit subsidies equal to 4 per cent of GDP (Mati 2008). 
Sometimes the cost of subsidies is paid for with the long-
term deterioration of important public services. In some 
countries, utility companies are expected to absorb the 
cost of subsidizing basic goods like electricity and water, 
leading to insufficient investment in maintenance and 
asset renewal (Komives et al. 2005).

Subsidies can also encourage poor environmental and 
resource management. Artificially lowering the price of 
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goods through subsidization encourages inefficiency, 
waste and overuse, leading to the premature scarcity of 
valuable finite resources or the degradation of renewable 
resources and ecosystems. For instance, global subsidies 
to fisheries have been estimated at US$ 27 billion annually, 
at least 60 per cent of which have been identified as 
harmful, and are thought to be one of the key factors 
driving over-fishing (Sumaila et al. 2010). It is estimated 
that depleted fisheries result in lost economic benefit in 
the order of US$ 50 billion per year, more than half the 
value of global seafood trade (World Bank/FAO 2009).

Subsidies reduce the profitability of green investments. 
When subsidization makes unsustainable activity 
artificially cheap or low risk, it biases the market against 
investment in green alternatives. Fossil fuel consumption 
subsidies were an estimated US$ 557 billion worldwide 
in 2008 and production subsidies accounted for an 
additional US$ 100 billion (IEA/OPEC/OECD/World Bank 
2010) (see Figure 1). By artificially lowering the cost of 
using fossil fuels, such subsidies deter consumers and 
firms from adopting energy efficiency measures that 
would otherwise be cost-effective in the absence of 
any subsidies. Indeed, there is consensus that these 
subsidies pose a significant barrier to the development 
of renewable energy technologies (UNEP 2008a; 
World Bank 2008; el Sobki, Wooders and Sherif 2009). 
Moreover, it is estimated that phasing out all fossil fuel 
consumption and production subsidies by 2020 could 
result in a 5.8 per cent reduction in global primary 
energy demand and a 6.9 per cent fall in greenhouse gas 
emissions (IEA/OPEC/OECD/World Bank 2010).

Subsidies can be of questionable benefit to the poor. 
Subsidies are often created to benefit low-income 
households, but unless the aid is targeted the majority of 

the spending often flows to higher income households 
(UNEP 2010b). Similarly, subsidies intended to support 
small-scale businesses are often captured by large firms 
(Environmental Working Group n.d.). In other cases, 
subsidies in developed countries actively harm the poor. 
The level of government support provided to agricultural 
producers in OECD countries, for example, estimated at 
US$ 265 billion in 2008 (OECD n.d.), is significantly trade 
distorting, causing large welfare losses in developing 
countries. Similarly, half of global subsidies to fisheries are 
provided by developed countries, distorting prices and 
costs in favour of developed country fishing industries 
(Sumaila and Pauly 2006). It has been estimated that 
removing subsidies and tariffs to cotton alone would 
increase real incomes in sub-Sahara Africa by US$ 150 
million per year (Roubini Global Economics 2009).

Reforming harmful subsidies
The difficulty of reforming subsidies is practical and 
political: careful policy implementation is needed to offset 
undesired secondary impacts, and a combination of strong 
political will and compensatory policies may be necessary 
to overcome opposition from vested interests. In some 
cases, subsidy reform can negatively affect the welfare of 
the poor, and flanking measures will be required to ensure 
a socially neutral or ideally progressive outcome.

Subsidies are complicated and often poorly understood. 
The total support granted to a sector can come from 
a large number of programmes, given by different 
arms and levels of government, and the economic, 
environmental and social outcomes are complex to 
unravel. A consistent, methodical approach is for 
governments to adopt a three-stage process of: (i) 
defining their subsidies; (ii) measuring them; and (iii) 
evaluating them against the objectives of reform. Such 
an approach establishes which subsidies are harmful and 
helps decide priorities for implementation (GSI 2010).

Existing reporting and monitoring of subsidies varies 
considerably. It is most extensive and internationally 
standardised in agriculture, but in other sectors, such 
as energy and fisheries, it is weak. Every three years, 
WTO Members are required to provide new and 
full notifications of which subsidies are granted or 
maintained in all sectors, but reporting rates are low, 
notifications are often submitted late and there are 
problems with accuracy and completeness of data 
(Thöne and Dobroschke 2008).

Although national governments should theoretically 
have a strong interest in tracking their subsidy spending, 
as it facilitates the rational use of resources, there is 
often a lack of political will to act because of the way 
subsidies benefit vested interests. Where governments 
find it difficult to act for practical or political reasons, 
NGOs and IGOs can help fill the gap. Support can also be 
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offered from international forums and peers. Additional 
mechanisms, such as a template to facilitate and 
encourage full subsidy reporting to the WTO, have been 
suggested as a way to remove obstacles to monitoring 
(Steenblik and Simón 2011). 

The next step is to design a strategy for the implementation 
of subsidy reform. Although the underlying argument for 
reform is that it will improve overall welfare, there will be 
winners and losers. For example, the removal of harmful 
fishery subsidies helps to encourage the management 
of a valuable resource, improving the likelihood that it 
will permit a lower but sustainable level of employment 
in the long term and liberate revenue that can benefit 
the economy elsewhere. Another common impact of 
subsidy reform is to increase the price of goods that 
have been subsidised. Although low-income groups 
typically benefit from only a small share of subsidies, 
they spend a larger proportion of their income on basic 
goods, including food, water and energy, and can be 
disproportionately affected if subsidies for these goods 
are removed.  In some cases, careful policy sequencing 
may be required, to ensure that the poor can access 
reasonably priced alternatives to subsidised goods and 
services, as a prerequisite for subsidy removal.

The uneven distribution of the benefits and costs of 
subsidy reform explains why there is usually strong 
political opposition. Complementary measures need 
to be designed to offset some of these concerns, such 
as short-term restructuring aid for industries, support 
and retraining for workers and welfare transfers for 
the poor (see the section on Supporting Actions for 

more information). These types of programmes should 
include substantial stakeholder consultation and are 
likely to take considerable amounts of time and effort 
in countries that do not already have the resources and 
systems in place. The IMF recommends a gradual reform 
strategy and suggests a number of potential short-
term support measures, including the maintenance of 
subsidies that are most important to the budgets of the 
poor – mainly by replacing subsidies to producers with 
targeted consumption subsidies to poor households, 
and the redirection of funds into high priority areas for 
public spending, such as healthcare or education (see 
Box 8). Given the ultimate importance of stakeholder 
buy-in, a strong communication strategy is needed to 
reassure affected groups that they will be supported.

The third and final step is ongoing monitoring and 
review, essential to determine the effectiveness and any 
unintended consequences of subsidy reform, and whether 
the mitigation policies – especially financial support – are 
reaching their intended beneficiaries and achieving their 
objectives. If mitigation measures are designed with 
time boundaries or maximum levels of spending, it can 
help avoid their becoming entrenched and enable the 
government to adapt them to changing circumstances.

2 4 Establishing sound 
regulatory frameworks

The sector chapters in this report emphasise that certain 
regulatory reforms at the national level, such as those 
regarding property rights, traditional environmental 

Box 8: Energy subsidy reform in action

Cash transfers – When Indonesia reduced its energy 
subsidies and raised fuel prices in October 2005, the 
government established a year-long programme to 
transfer unconditional quarterly payments of US$ 
30 to 15.5 million poor households. Considering 
its quick implementation, the programme is 
considered to have operated well (Bacon and 
Kojima 2006). The same move was taken when fuel 
prices were raised in May 2008, with US$ 1.52 billion 
being allocated to cash transfers to low-income 
households (IISD 2010).

The proxy means testing method that was used to 
identify poor households when reforming subsidies 
was subsequently used in the government’s 
design and trial of an ongoing conditional cash 
transfer programme, the Hopeful Family Program 
(Program Keluarga Harapan), intended to increase 

the education and health of poor communities 
(IISD 2010). Payments are made to female  
household heads through post offices on the 
condition that they meet requirements to use health 
and education services (Hutagalung et al. 2009; 
Bloom 2009). 

Microfinance – In Gabon, the impact of subsidy 
reform was offset by using liberated revenue to help 
fund microcredit programmes for disadvantaged 
women in rural areas (IMF 2008).

Basic services – When Ghana reformed its fuel 
subsidies, fees for attending primary and junior-
secondary schools were eliminated and the 
government made extra funds available for primary 
healthcare programmes concentrated in the poorest 
areas (IMF 2008).
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command and control regulations, and standards, as 
well as the effective enforcement of these laws, can 
be important in driving green investment. This section 
considers key national regulatory tools identified by the 
sector chapters in this report.

A well-designed regulatory framework can create rights 
and incentives that drive green economic activity, 
remove barriers to green investments, and regulate the 
most harmful forms of unsustainable behaviour, either 
by creating minimum standards or prohibiting certain 
activities entirely. 

Regulations provide the legal basis that government 
authorities can rely on for monitoring and enforcing 
compliance. A well-designed regulatory framework can 
reduce regulatory and business risks, and increase the 
confidence of investors and markets. It is often better 
for businesses to work to clear and effectively enforced 
standards, and not have to deal with uncertainty or face 
competition from those who do not comply with the 
rules (Network Heads of European Protection Agencies  
2005). Moreover, regulations may also be particularly 
appropriate where market-based instruments are not 
applicable or appropriate, such as where no market 
exists for ecosystem services (UNEP 2010b).

In many cases, the challenge is not to establish new 
regulations but to better align existing regulatory 
frameworks with government objectives to promote 
green economic activity. Good practice in regulation 
involves periodic review, and when this is undertaken it 
should be fact-based, analytically rigorous and should 
promote procedural and legal certainty by being 
timely, transparent and non-discriminatory. To use 
regulatory tools to promote green economic activity in 
key sectors, it is important to first establish the extent 
to which existing regulatory frameworks are aligned 
with policy objectives. This makes it possible to decide 
which laws should be amended and whether or not 
any new legislation is needed. The sector chapters of 
this report have identified a number of areas where 
regulatory frameworks need to be better aligned with 
environmental and social development objectives. 
Although they may be more or less relevant depending 
on the regulatory frameworks of different countries and 
jurisdictions, they are illustrative of the type of problems 
and solutions that find their source in legislation.

Designing fair and effective rules and regulations requires 
a deep understanding of the regulated sectors. Such 
rules should seek to be open to encourage and enable 
trade, investment and financing. The Manufacturing 
chapter, for example, notes that some industries are 
highly heterogeneous, making them difficult to regulate 
without being too soft or too severe. As regulators work 

with firms to establish appropriate rules, there is also the 
risk of “regulatory capture”, where the resulting legislation 
is more in the commercial than the public interest. Even 
where a regulation is well-designed, adequate institutional 
capacity is nevertheless essential to ensure that as little 
administrative burden as possible is placed on businesses.

Standards
Standards can be effective tools for achieving 
environmental objectives and enabling markets in 
sustainable goods and services. This is because they inform 
consumers about products and production processes, and 
create or strengthen demand for sustainable products. 
Technical standards (i.e. requirements on products and/or 
processes and production methods) are mainly developed 
and implemented at the national level, although 
standards that aim at enhancing energy efficiency and 
that set targets for emission reductions are also developed 
internationally. The requirements may be based on the 
design or the particular characteristics required, such as 
many biofuel standards, or they may be performance-
based, as is the case with many energy efficiency standards 
(WTO-UNEP 2009). Mandatory standards, in particular, can 
be very effective in achieving a desired outcome.

In some cases, environmental regulation can drive 
innovation and economic growth. Companies innovate 
in response to, for example, tighter waste regulations 
by changing product design and production processes 
so that they generate less waste (Network Heads of 
European Protection Agencies 2005). It has been argued 
that countries with high environmental standards  
often have market-leading firms and record better 
economic performance than countries with lower 
standards. This is because higher standards can induce 
efficiency and stimulate innovation, which can have a 
positive effect on competitiveness for those needing to 
comply with the standards (Porter 1990). 

Nonetheless, the development of standards poses 
some risks. In many cases, it can be difficult to establish 
a standard with certainty. Even if an appropriate 
standard can be found, as time passes it can create a 
“ceiling of mediocrity”, failing to adequately promote 
further improvements in performance if there are no  
mechanisms for regular review and revision (Smith 
2008). Complex standards also risk discriminating 
against small and medium-sized enterprises, particularly 
in developing countries, which often lack adequate 
resources to comply with legislation and demonstrate 
compliance to regulatory authorities.

Property laws and access rights
In a number of chapters – Agriculture, Forests, Fisheries 
and Water – a common message emerges: unless people 
have clear rights over a resource, they will lack the incentive 
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to manage it well. In the case of agriculture, an absence or 
weakness of legal rights over a piece of land gives farmers 
little reason to manage it for the long term (Goldstein and 
Udry 2008). Access rights can also have important effects 
on the management of a resource: there is little incentive 
for individual actors to make sustainable use of fisheries 
and water resources, for example, when they know that 
other users may simply increase their own appropriations. 
This is the classic tragedy of the commons problem, and 
it can lead to degradation of the ecosystems, which are 
the basis of much economic activity and well-being, 
especially in developing countries and among the world’s 
poor (Nellemann et al. 2009). 

In addition to strong property laws that promote 
sustainable resource management, zoning regulations 
can be crucial in coordinating and integrating green 
infrastructure investments. While zoning regulations  
have long been used in developed countries, they remain 
a relatively underused policy tool in developing countries. 
Establishing strong zoning regulations, therefore, 
presents developing countries with the opportunity 
to establish clear geographical limits around cities to 
restrict urban sprawl. Well-designed zoning regulations 
can also be instrumental to create green corridors that 
protect ecosystems or to prioritise the development 
of the poorest areas of a city in an environmentally  
sustainable manner.

Property laws and zoning regulations are politically 
challenging to establish and change. The legal provision of 
rights also requires substantial administrative and judicial  
capacity, sometimes requiring modern technologies to 
enforce. These political and institutional challenges can  
come up against an additional layer of complexity when 
national legislation overlaps with international legislation, 
as in the case of transboundary fish stocks and cross-
border water sources.

Negotiated and voluntary agreements 
Not all rules and regulations are created by legislation; 
exceptions include negotiated and voluntary agreements, 
and industry self-regulation. These measures are 
established by governments negotiating with firms, or 
by one or more firms taking voluntary action themselves, 
and usually consist of non-binding commitments to 
certain standards or principles. They can be a useful 
complement to government rules and regulations as 
they take away some of the burden of information and 
administrative costs from government authorities. 
Moreover, they can be in the interest of businesses if they 
involve cost-savings (eco-efficiency) or create positive 
branding. First-mover advantage, and potentially lower 
legal and regulatory risks, may also motivate industry 
participants to enter into voluntary agreements or set up 
a voluntary regulation (Williams 2004). 

The risk of regulating via negotiated and voluntary 
agreements is that they can result in unambitious targets 
that would be achieved anyway, and some research 
has questioned their environmental effectiveness and 
economic efficiency, especially where government 
involvement is low (OECD 2003b). Nonetheless, a 
number of such agreements, such as Indonesia’s 
Program for Pollution Control, Evaluation and Rating 
(PROPER), show that in the appropriate circumstances 
they can deliver significant environmental benefits 
(Blackman 2007). In the end, they are not a substitute 
for government regulatory capacity, since without the 
credible threat of regulation as a fall-back option there 
is little incentive to comply with voluntary approaches, 
and they still require government capacity to assess 
their effectiveness against their objectives. 

Information-based tools
The sector chapters in this report also identify a  
wide number of information-based tools that can be  
used to help promote a green economy. Awareness 
campaigns, for example, can raise general understanding 
about a particular issue and can be important in 
pushing through difficult political solutions. They can 
be government-led, as in the case of independent 
commissions to research and raise awareness about a 
given issue, or NGO initiatives like the Greenpeace Stop 
Climate Change campaign (Green Fiscal Commission n.d.; 
Ranjan 2009; Greenpeace n.d.). Information programmes 
can teach people basic skills as well, and promote 
behaviour that reinforces green economy objectives. 

Governments might also introduce regulations to make 
the provision of certain information mandatory, to enable 
consumers and investors to more effectively assess 
the sustainability performance of firms, including their 
ecological and carbon footprints (see Finance chapter 
for further detail.) There are also examples of voluntary 
certification and labelling that have become an industry 
norm on their own merits before being made a legal 
requirement, such as the City of Vancouver’s energy and 
emissions targets for buildings (Coleman and Stefan 2009). 
Moreover, corporate social responsibility (CSR) programmes 
and tools have become commonplace in many companies 
and are influencing the ways in which these companies and 
their suppliers conduct business. (See Box 9)

2 5 Strengthening international  
governance

In addition to national laws, there are also a number of 
international and multilateral mechanisms that regulate 
economic activity. The following section describes 
those mechanisms that can play an important role in a 
transition to a green economy.
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Multilateral environmental agreements
Multilateral Environmental Agreements tend to focus 
on regulating unsustainable economic activity with 
standards or prohibitions. The negotiating process 
usually begins with the collective recognition of an 
environmental problem, and moves forward with 
discussions to agree on the nature of the issue, shared 
needs and goals, and finally ends with the development 
of a draft text. In some cases, the process results in legally 
binding obligations and mechanisms to encourage 
compliance, and in others only a declaration of principles 
or aspirations (UNEP 2006).

Multilateral Environmental Agreements can play a 
significant role in promoting green economic activity. 
They can be the only viable solution to the governance 
of some global common resources and, even when they 
result in relatively soft commitments, they nonetheless 
establish important principles and norms, and increase 
monitoring and information flows. Although many of the 
major global environmental issues have been tackled 
already by MEAs, there is still much room for proactive 
multilateral policy-making, whether in improving 
existing MEAs or creating new agreements. The Fisheries 

chapter, for example, highlights the need to create 
regional fisheries management organisations that have 
the “teeth” to properly manage the use of fish stocks, 
and a recent analysis of the Basel Convention, identified 
by the Waste chapter as an important regulatory tool, 
argues that its prior informed consent (PIC) system and 
compliance committee can and should be strengthened 
(Andrews 2009). 

One MEA with the potential to influence the transition 
to a green economy is the United Nations Framework 
Convention on Climate Change (UNFCCC). The UNFCCC’s 
Kyoto Protocol has already stimulated growth in a 
number of economic sectors, such as renewable energy 
generation and energy efficient technologies, in order to 
address greenhouse gas emissions. However, the future 
of the climate regime is still uncertain as negotiations 
are mired in the difficult process of designing an 
architecture to come into force after the Kyoto Protocol’s 
first commitment period ends in 2012. 

As regulatory tools, MEAs can be more or less effective, 
and more or less difficult to agree, depending on 
how they are designed and the issue in question. The 

Box 9:  Voluntary private sector action and corporate social 
responsibility  

Corporate social responsibility (CSR) is a reflection of 
the duty of the private sector “[…] to contribute to the 
evolution of equitable and sustainable communities 
and societies”, as outlined in the Johannesburg 
Declaration on Sustainable Development (paragraph 
27). It requires a voluntary commitment to enhanced 
accountability for social, environmental and economic 
impacts across an organisation’s operations and 
products.  Such voluntary commitment by leading 
companies can serve to complement and pave the 
way for eased introduction of new regulation and 
market instruments to green national economies. 
One such example is corporate initiatives on 
ecological footprinting and related labelling, which 
can benefit from recognition and incentives by 
government bodies. CSR initiatives can also serve to 
boost the policy goal of sustainable consumption 
and production (SCP), driving improved efficiency in 
the use of ecosystem services and reducing resource 
degradation, pollution and waste. 

Leading companies are increasingly adopting CSR 
as an integral element of their business strategies, 
recognising that CSR can yield tangible business 
benefits. Such benefits include cost savings, greater 

access to capital, enhanced productivity, enhanced 
product quality (through enhanced employee morale 
and better working conditions), attraction and retention 
of human resources, enhanced reputation and brand, 
and reduced legal liability (Googins et al. 2007). 

CSR can also increase the accountability and 
transparency of organisations to society through 
the use of a variety of communication instruments, 
including stakeholder engagement, product 
information and reporting systems. Reporting 
trends today are moving towards the development 
of integrated environmental, social and governance 
reporting (see, for instance, the revision process by 
the Global Reporting Initiative (GRI) of its guidelines 
for sustainability reporting, available at www.
globalreporting.org). In addition, international 
management standards such as the ISO 14000 series 
on environmental management and the recently 
adopted ISO 26000 on social responsibility offer an 
increasingly referenced framework for action. For 
example, ISO 26000 provides basic guidance on 
the underlying principles of social responsibility to 
promote a common understanding and consistent 
practices.
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Montreal Protocol, for example, is widely considered to 
be one of the most successful MEAs (see Box 10). A part 
of this success is due to its skilful drafting, which enabled 
flexible solutions and included provisions for common 
but differentiated responsibilities, as well as the creation 
of robust financing through the establishment of a 
Multilateral Fund to assist developing countries to 
comply with the control measures of the Protocol, in 
particular with the incremental costs of implementation. 
The Montreal Protocol also succeeded because of the 
nature of the problem being regulated: it could focus 
on a specific range of products for which substitutes 
could be developed, and conferred relatively large 
benefits to politically influential players at relatively low 
costs (Sunstein 2007). With a more complex issue like 
climate change – which has impacts across industries, 
comes at high cost and disputed benefits, and involves 
challenges such as the allocation of emission rights and 
the financing of adaptation – it has proven to be much 
harder to reach collective consensus.

Even when the process is relatively smooth, the 
effectiveness of MEAs is sometimes hampered by 
relatively weak enforcement mechanisms. Few 
MEAs result in punitive action, and most compliance 
mechanisms consist of self-reporting and facilitation 
measures – an area where, again, some MEAs could 
perhaps be strengthened (UNEP 2006).

International trade law
The multilateral trading system can have significant 
influence on green economic activity, enabling or 
obstructing the flow of green goods, technologies and 
investments. Much of trade’s influence − for good or 
for bad − depends on the types of domestic policies 
discussed elsewhere in this chapter. If environmental 
resources are properly priced at the national level, then 
the international trading regime should allow countries 
to sustainably exploit their comparative advantage in 
natural resources for mutual gain. Analysis in the Water 
chapter illustrates, for example, the potential for water-
scarce regions to relieve pressure on local supplies 
by importing water-intensive products from water-
abundant regions. Similarly, if domestic regimes and 
policies are in place that allow poor countries to fully 
exploit the potential gains from trade liberalization, 
then trade can be a powerful driver of development and 
poverty alleviation. 

At least part of the influence of trade stems from the 
internationally agreed rules by which international 
trade is conducted. The current WTO Doha Round  
negotiations include issues that could support the 
transition to a green economy. For example, negotiations 
are currently focused on the removal of fisheries 
subsidies, which often contribute directly to overfishing. 
Trade negotiators are also discussing the reduction of 

Box 10: The Montreal Protocol  

The implementation of the Montreal Protocol on 
Substances that Deplete the Ozone Layer has been 
successful in not only controlling substances that 
deplete the ozone layer but also in driving a green 
economy. To date, the international convention 
has reduced the production and consumption of 
nearly 100 industrial chemicals known as ozone 
depleting substances (ODS) by more than 97 per 
cent (UNEP Ozone Secretariat 2010). Most ODS have 
high global warming potential, and the phasing  
out of many of these chemicals has had the 
additional benefit of reducing greenhouse gas 
emissions by about 11 billion tonnes CO2-equivalent 
per year, which is 5-6 times the reduction target of 
the Kyoto Protocol for the period 2008-2012 (Velders 
et al. 2007). It is estimated that the implementation 
of the projects in developing countries that 
have been approved to date under the Montreal 
Protocol’s funding mechanism – the Multilateral 
Fund (see multilateralfund.org) – will result in 
climate mitigation co-benefits estimated at more 
than 3 billion tonnes of CO2-equivalent (GtCO2-eq) 
at a cost of around US$1/tonne CO2-eq. 

Other benefits derived from the implementation of 
the Montreal Protocol include savings associated 
with reduced ultraviolet radiation damage to crops, 
livestock and materials, and the avoidance of cancer 
and eye cataracts in humans. For example, the United 
States Environmental Protection Agency (US EPA) 
recently reported that the Protocol will result in the 
avoidance of more than 22 million additional new 
cataract cases for those born between 1985 and 2100 
in the US alone (US EPA 2010). 

The Montreal Protocol has also generated 
considerable economic and social benefits, including 
the creation of opportunities in the replacement and 
phase-out of unwanted ODS, the production of ODS 
substitutes, the development and marketing of ozone 
and climate friendly equipment, and in the creation 
and funding of National Ozone Units in developing 
countries (Multilateral Fund Secretariat 2010). The 
benefits from the Montreal Protocol are expected  
to grow as countries are now committed to phasing 
out hydrochlorofluorocarbons (HCFCs) and replace 
these with climate and ozone friendly alternatives.
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tariff and non-tariff barriers on environmental goods 
and services. A World Bank study found that trade 
liberalisation could result in a 7 to 13 per cent increase 
in trade volumes in these goods (World Bank 2007). 
Likewise, the ongoing negotiations to liberalise trade 
in agriculture could yield green economy benefits. 
These negotiations are expected to lead to a reduction 
in agricultural subsidies in some developed countries 
that should stimulate more efficient and sustainable 
agricultural production in developing countries. It is 
essential, nonetheless, that developing countries are 
supported through capacity building to fully exploit the 
potential gains from trade liberalization (see Box 11).

The trade rules governing intellectual property 
rights (IPRs) and the use of standards and labeling 
by governments have important implications for the 
transition to a green economy. Rules regarding the 
enforcement of IPRs are included in most modern trade 
agreements. Proponents of strong IPR rules argue that 
they can help foster a green economic transition by 
providing incentives for innovators, who can be more 
certain that their investment in R&D will be rewarded. 
This is particularly important at a time when new clean 
technologies are urgently needed; it has been estimated 
that almost 36 per cent of the reductions in carbon 
emissions needed by 2020 could be achieved through the 
application of new technologies in the energy, transport, 
buildings and industry sectors (Tomlinson 2009). 

On the other hand, IPRs create barriers to the transfer 
of the very technologies and innovations to which 

they give rise. Although the WTO Agreement on Trade-
Related Aspects of Intellectual Property Rights (TRIPS) 
was designed to take into account the need for balance 
between innovation and dissemination, noting the 
need for “maximum flexibility” with regard to least-
developed country Members, many sector chapters in 
this report identify IPRs as an important barrier to the 
development of green markets. Moreover, some studies 
note that the TRIPS Agreement has come under criticism 
for failing to adequately serve the needs of developing 
countries (Foray 2009). 

The use of standards and voluntary labeling schemes is 
another trade-related area of importance from a green 
economy perspective. Such tools can be effective for 
achieving environmental objectives and enabling 
markets in sustainable goods and services by informing 
consumers about products and production processes. In 
the manufacturing sector, for example, standards often 
“push” the market by requiring manufacturers to meet 
minimum guidelines, and these are often complemented 
by voluntary eco-labelling schemes to “pull” the market by 
providing consumers with relevant information to make 
informed purchasing decisions. The Forest Stewardship 
Council (FSC), for example, provides internationally 
recognised standard-setting, trademark assurance and 
accreditation services for companies, organisations and 
communities. The Forests chapter identifies certification 
as having the largest influence on forest policy over the 
last decade. Similarly, the Marine Stewardship Council 
(MSC) recognises and rewards sustainable fishing by 
working with fisheries and commercial partners to give 

Box 11: Trade-related capacity building 

Trade is considered to be one of the major global  
engines of development, and the sector chapters in 
this report identify many ways that the trade system 
can facilitate green markets, from enabling the more 
efficient use of resources to the transfer of important 
technologies. But one of the greatest criticisms of the 
trade system is that many countries lack the capacity 
that would let them take advantage of these potential 
gains. There is, however, an existing model that has been 
designed to address these challenges: the Integrated 
Framework for Trade-Related Technical Assistance to 
Least-Developed Countries, or simply, the IF.

The IF – now the enhanced IF – was inaugurated in 
1997 at the WTO High Level Meeting on Integrated 
Initiatives for Least-Developed Countries’ Trade 
Development, and involves a collaboration of the 
IMF, the International Trade Centre (ITC), United 
Nations Conference on Trade and Development 

(UNCTAD), United Nations Development Programme 
(UNDP), World Bank and WTO. 

The IF involves a diagnostic phase, where the host 
country government works in close cooperation 
with technical experts to identify barriers to 
increased integration into the global trading 
system. The resulting diagnostic trade integration 
studies (DTIS) not only identify challenges but also 
solutions. Typical solutions include policy changes, 
such as new laws and regulations; investments in 
infrastructure, such as new transportation corridors, 
customs facilities and equipment; or skills capacity 
building, such as training for trade negotiators. The 
host country then prioritises those elements of the 
DTIS that most closely fit with national priorities, 
mainstreaming the recommendations in their 
national development planning.  
Source: IF Secretariat (2009)
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buyers and consumers an easy way to find seafood from 
a sustainable source (MSC 2009). 

More generally, standards and voluntary labelling 
schemes can also play an important role in sustainable 
public procurement. Although it is generally considered 
bad practice for procurement officials to require 
compliance with a particular standard – companies 
might have high sustainable credentials without being 
part of the specified standard, or as part of another 
accreditation programme – they are often used by 
procurers to identify good-practice criteria for the 
evaluation of a good or service’s sustainability.

Although standards and labelling schemes can be 
powerful instruments to drive a green economy, they 
can also create barriers for small and developing country 
producers who may not have adequate resources to prove 
compliance, or for whom the standards are inappropriate. 
For instance, Uzbek farmers seeking certification in the 
French organic fruit and vegetable market are reported to 
have faced compliance costs higher than the national GDP 
per capita (Vitalis 2002). Elsewhere, water-use standards 
based on limited water availability in one country have 
proven to be inappropriate for others where the water 
availability situation is entirely different (Vitalis 2002). From 
a trade perspective, the concern is that standards – and 
mandatory standards in particular – could hinder access 
by developing country exporters to lucrative markets 
in developed countries. Yet improving market access for 
developing country products is essential for development. 
It is therefore critical to find the right balance between 
environmental protection and safeguarding market 
access. Multilateral dialogue and negotiations, whenever 
possible, are essential to ensure that this balance is met.

Moreover, as noted in the Forests chapter, it may be 
possible for standard bodies to support a step-wise 
approach – setting benchmarks for companies that 
measure their progress towards sustainable criteria and 
giving them support in planning and building capacity 
to achieve higher standards (Morrison et al. 2007). 
Official development assistance can also be used to 
help developing country exporters successfully meet 
stringent standards in their main export markets.

International investment framework
The international investment framework is made up 
of a web of treaties between states, and contracts 

between states and private investors, that describe 
rights and obligations regarding foreign investments. 
State to state agreements, such as bilateral investment 
treaties (BITs), regional investment treaties and 
investment chapters in trade agreements like the North 
American Free Trade Agreement (NAFTA), provide 
rights and protections to investors from covered states. 
Contracts between a state and an investor, often called 
investment contracts or host government agreements, 
set out the rights and obligations of the investor and 
the host state, including the conditions applied to the 
operations of a single investor and its subsidiaries in the 
agreeing host country. Host government agreements 
are most common in developing countries, where 
often there are fewer general regulations covering 
investment rights.

An increasing number of recently signed regional trade 
agreements incorporate environmental considerations 
in their respective investment chapters. The agreements 
may expressly promote investment activity that is 
undertaken in a manner sensitive to environmental 
concerns, as is the case with the New Zealand–Malaysia 
free trade agreement. Certain agreements, such  
as the Canada–Jordan free trade agreement, also  
seek to promote the enforcement of domestic 
environmental laws and to ensure that such laws are 
not derogated from for the purposes of encouraging 
investment or trade. Although environmental 
considerations feature increasingly in the international 
investment framework, many investment treaties 
and investment contracts do not expressly promote 
sustainable over unsustainable investments (Mann  
et al. 2005). A key concern regarding investment 
contracts, for example, stems from “stabilization clauses” 
– provisions in host government agreements that  
freeze legislation at a certain point in time or that 
require host states to compensate in case of changes 
in the law that adversely affect profits. Concerns have 
been raised that such clauses limit a state’s ability to 
regulate effectively so as to protect the environment 
and human rights (Shemberg 2008), and this could  
have consequences for the promotion of a green 
economy where regulations are established to drive 
green growth. It is therefore important that both the 
benefits and constraints associated with international 
investment frameworks are properly understood when 
they are negotiated to ensure they support a green 
economic transition.
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3  Supporting actions

Depending on their level of development, countries will 
have a different range of capacities to implement the 
types of policies discussed in the preceding sections 
of this report and to cope with the change entailed 
by a green economic transition. In particular, robust 
institutions, including the polices, practices and systems 
that allow for the effective functioning of an organisation 
or group, are vital to the success of government policies 
intended to green key sectors (UNDP 2009). A strategy to 
enable increased green economic activity must therefore 
include efforts to improve capacities to implement 
policies and to manage change. 

More specifically, countries may need assistance with 
regard to resources, technical expertise, training, 
technology development and diffusion, political backing 
and other kinds of aid from a broad range of actors, 
including inter-governmental organisations, international 
financial institutions, bilateral aid agencies, multilateral 
companies and non-governmental organisations.

3 1 Supporting capacity building and 
the strengthening of institutions

UNDP has identified five basic functional capacities of 
governments that determine the outcome of development 
efforts. They include a government’s capacity to: engage 
stakeholders; assess a situation and define a vision; 
formulate policies and strategies; budget, manage and 
implement policies; and evaluate outcomes (UNDP 2009). 
These generic functional capacities will all be called on to 
successfully make a green economic transition.

Three of the most important capacity-building issues 
that are emphasised across the sector chapters are 
improved information-based capabilities, the need 
for integrated planning, and adequate enforcement of 
policy requirements and laws.

The importance of research, data collection and data 
management cannot be understated. The sector 
chapters of this report establish that there is already 
a substantial amount of information about the status 
of natural resources and ecosystems and how they 
contribute to economic well-being, as well as the green 
economic opportunities that can be exploited in every 
sector of the economy. Nonetheless, a common message 
is that these generalities need to be carefully nuanced 
with respect to specific national and local conditions. In 
addition to technical and human capital, this requires 

the development of institutions that adopt a consistent, 
science-based approach to the assessment and analysis 
of environmental resources. Hard or soft rules must also 
exist to ensure that scientific analysis is appropriately 
factored into policy decision-making and that feedback 
loops enable ongoing learning and adaptation. 
Information and Communication Technologies (ICTs) 
may also play an important role in supporting data 
collection and research (see Box 12).

Information is also an important issue for good governance.  
In policy planning processes, awareness of the needs, 
concerns and knowledge of stakeholders, and interaction  
on this basis, is vital to ensure socially optimal outcomes.  
Once objectives are stated and measurable, and the  
operation of policies is being monitored, the provision of 
information is also necessary to ensure policy effectiveness 
and accountability (see the modelling chapter for more 
information about indicators and measurement). Data also 
needs to be credibly evaluated and used as the basis for any 
policy adaptation.

Amassing sufficient information to inform good policy-
making is not an easy task. It often requires increased 
financial resources, improved administrative capacity, 
technical training and access to technology, as well 
as developing institutions that allow for the effective 
functioning of the research and consultation processes, 
and their interaction with policy-making decisions.

Strategic integrated planning is equally important. 
Most sector chapters emphasise the need for a holistic 
approach to policy-making to ensure decisions are 
aligned with the overall objectives of a green economy. 
This includes the development of processes and norms 
to systematise taking into account how policies in one 
sector might affect others; carefully assessing decisions 
that have long-term consequences; incorporating skills 
development policies; and using an appropriate mix of 
policy tools to achieve a given objective. 

Research on the use of multiple policy tools confirms 
that different combinations of informational, regulatory 
and market instruments can be more or less effective 
and efficient in different situations (OECD 2007). The 
most striking illustration of this principle is in the Cities 
chapter, which concludes that urban planning has 
significant, often unalterable impacts on the costs of 
living and ecological efficiency. Similarly, in promoting 
renewable energy technologies, it is now well 
recognised that the establishment of income support 
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Box 12: Harnessing Information and Communication Technologies (ICTs) 

ICTs enabling the green economy
Over the past two decades, the products and services produced 
by the information and communication technologies (ICTs) 
sector have been catalysts for economic growth. They have 
enabled productivity gains and transformed production 
processes, markets and industries in both developed and 
developing countries. A recent study found that internet-related 
consumption and expenditure – the central nervous system of 
the digital economy – is bigger than agriculture or energy. The 
study also found that the Internet’s total contribution to global 
GDP is bigger than the GDP of Spain or Canada, and is growing 
faster than Brazil’s (McKinsey Global Institute 2011).

There is growing recognition among ICT policy-makers 
and stakeholders that ICTs can be powerful enablers of the 
green economy through the transformation of economic 
infrastructures, industry sectors, and social behaviours. They 
can:

 ■ Increase the efficiency of production and consumption in 
energy, transportation, building and manufacturing sectors, 
through the deployment of smart systems. It is estimated that 
ICTs could reduce global GHG emissions by 15 per cent by 
2020, compared to a business-as-usual (BAU) scenario with a 
2002 baseline (The Climate Group 2008).

 ■ Wholly or partially “de-materialise” physical products, 
services and processes, resulting in significant reductions in 
energy and materials consumption. Examples include paper 
saving through electronic billing; greater use of tele-work 
arrangements; and virtual meetings in the public and private 
sectors.

 ■ Increase access to education, health care and other public 
services; create new opportunities for social interaction and 
cultural expression; and facilitate participation in public life.

Future applications of ICTs could enable green economic 
activity in other ways. The development of new kinds of 
networks that include objects in the natural environment 
– commonly referred to as the Internet of Things – would 
enhance the capacity of public and private actors to monitor 
all manner of natural and human systems in real time, as well 
as to manage the operations and impacts of these systems in 
more sustainable ways. This would have implications for many 
sectors, including: natural systems providing ecological goods 
and services; agriculture; forestry; energy; transportation; and 
buildings and their facilities.

Notwithstanding, policy-makers should also recognise that 
ICTs come with sustainability challenges too – for example, 
by increasing overall demand for non-renewable energy and 

material resources. The ICT sector has also become a major 
source of toxic pollution through e-waste and GHG emissions. 
Such effects need to be carefully balanced against the gains 
of ICTs, and mitigated where possible, to best promote green 
economic activity.

Enabling ICTs
As with a number of green technologies, governments need 
to create the right enabling environment that will allow ICTs to 
flourish. This requires close collaboration between government 
agencies responsible for ICT and green economy initiatives, 
along with their respective stakeholder communities. 
Government interventions to enable ICTs to contribute to a 
green economy include:

 ■ Universal, affordable access to broadband networks and 
services. To a large extent, this objective can be achieved 
through regulatory frameworks that encourage private 
investment, promote competition among broadband 
service providers, ensure open network access to creators of 
broadband applications and content, and protect the rights 
of consumers to access broadband services, applications and 
content of their choice – a policy generally known as “net 
neutrality”. However, experience also shows that providing 
access to broadband networks in some geographic areas 
is uneconomic, and that broadband service is unaffordable 
for some groups. In such circumstances, many governments 
have subsidised broadband network deployment and service 
access through various forms of public investment, subsidies 
and regulatory requirements.

 ■ Transition to IPv6. Internet Protocol version 6 (IPv6), a new 
addressing system, was developed more than a decade ago 
to succeed IPv4. Although it provides the virtually unlimited 
number of addresses that will be needed to support the 
deployment of smart systems and innovations such as 
the Internet of Things, its take-up has been slow. Public 
procurement can have a powerful effect in enabling a smooth 
transition to IPv6 by stimulating demand for IPv6 products and 
services. Regulatory requirements can also have a powerful 
effect.

 ■ Confidence and trust in the online environment. Policy-
makers need to develop robust legal frameworks, regulatory 
arrangements, and enforcement mechanisms that will protect 
personal privacy and the rights of citizens and consumers, 
combat cybercrime, ensure the security and stability of 
electronic networks, and balance the rights of users and 
creators of information products and services. Industry can 
also contribute, by developing codes of practice that help 
protect consumers, and developing tools that allow internet 
users to manage their online identities.
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alone might be insufficient or unnecessarily expensive if 
policy-makers fail to take into account issues such as the 
grid infrastructure or obstructive planning permission 
processes (OECD/IEA 2008). 

Enforcement of laws and regulations is another area 
of importance. The effectiveness of any policy tool 
is dependent upon a chain of actors and institutions 
working together to ensure it is appropriately 
implemented – from verifying the use of appropriate 
award of tenders in sustainable public procurement 
to ensuring that environmentally related taxation is 
being levied on relevant economic activity. Financial, 
administrative and technical capacity is required to 
adequately monitor compliance, and robust institutions, 
including social and cultural norms, as well as 
enforcement organisations with adequate authority, are 
needed to ensure that the appropriate penalties can be 
levied where protocol and regulations are violated. 

Intergovernmental organisations,  international 
financial institutions, NGOs, the private sector, and 
the international community as a whole can play a 
role in providing technical and financial assistance in 
developing countries. Enabling a smooth transition to 
a green economy will require a sustained international 
effort by these actors. The United Nations Conference 
on Sustainable Development summit in 2012 (Rio+20) 
provides an invaluable opportunity for the international 
community to promote green economy action given 
that one of the two themes for the summit is “a green 
economy in the context of sustainable development 
and poverty eradication” (General Assembly Resolution 
64/236). The commitment and action by governments, 
international organisations and others over the next two 
years will determine whether the summit provides the 
impetus and direction required for driving the transition. 

In addition, the United Nations and its partners have a 
long history of supporting national capacity building 
and training activities and can utilise this expertise 
to support national green economy efforts. Current 
efforts are underway within the UN system through 
the Environmental Management Group to harmonise 
green economy support at the national level. Under 
this initiative, 32 organisations from the UN system are 
developing an inter-agency assessment report on how 
the expertise of the different UN agencies, funds and 
programmes can contribute to supporting countries 
in the transition to a green economy (Environmental 
Management Group 2010).   

Moreover, South-South cooperation is critical: many 
developing country experiences and successes in 
achieving a green economy can provide valuable impetus, 
ideas and means for other developing countries to address 
similar concerns – particularly given the impressive 

gains and leadership that have been demonstrated in 
practice (UNEP 2010e). South-South cooperation can 
thus increase the flow of information, expertise and 
technology at a reduced cost. More broadly, as countries 
take steps towards a green economy, formal and informal 
global exchanges of experiences and lessons learned can 
prove a valuable way to build capacity.

3 2 Investing in training and education

Training and skill enhancement programmes will be 
needed to prepare the workforce for a green economy 
transition. A joint study between UNEP, ILO and other 
partners found that the impact on workers from a green 
economic transition will vary greatly depending on the 
specific economic sector and country in question. In 
some cases, the transition could mean that jobs would 
be lost, and in other cases, it is expected that new green 
jobs would be created. Available studies on a sectoral and 
economy-wide level suggest that, on balance, there will be 
more jobs in a green economy (UNEP 2008b). Renewable 
energy, for example, creates more jobs per dollar invested, 
per unit of installed capacity and per unit of power 
generated than conventional power generation. Likewise, 
public transport tends to generate more employment 
than reliance on individual cars and trucks (UNEP 2008c). 
It is also estimated that the pace of green job creation is 
likely to accelerate in the future (UNEP 2008b).

Rather than replacing existing jobs with entirely new 
green jobs, however, it is the content of the jobs (e.g. the 
way the work is performed and the skills of the workers) 
that will often change (ILO 2008). A skilled workforce 
is a prerequisite for a green economy, and it may be 
necessary to focus education efforts on aligning skills 
with the needs of the labour market. This is particularly 
relevant for the so-called STEM (science, technology, 
engineering, and mathematics) disciplines. A number 
of jobs throughout the economy are expected to be 
transformed to respond to a more energy and resource 
efficient economy. For instance, builders will remain in 
the same employment, but start to provide new, green 
services. These shifts signal the need for training and skill 
enhancement of the workforce.

Current shortages in skilled labour could frustrate efforts 
by governments to transition to a green economy 
and deliver the expected environmental benefits and 
economic returns. For instance, almost all energy sub-
sectors lack skilled workers with the most pronounced 
shortages found in the hydro, biogas and biomass 
sectors. Shortages are also pressing for manufacturing 
in the renewable energy industry, particularly for 
engineers, operation and maintenance staff and site 
management (UNEP 2008b). Given this, it is essential that 
governments work with employers to close the current 
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skills gap and anticipate the future workforce needs for a 
green economy transition.

In addition to re-skilling workers, there is a need to 
ensure managers develop the new perspectives, 
awareness and capacities required for ensuring a 
smooth transition. A recent OECD study noted that  
“[b]usinesses will need to ensure that their managers are 
able to learn and understand the new skills needed to 
respond to the changes taking place within their realms 
of responsibility; to develop more green-oriented 
managerial capacities; as well as to make adequate use 
of the skills their staff has obtained” (OECD 2010c). 

For many countries and businesses, particularly 
small and medium-sized enterprises, support from 
governments, inter-governmental organisations and 
non-governmental organisations in re-skilling workers 
and management will be required. It is also important 
to remember that while some groups and regions 
will make significant gains in the transition to a green 
economy, others will incur substantial losses. In those 
cases where jobs will be lost, support will be needed to 
shift workers to new jobs or provide social assistance. In 
the fisheries sector, for example, fishermen may need 
to be trained for alternative livelihoods, which could 
include participation in the rebuilding of fisheries stocks.
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4  Conclusions
Even when there is a clear economic case for green 
investments, enabling conditions are generally needed. 
This chapter has identified five key policy-making areas 
which could feasibly be introduced by government at 
all levels in the short-to-medium term, with a view to 
driving the innovative and transformational change 
which could arise from collaboration between different 
sectors on the green economy in the longer term.

The first of these, public investment and spending, 
can be important in the short term to attract green 
investment and promote the development of green 
markets, especially where alternative policy tools 
are practically or politically impossible. A second key 
area of policy-making is the use of environmentally 
related taxes and other market-based instruments 
to address environmental externalities and market 
failures. A number of innovative measures, including 
tradable permit schemes and feed-in tariffs, have been 
successfully used by governments in recent years to 
speed the transition to a green economy.   

The chapter also discusses the importance of reforming 
government subsidies that are environmentally harmful. 
Although reforming such subsidies is challenging, a 
number of good practice examples exist, illustrating 
that reform is clearly possible. The two other key areas 
for policy-making – improving regulatory frameworks 

and strengthening international governance – focus on 
the importance of national and international laws and 
regulations in stimulating green economic activity. 

The chapter makes clear that capacity building is needed 
for the effective implementation of policy tools, such as in 
the areas of research, data collection, data management, 
consultation and enforcement, with the role of institutions 
being particularly important to the effectiveness of 
policy. Support is also needed to ensure that workers are 
fairly treated, that the labour market is prepared to meet 
the demand for green jobs, and that the groups most 
vulnerable to change receive adequate compensation.

Overall, it is clear that a wealth of policy options 
exist for governments to enable the greening of key 
sectors and that implementing strategies for greening  
the economy will involve a broad suite of measures 
and appropriate indicators to measure progress.  
The challenge now is to set priorities at the country 
level and to identify strategies for how to green 
key sectors in ways that are aligned with existing 
commitments to sustainable development and  
poverty eradication. The need for detailed policy design 
– based on the lessons of experience, a deep knowledge 
of local context and full consultation – should not be 
underestimated, but neither should the breadth of areas 
for action and the ultimate rewards.
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Annex 1 – Enabling conditions:  
A sector overview
The following table summarises the enabling  
conditions that have been identified by the sector 
chapters in this report. It explains how each condition 
can enable green economic activity and be created 
by various measures, as well as identifying the  
sectors in which each measure may be particularly 

important. The conditions are grouped into five 
themes – finance, governance, market, infrastructure 
and information. There is, unavoidably, some overlap  
among these groupings. In addition, the list of  
measures should be considered illustrative and  
not exhaustive.

Enabling condition Rationale: How it enables Measures that can create the 
enabling condition

Sectors in which these measures are 
particularly important

Finance

Increased availability of finance 
for governments and  
businesses in green sectors

In order for green businesses to 
emerge and expand, adequate 
levels of private investment 
need to be available. It may 
also be necessary to increase 
the availability of public finance 
so that a range of policy tools 
can be used to leverage private 
finance.

See Finance chapter

Note also:
The following policy tools, used 
primarily for their ability to correct price 
distortions, can also increase levels of 
available public finance:

→ All

Subsidy reform →
Agriculture, Renewable Energy, Fisheries, Forests, 
Manufacturing, Water

Environmentally related taxation, other 
tax instruments, fees and charges,  
tradable permits

→
Agriculture, Buildings, Renewable Energy,  
Fisheries, Forests, Manufacturing, Transport, 
Waste, Water

Governance

A network of laws and norms 
that encourage long-term and 
efficient management and 
use of natural resources and 
environmental protection

The right combination of rights, 
responsibilities, laws, incentives 
and agreements can encourage 
environmental protection and 
the rational use of natural 
resources, which can help to 
ensure the sustainability of the 
economic activities that rely 
on these resources. National 
and international organisations 
can be instrumental in the 
management of these laws and 
norms.

Strategic, integrated planning (e.g. 
establishing ‘vision’ for the future of 
particular sectors); baskets of comple-
mentary policies; considering the effects 
of policies across sectors and at local, 
provincial, national and international 
levels; stakeholder recognition and 
consultation, etc.

→ All

Design of property rights and ecosystem 
access laws → Agriculture, Fisheries, Water

Rules and regulations, standards or 
prohibitions (e.g. vehicle engine ef-
ficiency standards, zoning laws in cities, 
outlawing bottom-trawling, food safety 
standards, waste disposal laws)

→ All

Negotiated and voluntary agreements →
Buildings, Cities, Forests, Manufacturing, Tourism, 
Waste

International cooperation on agree-
ments, laws and organisations needed 
for the development of green goods and 
services (e.g. reducing concentration of 
market power in international agricul-
tural value chains; preferential access 
for imports from low income countries; 
reform of international fishing laws)

→
Agriculture, Fisheries, Renewable Energy,  
Transport, Water, Waste
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Enabling condition Rationale: How it enables Measures that can create the 
enabling condition

Sectors in which these measures are 
particularly important

Laws and norms that encour-
age technology transfer

Access to technology can be 
instrumental to the improved 
management of the environ-
ment and natural resources, 
helping sustain the economic 
activity that relies on them. It 
can also create new economic 
opportunities.

Design of intellectual property rights → Agriculture, Renewable Energy, Transport

Removal of trade barriers to the transfer 
of green technologies; international  
cooperation on green technology 
transfer

→ Agriculture, Renewable Energy, Transport, Water

Improved administrative and 
technical capacity in govern-
ment and other organisations

In some cases, governments 
may need to enlarge their 
administrative and technical 
capacities as a prerequisite to 
enacting policies that stimulate 
investment in green economic 
activity.

Investments in technical and adminis-
trative capabilities →

Fisheries, Manufacturing, Renewable Energy, 
Transport, Waste

International cooperation (e.g. Bali 
Strategic Plan for Technology Support 
and Capacity Building, etc.)

→ Fisheries, Transport, Waste, Water

Improved transparency and 
accountability

Transparency and account-
ability are pillars of good 
governance. They allow for 
monitoring and evaluation of 
policies intended to stimulate 
green investment, and in this 
way can help ensure that poli-
cies are efficient and effective 
at achieving their objectives.

Monitoring and evaluation as a  
component of other policies → All

Transparency to make info, about 
decision-making and spending available 
in a user-friendly way

→ Cities, Forests, Transport

Accountability mechanisms as a com-
ponent of policies (e.g. critical reviews, 
performance targets)

→ All, Forests

See Modelling chapter for information 
about measurement indicators → All

Effective enforcement of laws

Unless laws can be adequately 
enforced, they may partially or 
fully fail to alter investments 
flows towards green economic 
activity.

Create adequate enforcement incentives 
(e.g. adequately priced fines for non-
compliance)

→ Cities, Fisheries, Forests, Manufacturing, Waste

Develop capacity to enforce → Fisheries, Forests, Manufacturing

Market

Green economic activity is 
encouraged by government 
support

In some sectors, direct support 
may be required to effect 
immediate change (especially 
where there is lengthy capital 
stock turnover) or to support 
infant green industries. This 
support must be carefully 
designed to avoid expensive 
or otherwise perverse and 
unintended outcomes.

Increased funding for the innovation 
chain (e.g. research, development, 
deployment, information-sharing)

→
Agriculture, Cities, Manufacturing, Renewable 
Energy, Waste

Green subsidies, e.g. PPPs, low-interest 
loans, feed-in tariffs, investment 
incentives, exemption from certain 
regulation, stewardship jobs, support for 
green SMEs, etc.

→
Agriculture, Buildings, Cities,  Fisheries, Forests, 
Manufacturing, Renewable Energy, Transport, 
Waste

Sustainable public procurement →
Agriculture, Buildings, Cities, Renewable Energy, 
Waste

Policy support for green sectors 
is clear, predictable and stable

Investors may be cautious 
of industries that rely on 
policy support. Investment can 
increase if support of green 
sectors is predictable, clear and 
has long-term stability.

Investment-grade policy design (e.g. 
long-term guarantees, predictable 
changes, gradually phased out support, 
etc.)

→ Renewable Energy, Transport

576



Enabling conditions

Enabling condition Rationale: How it enables Measures that can create the 
enabling condition

Sectors in which these measures are 
particularly important

Prices that reflect true costs of 
goods and services

When the price of an unsustain-
able good or service does not 
reflect its true social cost, it is 
more likely to be used to excess, 
leading to overexploitation of 
natural resources, inefficiency 
and waste. Prices that reflect 
true costs can make green 
opportunities relatively more 
attractive for businesses and 
investors alike.

Reform of harmful subsidies →
Agriculture, Fisheries, Forests, Manufacturing, 
Renewable Energy, Water

Environmentally related taxation, other 
tax instruments, certificate trading 
markets, fees and charges

→
Agriculture, Buildings, Cities, Fisheries, Forests, 
Manufacturing, Renewable Energy, Transport, 
Waste, Water

Payments for ecosystem services → Agriculture, Forests

Infrastructure

Existence of key green infra-
structure

Some sectors require specific 
pieces of infrastructure that 
are a prerequisite for further 
investment, e.g. electricity 
grids able to handle large fluc-
tuations in supply, telecommu-
nications services that provide 
farming data.

Public works programmes; policy 
structure similar to green subsidies (e.g. 
PFIs, PPPs, low-interest loans, feed-in 
tariffs, etc.)

→ Agriculture, Cities, Fisheries, Renewable Energy

Information

Increased data and analysis 
about ecological conditions

Policy must be informed by ac-
curate information, and in most 
cases data collection needs to 
be improved.

See Modelling chapter for information 
about measurement indicators → Agriculture, Fisheries, Tourism, Transport, Waste

A workforce equipped with the 
skills needed to take advantage 
of green opportunities

As many of the innovations in 
green sectors require particular 
skills and knowledge, the 
workforce will need to adapt 
to take advantage of new 
opportunities.

Retraining and support schemes for 
workers using new techniques or 
changing employment to new sectors 
(e.g. workshops, secondary and tertiary 
education)

→
Agriculture, Cities, Fisheries, Manufacturing, 
 Tourism, Transport, Waste

Support to encourage the take-up of 
new technology → Renewable Energy, Transport

Local, national, regional and interna-
tional knowledge-sharing and skills 
workshops, participatory learning

→ Agriculture, Tourism, Waste

Increased awareness about 
sustainability challenges

Increased awareness of sustain-
ability challenges will increase 
popular demand for green 
goods and services, and for 
policies that support them.

Educational initiatives, e.g. a govern-
ment vision for the green economy, 
information campaigns, material in 
state education

→
Agriculture, Buildings, Fisheries, Forests, Tourism, 
Transport, Waste

Increased information about 
life-cycle costs of goods and 
services

Increased information about 
the life-cycle costs of goods 
and services helps consumers 
choose which products they 
would prefer to buy and can 
increase the market share of 
green good and services.

Label and certification schemes, green 
audits, or legal requirements for 
disclosure, designed to be affordable 
and verifiable

→
Agriculture, Buildings, Forests, Manufacturing, 
Tourism, Waste
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Key messages
1. A global green economy transformation will require substantial financial resources. 
Indicative figures such as those from the International Energy Agency’s (IEA) scenarios for halving 
worldwide energy-related CO2 emissions by 2050 and on modelling, in this report, show additional 
investments required will likely be in the range of 1 to 2.5 per cent of global Gross Domestic Product 
(GDP) per year from 2010 to 2050. A considerable amount of investment will be needed in energy 
supply and efficiency, particularly in greening the transport and buildings sectors.

2. Financial investment, banking and insurance are the major channels of private financing 
for a green economy. The financial services and investment sectors control trillions of dollars 
that could potentially be directed towards a green economy. More importantly, long-term public 
and private institutional investors, banks and insurance companies are increasingly interested in 
acquiring portfolios that minimise environmental, social and governance risks, while capitalising on 
emerging green technologies. Microfinance has a potentially important role at the community and 
village level to enable the poor to invest in resource and energy efficiency as well as increase their 
resiliency to risk.

3. Opportunities exist to meet the financing needs of a green economy. The rapid growth and 
increasingly green orientation of capital markets, the evolution of emerging market instruments 
such as carbon finance and microfinance, and the green stimulus funds established in response 
to the economic slowdown of recent years, are opening up space for large-scale financing for a 
global green economic transformation. But these flows are still small compared to investment 
needs and must be scaled up quickly if the transition to a green economy is to jump-start in the 
near term. Concentrated pools of assets, such as those controlled by pension systems and insurance 
companies, the US$ 39 trillion-plus controlled by the high net worth community and the growing 
assets of sovereign wealth funds will need to support the green economy in coming decades.

4. Advances in disclosure and sustainability reporting are increasing transparency and 
driving change. In 2009, the global market size for institutional assets was estimated at just over 
US$ 121 trillion. Of the actively managed components of these assets, controlled by a broad range of 
large institutional investors, some 7 per cent was subject to the integration of environmental, social 
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and governance (ESG) considerations. Considering the environmental costs attributable to business 
and human activity – estimated at more than US$ 6 trillion in 2008 – much more transparency is 
needed. Scaling up resources for investment adhering to ESG principles is urgent and will require 
innovation and leadership by business and industry, collective action and public-private approaches 
as well as supportive regulatory frameworks.

5. The role of the public sector is indispensable in freeing up the flow of private finance 
towards a green economy. Governments should involve the private sector in establishing clear, 
stable and coherent policy and regulatory frameworks to facilitate the integration of ESG issues into 
financial and investment decisions. In addition, governments and multilateral financial institutions 
should use their own resources to leverage financial flows from the private sector and direct them 
towards green economic opportunities.

6. Public finance is important for triggering a green economic transformation, even if public 
resources are significantly smaller than those of private markets. The role of public development 
finance institutions (DFIs) in developed and developing countries in supporting the transition to a 
green economy could be strengthened further. Development Finance Institutions can adopt the 
goal of supporting development of the green economy, allocate significant proportions of their 
new lending towards financing green economy transition projects and link it to specific targets 
such as reduction in greenhouse gas (GHG) emissions, access to water and sanitation, biodiversity 
promotion and poverty alleviation. Policies can be designed to improve the “green efficiency” of 
their portfolios, for example, by examining the carbon and ecological footprints of their investment 
portfolios. In addition, DFIs can jointly define protocols for green due diligence, as well as standards 
and goals for sectors in which they have a major influence, such as transport, energy and municipal 
finance.
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1  Introduction

1 1 Scope of this chapter

The earlier chapters of this report have highlighted 
how the successful emergence of a green economy is 
critically dependent on new approaches to finance and 
investment. Innovation is needed to consistently deliver 
dramatically higher volumes of annual investment in 
key segments of the green economy market. The vast 
majority of this investment will need to come from 
the private financial sector, supported by the enabling 
actions of farsighted policy makers, as well as the 
catalytic role of development finance institutions (DFIs) 
and supranational bodies such as the United Nations.

The quality of this investment – such as tenor and risk/ 
return requirements – is arguably just as important as 
the quantity. As a result, many other interrelated issues 
need to be considered. For example, partnership is 
needed to support pre-investment market development 
and formulate cost-effective policy-based incentives 
that facilitate private sector investment in the green 
economy. International accounting practices need to 
evolve to incorporate environmental externalities. New 

instruments need to be developed for risk-sharing and 
financial intermediation. These new instruments could 
enable more private investors – ranging from individual 
savers to large pension funds representing thousands of 
people – to participate in financing the transition to a 
green economy.

This chapter examines how the green economy is 
currently being financed and explores the priorities and 
potential methods for increasing this investment. The 
chapter seeks to make the case for scaling up financing 
available for the transition to a green economy and 
amplifying the financial sector’s role as an agent of 
change.

The analysis emphasises investing, lending by banks, and 
insuring - focused primarily on private sector sources of 
finance. In addition, reference is made to the enabling 
and complementary role of governments, DFIs and other 
non-private sector entities. There is already significant 
momentum in this field, but greater challenges lie 
ahead. This chapter also examines the main challenges, 
opportunities and key enabling conditions for progress.

590



Finance

2  The state of play

2 1 The scale of the challenge

Estimated investment needs up to 2050
There is no complete estimate yet of resources needed to 
make the transition to a green economy. One indication 
of green investment gaps for low-carbon energy supply 
and energy efficiency at the global level is provided by 
the IEA Energy Technology Perspectives 2010, based on 
CO2 emission reduction targets. This high-end estimate 
does not include other aspects such as resource efficiency 
across sectors. The IEA BLUE Map scenario aims to halve 
worldwide energy-related CO2 emissions by 2050. 
Investments required from 2010 to 2050 in this scenario 
are US$ 46 trillion higher – an increase of 17 per cent – than 
what is required in the Baseline scenario. This corresponds 
to approximately US$ 750 billion per year up to 2030 and 
US$ 1.6 trillion per year from 2030 to 2050 (IEA 2010).

Additional investment needs under the BLUE Map scenario 
– which increases projected global investment needs to 
US$ 316 trillion by 2050 – are dominated by the transport 
sector, which take up 50 per cent of total additional 
investments, particularly in the area of alternative vehicle 
technologies. The buildings sector absorbs 26 per cent of 
the additional investment, energy supply 20 per cent and 
industry 4 per cent. These indicative amounts correspond, 
on average, to the scenarios modelled for the Green 
Economy Report, which analysed investments averaging 
US$ 1.35 trillion per year over 2010 to 2050, across a range 
of sectors – not just those related to greenhouse gas (GHG) 
emissions.

Alternatively, an earlier IEA study estimated (IEA 2009) 
that over the next 30 thirty years, US$ 1 trillion annually 
is required to enable the world’s energy infrastructure to 
maintain and extend the supply of power to more people 
(US$ 500 billion) and to finance the transition to a low 
carbon, cleaner energy infrastructure (a further US$ 500 
billion). The projected annual shortfall to drive this low-
carbon transition in developing economies alone is US$ 
350 billion. While relying heavily on an industrial approach 
to reducing carbon emissions, the IEA estimates can be 
considered as a high-end estimate of annual investment 
needs and correspond to a range of 1 to 2 per cent of 
global GDP.

Estimates by the private financial sector also underline the 
scale of the challenge. The World Economic Forum (WEF 
2010a) and Bloomberg New Energy Finance calculate 
that clean energy investment must rise to US$ 500 billion 

per year by 2020 to restrict global warming to 2oC. HSBC 
estimates the transition to a low carbon economy will see 
a total growth in cumulative capital investments of US$ 10 
trillion between 2010 to 2020 (HSBC 2010).

Furthermore,the concept of “additionality” is 
fundamentally important. In the context of the UN 
Framework Convention on Climate Change (UNFCCC); 
additionality refers to an effort that is supplemental to 
the business-as-usual (BAU) scenario in at least two areas: 
the additionality of financial contributions of developed 
countries beyond BAU official development assistance 
(ODA) to assist climate change adaptation in developing 
countries; and the additionality of investment to reduce 
GHG beyond BAU. Additionality of financial resources 
to the widely agreed target for ODA of 0.7 per cent of 
developed country gross domestic product (GDP) is 
the contribution that developing countries seek from 
developed nations as a key element of a global resolution 
of climate change problems in the context of the UNFCCC 
and the Kyoto Protocol (KP) (UNFCCC 1998). Despite a 
decade of attempts to define additionality, the concept 
continues to be poorly understood and its application 
contested. However, additionality is likely to continue to 
be an important criterion for climate finance beyond 2012.

Breakdown by sector
Given the pioneering and cross-cutting nature of 
research on greening the economy, the quantification 
of the demand for finance and investment to support a 
global green economy for each major economic sector is 
a work in progress. However, the data in Table 1, drawn 
from information in the sectoral chapters of this Green 
Economy Report (GER), give a broad range of estimated 
annual investments required to make this transition. 
The spread of targets illustrates the need for common 
metrics for finance and investment in this arena, to 
allow proper comparisons. (See disclosure requirements 
discussed in Section 5 of this chapter, Greening Global 
Finance & Investment: Enabling Conditions.)

Based on a range of specific sectoral policy targets, 
the Green Economy Report modelling allocates 
investments totalling 2 per cent of global GDP across 
the range of given sectors, with the heaviest emphasis 
in transforming key sectors such as buildings, transport, 
and energy. These investment allocations are largely 
consistent with assessments taken from other sources, 
such as IEA and estimates associated with achieving the 
MDGs. The estimated annual investment for all sectors 
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Table 1: Annual green economy investment by sector

Sector

Green Economy 
Report investment 

allocation 2011
(US$ bn/yr., 
see Note 1)

Investment 
assessment  
(US$ bn/yr.,  
see Note 1)

Details

Agriculture 108  Target: increase and maintain nutrition levels to 2800 to 3000 Kcal/person by 2030 

Buildings 134 Target: increase energy efficiency to reach energy consumption and emissions targets set in IEA’s BLUE 
Map scenario

  308 IEA ETP 2010 BLUE Map scenario, Additional (see Notes 3 and 4).

Energy (supply) 362 Target: increase penetration of renewables in power generation and primary energy consumption to at 
least reach targets set in IEA’s BLUE Map scenario

  233 IEA ETP 2010 BLUE Map scenario, additional (see Notes 3 and 4).

500 World Economic Forum (2010a) estimate of annual spending on clean energy necessary by 2020 to 
restrict the increase in global average temperatures to 2°C

611 European Renewable Energy Council and Greenpeace Energy [R]evolution (2010) Advanced Revolution 
scenario estimate of average global investment in renewable energy to 2007 to 2030 (see Note 5). 

460 – 1,500 HSBC (2010) estimate of total investments in low carbon energy generation (supply) and energy effi-
ciency and management (demand), required to build a low-carbon energy market by 2020 (see Note 6).

Fisheries 108 Achieve maximum sustainable yield by an aggregate world cut in fishing effort of 50 per cent by decom-
mission of vessels, reallocation of labour force, and fisheries management. 

  90 - 280 Same (from Global Economy Report fisheries chapter analysis).

Forestry 15 Target: 50 per cent reduction in deforestation by 2030 as well as increased planted forests to sustain 
forestry production.

37 Effective management of the existing network of protected forests and 15 per cent of land area in each 
region (Balmford et al. 2002) – adjusted for inflation.

  2 - 30 REDD+ (more an assessment of potential flow of funds).

Industry 76 Target: increase energy efficiency to reach energy consumption and emissions targets set in IEA’s BLUE 
Map scenario.

  50 - 63  IEA ETP 2010 BLUE Map scenario, additional (see Notes 3 and 4).

Tourism 134  

Transport 194 Target: increase energy efficiency to reach energy consumption and emissions targets set in IEA’s BLUE 
Map scenario, and expand public transport.

  325  IEA ETP 2010 BLUE Map scenario, Additional (see Notes 3 and 4).

Waste 108  Target: reduce the amount of waste going to landfills by at least 70 per cent .

Water 108 Target: Meet Millennium Development Goal (MDG) to halve the number of people without access to 
water and sanitation by 2015, plus reduce water intensity (without quantitative target).

18 Meet MDG to halve the number of people without access to water and sanitation by 2015 (Hutton and 
Bartram 2008).

   50 Meet world’s water needs (2030 Water Resources Group, McKinsey).

Total 1,347 1,053 – 2,593 (See Note 2).

Notes to Table 1:
1. All amounts are annual investment figures; Green Economy Report investment allocation in 2010 dollars; IEA investment needs are in 2007 dollars (difference should be considered negligible relative to im- 
precision of estimates). The GER investment portfolio allocates investments totalling 2 per cent of global GDP across the range of given sectors, with a number of specific sectoral targets, which are described 
in the details column. These will rise over the period 2011 to 2050 as economic growth proceeds to reach US$ 3.9 trillion in 2050 (in constant 2010 dollars). Investment needs are assessments generally taken 
from other sources, but many of which have influenced the allocation of the Green Economy Report investment portfolio, especially IEA.
2. For the investment assessment under the right-hand column, the range of total investments corresponds to the sums of low and high estimates per sector.
3. Most IEA figures are simple averages of estimated total investment over 2010 to 2050; however, it appears that lower investments are projected for earlier years, and higher figures for later years.
4. The figures for IEA Energy Technology Perspectives (2010) BLUE Map Scenario represent only the additional investment, totalling an average of US$ 1.15 trillion per year, and do not include the projected 
investments for the reference scenario, which involves investments to meet increased energy demand through a continuation of existing investment trends.
5. The European Renewable Energy Council and Greenpeace’s Advanced [R]evolution scenario have a key target for the reduction of CO2 emissions down to a level of around 10 gigatonnes per year by 2050, 
and a second objective of phasing out of nuclear energy. The [R]evolution scenario has similar target, but assumes a technical lifetime of forty40 years for coal-fired power plants, instead of 20 years; the 
estimated average global investment needed for this scenario is US$ 450 billion (European Renewable Energy Council and Greenpeace 2010).
6. These estimates are for HSBC’s Conviction scenario, which projects “the most likely pathway to 2020”, which sees the EU meeting renewable but not energy efficiency targets, limited growth in clean energy 
in the USA, and China exceeding current clean energy targets. This scenario does not correspond to any specific climate policy target. In addition to the supply of low carbon energy, this estimate also includes 
energy efficiency investments that would be undertaken in transport, buildings and industry sectors. In terms of the breakdown, HSBC estimates that US$ 2.9 trillion will be required between 2010 and 2020 
in total for low carbon energy supply and US$ 6.9 trillion for energy efficiency and management. 
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Total assets of  
international banking (2009)/ 
Global bank assets (2008)

Total assets under management in 2009 
(covering public equities, real estate, 
bonds, asset-backed securities, etc.)

Premium volume  
(2008)

Global market size Approx. US$ 34 trillion (BIS) / approx. 
US$ 97.4 trillion (IMF, BIS, etc.) Approx. US$ 80 trillion (IFLS Research) Approx. US$ 4.3 trillion (Swiss Re, 

IFLS Research)

Share committed to sustainability Approx. US$ 50 trillion of bank assets 
signed commitment to sustainability

Approx. US$ 25 trillion of assets signed to 
PRI (UNEP FI/PRI)

In excess of US$ 500 billion of insur-
ance premium volume committed to 
sustainability

Notes to Table 2: 
1. The figures in this table are indicative and should be interpreted with caution due to existence of other industry collaboration initiatives that provide frameworks for commitment to sustainability. There- 
fore, the share of respective global markets committed to sustainability could be higher.
2. Financial institution types covered in the asset management classification in this table include pension funds, insurance funds, mutual funds, sovereign wealth funds, private equity and hedge funds.
3. Shares committed to sustainability are rough estimates and provide an indication of financial institutions engagement to sustainability (e.g. commitment to statement and principles of UNEP FI/PRI).
4. Total assets of banks committed to sustainability given in this table also include assets held by banks via various investment instruments and in a few cases include insurance instruments. 

2008 AUM figures in US$ billions
Total signatory 

internally active 
AUM

Internally active assets 
subject to integration via 

PRI signatories

Share of signatory 
internally active AUM 
subject to integration

Market size
Share of total market 

subject to integration by 
PRI signatories*

Listed equity (developed markets) 2,264 1,337 59% 27,107a 5%

Listed equity (emerging markets) 308 185 60% 5,313a 4%

Fixed income-sovereign 3,430 690 20% 24,596b 3%

Fixed income-corporate issuers 1,978 883 45% 6,380b 14%

Private equity 232 105 45% 2,492 6%

Listed real estate or property 289 74 26% 694d 14%

Non-listed real estate or property 303 239 79% 10,915e 3%

Hedge funds 210 25 12% 1,500 2%

Infrastructure 67 39 59% 19,900f 0.2%

Total 9,081 3,578 39% 98,897 4%

2009 AUM figures in US$ billions
Total signatory 

internally active 
AUM

Internally active assets 
subject to integration via 

PRI signatories

Share of signatory 
internally active AUM 
subject to integration

Market size
Share of total market 

subject to integration by 
PRI signatories*

Listed equity (developed markets) 3,674 2,525 69% 37,500a 8%

Listed equity(emerging markets) 700 478 68% 9,589a 6%

Fixed income-sovereign 5,253 1,579 30% 30,232b 6%

Fixed income-corporate issuers 2,437 1,373 56% 7,329c 22%

Private equity 201 122 61% 2,337 9%

Listed real estate or property 297 172 58% 678d 34%

Non-listed real estate or property 497 418 84% 10,256 5%

Hedge funds 188 36 19% 1,700 5%

Infrastructure 71 63 89% 21,600f 0.4%

Total 13,317 6,766 51% 121,220 7%

a. Split developed and emerging markets by MSCI country membership. Deduct listed real estate by market capitalisation weighting. b. Sovereign plus quasi-sovereign. c. Corporate plus high yield but 
 excluding asset backed. d. Figures for public equity. e. Figures for private debt, public debt and private equity. f. Estimated total stock of infrastructure assets in public ownership.
* This per cent conservatively underestimates the findings of the survey. In fact, the numerator does not include the externally managed funds, to avoid some double counting. Moreover, the market size in 
the denominator includes passive managed funds, which instead are not measured in the numerator as not necessarily subject to Principle 1.

1. Assets Under Management (AUM) - market value of assets that an investment company manages.

Table 3: ESG integration for internally actively managed AUM (assets under management)1 relative to 
total investment market
Source: Principles for Responsible Investment (2010)

Table 2: Selected indicators of the global market size by sector and the share committed to sustainability, 
2008-2009 (banking, investment and insurance sectors)
Sources: The Bank for International Settlement (Securities statistics and syndicated loans 2007-2009), IMF (Global Financial Stability Report 2009), TheCityUK, Swiss Re, UNEP FI and PRI

593



Towards a green economy

 for the period 2011 to 2050 based on the 2 per cent of 
GDP green economy scenario is nearly US$ 1.35 trillion 
on average. For the nine sectors covered, excluding 
fisheries, the estimate for the lower range for annual 
investment 2011 to 2050 is almost US$ 1.2 trillion per 
year. This estimate rises to over US$ 3.4 trillion per year, 
a high-end estimate that applies to later decades, when 
global GDP is presumably much higher.

The table clearly demonstrates very significant overall 
investment needs to transition the green economy as 
well as the considerable range for some key sectors, such 
as energy, to move towards a more sustainable basis 
for economic growth. It shows in particular the large 
volumes of resources required to expand and transform 
the inventory of built capital, in the form of energy supply, 
public transport, and energy and resource-efficient 
buildings. The table also shows the resources required to 
change to a sustainable way of managing natural capital 
assets such as forests, fisheries and agricultural lands.

It is estimated that more than 80 per cent of the capital 
needed to address climate change issues in future 
decades will come from the private sector (Parry et al. 
2009), highlighting the significant role of the private 
sector in the transition to a green economy. The message 
for both policy makers and the financial services sector 
is clear: to achieve this transition by 2050, substantial 
financial resources, including public, private, hybrid and 
new blended approaches, will have to be mobilised. In 
addition, private resources and capital markets will have 
to play an instrumental role in providing the required 
finance and investment. This will require appropriate 
regulatory frameworks comprising a rich policy mix 
to stimulate demand for these funds, together with 
targeted flanking policies to protect households below 
the poverty line from possible unintended consequences 
on the costs of basic goods and services.

Tracking new trends in finance and investment flows
The roles of lending, investment, insurance and 
public finance all remain critical in greening different 
economic sectors and establishing more resource 
efficient societies. While global ODA often processed by 
government-owned agencies dropped (United Nations 
2008) DFIs was estimated to be around US$ 108 billion 
in 2010. website), annual private finance goes into the 

trillions (TheCityUK 2011). The critical role for public 
finance lies in being a catalyst, early stage investment 
provider, co-sharer of risk and guarantor of public 
infrastructure and services. As far as private finance is 
concerned, the relative size of lending, investment and 
insurance as well as their commitment to sustainability 
is provided in Table 2.

The tracking and precise quantification of financial and 
investment flows to greening and social responsibility, 
across asset classes, geographies and sources (public, 
private, public-private, and hybrid) is a work in progress. 
Some asset classes, notably cleaner energy technologies, 
already have sophisticated and globally recognised 
methods in place to accurately capture annual global 
flows. These are highlighted later in this chapter. The 
following section provides a snapshot of how investment 
capital from the world’s largest institutional investors 
is starting to flow to the green economy, but is not 
comprehensive in its coverage given the information, 
data, and methodological challenges for what, in many 
cases, are nascent green economy-related asset classes.

At the global level, the quantification of how ESG 
considerations are integrated into various asset classes; 
for example, listed equity (developed and developing 
markets), fixed income (sovereign), fixed income 
(corporate), private equity, real estate and property (listed 
and non-listed), hedge funds and infrastructure, only 
commenced systematically in 2008, thanks to the United 
Nations-backed Principles for Responsible Investment 
(PRI) . In 2009, it was estimated that the global market size 
for overall actively and passively managed assets2 was 
just over US$ 121 trillion, up from nearly US$ 99 trillion 
in 2008 (PRI 2010). Of these assets, controlled by a broad 
range of large institutional investors (such as pension 
funds, sovereign wealth funds, insurance companies, 
and foundations), the internally actively managed 
component of the investable universe, some 4 per cent 
(US$ 3.578 trillion) in 2008, rising to 7 per cent (US$ 
6.766 trillion) in 2009, were subject to integration of ESG 
considerations (see Table 3 for a complete breakdown)

2. Active management of assets refers to a strategy where a portfolio 
manager makes specific investments with the aim to outperform an 
investment benchmark index. Passive management refers to a strategy 
where a portfolio manager makes investments in line with a pre-determined 
investment strategy.
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3  Emerging investment 
in the green economy 

3 1 From crisis to opportunity

In recent years, a broad range of financial developments 
have emerged that support the transition to a green 
economy. Despite the turbulence in world markets and 
the lack of an international regulatory framework to 
direct finance towards a green economy, capital markets 
have continued to evolve in ways that can help foster a 
green transition. Some examples include:

 ■ The arrival of cleaner energy technologies as new 
asset class and the four-fold increase in new investment 
in sustainable energy from US$ 46 billion in 2004 to US$ 
162 billion annually by 2009 (UNEP SEFI 2010);

 ■ The creation of carbon markets where the value of 
annual trading volumes rose to US$ 122 billion by;

 ■ 2009. Studies estimate that emissions were reduced 
by around 120m to 300m tonnes in the first three years 
of the European Union Emissions Trading System (Pew 
Center on Global Climate Change 2008); and

 ■ The possibility of new markets associated with more 
effective management of natural resources, the provision 
of integrated urban environmental infrastructure and 
low carbon transport systems for cities, as well as low 
carbon industrial, commercial and residential property.

As indicated in the previous section, private capital 
sources are estimated to supply more than 80 per cent 
of the investment required for the transition to a low 
carbon economy. Access to capital and the magnitude 
of the necessary investment remains significant. 
The ability of public and private finance to interact 
within stable and resilient capital markets will be a key 
determinant if capital is to be provided at a sufficient 
scale to finance the transition to a green economy in a 
timely manner. Given the significant role that private 
capital sources are expected to play in the transition to 
a low-carbon economy, the smart deployment of public 
funds supported by a coherent policy framework will 
have a pivotal role in catalysing and leveraging greater 
private investment in a green economy. In the post-crisis 
government stimulus packages, some US$ 470 billion 
out of US$ 3 trillion-plus in public funds committed 
(HSBC 2009) to head off a severe global depression 

was earmarked for low-carbon and environmental 
infrastructure investments.

Together with these recent developments, the role of 
multilateral financial institutions (MFIs), such as the 
World Bank, International Finance Corporation (IFC), 
and the thirty-plus regional MFIs, national development 
banks, as well as export credit and investment guarantee 
agencies, will be critical in fostering new and emerging 
niches in financial markets as private finance and 
investment adjust to and gain confidence in evolving 
green economy policy frameworks. Importantly, to 
archive best environmental and social outcomes, 
incentives should be designed and used in areas with 
the greatest potential for reducing GHG emissions along 
with job creation and other green economy objectives. .

3 2 New markets and instruments

Renewable energy
The renewable energy sector is by far the largest 
destination for green investment in the GER scenarios. 
Financial markets have already been mobilising 
substantial amounts. A total of around US$ 557 billion 
of capital was deployed to the renewable energy market 
between 2007 and mid-2010 (UNEP SEFI 2010). This 
market has seen a four-fold increase in new investment 
from US$ 46 billion in 2004 to US$ 162 billion annually in 
2009 (see Figure 1). The US$ 30 billion fast track financing 
pledged at the 2009 United Nations Climate Change 
Conference in Copenhagen (COP 15) has also focused 
greater business and investor interest in this market (see 
Box 1). Furthermore, analysts expect financial flows to 
this market to increase considerably in coming years. One 
recent study indicates that the low-carbon energy market 
size will reach US$ 2.2 trillion by 2020 (HSBC 2010).

Institutional investors, despite being considered risk 
averse and conservative, provided some 65 per cent 
of the finance for renewable energy in 2008 to 2009, 
contributing US$ 192 billion out of a total of US$ 294 
billion. The remainder was spread among venture capital 
(VC)/private equity (PE), and research and development 
(R&D) sources, with some public stimulus money in 
2009, offsetting a decline in VC/ PE funds (UNEP SEFI 
2010). Notably, the Cleantech Group predicted that 2010 
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would end up as the second largest year on record for VC 
investment in clean technology with a full year total of 
about US$ 7.3 billion, less than the US$ 8.5 billion raised 
in 2008, but well ahead of the US$ 5.7 billion raised in 
2009 (Cleantech Group and Deloitte 2010). The increase 
in VC and PE investments in renewables will likely have 
a multiplier effect over time by sending signals of steady 
sectoral growth to other capital sources.

However, the obstacles remain considerable to scaling up 
investment in this sector to the levels required for a global 
green economy. Currently, renewables supply less than 
5 per cent of the primary energy for power generation 
globally. The barriers to increasing this figure are financial 
and economic and include:

 ■ Higher upfront costs, capital-intensive nature of 
projects and the use of subsidies for conventional 
energy;

 ■ Political and regulatory; generally, policies do not 
favour renewable technologies;

 ■ Environmental and social; for example, planning 
objections;

 ■ Technical; for example, the intermittent nature of 
renewable technologies, and;

 ■ The scale of the projects, mainly higher transaction 
costs.

Overcoming these barriers will require a more supportive 
and stable policy and regulatory framework (UNEP FI 
2004).

A recent report by the World Economic Forum (WEF) and 
Bloomberg New Energy Finance estimated that moving 
to a low-carbon energy infrastructure and restricting 
projected global warming to below 2°C will require 
global investment in clean energy of approximately 
US$ 500 billion per year by 2020 (WEF 2010a). HSBC 
similarly concluded that building the low-carbon energy 
market would require total capital investments of US$ 
10 trillion between 2010 to 2020 (HSBC 2010). However, 
public and private investment in clean energy in 2009 
was far below needed levels. Furthermore, given the 
expected geographic shift of the global economy, as 
much as US$ 400 billion of climate change mitigation, 
including investment into energy, will have to flow to 
the developing and emerging world (World Bank 2010a). 

Emergence of green property as an asset class
Property investments have a considerable influence 
on both financial markets and carbon emissions. The 
outlook for green property investment is encouraging. 
The estimated significant growth in ESG integration 
levels in listed real estate and property from 26 to 58 
per cent (see Table 3), the successful launching and 
closing of over 18 “improver” property funds from 2006 
to 2010 financing the energy efficiency retrofitting of 
commercial buildings (Preqin 2004-2010), numerous 
green property development funds, and the increasing 
preference of occupants for green offices and residences 
are key indicators of green property becoming an 
emerging and increasingly attractive asset class.

The built environment, through its construction and 
use accounts for 40 per cent of both global energy 
use and carbon dioxide emissions. It is responsible for 
30 per cent of raw materials usage and 20 per cent of 
water usage (UNEP SBCI 2007). Buildings have also been 
identified as the greatest potential source of carbon 
mitigation at lowest cost (IPCC 2007). Many actions that 
investors and occupiers of property can take to reduce 
overall environmental and social impacts, including 
improving the environmental efficiency and social 
utility of investable properties (UNEP FI PWG 2011b) 
, are low cost, estimated to be worth around US$ 12 
trillion globally, (DTZ Research MiP 2009). Such actions 
are immediately economic – a good example of eco-
efficiency (Ceres 2010).

There is growing recognition of a range of economic 
and financial drivers to enhance the environmental 
credentials of existing buildings in rental and equity 
markets. For example, a 2009 report (RICS 2009) found 
an aggregate premium in rental rates for buildings with 
a sustainable rating of 3 per cent per square foot, or 
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above 6 per cent adjusted for building occupancy levels. 
In terms of selling prices, the report found a premium 
in the order of 16 per cent. Further, empirical evidence 
of such valuation differentials is growing (RICS 2009). 
The business case for green property investment has 
emerged strongly with a considerable effect on the 
operation of the market. However, vast opportunities 
remain to scale up green property investment.

It is also increasingly being argued that collectively, 
ever more stringent regulations, rising energy prices 
and changing occupier and investor preferences will 
increasingly affect the context within which property 
investment and letting decisions take place (UNEP FI 
PWG 2011a). As a result, the expectation is growing that, 
over time, greener buildings will experience higher net 
income growth through lower depreciation and lower 
operational costs, and as a result, be viewed as less risky. 
Enforceable regulations that drive higher environmental 
standards, greater consistency between fiscal incentives 

and policy objectives/targets for GHG reductions in 
buildings, and the promotion of metrics systems that are 
more compatible, simpler, more relevant to investors and 
more capable of capture across whole portfolios will be 
critical in accelerating the greening of property market.

Forestry – Reducing Emissions from Deforestation and 
Forest Degradation (REDD+)
For the financial services and investment community, 
understanding and developing prospective markets 
related to biodiversity and ecosystems services (BES) is 
challenging. The coverage of actual demand and the 
estimates of potential market value for the banking, 
insurance and investment community are poor. However, 
several recent initiatives have begun to frame the potential 
in nascent existing markets and prospective future ones. 
For example, the 2008 value of the bio-carbon market 
was estimated by the Ecosystem Marketplace to be at 
US$ 37 million (see Table 4). This estimate includes the 
increasingly important concept of REDD+ (see Box 2).

Box 1: Copenhagen fast track financing – a status update

The Copenhagen Accord notes developed countries’ 
commitment to provide fast track financing of US$ 
30 billion for the 2010 to 2012 period and building to 
US$ 100 billion per year by 2020.

This fast track financing will enhance action on 
mitigation, including Reducing Emissions from 
Deforestation and Forest Degradation (REDD), 
adaptation, technology development and transfer, 
and capacity building. Fast track financing will 
not only enhance implementation of the UNFCCC 
by developing countries between now and 2012, 
but also aims to help them prepare for sustained 
implementation beyond 2012. It is thus often 
referred to as enabling readiness for the post 
2012 period. It will also provide lessons for climate 
financing over the longer term. The fundamental 
questions regarding the issue of fast track financing 
today are:

 ■ Commitments at the country level According to 
the World Resources Institute (WRI), country pledges 
today add up to roughly US$ 27.9 billion;

 ■ Are funds being disbursed or earmarked? Of 
the total of US$ 30 billion, only approximately US$ 
5 billion have been committed in national budgets 
and allocation plans, and only thirty-two concrete 
programme activities have been earmarked to be 
supported by these funds. Developed countries, 
therefore, still have much to do to concretise their 

pledges to remain credible regarding their financing 
commitments;

 ■ Are funds dedicated towards climate financing 
new and additional? At the time of writing of this 
report, it remains unclear as to whether the funds 
pledged will be entirely additional to existing 
commitments in the areas of climate change 
mitigation and adaptation in developing countries 
or, more broadly, ODA. However, some pledged 
funds will be additional. It appears that most, if not all, 
funding denominated as fast track financing under 
the Copenhagen Accord will be counted towards 
developed countries’ ODA efforts and reported as 
such to the OECD’s DAC (Development Assistance 
Committee) office. Past ODA efforts by developed 
countries have repeatedly been criticised for not 
reaching the target of 0.7 per cent of GDP, commonly 
referred to as a level of ODA commitments towards 
which developed countries should aim; and

 ■ Will public fast track money leverage private 
climate finance? Most, if not all, of the programmes 
put forward as qualifying for fast track financing aim 
at increasing the institutional capacity and readiness 
of developing countries to initiate climate change 
mitigation activities, rather than at directly reducing 
GHG emissions. These types of activities usually lack 
a commercial dimension or potential for private 
participation and, as such, will not be able to attract or 
generate private climate financing.
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REDD+ and related initiatives, such as new insurance 
products related to forest carbon, (see Box 3) demonstrate 
an increased understanding of the potential market scale 
for financial services and the policy steps needed to 
facilitate development of such markets. Appropriate, clear 
and consistent global and national policy frameworks will 
be critical if the BES market is to be developed at scale. 
For many mainstream insurers, insurance premiums for 
managed forests barely reach the scale to classify it as 
a market per se. However, given the right global policy 
choices within climate negotiations in the coming years, 
the carbon market in forests could reach US$ 90 billion by 
2020 (CDC Mission Climat 2008).

Green bonds 
The green bond market is still relatively small, but 
has the support of triple AAA rated institutions and 
growing momentum. Bonds are a very regular means for 
governments, institutions and even large corporations 
to raise debt (borrow money) from the capital markets. 
In recent years, the term green bonds, or sometimes 
clean energy bonds or climate bonds, has been 
increasingly featured in discussions about finance for 
clean development3. Green bonds are simply a variant of 
general bonds wherein the issuer of the bond guarantees 
to use the money raised for some specific environmental 
purposes. They are designed to particularly attract 
investors who wish to lend money for these purposes.

The market for green bonds is still very limited. Although 
issuance of green bonds is relatively small in size, current 
issues provide an encouraging example. EIB and the 
World Bank (see Table 5) issued various green and  climate-
friendly bonds between 2007 to 2010 valued at US$ 1 
billion and US$ 1.5 billion respectively. Additionally, the 
IFC has issued four-year US$ 200 million fixed-rate green 
bonds for 2010 to 2014 to finance renewable energy 
and energy efficiency projects in developing countries. 
In 2010, the ADB and African Development Bank both 
issued their first Clean Energy Bonds.

While issuances of green bonds from the multilateral 
development banks have garnered much of the 
recent attention, green bonds have also been used 
at a municipal level to finance green projects. For 
example, in the United States, a green bond is a type 
of tax-exempt municipal bond, issued by organisations 
and local governments that have been qualified by 
the US federal government to do so. The full name for 
these green bonds is a Qualified Green Building and 
Sustainable Design Project Bond. These green bonds 
are meant to promote environmentally friendly land 
use and development, for example, the Destiny USA 
retail complex in New York that expects to have all of its 
energy needs met by renewable sources.

The global market size of bonds in emerging markets alone 
stood at US$ 79 billion in 2009 (IMF 2009), which suggests 
a greater potential for green bonds, for example, energy 
efficiency bonds for large scale retrofitting of composite 
urban units. High-grade fixed income investments, 
such as bonds, represent a promising instrument for 

Table 4: Market potential for various BES asset classes
Source: UNEP FI BES (2010)

BES asset class Market value Year Market type Source

Biodiversity mitigation/offsets US$ 1.8 – 2.9 billion 2008 Cap-and-trade/
voluntary Ecosystem Marketplace, 2009

Bio-carbon:

Ecosystem Marketplace, 2009
Voluntary over-the-counter (forestry carbon), incl. REDD+ US$ 31.5 million 2008 Private voluntary

Chicago Climate Exchange – forest carbon US$ 5.3 million 2008 Private voluntary

Clean Development Mechanism (CDM) – afforestation/reforestation US$ 0.3 million 2008 Cap-and-trade

Cosmetics, personal care, pharmaceuticals: 
bio-prospecting contracts US$ 30 million 2008 Private voluntary The Economics of Ecosystems and 

Biodiversity study (TEEB) D3

Certified agricultural products, incl. Non-Timber Forest Products 
(TFPs) US$ 40 billion 2008 Private voluntary Bishop et al., 2008. Building 

Biodiversity Business.

Certified forest products – Forest Stewardship Council (FSC), 
Programme for the Endorsement of Forest Certification (PEFC)

US$ 5 billion (FSC certified 
products) 2008 Private voluntary TEEB D3

Payments for Watershed Services (private voluntary) US$ 5 million (various pilots 
e.g. Costa Rica, Ecuador) Private voluntary TEEB D3

Payments water-related ecosystem services (government) US$ 5.2 billion 2008 Public TEEB D3

Other payments for ecosystem services (government-supported) US$ 3 billion 2008 Public TEEB D3

Private land trusts, conservation easements (e.g. North America, 
Australia)

US$ 8 billion (in the USA 
alone) 2008 Public TEEB D3

3. The Climate Bonds Initiative is a project established in 2009 by the 
Network for Sustainable Financial Markets (NSFM) operating as a joint 
project of NSFM and the Carbon Disclosure Project. http:// climatebonds.
net.
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mainstreaming institutional investors to deploy larger 
amounts of investment in the environmental sector. With 
bond holdings representing 31 per cent of financial assets 
worth US$ 39 trillion in 2009 (Capgemini 2009), high net 
worth individuals represent a significant segment of 
potential demand for green bonds.

Equally, the public sector at the national and international 
levels should support the growth of these emerging 
segments by funding research and promotional 
activities to foster a better understanding of green bond 

markets, green commodity markets, and environmental 
and social stock exchanges. The Climate Bonds Initiative, 
a global civil society network launched in 2009, develops 
policy proposals for governments, finance and industry, 
and develops advice on large-scale climate mitigation 
opportunities suitable for long-term debt finance (The 
Climate Bonds Initiative 2009).

Carbon markets 
Carbon markets comprise one of the key areas of green 
finance and provide an important discovery mechanism for 

Box 2: Overview of REDD+ 

Reducing Emissions from Deforestation and Forest 
Degradation (REDD) is an effort to create financial value 
for the carbon stored in forests, offering incentives 
for developing countries to reduce emissions from 
forested lands and invest in low- carbon paths to 
sustainable development. REDD+ goes beyond 
deforestation and forest degradation, and includes 
the role of conservation, sustainable management of 
forests and enhancement of forest carbon stocks.

Much of protecting existing forests (REDD+) or 
reforesting areas (afforestation and reforestation

– A/R) is achievable at considerably lower costs 
than other abatement technologies, and brings 
immense potential co-benefits such as biodiversity 
conservation and watershed protection – “free” 
services with an estimated value of up to US$ 1 trillion/
year by 2100. Nevertheless, achieving this potential 
will require considerable investment, estimated at a 
minimum of US$ 17 to 33 billion per year just to halve 
the rate of tropical deforestation by 2030 (The Eliasch 
Review 2008). Investment on this scale is unlikely 
to come from governments alone, and thus active 
participation of private sector financial institutions is 
essential. This in turn depends on making protection 
and enhancement of forests investable while 
intensifying efforts to accurately measure and report 
on carbon stored in forests . The main investment 
sources in the forestry sector in general (i.e. other than 
in the context of climate mitigation) are private (93 
per cent ) representing about 1.5 per cent of global 
direct investment (UNEP FI 2011a and UNEP FI 2011b).

The forestry sector, REDD+, and A/R can be of 
interest to financial institutions if they can not only 
be profitable, but to also diversify lending, insurance 
and investment portfolios. This sector can also be of 
interest to financial institutions because of political 
and associated reputational imperatives. A range of 

political, market and general business risks need to be 
considered. Risk mitigation tools available to financial 
institutions to make REDD+ and A/R projects more 
attractive include guarantees, insurance, and bonds.

Although negotiations are still ongoing at UNFCCC 
level about the exact shape and structure of a 
REDD+ mechanism, around 40 countries are already 
engaging in REDD+ strategy development (Phase 1) 
and pilot activities. It is expected that private sector 
finance for REDD+ will scale up as initial reforms and 
institutional strengthening take effect and REDD+ 
programmes are scaled up (Streck et al. 2010). The 
five current scenarios that are on the table within 
international climate negotiations include

Scenario 1: National crediting under a UNFCCC 
agreement.

Scenario 2: Sub-national or project crediting 
under a UNFCCC agreement.

Scenario 3: The nested approach as hybrid 
solution between Scenarios 1 and 2.

Scenario 4: International fund with national- 
level incentive payments.

Scenario 5: Voluntary markets only (no 
international REDD agreement).

The most promising policy option for private sector 
involvement in REDD seems to be the nested 
approach described in Scenario 3. In the absence of 
a global climate agreement, market players need to 
be prepared to make use of the opportunities within 
the voluntary market, or dedicated national cap- 
and-trade schemes that allow for REDD offsets (e.g. 
future US scheme and/or EU ETS Phase 3).
Source: UNEP FI
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the price of carbon. In total, 8.7 billion tonnes were traded 
in 2009 (see Figure 2), with a value of US$ 144 billion (US$ 
123 billion in allowance-based cap-and-trade) trading and 
US$ 21 billion in project-based deals under instruments 
such as the CDMs. The largest carbon market by far is the 
European Union Emissions Trading System (EU ETS), the 
annual value of which rose to US$ 122 billion in 2009.

There is considerable uncertainty about the future 
structure of carbon markets following an inconclusive 

outcome to the 2009 UN Climate Change Conference 
in Copenhagen and a stalemate on establishing a 
national carbon trading scheme in the US (TheCityUK 
2010). Primary CDM transactions, making up the bulk 
of the project market, nearly halved to 211 million 
tonnes in 2009 from 404 million tonnes in 2008, due to 
difficulties in accessing finance, lack of bankability of 
CDM and Joint Implementation (JI) credits after 2012, 
and ever lengthening delays in the CDM process (see 
Figure 2).

Box 3: Building an insurance market for forest carbon
Carbon markets have not tackled emissions from the 
loss of natural forests. There are several concerns: the 
issues of likely permanence, additionality, leakage, 
measuring and monitoring, and risks of project- 
based changes in carbon stocks or GHG emissions. 
It is a significant gap in mitigation - as much as 20 
per cent of anthropogenic GHGs are estimated to 
originate from land use change. Unlike the reduction 
or avoidance of GHG emissions with all other types 
of mitigation activities, GHG sequestration into 
biomass is non-permanent. Sooner or later, the 
sequestered carbon will be re-released into the 
atmosphere. In the case of forestry this can happen 
due to natural hazards, land-use decisions and other 
events (UNEP FI 2008).

To date, regulators have treated forest-based GHG 
permits as temporary, which has greatly reduced 
their value and thus demand. In the voluntary 
certificate sector, the approach for addressing 
non-permanence is to require projects to maintain 
adequate buffer reserves of non-tradable carbon 
credits to cover unforeseen losses in carbon stocks.

Another alternative is the deployment of insurance 
and other financial risk management instruments to 
guarantee the permanence of carbon sequestered 

through forests. This means that the land occupied 
by the buffer would be available for a variety of 
purposes. In principle, the loss of carbon from a 
forest is insurable, and the use of financial tools is 
superior economically. Private sector providers of 
forest insurance focus on plantations, not public 
and natural forests. The primary reason is the 
more sophisticated risk management systems (e.g. 
watchtowers and firebreaks, fire-fighting personnel, 
equipment and procedures) in place for privately 
owned forests, where there is a clear financial interest. 
Even for plantations, the total acreage insured is low.

The main reasons for the lack of demand are its high 
exposure to catastrophic losses (exacerbated by 
climate change); low demand and inadequate pricing; 
and insufficient risk management, compounded 
by the possibility of moral hazard. Also, forest risks 
require specialist knowledge, and the valuation 
of forest carbon is difficult. While forest insurance 
products have been underwritten via traditional, 
indemnity-based insurance policies, some are also 
exploring the viability of alternative risk transfer and 
financing solutions including catastrophe bonds. 
There is some evidence that public sector forest 
insurance has been successful, for example, in Japan.
Source: UNEP FI (2008) 

Table 5: Recent green bond issues by the World Bank Group 
Source: World Bank and IFC websites

Issue (Rating) Amount Maturity Date Coupon Investors

Inaugural Issue Swedish Krona (SEK) denomi-
nated Green Bond (Aaa/AAA)

2.85 billion SEK
(in three tranches) November 2014 3.5 per cent p.a.

Swedish National Pension Funds
Skandia Life
UN Staff Pension Fund
Others

First US$ denominated Green Bond (Aaa/AAA) US$ 300 million April 2012 Floating rate State of California

Third World Bank Green Bond (Aaa/AAA) US$ 180 million
(in two tranches) December 2013 2 per cent p.a.

California State Teachers Retirement System (CalSTRS)
Swedish National Pension Funds
Swedish insurance provider SEB Trygg Liv
UN Staff Pension Fund, Others

Fourth World Bank Green Bond (Aaa/AAA) NZD 150 million January 2015 5.23 per cent S.A. Japanese investors

IFC Inaugural Green Bond (Aaa/AAA) US$ 200 million April 2014 2.25 per cent p.a. Details not available
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One sign of this was the change in fortunes of the 
Chicago Climate Exchange (CCX), which announced in 
October 2010 that it would be ending its operations as 
a clearing house for a voluntary cap-and-trade scheme 
among industrial members. At its inception in 2003, 
CCX was viewed as a proving ground, and at one time 
more than 400 members, including many large utilities 
and to learn how a cap-and-trade system would work. 
Their emission reductions accounted for about 88 per 
cent of the nearly 700 million metric tonnes of carbon 
dioxide reduced by CCX since 2003 (Chicago Climate 
Exchange 2011). Carbon offsets account for the rest. The 
voluntary members’ scheme was scheduled to terminate 
in 2010 and, after cap-and-trade legislation failed to pass 
in the US Senate, renewal was deemed infeasible. The 
exchange will continue trading voluntary carbon offsets, 
a different kind of contract created by projects, such as 
planting trees, to reduce carbon dioxide or other GHGs.

In the U.S. Regional Greenhouse Gas Initiative (RGGI), 
a mandatory programme capping power plant CO2 
emissions in 10 north-eastern states, permit volumes 
exchanged slumped to 36 million metric tonnes in the 
third quarter of 2010, down from 329Mt in the same 
period of 2009 (Bloomberg New Energy Finance 2009). 
However, in addition to regulatory uncertainty, carbon 
markets have flaws (Dag Hammarskjold Institute 2009). 
Within the UNFCCC system key issues are the credibility 
of offsets from industrial gas projects under the CDM 
and the surplus in emissions allowances held by former 
Soviet countries. However, the EU seems determined to 
continue with its own scheme. The potential for evolution 
of the EU ETS system is explored in the final section of 
this chapter. It is noteworthy that in the first three years 
of trading, emissions in Europe were estimated to have 
been reduced by around 120 to 300 million tonnes (Pew 
Center on Global Climate Change 2008).

New initiatives such as the UK’s Green Investment Bank 
are also providing potential foundations for more co-
financing and risk sharing between the private banking 
sector and public entities (see Box 4). 

Low carbon transport
Measurement of finance flowing into low carbon 
transport is challenging. The measures required for 
increasing financial flows in this sector are different 
in developed and developing countries. In developed 
countries low carbon solutions would need to be grafted 
on to existing transport networks.

In the UK for example, two-thirds of GHG emissions savings 
under road transport would come from more efficient and 
low carbon vehicles, particularly electric/plug-in hybrid 
vehicles (Parliament Committee on Climate Change, UK 
2010). Given the current state of electric car technology, 
to develop an electric car market would only require 
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Box 4: Green Investment 
Bank, UK

In 2010, the UK government announced that 
it would create a £ 1 billon Green Investment 
Bank (GIB) that would make direct financial 
interventions to help the government meet its 
ambitions for green infrastructure. Although 
at the time of writing the specific governance 
structure of the GIB were still unpublished, it is 
expected to have a mandate to deliver and debt 
products, and share the risk in financing green 
infrastructure where the market on its own 
currently cannot adequately accommodate 
such a risk. Areas of investment are expected to 
include the offshore wind sector and the carbon 
capture and storage (CCS) industry. The UK 
government is also reported to be examining 
types of de-risking products for construction 
and operating phases to help the private sector 
introduce cheaper forms of low- risk capital. 
As well as reducing risk to mobilise additional 
capital in the market, the GIB will also seek to 
make a return on investment and to reinvest 
the proceeds into further green infrastructure 
financing. It has also been suggested that the GIB 
take a role in developing marketplace standards 
for green bonds by creating environmental 
integrity standards that would increase the 
product’s credibility with institutional investors.
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transitional financial support from government for car 
purchase and investment in a battery recharging network. 
The battery charging infrastructure could be a largely home-
based network and would enable 240,000 electric cars to be 
on the road in the UK by 2015, rising to 1.7 million by 2020.

This is similar to the Japanese government’s objective 
to achieve a 15 to 20 per cent market share of electric 
and plug-in hybrid cars by 2020. Once the electric/plug-
in hybrid vehicle penetration is at these levels, it is likely 
that the private sector finance could be relied on to 
complete the conversion.

However, in developing countries, there may be an 
opportunity to avoid the private car centred model of 
transport and provide sustainable, high quality mass 
transport sooner, and at less cost (Sakamoto, Dalkmann,  
and Palmer 2010). Public finance is, and will remain, 
the core source of funds, using both domestic and 
international flows, such as ODA and export credits. 

Improved waste management
Sustainable waste management is a major issue in 
human society and a growing source of efficiency 
savings in industrial management. Around 4 billion 
tonnes of waste are produced around the world each 
year of which scarcely one-quarter is thought to be 
recovered or recycled, including many secondary 
materials that can substitute for raw materials that are 
becoming increasingly scarce (Veolia Environmental 
Services 2009).

From being primarily a local activity, the scale of 
sustainable waste operations has mushroomed with 
the emergence of worldwide markets for a number 
of secondary materials, such as scrap and paper, for 
which 2007 and 2008 revenues matched those for raw 
materials, such as steel and paper pulp. This industry for 
industrial, municipal, and hazardous waste is served by 
a range of public municipal agencies and private sector 
enterprises. Together with the other economic activities 
associated with waste, from collection to recycling, it 
would appear to represent a world market of some € 300 
billion, shared about evenly between municipal waste, 
and industrial and construction waste.

Finally, institutional investors are also playing a part. For 
example, former US President Bill Clinton has announced 
an investor-led survey of how companies use and track 
plastic in their businesses. Investors with more than US$ 
5 trillion in assets under management (AUM) are to back 
the Plastic Disclosure Project (PDP). The first PDP survey 
is scheduled for the first half of 2011 (McCabe 2010) and, 
as suggested by its name, is similar to the successful 
Carbon Disclosure Project, which sends out a detailed 
questionnaire to firms on their carbon emissions, targets 
and mitigation strategies.

Improved freshwater provision
While public water companies provide most water 
and wastewater services worldwide, the number 
of people served by private water companies has 
grown significantly in the last two decades. As water 
infrastructure is very capital-intensive, private sector 
investment or support for public investment via bonds 
financed by investors is increasingly important. Private 
financing for infrastructure to produce freshwater is one 
area of potential significance for a green economy.

Currently, 95 per cent of global potable water is financed 
and provided by the public sector (OECD 2004). However, 
limited renewable freshwater resources and greater human 
water withdrawals are increasingly causing water stress 
and severe scarcity. About 2.8 billion people (UN MDGs 
2008) endure some form of water scarcity of which 1.2 
billion live under conditions of physical water scarcity and 
1.6 billion people live in areas of economic water scarcity, 
where the costs of water provision have been rising. New 
infrastructure and improved water treatment technologies 
are central in improving water supply and wastewater 
management. The Camdessus Panel (World Water Council 
2003) estimated the funding gap in the water sector for 
developing countries and emerging markets alone to 
amount to US$ 100 billion per year — the bulk of which is 
for household sanitation, wastewater treatment, treatment 
of industrial effluents, irrigation and multipurpose 
schemes. Private finance would have to at least double to 
close the public investment gap in the water sector.

Sustainable agriculture
Until recently, agriculture has been ignored by financial 
market participants focused on sustainability. However, 
global demand for agricultural commodities is now 
pressing on supply and high-tech has entered the 
agricultural laboratories. It has also become clear 
that farming is a highly polluting industry and poses 
significant equity issues. The perception that agriculture 
is now a potentially risky, but profitable, opportunity 
has begun to attract the attention of the sustainability 
component of the finance sector. This report is unable 
to offer any reliable global estimates of green finance 
currently flowing into sustainable agriculture as a whole. 
However, the examples of responsible finance for palm 
oil and GHG reduction in the UK may be illustrative.

Global production of palm oil has doubled over the last 
decade to over 36 million metric tonnes per year and is 
expected to double again by 2020. In 2008, when prices 
were especially high, the market in crude palm oil was 
worth more than US$ 25 billion. About 80 per cent is used 
for food, for example, margarine (WWF International 
and Profundo 2008). Sustainable palm oil production 
can help to meet the world’s growing demand for edible 
oils and generate income and employment for rural 
economies in tropical regions.
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However, unsustainable practices in parts of the industry 
have had serious impacts, such as forest clearances 
that destroy rich natural ecosystems and release huge 
volumes of GHGs into the atmosphere. There have also 
been social issues such as native communities being 
unwillingly dispossessed of their land. Because such 
problems may entail the risk of financial penalties, client 
default and reputation risk, many commercial banks have 
strengthened their risk assessment policies on palm oil 
loans, and have developed written policy statements on 
palm oil, noting that a responsible palm oil policy needs 
to cover the full range of companies involved in the 
palm oil sector, including upstream companies as the 
producers of crude palm oil and downstream companies 
involved in refining, trading and use of palm oil products.

In most OECD countries, the GHGs emitted by the 
agricultural sector are significant and comprise mainly 
of methane and nitrous oxide, which interact with soil 
and microbial processes in ways that are not completely 
understood (Climate Change Task Force UK 2010). 

Also, the actors are many, dispersed and small, so that 
measuring emissions and enforcing regulations are not 
easy. Thus, increasing attention is being given to market-
based instruments such as tradable emission permits. To 
that end, the UK has developed a Marginal Abatement 
Cost Curve (MACC) for UK agriculture (see Figure 3).

This exercise identified a technical potential of 9 MtCO2- 
eq (metric tonnes of carbon dioxide equivalent) that could 
be abated at negative cost (i.e. this would save money 
for farmers under the assumptions used in the MACC), 
with an additional 4 Mt CO2-eq below £ 40/t CO2-eq. This 
indicates a scenario for GHGs policy, characterised by 
taxes and subsidies or a cap-and-trade scheme, with up to 
6 Mt CO2-eq potentially available for abatement by 2020 
(Climate Change Task Force UK 2010), a market of over 
€ 100 million. Because the biggest reductions may come 
from the least efficient and least aware operators, linking 
environmental performance to improved profitability 
is likely to be effective and should also prove to be an 
attractive business model for financial institutions. 
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4  Opportunities and challenges 
in financing the green economy

Section 2 showed that current financial flows into a 
green economy need to be dramatically scaled up while 
Section 3 showed that innovative financial mechanisms 
have emerged for many environmental and natural 
resource areas and have begun to channel funds to 
them. This section identifies some of the key barriers to 
scaling up these flows throughout the typical life cycle 
of investments from pre-investment to final exit, and 
suggests ways to remove them.

4 1 Addressing the full 
cost of externalities

If the costs of environmental degradation and social harm 
remain external to the costs of business and investment 
activity, then the risk/reward equation that underpins 
so much of financial services and investment activity 
will continue to promote environmentally and socially 
unsustainable business practices and financial activity. 
For most of the period in which a formal investment 
industry has evolved over the past 200 years, ESG issues 
were not considered in the investment policy-making and 
decision-making processes of most mainstream financial 
institutions.

One of the primary reasons for this omission was that 
externalities – costs that are external to a company’s 
balance sheet such as pollution or destruction of 
ecosystem services – have simply not been assessed, 
priced or accounted for in traditional market activity and 
the associated investment processes that have supported 
that activity. Analysis in the recent TEEB business report 
(TEEB for Business 2010) confirmed that standard business 
valuation techniques for most part still fail to capture 
the values of basic ecosystem services. In addition, 
criteria employed in accounting to ensure relevant and 
reliable financial reporting are framed in a way that 
typically excludes intangible issues such as impacts and 
dependencies on ecosystems and biodiversity.

The failure to internalise the wide and diverse range of 
environmental and social externalities prevents larger 
amounts of capital flowing into a green economy. 
While governments, through their regulatory activities 
(direct regulation, environmental taxes, user charges, 
and tradable permit systems) and budgetary activities 
(payment for environmental services) will play a major 

role to address these externalities, voluntary initiatives 
within the financial and investment sectors can 
contribute also. While externalities remain unaccounted 
for in investment activity, the risk/reward equation 
that underpins most capital market activity makes the 
dramatic scaling up of financial flows to a green economy 
infeasible in the short-term. In recent years, however, 
some of the world’s largest investors have begun to focus 
on the questions of fiduciary responsibility and fiduciary 
legal issues in the context of ESG matters (see Box 5). 
In particular, it is in the interests of large, diversified 
institutional investors that own a fairly representative 
sample of the global economy – so called universal 
owners – to act to reduce negative externalities (see Box 
6). While interest around the universal ownership theory 
continues to grow, it has yet to attain mainstream status 
and there are some dissenting views with respect to the 
overall thesis.

Most recently, there have been attempts to put a price 
on the damage caused by business to human health, the 
degradation of ecosystems, and the depletion of natural 
resources. Avoiding these costs represents one of the 
main benefits to society from greening the economy. 
For example, UN-backed research found that the human 
use of environmental goods and services in 2008 caused 
an estimated US$ 6.6 trillion in environmental costs, 
equal to 11 per cent of the global economy (UNEP FI 
and PRI 2010). As the economic perils of a broad range 
of the “slow failures” or “creeping risk” (WEF 2010b) 
become more apparent, there is an accelerating need for 
capital markets and financial institutions to understand 
how natural and social value at risk will impact their 
investments in both the short and long-term.

A strategic commitment to capture these values and 
incorporate their consideration in internal decision 
making can help pave the way for greater capital flows 
to a green economy. Focused public policy action 
will speed up this process. The need to understand 
natural and social value at risk and its implications for 
economies poses a series of complex questions for 
the financial services sector, as well as for the broader 
business community. These questions are crucial for 
those parts of the financial system, such as the pensions 
and investment sector, which need to protect and grow 
assets over the long term. 
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4 2 Providing pre-investment finance

At least 83 countries now have some type of policy 
designed to promote sustainable energy, but only a few 
have seen scaled-up investment in renewable energy 

and energy efficiency operations (REN21 2010). Analysis 
suggests that one of the most important barriers to 
scaling up is the lack of pre-investment finance. Figure 
4 demonstrates the phases of investment, from public 
grants, VC funding, and production subsidies required 
to develop a new renewable energy technology to the 
point that it can begin to demonstrate a track record and 
attract second stage funding. Figure 5 shows the private 

Box 5: Financial materiality and fiduciary responsibility 
(KfW Symposium 2008)
In 2003, a group of asset managers (UNEP FI AMWG 
2004-2009) collectively representing US$ 1.7 trillion in 
AUM began to reconsider the financial materiality of 
a range of ESG issues that until then had traditionally 
been overlooked or undervalued by many investment 
approaches. Over subsequent years, the process 
yielded three major reports that have transformed 
thinking within the investment world.

In the Materiality Series (UNEP FI Materiality Series 
2004 to 2010) mainstream financial analysts explored 
the relevance of a range of ESG issues, such as climate 
change, occupational and public health, human labour 
and political rights, and both corporate trust and 
governance, across a range of commercial and industrial 
sectors. The sectors included aviation, the auto 
industry, aerospace and defence, chemicals, food and 
beverage, forest products, media, non-life insurance, 
pharmaceuticals, property, and utilities. What the 
Materiality Series was so effective in doing was to hold 
the coming-out ball for the idea that ESG (particularly 
environmental and social) factors have financial 
relevance, and are as useful in constructing a synthesis 
of management quality as strictly financial factors.

The Materiality Series also helped lay the groundwork 
for the development of the PRI, now backed by more 
than 900 institutional investors representing US$ 25 
trillion in assets4. The third and, to date, final report 
in the series focused on climate change and was 
published just two months ahead of the December 
2009 United Nations Climate Change Conference in 
Copenhagen. The report mainly takes the form of a 
review of key financial analyst research on climate 
change.

Along with the growing acceptance of the financial 
materiality of ESG issues, parallel work was 
undertaken to show that considering ESG issues in 
investment policy making and decision making was 
consistent with legal frameworks that govern the 
fiduciary duty of many institutional investors to act 

in the best interests of their beneficiaries. In October

2005, a landmark legal interpretation covering the nine 
major capital market jurisdictions opened up a new 
potential for the world’s largest institutional investors 
to consider ESG issues in their investment processes 
(UNEP FI and Freshfields Bruckhaus Deringer 2005). 
In fact, the interpretation argued that the appropriate 
consideration of ESG issues – from both risk and reward 
standpoints – was an obligation in most major capital 
market jurisdictions and mandated by law in some. 
The Freshfields Report greatly strengthened the case 
within the investment industry around the need for 
investors to fully integrate material ESG considerations 
in all aspects of their investment processes. In short, 
this work moved the discussion forward on the need 
for key market actors to integrate, account for and 
price the risks associated with a broader range of 
externalities than had previously been the case in 
investment practice. The Freshfields legal interpretation 
was followed in 2009 by the Fiduciary II (UNEP FI 2009) 
report that built on the initial interpretation. The 
Fiduciary II report concludes that ESG issues should be 
embedded in the legal contract between asset owners 
and asset managers, with the implementation of this 
framework being governed via ESG-inclusive reporting 
to asset owners. It also makes a case that advisors to 
institutional investors, such as asset managers and 
investment consultants, have a duty to proactively 
raise ESG issues with their clients, and that those who 
do not open themselves to potential legal liabilities. 
Finally, the study argues that responsible investment 
should be the default position for all investment 
arrangements. To achieve this the fiduciary duty 
should be aligned better with environmental and 
social dimensions. This evolving process that seen 
ESG issues being embedded in the thinking around 
fiduciary responsibility and legal considerations goes 
to the very heart of many investment policy making 
and decision making processes.

4. The Principles for Responsible Investment (PRI), launched in April 2006, 
is an investor initiative backed by United Nations Environment Programme 
Finance Initiative and the UN Global Compact. www.unpri.org
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financing mechanisms used to address financing gaps, 
which might be through an Initial Public Offering (IPO) 
or project finance loans from banks. The term “Valley of 
Death” is often used during the phase discussed above 
to describe the difficulties of accessing commercial 
finance between the initial VC investment and the 
demonstration, or from demonstration to commercial 
rollout with secondary VC investment.

The diagrams show where public grants or specific 
subsidies are essential. One can conclude that the 
private sector is capable of providing finance in more 
mature stages of commercial development, but is less 
reliable for early-stage finance where VC/PE operates. It 
demonstrates the need for a potential sharing of risk at 
the initial stages between private and public investors, 
for example, by providing incentives for private 
investment in the early deployment of new technologies 
or by improving the capacity of the insurance market.

4 3 Integrating ESG risks into financial 
and investment decision making

To date, the degree to which ESG risks are factored 
explicitly into banking considerations is limited, largely 
due to the difficulties in establishing the financial 
materiality of such risks. Although public policy shifts 
have set processes in motion to strengthen the financial 
materiality of a range of these risks (see Box 7), there is a 
significant lag between a clear reflection of such risks in 
public policy at global, regional and national levels and 
its integration into the inner workings of the financial 
system. For the banking sector, this particularly relates 
to understanding and quantifying the credit risk, for 
example, linked to the likelihood of new regulation, and 
default implications of these emerging risks as well as 
the negative impact on collateral.

Also, the speed with which financial institutions are able 
to transfer risk into the system by removing the liability 
from their own balance sheet is an important factor in the 
assessment of how these emerging risks impact banking 
operations and the degree to which they are financially 
material for individual institutions. A 2006 report (UNEP FI 
and EcoSecurities 2006) concludes that in many cases for 
North American banks there was no link between bank 
lending and climate change risks because of the short 
average maturity of such loans and the speed with which 
banks transferred loans off their own balance sheet.

If the information that investors receive is shallow and 
short-term then their investment decisions can show 
similar characteristics, which is why the finance and 
investment community is demanding more data on 
ESG issues such as carbon emissions from the entities 
in which they invest. This type of sustainability/ESG 
reporting (hereafter “sustainability reporting”) has grown 
exponentially in recent years, for example, the GRI Financial 
Services Sector Supplement and Equator Principles. 
However, methodologies and international norms can still 
be improved. There are now significant moves towards 
more integrated reporting. To that end, in July 2010 the 
International Integrated Reporting Committee (IIRC) was 
formed to try and create a globally accepted framework 
for accounting for sustainability – a framework that brings 
together financial and ESG information in a clear, concise, 
consistent and comparable format. This issue is also being 
discussed by global stock exchanges.

However, the link between improved accounting and 
reporting and actual business practices is somewhat 
weak. Some 1,100 financial institutions (UNEP FI and 
PRI) now support United Nations -backed principles 
and statements that advocate firm steps towards a 
sustainable financial system and a responsible approach 
to investment, but progress in putting these statements 
into practice can be inconsistent and, in many cases, 

Box 6: The universal owner 
theory explained

The universal owner theory (UOT) concerns a solution 
to an important contradiction in the investment 
system: short-term rewards for some are potentially 
available where externalities, such as climate change, 
ecosystems destruction or ignoring the rule of law) are 
not adequately accounted for. However, in the longer 
term these externalities may undermine the value of 
investments for all. Emerging work around the UOT is 
deepening our understanding and starting to quantify 
the economic, financial and investment implications 
of externalities along the investment chain.

A joint UNEP FI/PRI report on the subject estimated 
that the equivalent of US$ 6.6 trillion of damage was 
externalised in 2008, or 11 per cent of the value of 
the US$ 60 trillion global economy (UNEP FI and PRI 
2010). Without action, the cost of environmental and 
social externalities relative to the value of the global 
economy is projected to increase by 62 per cent from 
2008 to 2050. If environmental externalities are not 
addressed, the damage incurred annually continues 
over time and accumulates. The study also found 
that companies in the MSCI All Country Index are 
associated with over US$ 1 trillion in environmental 
externality costs annually. This equates to 5.6 per 
cent of the market capitalisation of companies 
in the Index, and 56 per cent of their earnings. 
Environmental externalities could present a financial 
risk to universal owners invested in equity markets.
Source: UNEP FI/PRI (2010 )
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embryonic. As stated earlier in this chapter, over 900 
investment organisations managing more than US$ 25 
trillion of assets have now signed the PRI. The results of 
the PRI’s annual assessment survey shows that US$ 6.7 

trillion of the PRI signatories actively managed assets, 
accounting impressively for some 51 per cent of such 
assets managed by PRI supporters, were subject to 
ESG integration in 2009. However, this represents only 
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around 7 per cent of the overall market of institutionally 
managed assets (PRI 2010).

Although progress remains slow, there is also evidence 
in the PRI’s Annual Assessment Survey of how the asset 
owners that lead this initiative are catalysing change 
throughout the investment chain. For example, 87 per 
cent of the investment managers that participated in 
the survey now have an overall investment policy that 
addresses ESG issues, and 66 per cent of asset owner 
signatories now put specific ESG considerations into 
their contracts with managers and investment advisors.

The banking sector has also shown positive signs of 
reform. In the late spring of 2010, the sector was warned 
that post crisis, “private players will be held accountable 
to new and stricter standards of economic integrity and 
prudent management” (Trichet 2010). An international 
body, the Basel Committee on Banking Supervision 
(BCBS), part of the Bank for International Settlements 
(BIS)5, plays a key role internationally to define the rules 

governing how banks handle risk to bolster the stability 
and resilience of the financial system, while ensuring 
sufficient lending to foster economic growth. The 
executive summary of the BCBS’s consultative document 
– Basel III – on major banking reforms states, “A strong 
and resilient banking system is the foundation for 
sustainable economic growth, as banks are at the centre 
of the credit intermediation process between savers and 
investors” (BCBS 2009).

Moreover, banks provide critical services to consumers, 
small and medium-sized enterprises, large corporate 
firms and governments who rely on them to conduct 
their daily business, both at a domestic and international 
level. Considering a broader range of environmental and 
social risks into banking processes and disciplines such 
as those governed by the BCBS would have profound 
implications for the banking sector and would catalyse 
the transition to a green economy.

4 4 Expanding green insurance

The insurance industry is uniquely placed in our 
economies as a private market mechanism for the 

Box 7: Banking risks around climate change

As carbon liabilities become internalised within 
accounting and financial systems, banks will be affected 
increasingly both directly through impacts on the value 
of their own capital and indirectly through changes to the 
value and risk profiles of the loan portfolios of institutions 
and the collateral held against those loans. Climate 
change creates concerns at the macro prudential level in 
terms of its long-term systemic risks that jeopardise whole 
regions, economies and industries.

Climate change also creates concerns at the micro 
prudential level in terms of risks embedded in the 
financing and investment undertaken by banks. The 
policy, legislative and regulatory changes underway in 
many countries to more fully account for a broader range 
of ESG risks will also strengthen the fiduciary duty (UNEP 
FI AMWG 2009) and fiduciary legal (UNEP FI & Freshfields 
Bruckhaus Deringer 2005) arguments that call for a full 
and proactive effort to integrate financially material risks 
in all aspects of investment policy making and investment 
decision making.

These changes have implications for banks, as well as the 
many other forms of financial intermediaries that exist 
along the investment chain. In previous guidance, the 
BCBS has sought to “promote a more forward-looking 

approach to capital supervision, one that encourages 
banks to identify the risks they may face, today and in the 
future, and to develop or improve their ability to manage 
those risks.” (UNEP FI AMWG 2009) It is in this forward 
looking perspective where full consideration by the BCBS 
of financially material ESG issues are required, such as the 
risks posed by climate change, resource scarcity and the 
destruction of ecosystems, as well as governance issues 
related to micro and macro prudential regulation. Aligning 
Basel regulations and standards with ESG issues carries the 
promise of a stable, resilient and robust financial system 
that can deliver capital for green projects and initiative. 

Including a full range of ESG considerations in the capital, 
adequacy requirements of banks will be a significant step 
to align the worldwide banking system with the needs 
of a future green economy. Post crisis, and following 
criticisms that the Basel II framework was ineffective, the 
BCBS, under a G20 mandate from the Financial Stability 
Board (FSB) is in the vanguard of efforts to reassess the 
resilience of the banking system. To this end, a review of 
many of the key supervisory requirements was initiated 
in 2009. The opportunity to reinforce the importance of 
ESG issues into ongoing Basel Committee considerations 
remains current as the standards-setting pursues well into 
the next two years. 

5. The Bank for International Settlements was established 17 May 1930, and 
is the world’s oldest international financial organization. The BIS fosters 
international monetary and financial cooperation and serves as a bank for 
central banks. http://www.bis. org/about/index.htm
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sharing of risk, with the global pooling of what would 
be risks otherwise borne solely by individuals and 
entities estimated at roughly US$ 400 trillion (UNEP FI 
IWG 2009). As this risk pooling is integral to the efficient 
functioning of markets, economies and societies, the 
insurance industry is a key focus of regulators and 
policy makers. The risk pooling afforded is only possible 
with investors’ willingness to put capital at risk; hence, 
value creation is necessary for its continued existence. 
The convergence of public and private interests in the 
insurance industry is nowhere more apparent than in 
the risks and opportunities presented by ESG issues.

The insurance – including reinsurance – community, 
with its expertise in assessing, pricing and managing 
risk and freeing the flow of risk capital, can play a critical 
role to support the emergence of a green economy 
agenda across business, industry and the markets. It is 
important to understand that insurance is not only a risk 
transfer mechanism to compensate financial losses, but 
also a risk management mechanism because insurers 
carry out loss prevention and loss mitigation measures 
in conducting their business. The insurance industry, 
therefore, has an unparalleled capacity to understand 
and engineer approaches and mechanisms to manage 
emerging ESG risks.

As such, the industry is a strong lever for the transition to 
a green economy due to its size, the extent of its reach 
into the community and the significant role it plays in 
the economy, not only in the risk management and risk 
transfer spheres, but also as an investor through the vast 
pool of insurance company reserves. In 2008, worldwide 
premium volume for life and non-life insurance business 
combined exceeded (Swiss Re 2009) US$ 4.2 trillion, 
making insurance the largest industry in the global 
economy. The industry’s global AUM in 2010 stood at 
US$ 24.6 trillion (TheCityUK 2011). Table 6 highlights the 
premium make-up of the global insurance industry in 
2008, and also gives an indication of the insurance gap 
between developed and developing regions.

The insurance industry has long been in the vanguard 
of understanding and managing risk, and has served 
as an important early warning system for society by 
amplifying risk signals. For example, the insurance and 
reinsurance community were amongst the first financial 
service organisations to engage in and explain the long- 
term economic risks posed by climate change (UNEP 
FI 1995). In addition to the threats posed by global 
warming, insurers today are communicating strong 
risk signals stemming from a wide range of ESG issues 
such as biodiversity loss and ecosystem degradation, 
water scarcity, poverty, emerging manmade health 
risks, ageing populations, child labour and corruption 
(UNEP FI IWG 2007). Because certain risks are too large 
to be borne by an individual insurer, these risks are 

spread across the industry in a complex risk-sharing 
system comprising of many players, with the underlying 
principle of “one for all, all for one” that has supported 
social and economic development throughout human 
history. Insurers, reinsurers and retrocessionaires, are all 
risk carriers, as they put capital at risk and ultimately pay 
claims. Insurance agents and insurance brokers provide 
services to insureds and insurers. Similarly, reinsurance 
brokers and reinsurance underwriting agents provide 
services to insurers, reinsurers and retrocessionaires. 
The common denominator for agents and brokers in 
the system is that they are all intermediaries who act 
as channels in spreading risks. There are other service 
providers, such as catastrophe model vendors, loss 
adjusters, and rating agencies, but they are not directly 
involved in the risk-sharing process.

Over the last two decades, the insurance industry has 
also witnessed the emergence of insurance-linked 
securities, such as catastrophe bonds, where risk 
carriers have transferred peak risks in their portfolios to 
the capital markets by securitising, for example, their 
accumulated risk exposure in a specific territory due to 
natural hazards. Through loss prevention and mitigation, 
carrying risks, and as major investors, the insurance 
industry has protected society, catalysed finance 
and investments, shaped markets and underpinned 
economic development. However, the importance of 
the insurance industry as a driver of a green economy 
is poorly understood by policy makers, the broader 
business community and the wider public.

Uniquely positioned to understand the fundamental 
nature of emerging risks to communities, the global 
economy, whole industry sectors and its own 
investments, the insurance industry is now starting 
to explore the commercial viability of conceiving, 
developing and rolling out new products and services 
that address global sustainability issues (UNEP FI IWG 
2007). The insurance industry is also beginning to 
realise the potential of microinsurance – insurance 
for low-income people – as both a prime business 
opportunity and a powerful tool for financial inclusion 
and sustainable development. Potential new markets 
include insurance for emerging manmade health risks 
and the protection of natural resources, in particular, 
biodiversity and ecosystems (e.g. forests) and water. The 
insurance industry is also awakening to the fact that 
acting sustainably, as in the cases of internal resource 
efficiency and the recycling of damaged assets, saves 
money and is a concrete way of leading by example (see 
examples in Box 8).

Clearly, insurance companies are unique entities. Their 
insurance and investment operations are highly intricate 
systems, with many players and functions, creating an 
industry that is not readily or fully understood by many 
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Table 6: World Insurance in 2008
Source: Swiss Re (2009)

Region Premium volume
(US$ million) Real growth Share of world 

market (%)

Premiums as per 
cent of GDP

(penetration)

Premiums per 
capita (US$) 

(density)

America 1,450,749 -2.4 33.98 7.29 1,552.7

North America 1,345,816 -3.1 31.52 8.54 3,988.8

Latin America and Caribbean 104,933 8.4 2.46 2.53 175.8

Europe 1,753,200 -6.2 41.06 7.46 2,043.9

Western Europe 1,656,281 -6.9 38.79 8.33 3,209.2

Central and Eastern Europe 96,919 9.0 2.27 2.79 299.2

Asia 933,358 6.6 21.86 5.95 234.3

Japan and newly industrialised Asian economies 675,109 3.8 15.81 10.41 3,173.2

South and East Asia 229,036 16.3 5.36 3.20 65.5

Middle East and Central Asia 29,213 4.7 0.68 1.45 110.3

Oceania 77,716 8.6 1.82 7.02 2,271.9

Africa 54,713 4.9 1.28 3.57 55.6

World 4,269,737 -2.0 100.00 7.07 633.9

Industrialised countries 3,756,939 -3.4 87.99 8.81 3,655.4

Emerging markets 512,799 11.1 12.01 2.72 89.4

OECD 3,696,073 -3.2 86.56 8.32 3,015.2

G7 2,925,946 -4.4 68.53 8.96 3,930.2

EU, 27 countries 1,616,461 -6.7 37.86 8.28 3,061.3

NAFTA 1,364,839 -3.0 31.97 8.10 3,065.7

ASEAN 45,493 0.4 1.07 2.99 85.1

Box 8: Insuring against the worst for the best

Drought is a major risk in Ethiopia where 85 per cent 
of the population is dependent on smallholder, rain- 
fed agriculture. Less than 0.5 per cent have insurance. 
Climate change is threatening agricultural output 
as rainfall becomes less predictable, and many run 
the risk of falling into debt or having to sell assets. 
The use of index-based weather insurance can 
significantly improve lives.

Through the Horn of Africa Risk Transfer for 
Adaptation project, Swiss Re has been working 
with Oxfam America and Columbia University to 
protect the rural poor against drought risk. The 
project engages farmers in community-led, locally- 
designed climate adaptation initiatives such as 
reforestation and crop irrigation projects, where 
they earn premiums by making and using compost, 
constructing water-harvesting structures, planting 
nitrogen-rich trees and vetiver grasses. This unique 
risk management approach has allowed rural 
households, many led by women, to benefit from 

insurance. Since its launch in 2008, uptake has 
increased from 200 households in the first year to 
1,300 in 2010. The project now covers five villages, 
two climatic zones, and four crop varieties.

HSBC Insurance’s Green Insurance products in Brazil 
are linked to investment to preserve forests. For 
motor insurance, HSBC commits to preserving 88 m² 
of forest for five years; and for home insurance, 44 
m² for the same period. The calculations are based 
on the environmental footprint of an automobile 
or residence during that period. HSBC has already 
invested nearly R$ 8 million (US$ 4.8 million) 
preserving 3,000 hectares of Atlantic Seaboard 
Rainforest, equivalent to roughly 4,800 soccer 
fields and about 1 per cent of remaining pristine 
Araucaria forest. The work is carried out with the 
NGO, Sociedade de Pesquisa em Vida Selvagem. 
Funds are disbursed to landowners, each receiving a 
monthly sum for areas to be preserved and a forestry 
management plan.
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stakeholders. It is crucial for insurers to generate income 
from both sides of the house at all times – prudent 
and disciplined risk management, underwriting and 
investment management are key processes to sustain 
profitability and long-term value creation. ESG issues are 
relevant to both the insurance and investment sides as 
risks posed by ESG issues can undermine the solvency 
of an insurance company and the long-term economic 
health of the insurance industry and its partners, 
ranging from insureds – households, businesses, and 
governments – to the entities financed by insurance 
capital. Thus, it is imperative for insurers, regulators, and 
policy makers to collectively address ESG issues in the 
insurance industry.

The main reasons that adversely affect the insurability 
of risks can be classified as supply-side and demand-
side barriers. The supply-side barriers include volatility 
in the occurrence of claims, particularly for weather-
related insurance. This can be smoothed to some extent 
with reinsurance, but this raises the related barrier 
of inferior data quality. Poor data on climate change 
related hazards and exposures means that uncertainty 
is much greater and this makes the private insurance 
and reinsurance market less willing to participate in risk- 

bearing. Geographical, economic and climate data tend 
to be poorer for developing countries and access to such 
information is often prohibitively costly.

There are also regulatory barriers. A balance needs to 
be found between regulatory control of the market 
to protect consumers and flexibility in managing 
insurance operations in response to a changing risk 
landscape. Overly rigid insurance regulations will 
deter private insurers or result in suboptimal insurance 
solutions. Also, it is important that public control of 
the risk management framework (land development, 
safety regime, etc.) is maintained. Equally important, 
regulators must set a reasonable standard of care for 
policyholders to avoid moral hazard, that is adopting 
very risky practices in the belief that regulators will 
restrict insurers’ freedom to modify policy terms. A 
final difficulty is high administrative expenses, a major 
problem for policyholders with only few assets because 
conventional insurance products have relatively high 
overheads. Simplified products can help solve this.

Some demand-side barriers can be overcome by the 
private sector through time; others may need public 
sector intervention. The most significant is probably low 

Box 9: Mobilising private investment into sustainable energy in India 

India has the fifth largest installed renewable 
capacity in the world. In 2009, private investments 
of renewables in India amounted to US$ 2.3 billion 
ranking India in the top ten G20 members, while VC/
private equity financing stood at US$ 100 million (Pew 
Charitable Trust and Clean Energy Economy 2010). 
This has been driven by a suite of policy measures at 
state and federal level that have included:

 ■ ■ Clear short and medium-term targets have been 
identified for renewable energy and energy efficiency 
amounting to 14 GW of new renewable energy 
capacity by 2012, and an ambitious plan to install 
20 GW of solar energy by 2022 (Pew Charitable Trust 
and Clean Energy Economy 2010), financed through 
a national system of gradually increasing renewable 
purchase obligations (RPO) for power utilities 
combined with gradually decreasing feed-in tariffs;

 ■ Feed-in tariffs and tax allowances for solar 
photovoltaic (PV) and solar thermal power, 
supplemented with support for PV manufacturing 
in special economic zones (CERC website) have been 
implemented. These policies led to US$ 18 billion in 
new solar PV manufacturing investment plans or 
proposals by private companies;

 ■ A renewable portfolio standard for utilities has 
been set up, starting at 5 per cent in 2010, rising to 
15 per cent in 2020. One state has already enforced 
penalties on utilities not complying with the 
standard;

 ■ Nationwide energy conservation codes are in 
place for residential buildings, hotels, and hospitals 
with centralised hot water systems, requiring at least 
20 per cent of water heating capacity from solar;

 ■ The National Mission on Energy Efficiency (NMEF) 
will initiate trading in energy certificates for several 
industrial sectors. NMEF will have two funds one 
to provide guarantees to banks providing loans to 
energy efficiency projects and the other to support 
investments in the manufacturing of energy efficient 
products and provision on energy efficiency services. 
The trading scheme will potentially generate 
transactions close to US$ 15 billion by 2015; and

 ■ A coal tax of US$ 1 per tonne was put in place in 
2010 to feed the National Clean Energy Fund. India 
depends on coal for 66 per cent of its energy needs 
and this tax would generate annual revenue of US$ 
600 million.
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risk awareness, particularly in the case of low frequency, 
high severity events. In the case of catastrophe 
insurance, the introduction of compulsory catastrophe 
insurance by governments may be an important element 
in overcoming this problem. It is often stated that 
premiums are unaffordable. This may be a signal from 
the private insurance market that the risk is very high 
and unsustainable, there is great uncertainty, the scale 
of operations is too small, or more risk management by 
at-risk parties is needed.

The insurance industry has an unparalleled capacity to 
understand and engineer approaches and mechanisms 
to manage ESG risks as they emerge, and has served 
as an important early warning system for society by 

amplifying risk signals. Steps towards improving risk 
knowledge, including perhaps better use of technology 
to measure risk accurately, and more consumer 
education to drive demand for sustainable insurance 
products, can help the insurance industry overcome 
the barriers and become a leader in mobilising financial 
flows to the green economy (PSI forthcoming).6

Box 10: Microfinance, environmental and social risk management 
and sustainable opportunities

The Netherlands Development Finance Company 
(FMO) is one of the largest bilateral private sector 
development banks worldwide and has helped 
to finance and manage sustainable microfinance 
projects in countries such as Kenya, Nepal, Mongolia, 
Cambodia, and Bolivia.

For example, in Nepal, FMO has financed the Clean 
Energy Development Bank Ltd. (CEDB). CEDB is a 
Nepalese development bank that provides access to 
finance for small and medium-sized entrepreneurs 
in agriculture, industry, trade and other productive 
business. CEDB’s key focus is to invest in clean energy 
through its innovative renewable energy products, 
including mini and medium-sized hydropower 
projects, as well as solar and biogas projects that 
provide rural communities with the sustainable 
electricity/energy that is so crucial for private sector 
development. CEDB also provides microfinance 
loans to individuals in rural areas through MFIs and 
its own branch networks.

Similarly, FMO has invested in K-Rep Bank, a Kenyan 
microfinance institution (MFI) involved in financing 
implementation of a broad range of programmes 
with environmental and social themes such as:

 ■ Small piped community water and sanitation 
projects;

 ■ Household rain harvesting/water storage tanks;

 ■ Integrated solid waste management in urban 
informal settlements;

 ■ Small hydro-power/community water supply;

 ■ Eco sanitation – pay-per-visit toilets in peri-urban 
areas;

 ■ Installation of solar lighting system for schools in 
the rural areas;

 ■ Wind powered systems for water pumping;

 ■ Household biogas; and

 ■ Use of composted manure in kitchen gardening. 
FMO provides an innovative MFI Sustainability

Guidance toolkit for all MFIs that wish to reduce 
environmental and social risks. FMO has also 
developed and introduced the mechanism of a 
sustainability pricing incentive, usually an interest 
reduction, as part of a loan agreement. As an 
example, FMO has agreed upon a pricing incentive 
with the El Salvadorian Federation of Credit 
Associations and Workers’ Banks (Fedecredito). The 
trigger to award the interest reduction is the timely 
development and implementation of a portfolio- 
wide environmental and social risk management 
system across Fedecredito banks.

The implementation of practical environmental and 
social risk management measures within micro and 
SME finance and the success stories of specific MFI/ 
SME sustainability financing demonstrate that MFIS 
and SME banks may substantively contribute to a 
green economy.

6. Principles for Sustainable Insurance Initiative (PSI) is a group of 
leading global insurance companies that are members of United Nations 
Environment Programme Finance Initiative are currently spearheading the 
Principles for Sustainable Insurance Initiative, which will establish a global 
best practice sustainability framework for the insurance business, and a 
global initiative of insurers tackling sustainability risks and opportunities. 
These principles will be launched at the 2012 UN Conference on Sustainable 
Development (Rio+20 Earth Summit).
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4 5 Creating public-private mechanisms 

The lack of adequate public financing is also an 
important barrier to increasing the flow of green 
investment. Public financing is justified by the positive  
externalities expected from a green economy and it 
can be important for leveraging private investment. For 
example, it has been established that US$ 1 of public 
investment spent through a well-designed public finance 
mechanism (PFM) can leverage between US$ 3 to US$ 15 
of private sector money (UNEP & Partners 2009). However, 
simply having one or several disparate policies in place is 
not enough to catalyse a fresh supply of capital at scale. 
The example from India (see Box 9) shows that an array of 
well-orchestrated policy instruments, mechanisms and 
responsive institutions are needed to catalyse finance 
along the innovation continuum.

In 2009, UNEP and its partners explored which types of 
PFMs could be effective in mobilising funds from the 
institutional investors into low carbon infrastructure, 
particularly in developing countries (UNEP & Partners 
2009). Five key barriers were identified, together with 
remedial PFMs. A case was made that investment-grade 
policies to mobilize the private financial sector for the 
energy revolution needed to be ambitious (Chatham 
House 2009) and should: 

 ■ Adopt legally enforceable targets and schedules for 
the adoption of renewable energy on a rolling 15 year 
programme and within a framework for the stabilisation 
of global GHG emission concentrations;

 ■ Refocus energy policy: adopt full-pricing for non-
renewables in a progressive schedule; provide a 
tapered support programme for renewables, gradually 
eliminating subsidies; and simplify and clarify the regime 
for renewable energy projects and carbon finance; 

 ■ Align other policies, particularly transport, 
development, education with climate change policy;

 ■ Keep key financial institution decision makers well-
informed about climate change and renewable energy 
technologies; and

 ■ Ensure that multilateral and national public sector 
financial institutions support the transfer of renewable 
technologies adequately (UNEP FI 2004). 

4 6 Scaling up microfinance 
for a green economy 

Opportunities for sustainable lending are also prevalent 
at the microlevel. In addition to its well-known success 
in helping to provide sustainable livelihoods and reduce 
poverty, microfinance has recently been extended 
to such areas as drinking water and sanitation and 
small-scale decentralised energy systems (see Box 10). 
Growing in maturity and tested by global economic 
crisis, the microfinance industry in recent years has seen 
higher intensity of credit and liquidity risks, along with 
greater competition, volatility and systems integrity 
issues as more financial intermediaries are involved. This 
underlines the need to move from crisis management 
to more systemic and comprehensive risk management 
systems as the industry matures. The experience also 
shows the importance of developing meaningful 
partnerships and alliances with organisations involved 
in the relevant industry, for example the agrifood, value 
chain (ADB 2008).

Microinsurance products provide the potential to 
help households, SMEs and other “micro agents” 
at local level to adapt to challenges such as climate 
change. For example, the first microlevel rainfall 
insurance in the world was launched in India in 2003, 
through close collaboration among BASIX, an Indian 
MFI (microfinance institution), the World Bank, and 
private insurers and reinsurers. The pilot scheme has 
been viewed as an impressive success because all 
the stakeholders gain: government by reduced relief 
payments and social problems, and easier budgeting; 
the insurer by fulfilling its social insurance quota; the 
MFI complements its client services and reduces the 
default rate on its loans; the poor farmers receive 
reliable protection for their income and assets; and 
overseas development agencies avoid disruption 
from emergency relief calls, and can claim speedier 
assistance for clients. 
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5  Greening global finance and 
investment: enabling conditions

5 1 Setting policy and 
regulatory frameworks

Regulatory frameworks across capital markets are 
critical to channel financial resources at scale towards a 
green economy. The gaps between high policy, national 
laws and a financial and capital market system that 
fully internalises green economic thinking, although 
narrowing, remain significant. The legislative, regulatory 
and quasi regulatory systems, including the supervisory 
bodies and credit rating agencies that govern financial 
services, are at best a work in progress and are at worst 
poorly designed and not fit- for-purpose for a green 
economy. These systems are important because they 
transmit green policy goals along the investment chain 
and into the processes of financial intermediation, and 
through them into the real economy. It is also important 
to note that there is a compressed timetable in which to 
create a policy framework to address these gaps. Climate 
change and resource scarcities are already starting to 
adversely impact social and economic development as 
well as environmental integrity. Annual economic losses 
associated with climate change and natural disasters 
topped US$ 150 billion a year in 2005 (Munich RE 
2009) and a credible scenario (UNEP FI CCWG 2007) has 
suggested that with BAU, a US$ 1 trillion loss in a given 
year by 2040 is possible.

However, it is important to note that the formal linkages 
of financial and sustainability-focused policy making at 
the highest level are still relatively new. The first formal 
gathering of Finance Ministries to discuss climate change 
only took place in December 2007 in a meeting parallel 
to the United Nations climate summit in Bali, Indonesia, 
when Ministers or high-level financial policy makers 
from 38 countries gathered for two days. The convening 
in 2010 by UN Secretary General Ban Ki-moon of a High- 
Level Panel to explore the financing response to climate 
change is a much-welcomed development.

This section briefly sets out to describe some of the 
proposed standards and policy initiatives to help 
integrate non-traditional “creeping risks” such as climate 
change and resource scarcity into financial policy making. 
These include frameworks for enhanced environmental 
and social disclosure within the investment sector and 
codes for green lending and environmental liability.

It is clear that sound public polices and enabling 
regulatory frameworks are indispensable for freeing up 
the flow of private finance towards a green economy. The 
risk/reward equation still works unfavourably for would- 
be green investors. Governments should involve the 
private sector in establishing stable and coherent policy 
and regulatory frameworks that require the integration 
of environmental, social, and governance issues in 
financial policy making. In addition, governments 
and multilateral financial institutions should use their 
own resources to leverage the financial flow from the 
private sector towards the fledging green economic 
opportunities

5 2 Enhanced environmental 
and social disclosure

Investors demand full ESG disclosure from companies 
so that risks can be monitored. The same approach can 
be applied to the finance and investment practitioners. 
For example, this year 40 per cent of signatories to the 
PRI disclosed in full their annual assessment of how they 
are implementing responsible investment. The ground 
prepared by this voluntary initiative is now being 
closely examined by financial markets and regulators 
worldwide. The UK has introduced the Stewardship Code 
– a “comply or explain” code for institutional investors to 
report on their stewardship activities.

Guidance by the GRI and others on sustainability and 
integrated reporting provides an opportunity for both 
private and public financial institutions to disclose their 
management approach to a green economy agenda and 
report progress in applying ESG criteria. Combined with 
targeted stakeholder engagement, this can improve 
management’s ability to effectively consider the direct 
and indirect impacts and footprint of the services they 
provide. This requires building capacity in the use of 
recognised indicators and metrics for proper assessment, 
comparison and Finance benchmarking. Public and 
private banks could be encouraged to measure the 
net contribution of their activities to climate change, 
biodiversity loss and the green economy at large. Policies 
can be designed to improve their green efficiency, for 
example by examining and reporting the carbon and 
ecological footprint of their investment portfolios.
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Related standards that can be linked with requirements 
for disclosure on progress include governance codes for 
stock exchanges, green lending and investing standards, 
green standards for SWFs, environmental liability 
standards, and mandatory endorsement of voluntary 
finance and investment codes. When such standards 
and progressive policy are combined the effects can 
be impressive, as is the case in the rapid progress of the 
green finance sector in China (see Box 11).

5 3 Supporting institutions 
and facilities 

Policy frameworks also need to support institutions 
and facilities that can finance the transition to a Green 
Economy. Key areas of focus include market-based 
instrument (i.e. emissions trading schemes, payment for 
ecosystem services schemes, etc.) green bond markets, 

listing rules and corporate ESG performance, the role of 
DFIs, greening sovereign wealth funds, and fiscal policies 

Market-based instruments: Emissions trading schemes
Emissions trading schemes are still new to financial 
markets and early pilots such as the EU Emission 
Trading System (EU ETS) have proved useful, but 
need improvements if they are to be more effective. 
Domestic and international policies in both developed 
and developing countries need to ensure strong 
and sustained price signals on carbon emissions and 
create well-designed carbon markets that avoid an 
overabundance of permits or a lack of enforcement 
capacity.

Expanding and deepening the international carbon 
market will need to include greater clarity on the future 
interplay of the CDM, Joint Implementation projects, 
and emerging credit mechanisms such as Nationally 

Box 11: Greening the finance sector in China

Chinese policy makers have in recent years 
introduced green credit guidance for the country’s 
banking sector and environmental liability guidance 
for the insurance industry. China’s leading banks are 
working to operationalise revised credit assessment 
systems across their main business lines. Also, the 
country’s city-based commercial banks, rural banks 
and cooperatives are involved in greening the 
country’s credit system. Similarly, 20 of the country’s 
insurers are actively exploring new environmental 
liability insurance products and services, while a 
series of pilot environmental insurance initiatives 
have been carried out with a number of provincial 
and municipal authorities around the country.

The China Banking Regulatory Commission (CBRC) 
is tasked with regulating and supervising banks 
and non-bank financial institutions. In 2007, CBRC 
introduced Energy Conservation and Emission 
Reduction regulations requiring financial institutions 
to establish an organisational framework and internal 
procedures to advance green criteria. Among other 
things, the CBRC’s regulations require a senior banker 
in each regulated institution to be responsible and 
accountable for green credit as well as to boost 
lending to the renewable energy and green sectors.

The CBRC sees two roles for the institutions it 
regulates. First, through lending to facilitate new 
energy sectors such as wind and solar. Second, 
by imposing restrictions on clients that are non- 

compliant with environmental laws and regulations 
and by withdrawing existing lending in extreme 
cases. Banks are required to submit a report to 
CBRC annually to outline their advances in the area 
of green credit and in turn the regulator reports 
developments to the State Council. The CBRC 
encourages its regulated institutions to apply 
international protocols that support sustainability 
in financial services.

The role of international financial institutions in 
supporting the greening of the Chinese financial 
sector is important. For example, the Industrial 
Bank of China, Pudong Development Bank, and 
Beijing Commercial Bank have worked closely with 
the IFC to advance energy efficiency projects. The 
IFC provides guarantees and assists the banks in 
preparing for CDM projects. The Industrial Bank of 
China estimates that over two years the reduced 
CO2 emissions from its energy efficiency projects is 
equivalent to the total emissions of the Beijing taxi 
fleet.

On the banking side, ICBC, the largest bank in the 
world by market capitalisation, has created a Green 
Credit Policies Department in an effort to become 
the leading green bank in China. In addition, the 
bank is active in disaster relief and rural education. 
On green credit, ICBC classifies clients into nine 
categories and has a colour coding system – black, 
green, red, and grey – to assess eligibility for credits.
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Appropriate Mitigation Actions (NAMAs) and REDD+ 
(see Box 2).

Also, the different regional schemes must ensure 
consistency and comparability on how emissions and 
offsets are measured, verified and reported, and must 
avoid the growth of an opaque carbon derivatives 
market that might have harmful systemic consequences.

Under Phases I and II of the EU ETS, emissions allowances 
were distributed free, partly to avoid carbon leakage 
from industrial production relocating offshore. However, 
this led to windfall profits for some firms, and has 
been subject to gaming by heavy industry to ensure 
that the emissions caps were not too challenging. The 
consequence has been a rather low carbon price and a 
muted effect on emission levels themselves compared 
to what is deemed to be required.

However, the European system is evolving. In 2010, 
the European Commission worked to adopt decisions 
governing critical aspects of Phase III of the EU ETS for 
the period 2013 to 2020. These include the introduction 
and operation of an auctioning system for emission 
permits in mainstream sectors, as well as the amount 
and distribution of free allowances to sectors exposed to 
carbon leakage, i.e. competition from countries without 
emissions limits. There is also the prospect of revising 
the European emission reduction objective upwards 
from -20 per cent to -30 per cent by 2020, in line with the 
EU’s objective of avoiding dangerous climate change, 
which is considered to be a temperature increase of 2°C 
(CDC Climate Research 2010).

Green bond markets
As discussed earlier in this chapter, the green bond market 
is growing rapidly. An increasing number of multilateral 
development banks are issuing these products, which 
are also being issued at the municipal level. There is also 
collaboration with the corporate sector. For example, in 
April 2010 the European Investment Bank (rated Moody’s: 
Aaa/S&P: AAA) and Daiwa Securities Group announced 
a € 300 million issuance of Climate Awareness Bonds to 
finance the bank’s future lending projects in the fields of 
renewable energy and energy efficiency.

Clearly, policy frameworks need to be flexible enough 
to support the differing ideas emerging and the scale 
required. If green bonds are to reach the scale required 
to finance a transition to a green economy, then they run 
the risk of endangering the AAA ratings of the multilateral 
development banks that issue them. These institutions 
can only raise so much additional debt before it could 
affect their credit rating, which is preciously guarded by 
their treasury departments. This is also true of developed 
countries, especially in light of recent very high deficits and 
consequent heavy borrowings during the financial crisis.

Bond issues in the hundreds of millions and even low 
billions are within a scale that should not present 
fundamental problems. However, consideration of the 
tens or hundreds of billions of bond issues needed in the 
green scale-up are a different matter. This issue needs 
to be addressed by policy makers and regulators. To 
some extent, it will be mitigated by improvements in 
the global economy and as governments and financial 
institutions worldwide repair their balance sheets.

Local institutions may also need human capital support 
in moving to the needed scale. Given the risk taken on 
by bond issuers and the need to get low-cost capital 
flowing, the question is who is best placed to make 
quick and good decisions to put capital to work in 
green investments that earn adequate returns. To help 
close the “green gap”, much lower cost-of-capital debt 
ultimately needs to be available to the sponsors and 
developers of green projects. This likely means it needs 
to be channelled through local financial institutions in 
the developing countries where these projects exist. This 
needs to occur efficiently and with as little as possible lost 
in carrying costs charged by these intermediaries. Some 
argue for asset-backed and rated bonds to be issued 
directly by major project developers. This alternative 
may develop over time.

Listing rules and corporate ESG performance
As the central marketplaces between buyers and sellers 
of equity securities and other assets, exchanges can – 
and often do – play a key role in promoting enhanced 
corporate ESG disclosure and performance (World 
Federation of Exchanges 2009).

Globally, exchanges provide approximately 50 different 
sustainability indices, ranging from the generalist 
FTSE4Good Index to the specialised Deutsche Börse’s 
DAXglobal® Alternative Energy index. Exchanges such 
as BM&FBovespa in Brazil, the Johannesburg Stock 
Exchange, and Bursa Malaysia also help to drive the 
availability of ESG information through corporate 
awareness raising, and integrated corporate governance 
guidelines. In several markets, such as South Africa, 
Malaysia and China, exchanges have worked with 
regulators to incorporate ESG disclosure requirements 
into listing rules and company law. 

Exchanges that have taken such initiatives have so far 
had mixed results in terms of positive reinforcement 
from investors. In addition, companies often highlight 
the fact that mainstream investment analysts need to 
pay closer attention to ESG issues (UNEP FI and WBCSD 
2010). Nevertheless, at a global level the quantity and 
quality of ESG disclosure by listed companies is highly 
variable and has significant gaps. There is growing 
pressure from some investors under the framework of 
the PRI to strengthen regulation on ESG disclosure. One 
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outcome of this, for example, is that in January 2010, 
the US SEC issued interpretive guidance on existing 
SEC disclosure requirements as they apply to business 
or legal developments relating to the issue of climate 
change. The following areas are examples of where 
climate change may trigger disclosure requirements::

 ■ Impact of legislation and regulation (US SEC 2010): 
When assessing potential disclosure obligations, a 
company should consider whether the impact of certain 
existing laws and regulations regarding climate change 
is material. In certain circumstances, a company should 
also evaluate the potential impact of pending legislation 
and regulation related to this topic;

 ■ Impact of international accords: A company should 
consider and disclose, when material, the risks or effects 
on its business of international accords and treaties 
relating to climate change;

 ■ Indirect consequences of regulation or business 
trends: Legal, technological, political, and scientific 
developments regarding climate change may create 
new opportunities or risks for companies. For instance, 
a company may face decreased demand for goods that 
produce significant GHG emissions or increased demand 
for goods that result in lower emissions than competing 
products. As such, a company should consider, for 
disclosure purposes, the actual or potential indirect 
consequences it may face due to climate change related 
regulatory or business trends; and

 ■ Physical impacts of climate change: Companies 
should also evaluate for disclosure purposes the actual 
and potential material impacts of environmental matters 
on their business.

Development finance institutions
Providing long-term public funding at home and 
abroad, Development Finance Institutions (DFIs) can 
play a significant role in supporting key elements of 
the emerging green economy. Issues such as climate 
change, energy security, and food security were a 
key consideration in the decision of shareholder 
governments to provide significant capital increases to 
the key multilateral development banks in 2010. DFI’s 
include:

 ■ Multilateral DFIs such as the World Bank, the IFC, the 
Inter-American Development Bank, the ADB, the African 
Development Bank, the EBRD, and the EIB, which in 2009 
were reported to have committed US$ 168 billion (World 
Bank 2010b);

 ■ Bilateral DFIs, such as KFW group, which is German 
government-owned, with two subsidiaries focused 
on international development finance; AFD, a French 

government-owned bank focused on developing 
and emerging countries and the French Overseas 
Communities; FMO, an entrepreneurial development bank 
founded by the Dutch government, targeting the private 
sector in developing countries; CDC, a UK government-
owned institution, providing investment capital for 
business in particularly Sub-Saharan Africa and South 
Asia; and the Japan Bank for International Cooperation/
Japan International Cooperation Agency; and

 ■ National DFIs such as the Development Bank of 
Southern Africa, a South African government-owned 
bank focused on infrastructure development in South 
Africa and its sub-region; the Brazilian Development Bank, 
which is government-owned and finances development 
in Brazil and expansion of national companies abroad; 
the Caisse des Dépôts group, a public investor 
supporting the economic development of France; and 
the Overseas Private Investment Corporation, which 
is US government-owned and supports US business at 
home and abroad.

Some of these institutions belong to more than 
one category. For example, the KfW is both a major 
domestic financial institution and a strong international 
development bank. Within this group of banks, many 
provide loans, both concessional and non-concessional, 
to governments only. But a growing number fund sub- 
regional entities, state-owned corporations, and private 
sector businesses.

These Foreign Direct Investments (FDI) play a critical role  
in funding macroeconomic policies, sectoral policies, 
major infrastructure projects, and private sector 
development. Their contribution to greening national 
economies is already significant. They fund major 
sectors such as water, renewable energy, forestry, 
and agriculture. FDIs have been instrumental in 
mainstreaming microfinance and supporting the 
development of private industries in risky green 
sectors at early stages of development. But their role 
could be strengthened further, taking advantage of 
the prominent position they occupy in the funding of 
domestic investment programmes. Steps in this direction 
would include better identification of green economy 
aspects in their strategic targets, greater share of their 
activities devoted to these aspects, better measurement 
and reporting methodologies, improved cooperation 
among themselves, and sharing of best practices.

Governments are in a position to officially task these 
institutions to support green economy development, 
backed by concrete goals and targets. Carbon emissions 
reduction, access to water and sanitation, biodiversity 
promotion, etc., could become official goals for FDIs, in 
addition to poverty alleviation (UNDP 2007/2008) and 
infrastructure financing.
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Development banks also have a major indirect or direct 
influence through the conditionalities they tie their 
funding to and through the due diligence they practice, 
for instance when they fund private corporations. They 
also provide technical assistance to public and private 
institutions. The three categories of institutions can 
collaborate in defining standard protocols for green 
due diligence, and work on standards and goals for 
sectors in which they have a major influence, such as 
municipal finance, transport, and energy. Domestic and 
some international DFIs play a major role in municipal 
finance and housing. These are two critical areas for 
the green economy: developing green practices for 
local municipalities and greening the housing sector, 
especially social housing.

The shareholders of the private sector dedicated DFIs, or the 
private sector arms of development banks, could consider 
promoting even further their traditional role in incubating 
and developing nascent green markets. Given the shortage 
of equity, a barrier even higher for green activities than 
access to credit, this could include additional support for 
cleantech private equity and green VC funds in developing 
countries. They could also play a greater role in further 
influencing the private banking sector, providing dedicated 
credit lines to green market activities at low interest rates 
and incentives for public and commercial banks to move 
their services towards green economy goals.

At the international level, some – such as the World 
Bank – focus solely on sovereign finance, which is 

Box 12: Caisse des Dépôts and its long-term investment model

The group Caisse des Dépôts, a French public 
financial institution, is defined by law as a long-term 
investor serving the public interest and economic 
development. It has integrated ESG criteria upstream 
in its investment decision making process, as well as in 
its shareholder’s activities through a constant dialogue 
with the companies listed on the stock exchange 
market in which it holds shares. The Caisse des Dépôts 
model is now widely recognised. A first global forum 
gathering the main public financial institutions 
comparable to Caisse des Dépôts was held in Morocco 
in early 2011 to examine the potential of this model to 
be replicated and address long-term economic needs.

What characterises long-term investors such as 
Caisse des Dépôts is their robust capital base, 
which enables them to absorb short-term financial 
fluctuations. As such, they are in a position to 
address green economy financing challenges from 
R&D to production. They can foster innovation by 
financing platforms that gather research centers and 
private companies in order to value technological 
breakthroughs in the fields of eco- innovation and 
renewable energies. Long-term investors also have 
the capacity to finance projects yielding revenues 
only as of five to ten10 years. Caisse des Dépôts has 
created such a platform and since

2008 is implementing a € 150 million investment plan 
in several fields, such as photovoltaic solar energy, 
biomass, windmills, and water power, to contribute to 
France’s efforts to cut its GHG emissions by 20 per cent.

The bank has also joined forces with other long- 
term investors in the framework of the Long-Term 

Investment Club and created with its partners – 
Cassa Depositi e Prestiti, KfW Bankengruppe, and 
the EIB – two investment funds in the infrastructure 
sector. One of them, the 2020 Marguerite fund 
for energy, climate change and infrastructures, is 
dedicated to the EU-27 zone and committed to 
invest in renewable energies for 35 to 45 per cent 
of the total size of the fund. The other, InfraMed, is 
focused on the Union for the Mediterranean zone. 
The management of both follow a philosophy of 
long-term investments, which means:

 ■ The investments are stable for 20 years and no 
core sponsor may transfer its shares during the lock-
up period of 10 years;

 ■ The investments are stable for 20 years and no 
core sponsor may transfer its shares during the lock- 
up period of 10 years;

 ■ The incentives of the advisory team are based 
on long-term performance criteria and are fully 
consistent with the general principles of long-term 
performance endorsed by the G20; and

 ■ In terms of governance, a good balance between 
the interests of the investors and the autonomy of 
the advisory team is sought. For the InfraMed fund, 
strict ESG criteria are applied on the basis of the EIB 
requirements.

The experience of European long-term investors 
could serve as a basis for building up a doctrine 
for responsible public investment in the green 
economy.
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lending and other support to governments. Others, like 
the IFC and the EBRD, are wholly or mainly concerned 
with private sector development in emerging markets, 
and invest on commercial terms. DFIs deploy a range 
of instruments including debt financing, equity 
investment, guarantees, and trade finance programmes. 
Multilateral development banks also leverage grant 
funding from donor governments or entities such as 
the GEF and provide technical assistance and advisory 
services.

The DFI community also includes long-term investors, 
such as the French CDC, the Italian CdP, Germany’s 
KfW, and the Moroccan CDG, characterised by a low 
reliance on short-term market liquidity thanks to 
stable resources, often comprised of regulated or 
guaranteed deposits, long-term savings products or 
long-term borrowing. These institutions typically have 
a robust capital base, stemming mainly from reserve 
accumulation, which enables them to absorb short-term 
fluctuations in financial markets. As such they can invest 
in – often illiquid – capital or debt instruments that yield 
a profitable return in the long run, such as those issued 
by companies operating in sectors such as general 
interest utilities, infrastructures or renewable energies 
(see Box 12).

The World Bank’s operations range from the integration 
of climate change issues into sectoral strategies to the 
management of specialised investment funds and  
raising capital for project finance through green bonds. 
In the private sector arena, the IFC provides a suite of 
finance and advisory services ranging from energy 
efficiency financing facilities for intermediation by local 

banks, to support for low carbon investment indices and 
the issuance of green bonds. As a global fund dedicated 
to the environment, the GEF (see Box 13) provides 
funding to cover the incremental or additional costs 
associated with transforming a project with national 
benefits into one with global environmental benefits. 
Its Earth Fund targets private sector engagement 
through public private partnerships. Up to 2009, the 
GEF has invested US$ 2.7 billion to support climate 
change mitigation projects in developing countries and 
economies in transition, and leveraged another US$ 
17.2 billion in project co-financing. With its longer term 
focus, it can provide critical support in scaling up green 
economy projects in areas such as climate, water, land, 
forest and chemicals management.

The EBRD’s Sustainable Energy Initiative (SEI) has an 
investment target of € 3 billion to € 5 billion from 
2009 to 2011, with a corresponding carbon reduction 
target of 25 to 35 million tonnes of CO2 equivalent per 
annum. Amongst other activities, EBRD has emerged 
as the dominant investor in renewable energy in its 
region of operations – Central and Eastern Europe, and 
Central Asia – concentrating primarily on wind power. 
Like the World Bank Group, the EBRD has also begun 
to increase its focus on climate change adaptation 
by developing new tools to integrate adaptation risk 
into project due diligence and structuring, as well as 
financing infrastructure projects such as flood defence 
schemes. IFC, EBRD and other DFIs are also collaborating 
on protocols for GHG assessment and several of them 
report publicly on the annual emission reductions and 
emission increases associated with new projects signed 
each year.

Box 13: The Global Environment Facility (GEF) 

The Global Environment Facility (GEF), the world’s 
largest public environmental fund, provides 
grants to developing countries and countries with 
economies in transition for projects related to 
biodiversity, climate change, international waters, 
land degradation, the ozone layer, and persistent 
organic pollutants. The GEF serves as a financial 
mechanism for the UN conventions on Biological 
Diversity, Climate Change, Persistent Organic 
Pollutants and Desertification. The GEF partners 
with ten intergovernmental agencies, including 
UNEP, UNDP and the World Bank as implementing 
agencies. The latter has also served as the Trustee 
of the GEF Trust Fund since 1994. Established in 
1991, the GEF is today the largest funder of projects 
to improve the global environment. The GEF has 

allocated US$ 9.2 billion, supplemented by more 
than US$ 40 billion in co- financing, for more than 
2,700 projects in more than 165 developing countries 
and countries with economies in transition. Through 
its Small Grants Programme (SGP), the GEF has also 
made more than

12,000 small grants directly to nongovernmental 
and community organisations, totalling US$ 495 
million. Grants can be awarded up to a US$ 50,000 
ceiling with an average grant typically about US$ 
25,000 per project. The small grants network which 
has been designed to empower local communities 
make investment choices that have the multiple 
benefit of generating green jobs at home while 
protecting the global environment.
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Development finance institutions can play a key role in 
incubating and developing nascent markets. They have 
been instrumental over the last decade in supporting 
microfinance to the extent that it is now a relatively 
mature asset class. Current activities in frontier sectors 
include support for cleantech private equity and VC 
funds in developing countries, and an increasing 
emphasis on solutions for poor consumers.

Greening sovereign wealth funds (SWFs)
The growth of state-owned investment funds willing to 
invest globally is relatively new, but already significant in 
its impact. While there are concerns about the growing 
influence of SWFs – such as their capacity for exploiting 
market inefficiencies and a lack of transparency – these 
funds can play a major role in financing the green 
economy transition.

Support should go towards helping SWFs to incorporate 
climate risk considerations directly and systematically 
into their actual stock selection and portfolio 
construction processes, as is the case with the example 
of the Norwegian Pension Fund Global (see Box 14). 
Suggestions such as the creation of mutual green funds 

invested in by collaborating SWFs – such as Brazil’s 
Amazon Fund launched in 2008 to solicit international 
donations to save the Amazon forest – are also worth 
considering.

Like pension funds, SWFs tend to have a long- term 
horizon. As a result, SWFs have a clear interest 
in improving the environmental performance of 
companies and other entities in which they invest, so as 
to enhance their long-term returns and better manage 
risk and reputation.

5 4 Fiscal policies

Green Economy fiscal policy options fall into five broad 
categories. These cover environmental tax reforms 
and instruments such as carbon taxes, tax exemptions 
and reductions; broader and robust pollution charges; 
green subsidies, grants and subsidised loans to reward 
environmental performance; removing environmentally 
harmful subsidies; and direct public expenditure on 
infrastructure. They can serve, among other things, 
to address high upfront investment costs. This smart 

Box 14: Norwegian Pension Fund Global

The Norwegian Pension Fund Global, one of the 
largest SWFs in the world, has a broad ownership in  
approximately 8,400 companies worldwide. The fund is 
largely passively invested and holds an average ownership 
share of 1 per cent in each company it is invested in. The 
fund is a universal owner with a long investment horizon, 
and inherently has a clear financial interest in companies 
taking good corporate governance and environmental 
and social issues duly into account. Fiduciary responsibility 
for the fund also includes safeguarding widely shared 
ethical values. In the area of environmental issues, 
including climate change mitigation and adaptation, the 
fund employs the following tools: 

Research 
The Norwegian Ministry of Finance, acting as 
principal for the fund, currently participates in a 
climate change and strategic asset allocation research 
project between the investment consultancy Mercer 
and 13 other large international pension funds from 
Europe, North America, Asia, and Australia. A report 
from this project was published in February 2011.

Environmental investment programme 
The Norwegian Finance Ministry has established a 
new investment programme for the fund that will 

focus on environmental investment opportunities, 
such as climate-friendly energy, improving 
energy efficiency, CCS, water technology, and 
the management of waste and pollution. The 
investments will have a clear financial objective 
(Norwegian Ministry of Finance 2010). At the end 
of 2009, over NOK 7 billion had been invested 
under this programme, a faster escalation than 
originally assumed (Norwegian Ministry of Finance 
2011).

Dialogue with companies 
The pension fund’s manager, Norges Bank through 
its asset management department Norges Bank 
Investment Management (NBIM), has set out 
its expectations on companies’ climate change 
management. As a long-term investor, it is of vital 
importance that the fund is able to evaluate the 
degree to which a specific company is exposed to 
the risks and opportunities that arise from climate 
change, both in its direct operations and across its 
supply chain. NBIM considers companies’ efficient 
adaptation to this transition to be a significant factor 
when protecting the financial assets of the fund, 
and expects companies to develop a well-defined 
climate change strategy.
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combination can also be mutually reinforcing, for 
example, using taxes to reinforce the impact of other 
instruments such as standards and subsidies. In the 
field of building and construction (see the Buildings 
Chapter), tax credits can be used to boost green or 
energy-efficient development, and the renovation of 
investment property.

The cases of tax incentives and subsidies show that 
it is not simply about new incentives, but also about 
making sure that existing incentives do not support 
unsustainable activities. Some approaches and reforms 
are more difficult to implement than others. For 
example, the creation of green subsidies or removing 
environmentally harmful subsidies is often technically 
and politically difficult, especially when public finances 
are stretched and subsidy removal is thought to have 
adverse impacts on poor households. Also, the reality of 
the mainstream financial sector is that it remains wedded 
to serving the finance, investment and insurance needs 
of the brown economy and traditional infrastructure 
needs across heavy industry, power generation and 
transportation – a classic case of vested interests.

For example, it is estimated that the removal of the US$ 
500 billion in subsidies underpinning the fossil fuel sector 
globally could boost the global economy by around 0.3 
per cent (UNEP 2010), a clear mid to long-term benefit 
for financial service institutions. Yet, in the short to mid- 
term, removing such subsidies fundamentally changes 
the risk/reward equation for the entire fossil fuel sector. 
Thus, their phase-in would need to be gradual and 
flanking measures put in place targeted on protecting 
the poor from potentially adverse impacts.

Achieving an optimal configuration of public policy 
and investment choices in infrastructure that acts to 
“crowd in” rather than “crowd out” private finance and 
investment – for example, building a smart electricity 
grid – will be a requirement to create long-term capital 

stock that supports the green economic transition (UNEP 
2010). As noted earlier, between 15 to 20 per cent of the 
US$ 3 trillion global public stimulus packages pledged 
in response to the financial crisis, upward of US$ 470 
billion, was earmarked for green economy spending, 
including significant amounts for job-creating green 
infrastructure projects.

These investments are not confined to short-term 
responses to the financial and economic crisis, however, 
and new thought is being given beyond the recovery 
to ensuring a lasting transition. For example, during the 
12th five-year plan period starting 2011, the Chinese 
government will invest US$ 468 billion in green sectors 
compared to US$ 211 billion over the last five years, with a 
focus on three sectors: waste recycling and re-utilisation; 
clean technologies; and renewable energy. With this 
amount of public investment, China’s environmental 
protection industry is expected to continue growing at 
an average of 15 to 20 per cent per year and its industrial 
output is expected to reach US$ 743 billion during the 
new five-year period, up from US$ 166 billion in 2010. 
The multiplier effect of this emerging sector is estimated 
to be 8 to 10 times larger than other industrial sectors.

In countries where public financing based on tax 
revenues and governments’ ability to borrow from 
capital markets are constrained, reform of subsidies 
and taxation policies can be used to open fiscal space 
for green investments. Subsidies in the areas of energy, 
water, fisheries and agriculture, for example, reduce 
the prices and encourage excessive use of the related 
natural capital. At the same time, they impose a recurrent 
burden on the public budget. Phasing out such subsidies 
and introducing taxes on the use of energy and natural 
resources can enhance efficiency while strengthening 
public finance and freeing up resources for green 
investments. Removing subsidies in these four sectors 
alone, for example, would save between 1 to 2 per cent 
of global GDP every year.
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6  Conclusions 
The financial sector’s role in facilitating progress towards 
sustainable development has evolved considerably 
since the concept first received global attention at the 
UN Conference of Environment and Development in 
Rio de Janeiro in 1992. The intervening years have seen 
significant developments, ranging from successful 
partnership initiatives such as the UNEP Finance 
Initiative7 and the PRI8 to the integration of ESG factors 
in asset ownership and significant growth in private 
sector flows to niche asset classes such as microfinance, 
clean technology and sustainable energy. Investors 
are increasingly moving from responsible investment 
(do no harm) to sustainable investment (investment in 
solutions to sustainability challenges).

A global transition towards a green economy will require 
substantial redirection of investment to increase the 
current level of public and private sector flows to key 
priority areas, the bulk of which will need to be mobilised 
through financial markets. Analysis and modelling 
conducted for the Green Economy Report suggests that 
the level of additional investment needed is between 1 
to 2.5 per cent of global GDP per year from 2010 to 2050. 
Currently, green economy investment is well below 1 per 
cent of global GDP.

The vast majority of the investment that needs to be 
re- directed to the green economy will need to come 
from the private financial sector if key sustainable 
development goals are to be achieved in the necessary 
time scales. National and international public sector 
resources are significantly smaller than those of the 
global financial market. Following the 2008 to 2009 
financial crisis, the BIS has projected a high debt/GDP 
ratio for many major economies for the next twenty 
years. As a consequence, public funds available for a shift 
to a green economy are likely to be far below the level 
required. Developing countries, with the exception of 
the most vibrant emerging economies, will have limited 
fiscal options to support a green economy.

If a robust business case can be created and properly 
demonstrated, for example, by governments fully 
implementing the “polluter pays” and “user pays” 

principles agreed by OECD countries, then arguably 
some of this re-deployment of capital will occur 
naturally as investors pursuing enlightened self-interest 
shift their assets from less attractive brown economy 
(based on fossil fuels) activities. Opportunities for scaling 
up green finance exist across the market, especially in 
sectors such as renewable energy or green property, 
and in mainstream finance through the growing trend 
towards consideration of ESG issues and accounting for 
environmental externalities. However, less mature and 
nascent segments of green economy finance – such as 
REDD+ or sustainable energy services for the poor – will 
require patient and wise incubation.

However, public financing is essential for the transition 
to a green economy and more than justified by the 
positive externalities that would be generated. The role 
of public finance in supporting a green economy was 
demonstrated by the green components of the massive 
fiscal stimulus packages launched by G20 countries 
in responding to the financial and economic crisis, 
which broke out in 2008. Out of the US$ 3 trillion of the 
stimulus funds, more than 15 per cent was allocated to 
green sectors or to greening brown sectors.

Public financing for green investments is not confined to 
short-term responses to the financial and economic crisis. 
The Republic of Korea, for example, has included public 
funds for green investments in the country’s five-year 
development plan. In many least developed countries, 
however, public financing covering tax revenues and 
governments’ ability to borrow directly from capital 
markets is seriously constrained. In these countries, 
international and regional development banks should 
explore how they can increase development finance 
that supports agreed priorities for green investment.

Green stimulus packages and agile financial markets 
alone are unlikely to unlock the scale of private finance 
needed for the transition to a green economy. Sound 
public polices and enabling regulatory frameworks are 
also indispensable. Although an increasing number of 
financial institutions are becoming interested in a green 
economy, the majority of market players remain wedded 
to the traditional, brown economy. This is largely due to 
inadequate policy and regulatory frameworks that fail 
to provide a level playing field. The risk/reward equation 
still works unfavourably for would-be green investors.

Governments should involve the private sector in 
establishing stable and coherent policy and regulatory 

7. In 2010, 200 banks, insurers and investment organizations were 
signatories to the United Nations Environment Programme Finance 
Initiative. http://www.unepfi.org

8. A further 900 investment organizations, including service organizations, 
support the UN-backed Principles for Responsible Investment. http://www.
unpri.org/principles

622



Finance

frameworks that would better integrate environmental, 
social, and governance issues in investment decisions 
and financial policy making. In addition, governments 
and multilateral financial institutions should use their 
own resources to leverage the financial flows from the 
private sector and direct them towards the fledgling 
green economic opportunities.

In the lead up to the Rio+ 20 Earth Summit in Brazil in 
2012, there is a need to establish clear and workable 
frameworks, including regulation where necessary, to 
rebalance the risk/reward equation for financial and 
investment practitioners in favour of green investment. 
It is clear that across banking, investment and insurance 

– the core activities of the world’s financial system – 
significant changes in philosophy, culture, strategy and 
approach, notably the overwhelming dominance of 
“short-termism”, will be required if capital and finance 
are to be reallocated to accelerate the emergence 
of a green economy. At the same time, fundamental 
aspects of international accounting systems and capital 
market disciplines, as well as our understanding of 
fiduciary responsibility in investment policy making and 
investment decision making, will need to evolve to fully 
integrate a broader range of ESG factors than takes place 
today. Without these changes, the pricing signals and 
incentives that could support the transition to a green 
economy will remain weak.
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Conclusions
Moving towards a green economy has the potential 
to achieve sustainable development and eradicate 
poverty on an unprecedented scale, with speed and 
effectiveness. This potential derives from two concurrent 
changes. First, there is a changed playing field in which 
our world and the risks we face have materially changed. 
These changes require a fundamental rethinking of our 
approach to the economy. Second, there is a growing 
recognition that the natural environment forms the 
basis of our physical assets and must be managed as a 
source of growth, prosperity and well-being.  

As this report has argued, reallocating public and private 
investments – spurred through appropriate policy 
reforms and enabling conditions – is needed to build up 
or enhance natural capital such as forests, water, soil and 
fish stocks, which are particularly important for the rural 
poor. Green investments will enhance new sectors and 
technologies that will be the main sources of economic 
development and growth of the future: renewable 
energy technologies, resource and energy efficient 
buildings and equipment, low-carbon public transport 
systems, infrastructure for fuel efficient and clean 
energy vehicles, and waste management and recycling 
facilities. Complementary investments are required in 
human capital, including greening-related knowledge, 
management and technical skills to ensure a smooth 
transition to a more sustainable development pathway. 

One of the major findings of this report is that a green 
economy supports growth, income and jobs, and that 
the so-called trade-off between economic progress and 
environmental sustainability is a myth, especially if one 
measures wealth as stocks of useful assets, inclusive of 
natural assets, and not narrowly as flows of produced 
output. The results of the report indicate that in the 
short term, economic growth under a green scenario 
may be less than under business-as-usual. However, in 
the longer term – 2020 and beyond – moving towards a 
green economy would outperform business-as-usual by 
both traditional measures (GDP growth) as well as more 
holistic measures (per capita growth). 

The report also finds that in a number of important 
sectors, such as agriculture, buildings, forestry and 
transport, a green economy delivers more jobs in the 
short, medium and long-term than business-as-usual. 
In sectors where capital is severely depleted, such as 
fisheries, greening will necessitate the loss of income 
and jobs in the short and medium-term to replenish 
natural stocks, but this will prevent the permanent 

loss of income and jobs. In such cases, transitional 
arrangements are needed to protect workers from 
negative impacts on their livelihoods. 

Although the bulk of the investments required for the green 
transformation will come from the private sector, public 
policy will also play a leading role in overcoming distortions 
introduced by perverse subsidies and externalised costs. In 
addition, public investment will be required to jump-start 
an effective transition to a green economy. 

There is much more private capital available than the 
financial resources of the public sector. However, many 
developing countries have limited access to private 
capital. A large amount of the funds needed for green 
investments at scale in the initial stages of the transition 
towards a green economy must come from new and 
innovative financing mechanisms. In this regard, the 
new Green Climate Fund and nascent REDD+ funding 
mechanisms offer significant hope for achieving the 
finance required. Where national budgetary conditions 
are limited, multilateral development banks are ideally 
positioned to offer financial assistance to enable these 
countries to embark on a green development trajectory. 

Directions for further research
This report has analysed the enabling conditions required 
to mobilise investment, and the potential benefits of 
this investment in greening the world economy.  It 
has provided fresh perspectives on the synergistic 
relationships between investing in low-carbon, resource 
efficient technology and socially inclusive economic 
growth.

Inevitably, as new research is provided new boundaries 
of knowledge and gaps are found.  A number of areas 
where further research will be needed to provide more 
specific guidance on a green economy transformation 
have emerged in the process of writing this report.  
These areas include research to answer the following 
questions, among others:

1. How to manage a smooth and fair transition from 
a brown economy to a green one at global level? In 
this report, responses to transitional issues have focused 
on capacity building, training and educational efforts. 
Also important, however, is how countries should set an 
appropriate pace for a transition from the predominantly 
brown economy to a green one. Many countries are 
facing rigidities of an infrastructure and industrial base 
that was developed under the brown economic model. 
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In many cases, due to this rigidity, the inertia of moving 
along the brown economy path is likely to continue 
for some time. How should the move towards a green 
economy take such inertia into account?

2. How to ensure that green policies are not used 
as a pretext for trade protectionism? This report has 
identified the positive role trade can play in facilitating 
the transfer and deployment of environmental 
technologies across countries. It has also cautioned 
against using green economy policies as a pretext for 
trade protectionism. Practical solutions are needed to 
manage emerging conflicts. In some countries, “buy 
local” can arguably be a green economy policy, as 
reduced need for transport may reduce the ecological 
footprint. However,  this type of policy can have adverse 
impact on the exports of other countries, including 
those that need foreign exchange to import goods that 
are essential for reducing poverty and improving living 
standards. 

Another emerging conflict surfaces  because countries 
that provide state support to green economic sectors 
such as renewable energy technologies give domestic 
enterprises a competitive edge in the export of these 
technologies. The question arises: Is it possible to 
ensure fair trade, while recognising the need for state 
interventions in jump-starting the transition to a green 
economy?

3. How to measure progress in the transition to a 
green economy? The various chapters of this report 
have used a wide range of indicators to highlight: 

 ■ The extent of the challenges, for example, levels of 
CO2 emissions and the number of people lacking access 
to energy;

 ■ The extent of the opportunities, such as the size of 
the market for more resource efficient and low-carbon 
technologies; 

 ■ Policies established, such as renewable energy 
targets; and,

 ■ Policy outcomes, such as the rate of recycling 
achieved, as well as the material and energy intensity of 
production and consumption.

Although different sectors will need different matrices 
to measure progress towards greening, at a national 
economy level there is a need for aggregates to inform 
policy making. At the moment, such aggregates are 
not fully developed or agreed upon by the statistical 
community. Further research is needed on what are 

the limited number of indicators that can measure the 
progress countries have made in transforming their 
economic structure from brown to green, including 
more adequate indicators for measuring economic 
prosperity and wealth creation beyond GDP.

Towards a green economy
This report marks a first step in outlining key issues for 
moving towards a green economy at a national and 
global level.  In summary, it has found that a green 
economy values and invests in natural capital. Ecosystem 
services are better conserved, leading to improved safety 
nets and household incomes for poor rural communities. 
Ecologically friendly farming methods improve yields 
significantly for subsistence farmers. Improvements in 
freshwater access and sanitation, and innovations for 
non-grid energy (solar electricity, biomass stoves, etc.), 
add to the suite of green economy strategies, which can 
also help alleviate poverty.

A green economy substitutes clean energy and low-
carbon technologies for fossil fuels, which addresses 
climate change, creates decent jobs and reduces import 
dependencies. New technologies promoting energy 
and resource efficiency provide growth opportunities 
in new directions, offsetting brown economy job losses. 
Resource efficiency in both energy and materials use 
becomes a driving proposition, be it in better waste 
management, more public transportation, green 
buildings or less waste along the food chain. 

Regulations, standards and targets are important to 
provide direction. However, developing countries must 
be allowed to move at their own speed, respecting their 
development objectives, circumstances and constraints. 
Developed nations have a key role to play in building 
skills and capacity in developing countries and in 
creating an international market and legal infrastructure 
for a green economy. 

Enabling conditions have to be managed and adequate 
finance provided for a successful transition to a green 
economy. Both are eminently achievable. Environmentally 
and socially harmful subsidies are a deterrent and should 
be phased out. However, in select circumstances and over 
defined periods, rational use of subsidies can facilitate the 
transition to a green economy. Taxes and other market-
based instruments can be used to stimulate the necessary 
investment and innovation for funding the transition. The 
scale of financing required for a green economy transition 
is large, but it can be mobilised by smart public policy 
and innovative financing mechanisms.

A green economy can generate as much growth and 
employment as a brown economy, and outperforms 
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the latter in the medium and long-run, while  
yielding significantly more environmental and social 
benefits. Of course, there are many risks and challenges 
along the way. However, the biggest risk of all is to 
remain with the status quo and not engage in a transition 
towards a green economy. 

Moving towards a green economy will require world 
leaders, civil society and leading businesses to 
collaboratively engage in this transition. It will require 
a sustained effort on the part of policy makers and 
their constituents to rethink and redefine traditional 
measures of wealth, prosperity and well-being. 
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