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MESSAGE FROM THE MINISTRY 
OF SUSTAINABLE DEVELOPMENT, SWEDEN 

Mr Krister Nilsson 
State Secretary 
MINISTRY OF SUSTAINABLE DEVELOPMENT, SWEDEN 

In 1972, world leaders gathered in Stockholm under the auspices of the 
United Nations for the first world conference on the human environment, 
which came to be known as the Stockholm Conference. This first "Earth 
Summit" marked the entrance of environmental issues onto the world stage 
and ever since, the city of Stockholm has acted as a meeting place for dia-
logue, discussions and decisions on the environment as well as many other 
issues of global significance. 

Several years ago, in a conference in Stockholm on military security in the 
Baltic Sea region, the President of Lithuania, Mr Valdas Adamkus, entered 
the stage and expressed that the greatest threat to his country was no longer 
a military invasion. Instead, the greatest threats were to be seen inside the 
country "...if we don't succeed in providing our citizens with a good envi-
ronment, clean water, clean air and a functioning waste management sys-
tem" as he put it. 

Today his message feels even more correct, especially in the perspective of 
energy policy and climate change. 

Energy policy today addresses, more obviously than ever before, issues such 
as the economy, independence, environment and security in its traditional sense. 

6 



Message from the Ministry of Sustainable Development, Sweden 

The recent dramatic change in the oil-price level, has underlined the win-win 
solution that renewable energy represents and the urgent and growing need 
for a global agreement on energy policy. 

The high price of energy hinders the possibilities for economic growth in 
many countries throughout the world. Renewable energy therefore cannot 
only combat climate change but also poverty and hunger, stimulate peace 
and stability, create access to energy and give possibilities for economic 
development, communications and education. 

From figures presented, one can conclude that the rise in oil prices represents 
the annual development assistance contribution for developing countries. 
This also underlines the importance of a global energy policy, if we are to 
reach the millennium development goals. 

It is in this context that round table meetings such as these are important for 
developing common ground for further efforts. 

In the framework of Asia-Europe co-operation, there is an active role to be 
played, both when it comes to joint action and development of global poli-
cies. 

In Johannesburg, Klaus Töpfer commented on these results by saying, "we 
have less than we wanted but more than we expected." 

This statement is true when it comes to the decision on energy. For this rea-
son it is important that we, at the world summit, managed to put the issue 
of energy policies on the global agenda. And maybe the fact that we did not 
reach the results we wanted helped stimulate a large amount of follow up 
activities. 

With the ASEM meeting in Lecce, the Asia-Europe Environment Forum and 
many other international initiatives after Johannesburg, we have managed 
to create a political momentum for action - a political momentum much 
stronger than before. 

In Johannesburg few delegations were open to discuss targets for the intro- 
duction of renewable energy; at the Bonn conference this summer, most coun- 
tries, regions and financial institutions presented ambitious plans and targets. 
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At the conference "Stockholm Thirty Years On" which was held in preparation 
for Johannesburg, our late Minister for the Environment, Kjell Larsson, said: 

"Three years before the Stockholm Conference, in July 1969, the whole world 
sensed the prospect of a limitless future. A footprint in lunar dust symbol-
ised technological advances and hope. 

Today, thirty years on, the ecological footprint left by the developed coun-
tries illustrates the vulnerability of our planet and the dangers of an unre-
stricted technological development." 

What Kjell Larsson said at that time focuses on the main issue of today. How 
can technology be a driving force for change rather than a part of the prob-
lem? What strategies, financial instruments, research and co-operation are 
needed? 

The Swedish experience is that long-term targets for the share of renewable 
energy in the energy system can and should be set. By doing so, national and 
local planning becomes a driving force for change. Targets also stimulate 
sector responsibility, motivate investments, research and demonstration proj-
ects. Targets and timetables set by governments enable joint ownership for 
all relevant ministries. 

In order to reach a substantially increased use of renewable energy, it is 
important to increase the competitiveness of renewable energy sources. This 
can be achieved by lowering production costs for these energy sources and 
acting for internalisation of the external costs of all energy production and, 
in particular, the use of fossil fuels. Sweden has a long tradition of a CO2 tax 
and that is most important reason why we have managed to decouple CO2-
emissions from economic growth. 

Sweden has favoured general and market-based instruments to stimulate 
increased use of renewable energy. One example of this is the green electric-
ity certificate system that was introduced a year ago. It is believed that this 
scheme will turn out to be more cost-effective than other measures to pro-
mote renewable energy sources. 

An important aspect of such a scheme is that it must provide long-term 
incentives for private financers to make investments in renewable energy. 
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This is especially important in deregulated and liberalised energy markets 
such as the one in Swedcn. 

There is also the need for special targeted actions for those renewable ener-
gy sources that have a large energy potential and can show potential for sub-
stantial cost reductions - so they can become a competitive alternative. 
Offshore wind power is one such example. Therefore the certificate system 
has been combined with an "environment bonus" for introducing these tech-
nologies to the market. 

In order to promote renewable energy and energy-efficiency in Sweden, sev-
eral years ago, the government also introduced a program called the Local 
Investments Programme (LIP). 

The LIP projects have been focusing on introducing innovative solutions. 
Within this framework, projects focusing on sustainable energy solutions are 
estimated to an annual decrease of CO2-emission with more than two million 
tonnes, which is equivalent to 30/s  of the national emissions in 1990. 

A new programme called the Climate Investments Programme (CIP) is now 
following the LIP. In its first phases it will run over the period 2003-2006. 

Crucial to these investment programs is for the local municipality to devel-
op the programs themselves, choosing technology that suit the local condi-
tions best. One lesson learned is that on the local level partnership with local 
business, building joint energy solutions are easily found. The investment 
support from the government is more in the form of a catalyst. 

The Swedish government has also presented tax reductions for private hous-
ing as well as public buildings and hospitals that are investing in energy effi-
cient technologies. 

Besides measures like these, it is important to keep in mind that renewable 
energy faces other obstacles besides competitiveness. Some examples are the 
lack of acceptance, insufficient infrastructure, unclear or absent laws and 
regulations and not the least, a lack of understanding of the challenges faced. 
It is understood that focused government efforts can help the change of both 
behaviours and attitudes. Gains in environment quality have to be commu-
nicated to the public in order to mobilise support for further decisions and 
changes in economic incentives. 

9 
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One conclusion from the Swedish experience is that a mix of several initia-
tives is required in order to foster the change from fossil to renewable energy. 

However, it is firmly believed that more and better needs to be done in the 
field of renewable energies and energy efficiency, both for our people and for 
our climate. There are big challenges ahead and only through joint efforts 
will we be able to make a difference in the years to come. 

Platforms such as the Asia-Europe Environment Forum can play an impor-
taut role in shedding light on the challenges ahead and on what can be 
achieved through working together. 

Efforts can be intensified to stimulate an exchange of experience, technolo-
gy transfer and research. The implementation of an emission-trading scheme 
in Europe can in this perspective serve as a catalyst. 

It would also be interesting to explore the possibilities for an Asia-Europe 
partnership focusing on a sustainable transport sector, a sector that in many 
ways poses the largest threat to the climate and that is generally not 
addressed by actions such as trading schemes. 

On a long-term basis, an exchange programme for students should be devel-
oped with a focus on environmental issues as discussed at the ministerial 
meeting in Lecce and intensify contacts between universities. In order to 
establish contacts between universities, the Swedish government supports 
the Chalmers University in Gothenburg in their efforts to create a network of 
universities focusing on sustainable development. 

And finally, discussions in forums like this round table should be a common 
ground for the upcoming energy discussion that will be held in the 
Commission for Sustainable Development (CSD). 
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LET US RING THE BELL OF CHANGE 
FROM STOCKHOLM 

Prof. Emil Salim 
Eminent Person 
EXTRACTIVE INDUSTRIES REVIEW, WORLD BANK GROUP 

and 

Former Chair 
WSSD PREPARATORY COUNCIL, INDONESIA 

Thirty-two years ago, in 1972, the first world conference on the environment 
was held in Stockholm, the same city where we are now convening for the 
Asia-Europe Environment Forum 3rd  Roundtable today. Certainly, the 1972 
Stockholm Conference has sent a powerful message of hope to the world that 
better life for all human beings and living creatures is feasible by caring for 
our environment. 

As a delegation head from a developing country, I brought this message back 
to Indonesia. Development can be advanced without having to destroy the 
environment in the process. What the world needs is to co-operate together 
to build on a different path of environmentally sound development. 
Indonesia was ready to follow this new course. It needs, however, co-opera-
tion with the world to develop concepts, policies and capacity-building on 
this new course. 

Various international meetings on the environment have been held since the 
Stockholm Conference. There was the United Nations Environment 
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Programme Special Session of the Governing Council in Nairobi, Kenya in 
1982 on the topic "Ten Years after Stockholm"; followed by the United 
Nation Conference on Environment and Development in Rio de Janeiro, 
Brazil, in June 1992 attended by head of states and governments, launching 
Agenda 21. Finally another World Summit on Sustainable Development was 
convened in Johannesburg, South Africa, in 2002, and attended by head of 
states and governments firmly reiterating their commitment to follow the 
path of sustainable development. 

Judging from the frequency of these international summit meetings, it is rea-
sonable to assume that the development pattern will drastically change from 
conventional, economic-centric development to sustainable development 
following a triple track approach of economic, social and environmental 
development. 

Sustainable development requires a different paradigm that uses: 

• More renewable and less non-renewable resources; 

• more renewable and less non-renewable energy; 

• more useable output and less waste as well as pollution; 

• more output and service and less use of space; and, 

• more immaterial goods and services rather than material ones in con-
sumption. 

Nothing is more obvious in sustainable development than the shift from 
non-renewable fossil fuel-based energy to renewable energy resource-based 
development. The reality up to now, however, is miserable. 

First, the International Energy Agency (lEA) has predicted that the energy 
supply mix in the future will grow in percentage of total energy as follows: 

2000 2030 
Oil 37 36 
Coal 36 33 
Gas 15 17 
Hydro power 8 8 
Nuclear 2 4 

Renewable energy 2 3 
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Fossil fuel, oil-coal and gas, are predicted to still be the major world supply 
sources for energy in years to come, only reduced slightly in percentage from 
88% (2000) to 86% (2030), while renewable energy will improve marginally 
from 2% (2000) to 3% (2030). 

Second, many development experts predict that global development will be 
pulled by the "locomotive" of Asian development, primarily of China and 
India. The population of China will grow from 1.3 (2004) to 1.48 (2025) and 
1.43 billion persons (2050). The population of India will grow from 1.08 
(2004) to 1.36 (2025) and 1.63 billion persons (2050). Both countries want to 
climb up the development ladder, to a better standard of living. Agriculture, 
industry and transportation will increase the use of energy. Although both 
countries recognise the need for shifting energy use towards renewable ener-
gy, the only known source of energy that can meet these development needs 
is non-renewable energy. This is special true in transportation. Developing 
countries are searching for the proper renewable energy source that can sup-
ply energy for transportation and industrialisation. This requires a different 
car technology, using fuel cells and hydrogen. This technology however is 
still at the infant stage. It requires change to a transportation system that is 
less dependent on individual private cars to allow origin-destination flow of 
cargo and persons more efficiently. It calls for different spatial planning and 
urban development that reduces the distance gap to optimise utilisation of 
space. Unfortunately the current development is following a "business as 
usual" pattern as conducted by the current industrial countries in the past. 
Innovations and inventions on the sustainable development pattern are 
rather scarce. 

Third, the market fails to give adequate incentives to push development into 
the road of sustainability. Developing countries cannot tap on these new 
ideas or implement them because of market failure to move on the sustain-
able path of development, especially in energy. Prices of fossil fuel do not 
reveal internalisation of external costs, such as costs of pollution, resource 
depletion, environmental destruction and degradation, increase in health 
hazards, disruption of indigenous people's way of life, etc. Fossil fuel is over-
valued, while non-renewable energy on the other hand is under-valued. 
Under such an unequal level playing field, renewable energy cannot compete 
fairly with non-renewable energy. 

Fourth, the Convention on Climate Change and Kyoto Protocol is a small 
attempt of interference to correct the market. Unfortunately, even in the last 
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climate change convention of December 2004, the United States government 
as the largest carbon dioxide emitter is still refusing to ratify Kyoto. If we are 
all living in the same world, why is there no common commitment to solve 
global common problems on a multilateral basis? Why is there such arro-
gance in pushing one's own agenda for one country's own interest on a uni-
lateral basis? If the source of pollution is not equal between developed and 
developing countries, is it not appropriate if developing countries are 
demanding a common but differentiated responsibility to cope with global 
environmental pollution? While the debate on the scientific evidence of cli-
mate change is going on, the World Bank and FAO are already feeling the 
need to move beyond mitigating green-house-gas endangering global warm-
ing and move into efforts of adapting to climate change. In this effort it is 
clear that developing countries and the poor farmers will be the main loser 
in the efforts of coping and adapting to climate change. 

Fifth, in a recent Extractive Industry Review (FIR) Report commissioned by 
the President of the World Bank Group (WBG) to an independent eminent 
person, entitled "Striking a Better Balance" (2004), as well as the internal 
evaluation report by the Operation Evaluation Group of International Bank 
for Reconstruction and Development (IBRD), International Development 
Agency (IDA), International Financial Corporation (IFC) and Multilateral 
Investment Guarantee Agency (MIGA) - all parts of the WBG, entitled 
"Extractive Industries and Sustainable Development" (2003), came to the 
same conclusion that many extractive resource abundant countries experi-
enced negative growth during the 1990s. An integrated strategy of extrac-
tive industrial development is required with the presumption that its suc-
cessful development must not provide only adequate returns to investors but 
should also provide adequate revenues to governments, mitigate negative 
environmental and social effects, and benefit local communities. Up till now, 
natural resource extraction methods, including that for energy, has not been 
sustainable. 

Most disturbing however are the findings of these reports that the WBG has 
been timid in financing renewable energy development. In spite of the clear 
recommendations of the EIR Report to the WBG to stop financing oil and 
coal development projects on concessionary terms and finance renewable 
energy projects instead, the sober facts are that the WBG Board of Executive 
Directors has rejected the recommendation and they still urge the WBG to 
develop fossil fuel projects in developing countries "for the sake of poverty 
alleviation." Of course it is interesting to note that the beneficiaries of WBG 

14 
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financing in fossil fuel projects are Halliburton, Exxon, BP, Shell and other 
giant companies linked to the oil industry. 

Meanwhile, the WBG has responded to the EIR recommendations by "raising 
the allocation of funding to renewable energy to US$400 million by 2008." 
Please note that WBG involvement in the Turkey-Georgia pipeline project 
absorbed US$400 million. 

Many serious high-level discussions on sustainable development have taken 
place up till now. But why are the results in implementation so poor - includ-
ing by the WBG? The problem lies in the national and global decision-mak-
ing mechanisms. Environmental issues are handled by the ministries for the 
environment, while energy issues by the ministries of energy. The allocation 
of financial fund is in the hands of the ministries of finance. In most cases 
because of price distortions due to market failure and because of lack of 
coherent sustainable energy policies, the gravity of funding moves toward 
fossil fuel, which is considered much cheaper and more practical then renew-
able energy. 

At the international level, ministers of finance never attend conferences on 
environment and development, while energy conferences are usually attend-
ed by ministers of energy. Under these circumstances, renewable energy will 
never be seriously discussed or effectively funded by both ministries. The 
same conditions apply in the Board of Executive Directors of the IMF and 
WBG whose members are usually from the ministries of finance or central 
banks. The cardinal point here is that social and environmental sustainabil-
ity issues are outside the mainstream of economic development in financial 
and economic institutions, nationally as well as globally. 

This grim fact also explains why the various important summits fail to pro-
duce the necessary results because of failure to follow up by the "powerful" 
sector ministers outside the ministries for the environment. Platforms such as 
the Asia-Europe Environment Forum, which aims to facilitate debate and 
dialogue among civil society, governments and other stakeholders, has 
potential to play an important role in promoting convergence rather than 
divergence among the concerned actors in sustainable development efforts. 

On the other hand, the management of WBG complains that there are no 
viable renewable energy projects to meet the standards of project financing. 
However, on a bilateral basis there are numerous projects than have been 
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successfully implemented on renewable energy. For example, Denmark has a 
successful program in Mali in spite of the prevailing price distortions in ener-
gy. These success stories need to be known by WBG so that financing for 
these kinds of projects can multiply not only in Mali but also in other devel-
oping countries. 

European countries success stories must be imitated and transferred wherev-
er possible to all other developing countries, and pushed for financing by 
WBG and regional development banks in Africa, Latin America and Asia. 

Another bold effort must be made in human resource development. Europe 
has its skills in renewable energy technology, policy, legal framework, incen-
tive systems and institutional development requirements. Europe has skills in 
clean coal technology, in zero carbon emission technology, in wind, wave, 
solar and hydro energy. These skills are in governments, business enterpris-
es as well as civil society. 

Asia needs these skills for its renewable energy development to be fully 
fledged. These needs can be met if we work together through the triangle 
partnership of: government-business-civil society. These three groups must 
be convinced to commit to the development of renewable energy as the main 
engine of Asian growth. These three groups must work hand-in-hand togeth-
er in a triangle of partnership in Asia and Europe. 

The "locomotive" of the twentieth-first century development is Asia. Asia 
must develop on a sustainable path. This can be achieved if European min-
isters, business CEOs and prominent leaders of civil society joint forces with 
their Asian counterparts and push for renewable energy and sustainable 
development into the mainstream of Asian, European and the global devel-
opment. Only then can we expect the new paradigm of sustainable develop-
ment can become a reality. 

Stockholm was the cradle of environmental development 30 years ago. 
Stockholm can become again the cradle of another revolution to give impe-
tus to changing toward an effective course of sustainable development 
fuelled by renewable energy and moved forward by the triangle of partner-
ship in particular in between political leaders, business CEO and inspiring 
leaders of the civil society in Asia and Europe. 

Let us ring the bell of change now and here from Stockholm today. 

D 



Sii fl ?IIQ r\' and Sini Ii esis 0/ Discuss ions 

Chapter 1 
Summary and Synthesis of 

Discussion 

17 



TECHNOLOGY PARTNERSHIPS FOR RENEWABLES: KEY TO ENERGY SECURITY 

1 

SUMMARY AND SYNTHESIS OF DISCUSSION 1  

Bertrand Fort 
Director for Intellectual Exchange 
ASIA-EUROPE FOUNDATION 

and 

Co-ordinator 
ASIA-EUROPE ENvIRormwr FORUM 

Internationally-respected authorities such as former Chairman of the World 
Summit on Sustainable Development (WSSD) Preparatoiy Council, Dr. Emil 
Salim of Indonesia, and Prof. Michael Grubb, Policy Director of The Carbon 
Trust of the United Kingdom (UK), joined around 40 other experts on renew-
able energies at the third roundtable of the Asia-Europe Environment Forum 
series in Stockholm, Sweden, on 26-28 August 2004. 

The roundtable dovetailed the successfully-concluded International 
Conference for Renewable Energies in Bonn, Germany on 1-4 June. The 
Bonn Conference ended with a strong declaration by 154 governments that 
renewable energy should play a major role in the energy economy of the 21" 
century—a development with important implications for co-operation and 
renewable energy investment between Asia and Europe. 

Opened by Sweden's State Secretary for the Environment, Mr Krister Nilsson, 
the roundtable concluded with a scientific session held at the EuroScience 

The co-organisers wish to thank the efforts of Dr. Philippe Bergeron for his contribution to this Sum-
mary as rapporteur for the meeting. 
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Open Forum (ESOF) 2004, the first pan-European initiative to present science 
to a large audience of about 400 participants. 

In the tradition of the Forum's first two roundtables, the proceedings and 
papers of this meeting are published in this volume. 

The meeting aimed to provide answers and recommendations to the ques-
tions and issues of: 

• Technology: What Kind of Energy is Sustainable for Various 
Consumption Needs?; 

• From an Idea to the Market: Sustaining the Technology Innovation 
Process; 

• Asia-Europe Platform: From Technology Transfer to Technology 
Exchange; and, 

• in addition, a roundtable conclusion session entitled "It's Not Easy Being 
Green? Prospects and Perspectives for Green Technology in Asia and 
Europe" was held as a scientific session of EuroScience 2004 and open 
to all participants and the general public. 

Summary of Discussion 

Renewable energy doesn't only concern the mitigation of climate change 
although it is a key and increasingly important element of it. Renewable 
energy can also significanfly contribute to economic development and 
poverty alleviation, and thus, is inextricably linked with the pursuit of sus-
tainable development. On this basic premise for Asia-Europe co-operation on 
renewables, the following key messages emerged from the meeting: 

• With the continuing double trend in Asia and Europe of existing 
markets' maturation coupled with emerging markets, renewable 
energy production cost will eventually be comparable to current 
carbon-based supplies, boosted further by an expected systemic 
rise of the oil prices caused by the growing global imbalance 
between supply and demand. 
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From the bottom-up perspective and in the context of dialogue 
exemplified in the Asia-Europe Environment Forum, the most 
promising action would be to foster Asia-Europe partnerships for 
the mutually beneficial development and deployment of renew-
able energy solutions and renewable energy investments in the 
two regions. 

In addition to public support for research and development (RaD) in 
renewable energy technologies, institutional capacities are also a 
key to commercialisation of renewable energy technologies. The 
European experiences are highly relevant to market penetration 
of renewable energy technologies in Asia. Multilateral fora and 
exchange programmes between the two regions could bridge the 
gaps and promote mutual learning. 

The Asia-Europe Foundation (ASEF) through its Asia-Europe 
intellectual exchange networks and the Asia-Europe Business 
Forum are ideally suited to follow-up on the event and help nur-
ture the networks and activities apt at stimulating renewable ener-
gy investment in the two regions. 

The discussion points clustered around four basic points: 

Understanding the processes, which underlines that the development of 
technology is not necessarily the issue—technologies are available but 
the crucial factors are how the technologies are used and how the gov-
ernments, business sector and other social partners drive the process 
effectively. 

Strengthening the paradigm, which is the framework through which 
renewables respond not only to climate change issues but also to the 
environmental, economic, and social issues of sustainable development. 

Possible suites of action, which refers to the various levels and modali-
ties for concrete Asia-Europe collaboration to promote the development 
and use of renewables. 

Education, training and capacity building, probably the most vital and 
viable area for Asia-Europe co-operation. 
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Understanding the Processes 

The renewable energy market can be spread into different market segments. 
Each segment calls for a differentiated policy mix for stimulation and devel-
opment. At least three clearly different segments are of importance and could 
be applied in both Asian and European contexts, although the policy, invest-
ment and market conditions do vary significantly. 

• On-grid industrial/urban grade electricity supply addressing 
industrialising/industrialised countries' needs that require policies 
stimulating the development of an increasing market share for 
renewable energy electricity production and encouraging competi-
tive regulation once the market has been established. 

• Decentralised off- or on-grid rural electricity supply (for example 
for lighting, small motive power, communication, cooking, other 
small household appliances, etc.) that have a social rationale in 
developing countries and far-flung areas. These applications call for 
policies fostering R€tD for inventive low cost technology develop-
ment, creative production and distribution cost abatement, original 
financing models for renewable energy investment risk pricing and 
coverage (alternative collateral) and innovative business models for 
project feasibility and viability development for investment facilita-
tion. 

• Decentralised non-electricity rural applications that have a pover-
ty alleviation justification. The deployment of these applications 
necessitates policies stimulating project development and financing 
in the poverty alleviation context such as self-help systems and 
micro-finance. 

Stimulating renewable energy is an internalisation process by public and 
private investors of environmental externalities. Normally, the cost of 
greenhouse gas (GHQ) emission as well as the unsustainable and irreversible 
depletion of natural resources such as coal, oil or natural gas and environ-
mental damages by emissions of other pollutants such as Sulphur Dioxide 
(S02) and Nitrogen Oxides (NOx) are not factored in when economic activi-
ties consume fossil energy sources. Internalising an externality can only be 
driven by energy pricing policies that level the playing field and require 
energy producers to integrate environmental mitigation expenditure into 
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their overall production cost. Considering the sustainability of renewable 
feed-stocks (wind, solar, small-scale hydroelectricity, biomass, geothermal, 
ocean wave and tide, etc.), these policies raise the price competitiveness of 
renewable energy against traditional fossil energy supply in the long term. 

Experience in Europe shows that renewable energy development and 
investment are best promoted by a staged process involving first a tech-
nology push followed by a market pull. The first step is an initial innova-
tive technology development needed to demonstrate technological viability 
and create the market. The second step is a market "pull momentum" driven 
by a growing economy of scale and a "learning by doing" cost reduction 
effect. This stepped process calls for a suite of market-making policies that 
need to be introduced (and retrieved when their impact becomes market-dis-
torting) to nurture and guide each step of the renewable energy technology 
market cycle (innovation, cost reduction, competitiveness, maturity, decline). 

The United Kingdom (UK) has embarked on an audacious strategy to apply 
this process with the objective to rebalance its energy supply spread that 
should lead to - by 2050 - a lowering of the carbon component of its ener-
gy mix by 60%. The envisioned strategy foresees an initial technology push 
and market creation phase through an RaD effort in advanced solutions 
especially in wind and wave technology to be followed by a cost lowering 
phase driven by the "learning by doing" effect. This is expected to lead to a 
renewable energy production cost comparable to current carbon-based sup-
ply. This favourable convergence of production costs is projected to be boost-
ed further by an expected systemic rise of the oil price caused by the grow-
ing global imbalance between demand and supply. The sustained growing 
demand especially from rapidly industrialising Asian countries cannot be 
matched anymore by an "easy to exploit" global supply that is now at its 
peak and will soon enter a slow and steady decline. 

Another contribution to the current renewable energy production cost dif-
ferential against the carbon solution is the dissimilar project cash flow pro-
file of investment that produces electricity for decentralised off- or on-grid 
supply. Fossil fuel-driven electricity supply has a low initial investment cost 
(diesel generator technology as a case in point is mature and well estab-
lished; its economy of scale helps keep the investment cost low) matched by 
slowly but continuously rising operation and maintenance (OEtM) costs to 
pay for the feed-stock throughout the life of the investment even if the cost 
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of environmental pollution is not counted. Renewable energy solutions 
(solar, wind or equivalent) on the other hand have much larger initial invest-
ment cost. The key is that they also have nearly negligible OEtM expenditure 
and very limited negative environmental impact thereafter. 

The flnancmg cost of a renewable energy investment, depends on the cost 
of the risk taken. This risk is currently not well known and strongly depend-
ent on the electricity sale price that a producer can achieve. In a nascent 
market with a marginal market share (globally, renewable energy accounts 
for less than 3% of electricity supply against 70% for fossil fuel-based sup-
ply), this depends on the pricing policies imposed by the regulator to create 
and nurture the renewable energy market (quota, feed-in, etc.). Feed-in pol-
icy (a fixed guaranteed price for electricity fed into the grid) so far seems to 
have been the only successful pricing model capable to generate sizable 
renewable energy investments and a significant renewable energy supply 
market in Europe. Given the risk of market distortion that the "feed-in" pol-
icy can cause once the market is well established, more competition stimu-
lating pricing policies (such as the quota system which imposes on the grid 
operator a minimum quota for renewable energy supplied electricity without 
fixing its price) are needed once the renewable energy market has become 
significant. 

Finally, it is important to note that renewable energy and energy efficien-
cy mutually reinforces each other because of the limited unit capacity of 
renewable energy investment. The renewable energy market can significant-
ly benefit from an integration of energy efficiency facilitating policies that 
foster demand-side management, industrial green productivity and perform-
ance contracting models and contribute to make energy savings an attrac-
tive and profitable investment proposition. 

Strengthening the Paradigm 

An analysis of various possible future global energy supply scenarios points 
to two clearly separate and mutually exclusive development paths: a low 
carbon global energy use scenario and a separate higher carbon scenario. 
The trail of reports published by the Intergovernmental Panel on Climate 
Change (IPCC) as scientific input to the negotiation process of the United 
Nations Framework Convention on Climate Change (UNFCCC) makes it 
increasingly evident that there is a climate change risk with any high carbon 
scenario. More efforts need to be developed to strengthen the paradigm 
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shift and ensure that not only developed countries but rapidly industrial-
ising economies particularly in Asia recognise the global sustainabiity 
value of a low carbon scenario and embrace early enough carbon emission 
reduction strategy compatible with the UNFCCC objectives and the Kyoto 
protocol targets. 

The reality is that renewable energy remains a marginal element of the cur-
rent global energy supply mix while carbon energy supply remains predom-
inant with precious little prospect for significant abatement in the foresee-
able future. This calls for more forceful mobilisation of global decision 
shapers like the World Trade Organisation ('A/TO), the International Monetary 
Fund (IMF), the International Energy Agency (lEA) and other relevant glob-
al energy institutions. It is important that current environmental costs offos-
sil energy depletion are internalised at the global level to avoid market dis-
tortion between nations with different fossil energy endowment and carbon 
emission reduction regime. A possible approach is to integrate an ecological 
dimension into the economic profile of nations to ensure that national eco-
nomic development is on a sustainable path in a global context. 

Intriguingly, the funding allocated by the World Bank Group for renew-
able energy investment stimulation (around US$ 400 million per year by 
the year 2010) seems to lack ambition and stays rather moderate. This fig-
ure barely matches the cost of a single oil pipeline between Georgia and 
Turkey. Considering the threat of climate change and the opportunity of 
renewable energy as mitigation strategy, vastly larger financial resources 
ought to be devoted by the World Bank as well as other institutional and 
private investors to the promotion of widespread renewable energy invest-
ments, especially in Asia. 

Although the targets of the Kyoto protocol of the UNFCCC are not suffi-
cient to effectively control and stabilise global carbon emission at a level 
considered safe under the latest findings of the IPCC experts, they are 
steps in the right direction and deserve full support. There is an urgent 
need to revive the UNFCCC/Kyoto momentum. With recent ratification of the 
Kyoto Protocol by Russia, the Protocol has come into force on February 16. 
However, the United States' current rejection of the Protocol and the lack of 
binding emission reduction targets for China, India and also Korea, remain 
as challenges. Additional efforts are needed to ensure that the Kyoto targets 
are achieved by countries with committed emission reduction objectives. 
Moreover, mechanisms and incentives are needed to mobilise countries cur- 
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rently without emission commitments to set targets compatible with global-
ly sustainable emission convergence and contraction objectives. 

There are also strong economic reasons to strengthen the paradigm shift 
towards a greater ratio of renewable energy in the global and local energy 
supply mix. Carbon energy markets are monolithic and monopolistic. This 
has led to market instability, greater volatility of price (evidenced by the 
numerous energy crises experienced by the world in the last forty years) and 
overall sub-optimal energy price. Consumers have so far been the only group 
to pay the cost of this volatility. In the current global carbon based energy 
supply regime, feed-stock price variation and energy production cost are 
systematically pushed to consumers that have no real possibility to defend 
themselves. Both feed-stock suppliers and electricity producers are the 
unjustified beneficiaries of the regime. Many have so far enjoyed partially 
unfair and excessive gains. For instance, recent European energy deregula-
tion moves were meant to also redress this imbalance and shift some of the 
pricing power to the consumers. With fossil fuel still predominant and in the 
hands of a very small number of large producers, results remain insignificant 
so far. 

To rebalance the pricing power in the energy sector, there is a need to develop 
policies that cultivate widespread decentralised renewable energy invest-
ments so that renewable energy becomes a more significant element of the 
overall energy supply mix. A more significant renewable energy market 
share can contribute to a much enhanced robustness, security and stability 
of the overall energy markets. It can also open the door for lower overall 
energy price through a superior risk mitigation strategy that spread the risks 
to economic agents that are best able to carry them at least cost. 

Possible Suites of Action 

Possible policy actions should start with a levelling-off of the playing field 
through the internalisation of environmental - both local and global - 
costs associated with the burning of fossil fuels, and elimination of a 
number of pervasive and perverse national and local subsidies still pro-
vided to carbon-based energy suppliers. These contribute to correction of 
market distortion that conspire to make renewable energy less attractive and 
competitive than it would otherwise be. 
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A series of top-down and bottom-up policy actions may also be desirable. At 
the global institutional level, multilateral and bilateral co-operation in the 
development, deployment and diffusion of renewable technologies deserve 
immediate actions. 

One example is the proposition at the Bonn Conference to recommend the 
establishment of a separate international renewable energy agency to pro-
mote the interests of renewable energy. If a word of caution is justified to 
warn against the capacity of such agencies seriously influencing sovereign 
governments in changing their energy policy in favour of renewable energy, 
institutional efforts to promote more forceful strategies to accelerate renew-
able energy deployment remain certainly desirable. Useful institutional 
actions to be undertaken by such an agency could include studies showing 
the economic benefits of a more significant percentage of renewable energy 
in the overall energy mix of nations and regions, comparative policy analy-
ses of renewable energy market creation and deployment strategies, and the 
publication of suites of regulatory recommendations regarding: 

• Creation of renewable energy markets; 

• keeping them competitive when established; and, 

• stimulating innovative techniques for the swift deployment of relevant 
technical, managerial, financial and business model solutions. 

Other advantageous top-down efforts would be to position renewable ener-
gy and its potential toward the security of the global energy supply and 
stability on the radar screens of global institutions like the WTO, the IMF, 
the World Bank and many other institutions with global energy concerns. 

At the national level, there is also certainly a demand for the development 
of strategic country renewable energy need assessments clarifying the 
more promising renewable energy market segments and documenting 
renewable energy technology opportunities based on national renewable 
energy feed-stock endowment, national interest and the stage of economic 
development. These national strategic needs assessments could then establish 
the policy framework best able to create and nurture renewable energy mar-
kets in the retained technology fields, define incentives able to mobilise the 
interest of local and international investors and guide entrepreneurs willing 
to consider in country renewable energy investment. 
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From the bottom-up perspective and in the context of dialogue exemplified 
in the Asia-Europe Environment Forum, the most promising action would be 
to foster Asia-Europe partnerships for the mutually beneficial deployment of 
renewable energy solutions and renewable energy investments in the two 
regions. Fostered partnerships could include: 

• A variety of business models from the development of feasibility and 
viability studies of renewable energy investment projects; 

• the establishment of renewable energy equipments production facilities 
through the development of financial services schemes targeting spe-
cific renewable energy investment needs; 

• capacity building in commercialisation of renewable energy technolo-
gies through institutional innovations and training of technological 
know-hows, under an Asia-Europe co-operative framework; and, 

• co-operative R&D initiatives between Asia and Europe, particularly in 
areas of relative competence such as wind and bio-fuels technology from 
Europe, solar energy in China and Japan. 

To practically foster investment, such partnerships could be promoted 
through a dedicated technology exchange network that mobilise the interest 
of a broad set of renewable energy stakeholders including government, 
industry, finance, civil society and academia. This network could then facil-
itate the development of an enabling business-driven environment, build 
value-adding human resources capacity and stimulate the development of 
innovative financing mechanisms which the private sector and other inter-
ested parties can effectively tap to deliver solutions to the renewable energy 
opportunities of the two regions. 

Regarding institutionalisation, however, it would be important to first review 
existing frameworks or networks that could effectively be leveraged upon 
rather than duplicated. Thus, existing networks such as the following: 
Renewable Energy and Energy Efficiency Partnership (REEEP), a coalition of 
progressive governments, businesses and organisations; the European 
Commission-Association of Southeast Asian Nations (EC-ASEAN) Energy 
Facility wherein organisations, institutions and companies from the EU and 
ASEAN participate; Climate Technology Initiative (CII), established at the 
first Conference of Parties to the UNFCCC to foster international co-opera- 
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tion in the development and diffusion of climate-friendly and environmen-
tally sound technologies and practises, and others. 

Education, Training and Capacity Building 

Building the capacity for enhanced renewable energy absorption, especially 
in Asia, is clearly a critical step needed to stimulate greater investment 
uptake. Even in Europe, professional competence in renewable energy plan-
ning and deployment is relatively limited and currently confined mostly to 
the EU countries with particularly pro-active renewable energy deployment 
strategy and policy (Denmark, Sweden, Germany, the Netherlands and 
Spain). Among Asian developing countries, China and India have already 
accumulated a significant expertise in selective technology, but the expert-
ise remains scarce as a whole. 

There are broad opportunities for developing a multiplicity of professional 
curricula in renewable energy technical, financial and institutional engi- 
neering through co-operation between specialised institutes in Europe and 
interested higher education in Asia. 

There is also a large demand for formal as well as on-the-job professional 
training in renewable energy engineering that can be satisfied through spe-
cialised consultancy services as well as the encouragement of business ven-
tures allowing Asian and European professionals to work side by side in 
developing and operating investment opportunities in the two regions. An 
Asia-Europe Technology Exchange for Renewables (AETER) network as rec-
ommended in this book is a plausible proposal to explore 2 . 

For more explanation on this idea, please refer to "Practical Elements for Setting up an Asia-Europe 
Technology Exchange for Renewables" by Dr. Philippe Bergeron in chapter 5 of this book. 
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NOTES ON THE SUCEEDING CHAPTERS 

The summary and synthesis of discussions has made up this first section, 
Chapter 1. 

Chapter 2, "Technology: What Kind of Energy is Sustainable for Various 
Consumption Needs?" provides two papers that attempt comprehensive 
answers to this question. 

Mr. Peter Danielsson of the European Renewable Energies Federation (EREF), 
Sweden, shows that renewable energies in general now provide some 14 0/0 of 
the world's primary energy. Data on electricity, for instance, tells us that a 
number of European countries currently have a much higher than average 
share of renewable energy. However, while richer countries of Europe have 
bridged the technology divide in pursuit of higher targets for renewables 
usage, the vast majority of the rural and "pen-urban" poor in Asia face 
extremely limited energy choices. Nevertheless, models for financing 
schemes could be adapted to regional situations; microfinance systems, in 
particular, demonstrate how small-scale installations of renewables could 
become affordable to the population. 

Prof. Pan Jia Hua of the Research Centre for Sustainable Development, China, 
raises the essential question of whether or not renewable energy (RE) tech-
nologies can meet various consumption needs. Exploring the implications for 
the use of hydropower, he argues that without commercial viability, renew-
able energy technologies cannot compete with conventional energy tech-
nologies in this respect. He examines the following issues: (1) The types of 
renewable energy technologies needed in relation to consumption needs; (2) 
whether these technologies are commercially viable; (3) the extent to which 
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these technologies can supply the energy needed for industrialisation and 
economic development in developing countries; (4) policy implications of 
commercialising RE technologies; and, (5) the role of Asia-Europe co-opera-
tion on technological development, diffusion and transfer. 

Chapter 3, "From an Idea to a Market: Sustaining the Technology 
Innovation Process" presents three papers that discusses the technology 
innovation process. 

Prof. Michael Grubb of The Carbon Trust, UK, initiates this chapter by high-
lighting the different views and arguments of technological innovation as 
well as the institutional challenges of devising policies. He then provides a 
synthesis of these views, arguing the need to understand the economics of 
technological innovations. By viewing the innovation process as a complex 
phenomenon consisting of different stages, he demonstrates that there are 
diverse potential options in tackling climate change. He then discusses the 
role of public and private funds in technology investment in the light of the 
different stages conceptualised in the innovation chain. Finally, he identifies 
and compares the different kinds of technology co-operations. 

The second paper is a contribution from Mr. Guido Alfredo Delgado of the 
National Power Co-operation (former president), the Philippines, who picks 
up the discussion on governments' role in policies and market interventions, 
especially in Asia. By using the case of the Philippines, he emphasises the 
importance of successfully transforming government policies into concrete, 
effective market mechanisms. The project using solar power for water pumps, 
for example, shows the need for policies to help enhance investment in 
renewable energy. 

Dr. Dörte Fouquet of Kuhbier Law Firm, Belgium, provides a European per -
spective on financing renewables. Drawing on her legal experiences in the 
area of renewable energy, she discusses the present situation on the support 
for renewables in the energy market. She then makes several recommenda-
tions for policymakers and institutions. 

Chapter 4, "Asia-Europe Platform: From Technology Transfer to 
Technology Exchange" discusses the area of co-operation between Asia and 
Europe as well as the mechanisms provided under several international 
treaties and conventions. 
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Mr. Robert Koh of the Regional Institute of Environmental Technology 
(RIET), Singapore, points out the potential areas of co-operation as well as 
the strong government support enjoyed in the RE sector. He also points out 
a number of barriers that are hindering technology transfer, namely mis-
matched technologies, affordability and short term business strategies. He 
proposes the advantages of following an investment-based focus on the end 
results of economic development such as wealth creation, foreign invest-
ment, growth of local industry and research and development. 

The next report by Prof. Frank Convery, Ms. Lisa Ryan and Dr. Morgan 
Bazilian of the Sustainable Energy Authority of Ireland (SEI), use the case 
study of Ireland to debate on the allocation of public funding to research and 
development in RE investment. They also discuss the management of such 
funds as well as the accountability process involved. Finding a dearth of 
empirical evidences and case studies in the analysis of the issue, the authors 
posed key questions that they felt needed to be addressed in the topic of RE 
investment. 

Subsequently, Prof. Morihiro Kurishima of Toyo University, Japan, discusses 
Climate Change Initiative (CTI) and the relationship between combating cli-
mate change and RE technologies. By presenting the case of Japan, he dis-
cusses the domestic challenges that such technologies face. 

In the context of ASEM, the paper of Dr. Philippe Bergeron of the ASEAN 
Centre for Energy (ACE) in chapter 5 is an excellent summary of the issues 
to be considered when assessing the desirability and feasibility of establish-
ing a network for the facilitation of RE investment especially by small and 
medium-sized enterprises (SME) entrepreneurs in Asia and Europe under the 
ASEM umbrella. He then raises fundamental questions on the conceptual and 
operational basis of such a network such as governance structure and per-
formance measurements. He points out that there is much to reap and ben-
efit from the co-operation between Asia and Europe and a network facilitat-
ing RE investment would be just the catalyst needed. He therefore strongly 
advocates for the creation of an Asia-Europe Technology Exchange for 
Renewables (AETER). 

In the concluding paper of this volume, Dr. Francis X. Johnson and Mr. Yong 
Chen of the Stockholm Environment Institute (SEI), Sweden, note how dif- 
ferent the roles are for RE technology in Asia and Europe. Yet, it is precise- 



TEChNOLOGY PARTNERShIPS FOR RENFViABLES: KEY TO ENERGY SECURITY 

ly these differences that create possibilities for positive complementarity and 
contribute to the dynamic possibility of opportunities for Asian countries in 
terms of technology leapfrogging and energy security. They also highlight 
the barriers to technology partnerships in the governmental, financial and 
technical spheres. 

For easier reference, this book also provides a glossary of terms used. Readers 
may also wish to refer to the agenda and list of participants in the appen-
dices. 



Teclinoloqv: What Kind of Energy is Sustainable/br Various Consumption Needs 

Chapter 2 
Technology: What Kind of 
Energy is Sustainable for 

Various Consumption Needs? 
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2 

RELATIVE ABUNDANCE OF RENEWABLE 
RESOURCES IN ASIA AND EUROPE AND THE 

FUTURE DEMAND FOR RENEWABLE 
TECHNOLOGIES 

Peter Danielsson 
President 
EUROPEAN RENEWABLE ENERGIES FEDERATION (EREF), SWEDEN 

Abstract 

In Europe and in many other parts of the world, energy consumption has 
reached unsustainable levels. As such, efforts must be made both to expand 
the use of renewable energy and to reduce the total level of energy consump-
tion. 

If there are any pertinent driving forces for this, they would be the need to 
reduce harmful emissions; to increase sustainable energy supply, security, 
poverty, eradication and access to dignity for billions of people - the ending 
of a vicious circle of exploitation of scarce natural resources for inefficient 
energy use. 

Most European nations belong to the relatively small group of wealthy coun-
tries enjoying a comparatively high standard of living. They comprise of 
approximately 20 01b of the world's population, producing 80 010 of the world's 
GNP, while at the same time, consuming 60 01b of the world's energy, 
Ironically, more than ha If of the world's population, or close to 3 billion peo-
ple, have almost no access to energy services - 1.2 billion live in Asia. 
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Relative Abundance of Renewable Resources in Asia and Europe 

There is, however, enough renewable energy flow worldwide to meet all 
demands. Renewable energies in general now provide some 14% of the 
world's primary energy and is mostly covered by traditional biomass. In the 
field of electricity, where renewables account for 20 010 worldwide, it is most-
ly hydropower which is used as source. We need a rapid and courageous 
worldwide change towards an energy-efficient, Renewable Energy Systems 
(RES) powered energy. 

Asia already offers a set of successful initiatives and examples of how renew-
ables can be promoted. Some countries have set national targets for the future 
share of renewable energy. Targets are an excellent strategy to demonstrate 
political willingness and create a stimulating investment climate for the pri-
vate sector. 

Financing schemes, adapted to regional situations, in particular microfinance 
systems, demonstrate how small-scale installations of renewables could 
become affordable to the population. 

Before even asking the question of what kind of renewable energy source 
would be appropriate for which region, it should be preceded by the ques-
tion: why should Asia and Europe invest further and faster in renewables? 

When comparing Asia and Europe in this context, differences are obvious. 
So where does one start? 

In a sustainable society, the power and access to power must be distributed 
and concentrated power must be minimised. As such, the inequality in dif-
ferent areas and different levels of the economy must be flattened out over 
the long term - whether we are thinking of the differences in economic 
power between nations, genders or others. This is especially true in the con-
text of energy usage. 

The other crucial issue is, of course, the environment. A sustainable society 
is based on a sustainable use of resources and a healthy environment. We 
cannot allow for the destruction of forests and land for short-sighted eco-
nomic revenues. As fossil fuels will eventually become obsolete, in a sus-
tainable society, oil, coal and gas might be reserved and used sparingly for 
the common good, perhaps as input materials for specialised purposes. 
Clearly, ecological preservation must take precedence in the long term over 
economic concerns. 
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The question then becomes: what quantity and sources of energy do we 
need? And what does sustainability mean with respect to energy? 

Defining Global Sustainable Energy Futures 

To start with the latter: The World Commission on Environment and 
Development (WCED) made the first concerted international effort to define 
sustainable development in its 1987 report "Our Common Future" (also 
known as the Brundtland Commission report, after its chairwoman, former 
Norwegian Prime Minister and current Director-General of the World Health 
Organisation (WHO), Dr. Gro Harlem Brundtland). The WCED, which includ-
ed 23 members from 22 countries, was formed by the United Nations in 1984, 
and for three years studied the conflicts between growing global environ-
mental problems and the needs of less-developed nations. 

The WCED defined sustainable development as: 

"Meeting the needs of the present without compromising the ability offuture 
generations to meet their own needs." (WCED 1987: 43) 

The European and Western economy in general relies heavily on fossil ener-
gy. Energy consumption has reached unsustainable levels, at least in the 
medium term perspective, and as such, efforts must be made both to expand 
the use of renewable energy and to reduce the total level of energy con-
sumption. This transition will require an enormous effort. In Asia, where the 
need for energy is rapidly increasing from a relatively low level, the focus 
should be on investments in renewable energy. 

If there is one driving force in the different regions of the world, it is the need 
to reduce harmful emissions and to increase sustainable energy supply secu-
rity. Another key driving force is poverty eradication, access to dignity for 
billions of people and the ending of a vicious circle of exploitation of scarce 
natural resources for inefficient energy use. 

Ministers from more than 120 states at the international conference for the 
promotion of renewables in Bonn in June 2004' decided on a statement 
about the rationale for the expansion of renewable energies and energy effi-
ciency based on key sustainable development priorities: 

International Conference for Renewable Energies, Bonn, Germany, 1-4 June 2004 
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• Opportunities for poverty eradication and development, for global secu-
rity in the world; renewable energies contribute to satisfying the energy 
needs of the poor in rural and remote regions. 

• 	Protecting human health and the environment, in particular preventing 
global warming induced by humans through energy-related activities. 

• Strengthening the local economic base by capturing local renewable 
energy resources (biomass, hydro, wind, solar, geothermal), reducing 
dependency on fossil fuel imports, enabling technology development 
and creating new jobs. 

Renewable Energy Potential 

To answer the question as to which renewable energy source would he the 
most appropriate, one could address this very briefly by answering that solar 
energy is the most abundant primary energy resource worldwide. 

According to assumptions on annual clear sky radiance, annual average sky 
clearance and available land area, the annual Solar Energy Potential in Asia 
and Europe is given in Table 

Table 1: Minimum and Maximum Solar Energy Potential in Various Regions 
Region  Minimum Exajoules Maximum Exajoules 
Western Europe 25 -- 914 

4  154 

Former Soviet Union 199 8655 

Pacific Asia  41 994 

South Asia 38 1339 

East Asia 115 4135 

At present, the total world production of electricity not including biomass is 
15,476 TWh (terrawatthours) per year (approximately 56 Exajoules). Thus, a 
minimal fraction of the amount of solar resources that is theoretically avail-
able worldwide. 

[ncr/,! /rUm table in Potential if Rejieuiitlt Lneiqv, page 8 
Lea jos le cwrespood to 278 1 tV/i 
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One can unequivocally say that there is sufficient renewable energy flow 
worldwide to meet current demands. We would indeed only need a tiny 
amount from the overall "umbrella" of solar energy to meet our demands. 
The future use and extent of solar energy depends on the availability of "effi-
cient and low cost technologies, effective energy storage technologies and 
high-efficiency end-use technologies." 4  At present, solar as a primary ener-
gy source only covers, together with geothermal, less than 0.6°fo of the 
world's total electricity production of 15,476 TWh, calculated on the basis of 
TWh generated, not on the basis of primary energy. 5  Since the technologies 
are still quite expensive, there is more use of solar energy in Europe with less 
favourable "solar" conditions, such as in Germany and Austria in Europe. 

Renewable energy provides approximately 140/0 of the world's primary ener-
gy and is mostly covered by traditional uses of biomass. For electricity pro-
duction, where renewables account for approximately 200/0 worldwide, the 
main source is hydropower. 6  

Our natural ecology is being destroyed or endangered as a result of our exist-
ing use of energy and other resources. According to the United Nations 
Environment Programme (UNEP) GEO 2000 report, the time for a rational, 
well-planned transition to sustainable systems is "quickly disappearing". 
"Full-scale emergencies now exist in the use of water and land resources, 
forest destruction has gone too far to prevent irreversible damage in many 
areas, and urban air pollution is reaching crisis dimensions in many of the 
mega cities of the developing world. The current and overwhelmingly unsus-
tainable use of energy—or the demand for energy—is intimately tied to all of 
these emergencies". 7  Therefore we need a rapid and courageous worldwide 
change towards an energy system based on energy-efficiency and renew-
ables. 

Potential of Renewable Energy, page 8 
See UNDP World Energy assessment, overview: 2004 Update (Thomas B Johansson et all) Figure 6, 
page 28 
The potentials of Renewable Energy, Thematic Background Paper , International Conftrence for 
Renewable Energies, June 2004, Bonn, executive summary 
Klaus Topfrr, Executive Director, UNEP. Fir5t word to UNEP "Natural Selection, Evolving Choices for 
Renewable Energy Technology and Pallet" 
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Sources of reneu'able energy exist in the form of direct and indirect solar 
radiation, the heat of the earth (geothermal energy), and the gravitational 
effects of the moon that creates the tides. Direct solar radiation striking the 
earth also drives the global weather system and photosynthesis. This, in turn, 
creates the wind and wai.'es, as well as biomass (plant and animal natter. 
The energy in falling water may also be considered a renewable energy source 
but only if the local environmental impacts are sustainable. 

Genera ll) new large-scale hydropower schemes are not considered a source 
of renewable energy due to their substantial environmental impacts. 

Renewable energy can be con i'erted to man)' other enerqy forms. Electricity 
can be generated from solar, wind, biomass, geothermal, hydropower, and 
ocean resources. Heat can be generated from solar-thermal and geothermal 
sources, while biofuels such as ethanol and methane can be obtained from 
combinations of renewable sources. 

(tJNEP "Natural Selection, Evolving Choices for Renewable Energy Technology and 
Policy", page 4). 

EU Strategies for Renewables 

The countries of the European Union have committed themselves to major 
changes in their energy systems, predominately based on the Kyoto Protocol 
obligations and via the goal of improving the security of energy supply to 
reduce harmful emissions and to increase energy efficiency and the use of 
renewable energies. Despite many success stories in numerous European 
countries and concerning different renewable energy sources and support 
models, Europe must drastically increase overall efforts in the coming years. 
A considerable amount of success is "eaten up" by increased energy con-
sumption even in times of economic slow- down due to an increased use of 
energy in private households and especially an increased use of cooling sys-
tems. Some countries have excellent supportive or directing legislation for 
one renewable while neglecting others. One example is in Sweden, where a 
well-designed CO2 tax led directly to significant substitution of biomass for 
fossil fuels for district heating. But at the same time, wind power develop-
ment is hampered in Sweden by an inefficient and complicated support sys-
tem. 
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According to the energy scenarios used by the European Commission when 
developing acidification and ozone strategies, total EU emissions of carbon 
dioxide will continue to rise by about 90/0  over the coming years. This is con-
tradictory to the commitments of the EU and its member countries under the 
Kyoto Protocol, which requires them to reduce emissions by 80/0  during the 
first commitment period (2008-2012). If the total energy used - and espe-
cially the part generated from fossil fuels - is overestimated, the estimated 
cost of reducing emissions to a certain level will also be exaggerated. 
Moreover, the possibilities of reduction will be underestimated, thus weak-
ening the setting of interim environmental quality targets. 

Moreover, indicative targets set by the European Union to reach its CO2 emis-
sion targets by promoting and increasing the use of renewables for electric-
ity consumption will probably not be reached unless many more efforts are 
undertaken by the EU and its 25 member states. The European Renewable 
Energies Federation recently reviewed progress on renewables (Table 2) in a 
regular report on "Missing Targets". 

An A!trrnaiiir Lnrrqv Scenario Jar the European Union, SENC0,23A lnglis Rd,CoIc'hrclrr, Esst'.r CO3 
3HLI, I K., Pub/U bed h The European I-  edrra ion for Tro n spar! B Fin 'Iron men!, The So cdi sh NOD 
Scereloriii! on Acid Rain, and The European Eni 'ira,! mental Ba real, F EB 
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Table 2: Current and Predicted Share of Renewables in Annual Electricity 
Consumption in the EU- 15 

1999 2002 2003 2010 2010 2010 
Actual Actual Actual EU 

targets 
Optimistic 

scenario 
Realistic 
scenario 

Austria 71.9 64.5 57 78.1 61 58 
Belgium 1 1 1.2 6.0 6 3 
Denmark 13 20 not yet avail. 29 24 22 
Germany 6 7.6 d  7•5 d 	(7•9 	) 12.5 15 12 
Finland 24 23 not yet avail. 31.5 299  25 
France 15 16.7 14.1 21 19 18 
Greece 10 8.4 not yet avail. 20.1 14.5 12 
Ireland 5 4.8 not yet avail. 13.2 11 8 
Italy 17 18.3 1  17.6 1  22.0 17-20 17 
Luxemburg 3 2.4 2.6 5.7 5 4 
Netherlands 2 2.7 5.2 9.0 7 6 
Portugal 36 20.4 37.5 39.0 37 34 
Spain 19 16.7 1  23.3 29.4 30 24 
Sweden 52 48 41 h  60.0 60 55 
United 2 2.9 not yet avail. 10.0 10 7 
Kingdom 
EU-15 14,5 14,8 notyetavail. 22 20,4 17,8 

Based on the assumption that all goes according to national plans, including all 
legal and administrative instruments for its execution enforced and no modifica-
tions threatening planning. 
Business as usual, based on real world in respective countries, assumptions 
according to reality. 
German values for 2002 and 2003 based on calculations. 
Not corrected for average hydro and wind year. 
Included biomass share of waste incineration. 

0 Preliminary or estimated figure, the result for 2001 was 23,3 and for 2000 24,9 9k. 
Finnish Government has according to its report to the EC lowered its 2010 target 
to 26 percent. 
Value is dependent on hydropower: this year was a dry year; for 2010 an average 
year is assumed. 
Value is dependent on hydropower: this year was a wet year; for 2010 an average 
year is assumed. 
Renewable national production related consumption, excluding 13 I'Wh/year 
imports and industrial waste. 
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In its May 2004 report, the European Commission also underlined the lack of 
ambition and follow-through on targets in many EU- 15 member states. The 
member states have not pursued renewables and energy efficiency aggres-
sively enough to contribute to sustainable development and emission reduc-
tion goals. 

Matching Technologies and Sources to Regional Needs 

The question of the best choice of renewable energy technologies for differ-
ent regions, in this case, in Asia or in Europe, however, cannot be answered 
in general terms. It should follow some general principles and be based on 
the natural availability and conditions for the different sources such as bio-
mass, wind, geothermal and water power as main sources together with solar 
energy for the coming 10 to 20 years as well as social traditions under the 
umbrella of clear political support, environmental and social sustainability, 
such as evaluation and guidance criteria and a level playing field approach 9 . 

Most European nations belong to the relatively small group of wealthy coun-
tries enjoying comparatively high material standards of living, comprising 
approximately 20% of the world's population, producing 80% of the world's 
GNP, while at the same time consuming 60% of the world's energy. However, 
more than half of the world's population, or close to 3 billion people, have 
almost no access to modern energy services in the form of electricity or com-
parable services on which to rely for their everyday needs. 

For the vast majority of these people, energy choices are extremely limited. 
The rural poor in developing countries often depend on traditional fuels such 
as wood, charcoal, dung and crop residues, usually burned directly or in 
appliances that are inefficient. For many families, this energy barely meets 
basic cooking, heating and lighting requirements, let alone the needs of 
income-generating activities. 

The aforementioned 2004 Bonn Conference also emphasised the related suf-
fering of those without access to modem energy services, especially of 
women and children, due to the time-consuming and labour-intensive 
process of gathering and transporting firewood and other increasingly scarce 

Indeed, (I) the viability of renewable energy technology is limited by intermittent and site-specific 
nature of sources of renewables; 
(2) There is a need for training to secure sustainability and follow-through. Both limitations can 
nonetheless be mitigated. See UNEP "Natural Selection-,Evolving Choices for Renewable Energy 
Technology and Policy", page 8. 

42 



Relative Abundance of Rcnetvable Resources in Asia and Europe 

Figure i energy sources and using these 
resources in an unhealthy way. 

DrIbutIon of p-rtuivUon living on ivnnthn Si a dny,  Indoor air pollution from corn- 
1 1999 (2 blIlloni 

bustion without proper ventila Europe and Centrel Aute Middle Eeut and North Atroe 
2. tion and other health hazards 

LatHs Mtenca and - 
thaCaribbean are 	thereby 	imposed 	on 	the 

6.5% poor in addition to the loss of 
EastAsia time and energy for other activ- 

and Paofic 	 . 	 South Aoa 
23.. 43.5% ities. 

In 	Asia 	alone, 	the 	variety 	of 
regional differences is vast. The 
needs of a growing population 

Africa 
242 must be managed in different 

;ooa ways but following the same 
pattern 	towards 	democratic 

source: vsorld Development Report 200012001 development and more humane 
distribution of energy sources and technologies. 

Asia-Pacific Region Energy Trends and Developments 

The Asia-Pacific region, with huge poverty problems, has more than half of 
the total world population and therefore has apparently more and urgent 
problems than the EU-15 or even the EU-25. Of the more than 2.8 billion 
people worldwide which have no or insufficient access to modern energy, 1.2 
billion live in Asia. 

The increasing burden for many Asian countries economies to spend almost 
the same amount of money for the import of fossil fuels as the amount of 
development aid received from donor countries perverts completely the idea 
of encouraging self-autonomy and economic progress by development aid. 

According to the World Bank, the per capita energy consumption in Asia is 
rising, and most Asian countries have large needs for energy supply. Most 
countries and/or regions face significant challenges in providing rural elec-
trification and an important part of the Asian population depends on tradi-
tional biomass-based energy sources. 

The World Bank (2001) Asia Alternative Energy Programme Status Report No. 9, Deeetnber, 
Washngton D.0 
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Turning to the issue of climate change, many of the adverse effects of a 
changing climate, such as sea-level rise, are likely to be experienced most 
dramatically in Asian countries. Asian countries increasingly add to the 
problem of climate change with rising emission figures (tue to increased 
energy consumption, as shown in Figure 2. 

Figure 2 

A 

'C to 
WI 	 C 

95 

Increase in World Energy 
Production and Consumption 

CIL h 
•tECD 

Mo than 705 ow,e9ydmo7dgo70h and ekhosta!igyprod,a5, 
9o70h over the teet thhee yetht vS/come 7mm ootsde the OECD. 

[Sources: Table on the left: Renewable Energy in Asia-Pacific, World Renewable 
Energy Policy and Strategy Eorum, and June 13-15, 2002 Berlin, Germany by Dr 
Jurgen Bischoff, Director, Asian and Pacific Centre for Transfer of Technology 
(APCU), New Delhi, and United Nations 2000, New York: State of the environment in 
Asia and in the Pacific - 
Table on the right: IFA. Asia Pacific Energy Market Outlook, Prospects and Challenges 

The International Energy Agency (lEA) has also called for more efforts with 
respect to rapidly growing energy consuniption in Asia as well and is quite 
pessimistic about the possibilities for reductions in fossil fuel consumption in 
the coming decades, especially crude oil consumption until 2030, as shown 
in figure 3 ft figure 4. 

The apparent obligation of Asian governntents for the coming decade lies in 
increasing access to—anti improving the reliability of—modern energy serv-
ices, especially in rural areas but also in the mega-cities and the suburban 
and peripheral areas. At the same time, such changes need to occur without 
dramatically raising GHG (greenbouse gas) emissions or hanipering develop-
ment. Both energy efficiency and renewable energies should he central ele-
ments of strategies for sustainable energy systems in the various countries 
and regions. 
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Figure 3 
Share of East Asia in World 
Incremental Energy Demand 
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Figure 4 

Central Findings 
Unless policies change, energy demand, GO emissions 
and import dependency wilt continue In grow steadily.  
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Fossil fuels will remain dominant in the energy mix 

m Energy markets will shift toward developing countries 

ie China will emerge nsa strategic buyer in international 
energy markets. 
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Thcrc are already many networks 
and NGO projects on renewahles in 
Asia. For example ENSIGN, an 
Asia-Pacific Development Centre! 
(APDC)/UNDP project launched in 
1996, combined energy services 
and corresponding income-gener-
ating activities in the form of 
micro-enterprises for the poor, and 
employed micro-credit mechnisms 
to finance such enterprises. Eight 
Asian developing countries partici-
pated in the project: India, 
Indonesia, Mongolia, Myanmar, 
Nepal, the Philippines, Sri Lanka 
and Vietnam (UNDP-APDC/APEN-
PLAN, 1998) . The Grameen Bank 
in Bangladesh used its well-estab-
lished micro-lending scheme for 
many renewable energy projects 
that supported rural electrification 
and heating systems. 

Asia already offers a set of successful initiatives and institutions to promote 
renewables. Some countries have set national targets for the future share of 
renewable energy. Targets are an excellent strategy to (lemonstrate political 
willingness and create a stimulating investment climate for the private sector. 

Some countries in Asia are also starting to establish institutional or regula-
tory frameworks to better facilitate investments in renewables. Financing 
schemes that are adapted to regional situations, in particular micro-finance 
systems, demonstrate how small-scale installations of renewahles can 
become affordable to the population. 

Sit' this and nions' atari' e_iutiytples in: Fnrrqt ansi [ni irIs' Redaction: [lu role o[u'ninrit  as if tarqet 
qrotip, Its f/label/i W. (eel Iski, Di,y'etor for Rrsea re/i and Adeocacv, LNLRGIA Jittrytatioyta/ Neto'nrk 

ott 0/morn II Stistaittaltlu' ftit ruje. ivirri em rqsa.orq: Paper presented at slit' Dr/tate on Sustainable 

/ nu rqr in Danisli Dei eln/tinent A sssstanee, (open/ia qrn, I andstiiqssalett, (bristia;tsbnrq, Srptrinbu 
2000 
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Figure 5 	 During the preparatory 
conference in Asia for the 
Bonn Conference in June 
2004, the "Bangkok 
Statement on Renewable 
Energy" was published. The 
statement includes a call 
for government leadership 
to foster the creation of 
markets for renewable ener-
gy. It was argued that these 
markets should provide 
long-term regulatory and 

(Source: lEA, Asia Pacific Energy Market Outlook, 	price stability, reduce trans- 
Prospects and Challenges) 	 action costs associated with 

project preparation, and 
encourage cost reduction, reparability and sustainability through increased 
local manufacturing and local management. They should also allow non-dis-
criminatory grid access for renewable energy, ensure its preferred use in 
appropriate off-grid applications, and address issues of fuel security for bio-
mass projects. Delegates also called for the promotion of global co-operation 
in the field of technological development and increased investment in 
renewable energy in the Asia-Pacific region. 

Availability of different Renewable Resources and Technologies 
in Asia 

Biomass 

Often biomass is labelled as the energy source of the poor and desperate for 
Asia or the developing world in general: it is seen as a so-called "non-com-
niercial" energy source, and includes wood, cow-dung, twigs and agricultur-
al waste. Non-commercial energy in many developing countries constitutes 
more than half of the total energy used, leading to rapid degradation of the 
natural heritage. This trend can be changed by more efficient use of 
these traditional biomass resources and also by the introduction of commer-
cial modern biomass technologies for production of electricity, heat, gaseous, 
and liquid fuels: 

Wolfgang Sach5, Renewable Energies a s a matter of equity beta een North and South, Presentation at 
the World Renewable Energy Poltey Li Strategy Forum. Berlin, June, 2002 
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Bio-energy can be produced in a wide variety of processes using a num 
her of technologies to meet consumption needs at many different scales. 

• 	Biomass is renewable and carbon-neutral, but only if it is grown at the 
same rate it is harvested. 

Bioniass is the only class of renewables that can supply energy in all its 
different forms or carriers - as heat, liquid, gas, or electricity. 

• 	Biomass resources may not always be sufficiently reliable to ensure a 
continuous supply, since availability is influenced by natural events such 
as weather. 

• 	Political pressure to reduce atmospheric carbon emissions may create 
new market opportunities. 

Since cooking is the main energy requirement in poor rural areas, any strat-
egy for better energy supply must tackle the issue of poor women and to 
integrate an important part of improvement of the use of traditional fuels by 
improved biomass stoves and fuels or better management of biomass supplies . 
It is known and obvious that such a gender-orientated strategy would 
improve family health, both by reducing smoke and indoor air pollution, and 
by decreasing women's and children's workload in wood fuel collection, 
improving time for education. 

Wind Energy 

Wind has become a major supplier worldwide. It is estimated that the total 
available and technically recoverable wind resource in the world today is 
equivalent to four times the world's total electricity consumption in 1998.1 
India has heconie one of the international front-runners in wind turbine 
development and installations. 

Photovoltaics 

Approximately 400,000-800,000 photovoltaic (PV) systems have been 
installed worldwide, to power everything from large grid-connected power 

we Flizaheth W. Ceceiski 
ONE P. page 8 
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stations and roof-top residential systems, to small-scale, stand-alone units 
for rural use. PV is currently the most economically competitive in remote 
sites away from electricity grids, and where only relatively small amounts of 
power are required—typically less than 10 kW. However, the market for resi-
dential and commercial grid connected systems is also growing as costs 
decline. 

The amount of power from a PV array is directly proportional to the inten-
sity of the light hitting the array. Even on cloudy clays, PV systems can still 
provide electricity as long as there is some solar radiation. 

One interesting example of PV installation and usage in Asia is Grameen 
Shakti in Bangladesh, which had installed 1244 solar systems by August 
1999 with a total installed capacity of over 55 kW and reached a sales vol-
ume of 100 systems per month. With a plan to install a total of 6000 systems 
within the next three years, ShakO will expand its network of 19 branch 
offices in rural Bangladesh. A PV system customer pays 25% of the system 
cost as clown payment and the remaining 750  over two years with an 80/0 

service charge. Following the Grameen philosophy of many years, the PV 
systems marketed are also directed at generating micro-entrepreneurs and 
household income-generating activities. 

As a result of electricity generation, the following benefits will accrue 

• 	Extended working hours: 

extended selling and shopping hours; 

• 	increased income in nlicro-enterprises led by women, including basket- 
making, electronic repairs, carpentry workshop, tailoring, food stores, 
fish net weaving: and, 

development of local technical expertise for selling, maintaining and 
servicing the solar power systems. 

Solar Thermal 

Over 62 million squares metres of solar heating collectors have been installed 
worldwide with China as the leading country. This technology can supply 30- 

F 10 (lood and Aqril ulliertil (Irl/olIl Ill/doll ol Ihe 1 11111 (I ISO loll I). LII i roll 111117! (I III! N(aural ResolI rrel 
terrOr. SuslaiIlohlr DrIelaplurlll Deparllnl Ill, Solar I'lloIoraIldlj(s Jar suslainublr uqrirullllre and 
rural dl'eeIOpnIeIl I, Rwne 2000, pose 36 
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400/0 of the heat needed for hot water and heating of houses in most of the 
cold regions of the world. For the needs in more temperate areas, much high-
er figures can be achieved. Consequently much of the present use of fossil 
energy or other systems used for water heating could be replaced by solar 
thermal systems. 

Hydropower 

Micro- or small-scale hydropower has an increasing value as a component 
of new energy policies in many Asian countries. Decentralised micro-hydro 
schemes (defined as plants between 10 kW and 100 kW) are a particularly 
attractive option in many rural areas. Water is a traditional source of power 
in some parts of Nepal, Sri Lanka and many other Asian countries. In China, 
there exist tens of thousands of plants in the "micro" range 6,  and signifi-
cant numbers are also operated in countries such as Nepal, Sri Lanka, 
Pakistan and Vietnam. These experiences demonstrate that micro-hydro can 
be profitable in financial terms and can exhibit strong positive impacts on 
the lives of poor people. 

Support Models and Policies: Leveling the Playing Field for Renewables 

Major driving forces for the development and commercialisation of renew -
ables are the supporting legal and administrative structures, and especially 
the planning environment. There must be clear short and long-term targets 
for reduction of dependence on fossil fuels accompanied by targeted increas-
es in renewables and efficiency at both the national and regional levels. 
These supporting legal instruments, policies and institutions must also be 
linked with social planning. In Europe there are regions with excellent wind 
conditions but extremely low development of wind energy, such as in 
Ireland, due to a lack of appropriate support mechanisms. At the same time, 
there are regions with more average wind conditions that have experienced 
rapid growth in wind power, such as in Germany. 

Supportive models which aim at reaching a level playing field with the con-
ventional (generally large-scale) energy sector should follow sustainability 
principles and create regional and social added value. It should therefore be 
underlined and taken as a guiding principle that renewables are not merely 

Already in 1979, the total generating capacity of all small plants was 63013 MW, with 40,000 
stations built in the period from 1975 to 1979, hating an al'craqe she sf85 kW (Lie/i Mcicr and 
St. Gahlen, 1985). 
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a costly luxury for wealthy countries, but a significant small-scale industry 
with beneficial job-creation capability, as demonstrated in the European 
experience, but also an increasingly cost-efficient sustainable development 
tool with considerable spin-off benefits for less-affluent countries and 
regions. 

Often, major obstacles are created by traditional big utilities, especially when 
facing small, but lively and growing competition from small- and medium-
sized renewable electricity producers. France and Sweden provide examples 
of such obstacles, with both countries having significant existing invest-
ments and political-economic power bases in the nuclear industry as well as 
large-scale hydropower. It comes back to the question of how to create a 
level playing field and the need for clear and reliable policy in the respective 
state to allow independent, decentralised growth in the renewables sector. 

In Asia, it is paramount to develop a good environment for micro-financing, 
grassroots networking, training and education of the population in installa-
tion, repair and maintenance of renewables technologies. 

The choice of renewable technologies will vary significantly based on loca-
tions and energy needs, be it densely populated areas or isolated areas, areas 
with good grid connections and areas without grid access. 

In Europe, for example, urban areas represent the largest group of energy 
consumers. Several large urban areas across Europe have demonstrated the 
integration of sustainable energy concepts, including renewable energies. It 
has been shown that improved living conditions, as well as qualifications 
and regeneration of declining industrial areas are objectives that can be 
linked to renewabales implementation, as in the international framework of 
Agenda 21 for sustainable development. Urban renewables integration 
requires planning from decision-makers for sustainable energy strategies at 
short-, medium- and long-term perspectives in order to provide clear signals 
to the private sector and those facilitating investment. Integrated concepts 
should cover all main commodities, public services and building standards, 
which include energy efficiency and renewable energy systems. 

Apart from isolated or very difficult urban conditions in some Central and 
Eastern European regions with structural crises following industrial decline 
and major infrastructure failure because of outdated and deteriorating net-
works and facilities, the question of energy management is not related with 
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the same intensity to the question of energy supply needs or improvement of 
basic living conditions but to the question of sustainable modernisation and 
emission reducing energy supply in a socially positive or adequate environ-
mciii. 

On the contrary, mega cities in Asia do face strong energy demand in poor 
and often desperate living conditions. There is not a hig difference between 
the slums of mega cities without access to infrastructure of the organised 
parts of (lie same town or the apparently diIftrcnt world afflicted by the 
absence of energy in rural areas. Both are deprived of energy and human 
dignity. 

The need for a rapid change from fossil to renewable energy in the world is 
obvious. The energy source is available. The fundamental question for 
humanity is to wake up and make the efforts necessary to make the changes 
needed. Legal and other limitations must be eliminated. Effective support 
systems must he established. The vision of a sustainable and thriving world 
must he the general focus. 
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Abstract 

Can renewable energy tech no/wiles meet ia rious consumption needs? It mat' 
be argued that without commercial i'iability, renewable energy technologies 
can not compete with con i'en tiona l cnerqy tech nologies in this respect. The 
following issues are to be examined in this paper: (I) the types a renewable 
energy technologies needed in relation to consumption needs; (2) whether 
these technologies are commercial/v viable: (3) the extent to ichicli these tech-
nologies can supply the energy needed for industrialisation and economic 
development in developing countries; (4) policy implications of commercial-
ising renewable enerqy technologies; and. (5) the role of Asia-Europe co-
operation an technological development, diffusion and transfer. 

The evaluation will concentrate on market potential rather than technologi-
cal potential, as some of the renewable energy technologies are yet to be com-
mercial. This examination will be made in the context of the specific con-
sumption iteeds of a major developing country like China in its current peri -
od of high economic growth rates and rapid industrialisation. Asia-Europe 
co-operation on renewable energy technologies can speed up the process of 
coni mercia lisa tion di rough demnanstra (ion, direct investment, joint venture, 
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Build-Operate-Transfer (BOT), financial aid and capacity building (both tech-
nological know-how and institutional). 

Renewable Energy Technologies 

There are numerous renewable energy technologies that are either already 
commercialised or show a likelihood to be in the commercial market in the 
foreseeable future. Major categories of renewable energy technologies 
include biomass (for use under traditional or advanced technologies), solar, 
wind and hydropower. Longer-term technological potentials of renewable 
energy resources in theoty would be able to meet global consumption needs 
(Table 1). Total commercial energy consumption in 2001 for the world is only 
about 100/0 of the total technical potential from renewable energy supply. 
While some of the technologies are already competitive such as large-scale 
hydropower and to a lesser extent wind power, others such as solar photo-
voltaic (PV) are yet to be commercially viable for substitution of conven-
tional energy technologies. It is also important to note that new and renew-
able energy technologies must be evaluated in a horizon as far as 2050 since 
the capital stock turnover rate, especially in the energy supply sector, is very 
low. 

Table 1: Long Term Technical Potential for Renewable Energy Supply (EJ/yr)' 
Type of renewable energy Long term technical potential 
Hydropower >130 
Geothermal >20 
Wind power >130 
Ocean >20 
Solar >2600 
Biomass >1300 
Total renewable >4200 
Total primary energy consumption, 2001b 425.7 
Total energy demand in 2100 515-4620 

Note: 
EJ: exajoules, 1 EJ = 1018 Joules = 23.88 million tonne of oil equivalent (Mtoe) 
lEA, 2003, p. 78 . This may be an underestimate as non-commercial energy 
consumption is not included in the total. 
IPCC, 2000. p.15, Table SPM-2a. Results for all 6 scenario families. 
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Bio-energy 

Biomass stores energy fixed from the sun through photosynthesis. 
Traditionally it is the major source of energy for use and still it constitutes 
the largest share of renewable energy under use, in particular in developing 
countries. In China, for example, many types of new and renewable energy 
resources are being tapped for use. However, over 98% of the renewable 
energy resources are conventional, i.e. biomass and hydropower (Zhou lt 
Wang, 2002, p.  425). Solar, wind and geothermal powers are still at a very 
early and experimental stage (Table 2). 

Table 2: The Use of Renewable Energy in China, 2002 
Amount Million toe Share 

Small Hydropower 31.0 GW, 103.7 TWh 37.80 11.5°Io 

Biofuels 279.8 mtc 279.80 85.3°Io 
Bio-gas (household) 11.1m; 3.7b m 3  2.64 0.8°/o 
Bio-gas (large and 
medium sizes)  

1300; 1.Ob m 0.71 0.2% 

Bagasse electricity 800 MW 2000 GWh 0.75 0,2% 
Geothermal direct use 0.6 mtce 0.60 0,2% 
Geothermal electricity 28 MW, 140 GWh 0.05 0,0% 
Solar water heater 40 million m2  4.86 1.5°/o 
Solar stove 478,000 0.24 0.1 0/0 

Solar PV 25 MW, 140 GWh 0.02 0,0% 
Wind power 460 MW, 1245 GWh 0.44 0,1 0/0 

Total  327.91 1000/0 

(Source: Qinghua, 2004, p. 13. Only small hydropowers are included here. The num-
ber for total hydro is some 30 times larger in China. In 2004, hydro electricity reached 
328.0 billion KWh, accounting for 15.0% of total electricity consumption in China 
(China Statistical Bulletin, 2005).) 

Globally, biomass has an annual primary production of approximately 220 
billion oven-dry tonnes (odt) or 4,500 EJ (1 EJ = 108 Joules). Of this, 270 
EJ/yr might become available for bio-energy on a sustainable basis, depend-
ing on the economics of production and use as well as the availability of 
suitable land. In addition to dedicated energy crops, biomass resources 
include agricultural and forestry residues, landfill gas and municipal solid 
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wastes. Since biomass is widely distributed, it has good potential to provide 
rural areas with a renewable source of energy (WEC, 2000). 

Energy Cropping 

A number of annual and perennial species with high efficiency properties 
can be converted into heat, electricity or transport fuels with neutral or near-
neutral carbon emissions. High yielding short-rotation forest crops can give 
stored energy equivalents of over 400 Gil ha/yr at commercial scale, leading 
to very positive input/output energy balances of the overall system. 

Gasification of Biomass 

Biofuels are generally easier to gasify than coal and development of efficient 
BIGCC (biomass integrated gasification combined cycle) systems is nearing 
commercial realisation. Capital investment for a high pressure, direct gasifi-
cation combined-cycle plant is expected to fall from more than $US2000/kW 
at present to around $USllOO/kW by 2030, while operating costs, including 
fuel supply, are expected to decline from 3.98 c/kWh to 3.12 c/kWh. By way 
of comparison, capital costs for the traditional combustion boiler/steam tur-
bine technology is predicted to fall from the present US$1965/kW to 
US$1100/kW during the same period, with current operating costs of 5.50 
c/kWh (reflecting the poor fuel efficiency compared with gasification) 
expected to fall to 3.87 c/kWh. 

Liquid Biofuels 

Ethanol production by using fermentation techniques is commercially under-
taken on a large-scale in Brazil from sugar cane, and in the United States 
(US) from maize and other grains. It is used as a straight fuel and/or as an 
oxygenate with gasoline at blends that tend to vary between 5O/  and 22°Io. 
Ethanol production costs in Brazil have decreased dramatically in the past 20 
years, and are now in the range of $0.25/litre (Macedo 2004). In Sweden, 
production of biofuels from woody biomass (short rotation forests or forest 
residues) was estimated to cost $0.22/litre for methanol and $0.54/litre for 
ethanol (Metz et al., 2001, p.  245). However, the energy density (MJ/l) of 
methanol is only about 500/o that of petrol and about 65% for ethanol. 
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Wind Power 

The global theoretical wind potential is on the order of 480,000 TWh/yr, 
assuming that about 310 km 2  (27°k) of the earth's land surface is exposed to 
a mean annual wind speed higher than 5.1 rn/s at 10 metres above ground 
(WEC, 1994). Assuming that for practical reasons, just 4% of that land area 
could be used, wind power production potential is estimated at some 20,000 
TWh/yr, which is greater than the entire global production of electricity of 
16,129 TWh in 2002 (lEA 2004). 

Solar Energy 

An estimation of solar energy potential based on available land in various 
regions gives 1,575 to 49,837 EJ/yr. Even the lowest estimate exceeds cur-
rent global energy use by a factor of four. The amount of solar radiation 
intercepted by the Earth may be high but the market potential for capture is 
low because of: (1) the current relative high costs; (2) time variation from 
daily and seasonal fluctuations, and hence the need for energy storage. The 
maximum solar flux at the surface is about 1 kW/m2  compared to the annu-
al average of 0.2 kW/m2  for a given point; (3) geographical variation, i.e. 
areas near the equator receive approximately twice the annual solar radia-
tion than at 60° latitudes; and, (4) diffuse character with low power such that 
large-scale generation from direct solar energy can require significant 
amounts of equipment and land even with solar concentrating techniques. 

Photovoltaics (PV) 

The trend of PV investment costs is gradually converging towards the clas-
sical learning curves experienced with other renewable technologies ('ArEA, 
2000). Although present generating costs are relatively high (20 - 40c/kWh), 
solar power has proven competitive in niche markets. Photovoltaics can 
often be deployed at the point of electricity use (e.g. in buildings) and this 
can give a competitive advantage over power from central power stations as 
it helps to offset higher costs. 
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Solar Thermal 

Solar panels for water heating can be competitive in the market with other 
means of water heating. By the end of 2003, solar water heaters in China 
exceeded 50 million m 2  and by 2020 are projected to reach 270 million m 2  
(ZERI, 2004). In Europe, I million m 2  of flat plate solar collectors were 
installed in 1997, anticipated to rise to 5 million m 2  by 2005. Combined 
PV/solar thermal collectors are under development with an anticipated sav-
ing in system costs. However, the production costs remain high at $0.18-
0.20/kWh, assuming an 8% discount rate and a 10-year lifetime. Capital 
costs are projected to fall from US$4000/kW to $2500 by 2030 (Metz, 2001, 
pp. 247-9). 

Hydropower 

Large-scale hydropower has been a major source of power supply that has 
long been competitive with fossil fuel energy sources when used to provide 
baseload (as opposed to peak) power. Numerous small (<10 MW), mini (<1 
MW) and micro (<100 kW) scale hydro schemes with low environmental 
impacts continue to be developed globally. The experiences in China demon-
strate that hydropower development is a dominant source for rural electrifi-
cation and takes a significant share of total electricity generation (CERA, 
2003). From 1980 to 2002, electricity generating capacity from hydropower 
increased from 20.3 GW to 86.0 OW, but hydropower generation increased 
from 58 TWh to 275 TWh, accounting for 1/6 of the national total electrici-
ty production. 

Consumption Needs 

With an understanding of the available energy technologies, we must have 
a look at the consumption needs for energy. Table 3 gives an overall picture 
of commercial energy supply, total greenhouse gases (GHU) emissions and 
emissions by sector for 2001. Major sectors include public electricity and 
heat production, which is mainly related to the buildings sector, manufac-
turing industries and construction and transport. 
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Table 3: Total Commercial Primary Energy Supply, CO2 Emissions from Fuel 
Combustion Total and Per Capita and Sector Shares, 2001 

Unit World OECD 
total 

Non Annex I 
total 

Total primary energy supply mtoe 10165 5333 4168 

Total emissions MtCO2 9925 5581 3753 

Per capita emissions kgCO2 3881 10988 1871 

Public electricity and heat 
production  

0/ 34.8 35.2 36.9 

Other energy industries O/ 5.2 5.2 6.5 

Manufacturing industries 
and construction  

0/ 18.1 14.9 24.3 

Transport 0/ 23.9 26.8 16.2 

Other sectors 0/0 14.0 14.6 13.7 

Unallocated auto producers 0/ 4.0 3.2 2.5 

Note: OECD: Organisation for Economic Co-operation and Development, Non-Annexe 
I countries: countries that are not included in the list of Annexe I. Annexe I countries 
are industrialised ones while non Annexe I countries are in general developing coun-
tries. Please note that OECD and Non-Annexe I total do not equal to World total, as 
economies in transition countries (Former Soviet Union and Eastern Europe) are not 
included. mtce: million tonnes of coal equivalent. 
(Source: lEA, 2003.) 

Buildings 

Global projections of primary energy use for the buildings sector show a 
doubling, from 103 EJ to 208 EJ, between 1990 and 2020 in a baseline sce-
nario (Metz et al, 2001, p.  183). The most rapid growth is seen in the com-
mercial buildings sector, which is projected to grow at an average rate of 
2.60/0 per year. 

Space Heating 

Space heating is the largest end -use in developed countries as a whole, 
although its share is less significant in some warmer developed countries 
such as Australia. Space heating has a much smaller share among end-uses 
overall in most developing countries, with the exception of the northern half 
of China, Korea, parts of Argentina and a few other South American coun-
tries. 
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Water Heating, Refrigeration, Space Cooling and Lighting 

The above end-uses constitute the next largest residential energy uses, 
respectively, in most developed countries. In developing countries, cooking 
and water heating dominate, followed by lighting, small household appli-
ances and refrigerators. 

Transportation 

According to the International Energy Agency (lEA) statistics, the transport 
sector's share of world CO2 emissions increased from about 19 0/0 in 1971 to 
24% in 2001 (TEA, 2003, p.125). Almost all of the carbon emitted from this 
sector comes from petroleum fuels. Alternative energy sources have not yet 
played a significant role in the world's transport systems, with the exception 
of the widespread use of ethanol from sugarcane in Brazil. 

Industry 

Among the industrial sectors, manufacturing and construction constitute the 
biggest share of energy consumption. This is particularly the case for rapid-
ly industrialising countries like China. For the first half of 2004 in China, 
total electricity production amounted to 1001.72 billion kwh, of which 
industrial sectors consumed 75.3 0/0, with the service sector 11.1%, residential 
sector 10.8°/o and agriculture 2.8%. 

According to lEA (1998) projections, consumption needs for electricity will 
more than double during the period between 1995 and 2020. The share of 
renewables (hydro plus renewables) will drop from 20.3% in 1995 to 16.6% 
in 2020. Renewables are projected to account for less than 1.6 0/0 of the total 
electricity in 2020. In Europe, however, the share of renewable electricity is 
in general increasing (See Table 2 in Danielsson, 2005-this volume). The gov-
ernments in Europe plan for an even larger share for 2010. In China, the tar -
get for renewable energy development is even more ambitious (ZERI, 2004). 
The generation capacity for wind power is projected to increase from 560 
MW in 2003 to 20,000 MW in 2020. Even for the expensive solar PV, gen-
eration capacity is to be increased from the current 50 MW to 1000 MW in 
2020. 
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Market Potentials 

Figure 1: Barriers to achieving various 
levels of mitigations pontentials 
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Renewable energy technologi-
cal potentials do not easily 
translate into reality. In most 
cases, market potentials can 
only be realised with signifi-
cant promotional policies or 
support mechanisms. The 
Inter-governmental Panel on 
Climate Change (IPCC) (Metz et 

al, 2001) makes a distinction among different potentials, from market poten-
tial at the lowest end up to the theoretical or physical potential at the upper 
limit (Figure 1). 

To move from market potential to economic potential, economic benefits 
including both private and public elements have to be included. Then social 
values and attitudes have to be changed in order to reach socio-economic 
potential. Physical potential can be several times bigger than market poten-
tial. Table 3 shows that hydropower potential in economic terms is only 
17.50/0 of theoretical level on average for the world. The figure for Asia is 
only 11.8°/o. 

For commercialisation of renewable energy technologies, the biggest barrier 
comes from cost and to a lesser extent is related to physical characteristics. 
In the transport sector, for example, hydrogen is clearly the cleanest and 
most efficient fuel choice for fuel cells, but there is no hydrogen infrastruc-
ture and on-board storage still presents technical and economic challenges. 
While fuel cell costs have been reduced by approximately an order of mag-
nitude, they are still nearly ten times as expensive per kW as spark ignition 
engines. 

Ethanol production from maize and other grains in the US, from sugar cane 
in Brazil, and biodiesel from oilseed rape in Europe, are being commercially 
produced, but are subject to commodity price fluctuations and government 
support. The relatively low energy yields per hectare for many oil crops 
(around 60 to 80 GJ/ha/yr for oil) compared with crops grown for cellulose 
or starch/sugar (200-300 GJ/ha/yr), has led to the US National Research 
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Council advising against any further research investment in this technology 
(NRC, 1999). Full fuel cycle emissions and production costs remain high in 
some cases. Problems associated with biogas range from odour complaints to 
heavy metal contamination of the decomposed residue. Also, large-scale 
composting requires mechanical aeration which can be energy intensive (40-
70 kW/t of waste). 

Table 4: Annual Large Hydroelectric Development Potential (TWh/yr) 
(World Atlas, 1999) 

Theoretical 
potential 

Technical 
potential 

Economic 
potential 

EconomicPotential 
as share of Technical 

Potential 
(a) (b) (c) (c) 1(a) 

Africa 3,307 1,896 815 24.6 

North America 5,817 1,509 912 15.7 

Latin America 7,533 2,868 1,198 15.9 

Asia (excluding 15,823 4,287 1,868 11.8 

former USSR)  
Australasia 591 201 106 17.9 

Europe 3,128 1,190 774 24.7 

Former USSR 3,583 1,992 1,288 35.9 	- 

World 39,784 13,945 6,964 17.5 

Wind power supplies around 0.1 0/0 of total global electricity but, because of 
its intermittent nature and relatively recent emergence, accounts for only 
0.3% of the global installed generation capacity. Installed wind generation 
capacity has increased by an average of 25% annually over the last decade, 
reaching 13,000 MW by 2000, and is expected to increase to 30,000 MW by 
2005. The cost of wind turbines continues to fall, with the trend following 
the classic learning curve, based on which further reductions are projected 
(WEC, 2000). In high wind areas, wind power is competitive with other forms 
of electricity generation. However, wind power is in general yet to be com-
petitive with conventional fossil fuels, even hydro and nuclear power. Table 
5 summarises the experiences in China, showing that the cost from wind 
power can be more than twice that of coal-fired electricity (in Chinese 
Renminbi-RMB). 

Ev- 
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Table 5: Comparable Cost Advantage of Wind Power (RMB/kWh) 

Location Geographic location and resources Wind 
power 

Coal 
electricity  

Wind/coal 

Xinjiang West inland, rich in coal, oil and wind 0.70 0.32 2.18 
Inner Mongolia Northern inland, rich in coal and wind 0.71 0.35 2.20 
Liaoning North East Cost, rich in coal, medium 

in wind  
0.95 0.45 2.11 

Shandong East coast, coal and wind medium 0.80 0.45 1.78 
Zhejiang South east coast, no coal, medium wind 0.79 0.50 1.56 
Fujian South east coast, poor in coal and nch 

in wind  
0.79 0.55 1.43 

Guangdong Southern coast, poor in coal and 
medium in wind 

0.77 0.60 1.32 

(Source: Zhou and Wang, 2002. p.  458.) 

Large-scale hydropower plant development can have high environmental 
and social costs, such as loss of fertile land, methane generation from flood-
ed vegetation and displacement of local communities. As a result of the con-
struction of the 18,200 MW Three Gorges dam in China, 1.2 million people 
have been moved to other locations. Another limitation to further develop-
ment of this technology is the high up front capital investment which the 
recently privatised power industries are unlikely to accept because of the low 
rates of return. 

Making Use of Renewable Energy Technologies 

Renewable energy technologies are available and some of them are commer-
cially viable in the market. In particular, some of the new and renewable 
energy technologies can be complementary to conventional technologies in 
terms of providing power during peak load periods. In this respect, for large 
base load power, large-scale hydropower shows great potential despite its 
problems. 

Household and Remote Energy Supply 

Photovoltaic systems are being increasingly used in rural off-grid locations, 
especially in developing countries, to provide electricity to areas not yet con-
nected to the power infrastructure or to offset fossil fuel generated electrici-
ty. These systems are most commonly used to provide electricity for lighting, 
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but are also used for water pumping, refrigeration, evaporative cooling, ven-
tilation, air conditioning, and powering various electronic devices. Water 
heating by solar brings about cost advantages over other means of energy 
uses. In China, millions of solar panels have been installed in rural and urban 
houses and apartment buildings. This as a matter of fact reflects that the 
enlargement of the scale of economy is bringing down production costs, 
which in return increases affordability. 

While bio-diesel and ethanol can substitute for diesel and petrol, the biggest 
constraints come from the availability of land for biomass production, par-
ticularly in developing countries where food production from land has a 
higher priority. As such, continuous improvements in conventional small-
scale biomass technologies not only lead to increased efficiency but also 
make the systems easier to operate. Such practices in China include bio-gas 
at either the household level or community level. Animal wastes from live-
stock farms have to be treated before they can be disposed to the fields as 
fertiliser. Bio-gas production from large livestock farms can produce 
methane gas for cooking for hundreds of households or even for electricity 
generation. 

Industrial Supply 

Evidently, bio-energy, solar or even wind power technologies cannot provide 
large-scale energy at the commercial level. Although their theoretical or 
technological potentials are huge, no renewable technologies other than 
large-scale hydropower have been able to economically meet the high con-
sumption needs by large users such as industries and urban centers. Large 
hydropower where available may represent a chance for development. This 
is particularly true in developing countries which are gradually entering into 
the stage where energy-intensive industries are being rapidly developed. 

The Case of Hydropower in China 

In China after the year 2000, electricity demand has been growing at over 
15°/n annually. Newly installed capacity for electricity generation for 2004 
amounts to 37 GW, while 137 UW capacity is under construction (State 
Power Grid Company, 2004). One could not imagine that solar PV or even 
wind power could provide such huge volumes of capacity in such a short 
period of time. However, the aggressive hydropower development plan in 
China plays an important role. 
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According to the fifth national survey on hydropower during the period 
between 1977 and 1980 (Zhou et a!, 2003, p.  426), theoretical capacity for 
hydropower amounts to 676 GW, with an annual generation of 5.92 trillion 
kWh. However, only 55.9% of the generation capacity is technically feasible 
and the realisable production per annum is only 32.4% of the theoretical 
total (Table 6). 

The number of sites for large hydropower stations is small, accounting for 
17.5% of the total with unit capacity larger than 500 kW, but the amount of 
electricity generation per annum is 94.8% of the total annual production. 
Small hydropower (unit capacity smaller than 500 kW) is in general large in 
numbers and widely spread, but the total generation capacity is somewhat 
negligible, only at 5% of the total. Medium to large-scale hydropower can 
meet the electricity demands for industrial development and urban con-
sumption. Small to medium-sized hydropower stations are insufficient to 
shoulder industrial and urban load, but they do have the advantage of elec-
tricity generation for remote villages and townships. 

Table 6: Hydropower Development in China 

Number of Installable Electricity Note 
hydropower capacity generation 

stations  
Unit Million kW Billion kWh/a Unit 

Theoretical Na 676 5,920 
level  
Technically 11103 378 1,920 >500kw 
feasible level  
Large hydro 1946 357 1,820 >10,000kw 
Medium sized 9157 22 100 between 500- 

10,000kw 
Small hydro >40,000 23 72 <500, in use 
Technically 75 <500 
feasible total  

(Source: Zhou Et Wang, 2002, pp.332-334; Zhou et al. , 2003, pp.426-428.) 

The results from hydropower are also impressive. In 2004, 15.00/0 out of 
2187.0 billion kWh electricity generation came from hydro-energy in China. 

64 



Comniercialisation of Renewable Energy 

Policy Environment 

As many of the renewable energy technologies are yet to be commercially 
viable, environmentally-friendly policy support is required to promote corn-
mercialisation of renewable energy technologies. 

There are a number of reasons behind such policy initiatives, including mit-
igation of climate change, pollution control, concern over the depletion of 
exhaustible resources, and poverty alleviation. This would suggest that early 
actions are necessary due to lock-in effects, which has two implications. 
First, early investments and early applications are extremely important in 
determining which technologies will be most promising in the future. 
Second, learning and lock-in make technology transfer more difficult. 
Learning is much more dependent on successful building and using of tech-
nology than on instruction manuals. Furthermore, technological productivi-
ty is highly dependent upon complementary networks of suppliers, services 
and training, which can be difficult to replicate in another country or region. 

There are multiple government-driven pathways for the adoption of renew-
able energy technologies. Through regulation of energy markets, environ-
mental regulations, energy efficiency standards and market-based initiatives 
such as energy and emission taxes, governments can induce technology 
changes and influence the level of innovations. Important examples of gov-
ernment policies on energy supply include the Clean Air Act in the USA, the 
Non Fossil Fuel Obligation in the UK, the Feed-in-Law in Germany, the 
Alcohol Transport Fuel Program in Brazil, and utility deregulation that began 
in the UK and has now been adopted in the USA, Norway, Argentina and 
many other countries. Voluntary agreements or initiatives implemented by 
the manufacturing industry including energy supply sections can be also 
drivers of technological change and innovation. 

Policies can also be directed at consumers. Some environmentally conscien-
tious consumers may be willing to pay a higher price for renewable energy 
uses. For example, wind power is purchased by many households in Europe 
at higher prices than coal fired power. From a policy perspective, a progres-
sive tax on emissions may have a positive impact on the promotion of 
renewable energy technologies. Similar to an income tax, the tax rate would 
rise as the level of electricity consumption rises. For consumption lower than 
basic needs level, exemptions may be granted, or even subsidies might be 
applied. If the consumption is at the basic needs level, a normal or basic rate 
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could be employed. As consumption increases above this level, higher rates 
would be levied. For such a tax mechanism, the following purposes are kept 
in mind: (1) reduction of luxurious and wasteful consumptions; (2) raising 
resources for low-carbon development; and, (3) the provision of a strong 
market signal to carbon emitters for efficient and effective carbon reductions. 

Many of these policies have been used in China, but there was no systemat-
ic legislation promoting the development of renewable energy in China until 
recently. This situation came to an end when the Standing Committee of the 
People's Congress passed the People's Republic of China Renewable Energy 
Law at its 14th Session on 28th February 2005, which will take effect on the 
1st January 2006. Articles of the Law stipulate that development and use of 
renewable energy sources will be the priority areas for energy development. 
Electricity from renewable energy sources will not be restricted to access to 
the power grid. A special fund for renewable energy development has been 
established to support research and development, renewable energy develop-
ment in rural and remote areas and resource survey and promotion of 
localised equipment production. Cross-subsidy is allowed by the utilities for 
use of electricity from renewable energy. Tax relief, preferential loan and 
capital grants are also made available for development of renewable energy. 

Renewable energy technologies must be assessed with respect to consump-
tion needs. Solar energy can be used for heating and electricity. Solar pan-
els for household water heating are commercially competitive but solar PV 
is too expensive and unstable for large-scale market application. Wind farms 
can generate competitive electricity but there are also constraints such as the 
variation of wind speed and occupation of land surface areas. Hydropower 
can perform in the market as well as fossil fuel energy but long distance 
power transmission is required. Biomass can be used for direct cooking, 
power generation, bio-gas and ethanol. 

Theoretical potentials of renewable energy technologies could be larger than 
the actual human demand, but owing to constraints and barriers, these tech-
nological potentials cannot be realised. Nevertheless, there exists a huge 
scope for the commercialisation of renewable energy technologies to meet 
various consumption needs. For remote off-grid small-scale users, solar, 
wind, biomass and small hydropower can be even more competitive than 
conventional large-scale supply of thermo-power. 

Solar water heating and bio-gas for cooking in rural villages and small 
townships are often the most appropriate technologies though not the most 
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advanced. Due to being large in numbers of households, total energy supply 
can be substantial from such scale production and use of renewable energy. 
In addition, electricity from solar PV, wind, biomass and small hydropower 
can be connected to the regional power grid. However, for large consump-
lion needs, by industries and urban centers, large hydro development is the 
most commercially competitive renewable technology for large-scale elec-
tricity generation. 

Given the rapid increase in demand for a large and stable supply of electric-
ity in rapidly industrialising countries like China, small scale renewable ener-
gy technologies cannot provide an immediate solution. In this regard, the 
technological potential of medium and large hydropowers can play a signif-
icant role in powering the industrialisation process in China. Also, nuclear 
power should also be included in the electricity generation mix. However, in 
the long-term, all the countries including those in the process of industrial-
ising should shift to new and renewable energy technologies. As the capa-
bility in terms of technological development and financial sources is rather 
limited in developing countries, Asia-Europe co-operation on renewable 
energy technologies is critical. In the short run for instance, financial and 
technological assistance from developed countries to the rapidly industrial-
ising countries can help meet energy needs not only for large consumers in 
the industrial and urban sector but also for small in particular remote users 
by way of renewable energy technologies development. In the longer run, 
joint technological development between developed and developing coun-
tries may be more effective than a simple transfer of renewable energy tech-
nologies considering the lock-in effect. 

To make renewable energy technologies and energy efficiency measures 
commercially viable, some policy initiatives are often necessary. One policy 
example is a progressive tax on energy consumption. For example, if one 
consumes more than a certain level, the price can be set at twice the normal 
level. A second policy option is to provide direct subsidies for renewables 
and efficiency until the markets become mature. A third policy option can be 
direct regulation, such as requiring the power grid operators to buy a fixed 
proportion of renewable technologies. However, these policy initiatives are 
not mutually exclusive with respect to energy efficiency, renewables and low 
carbon technologies. Asia-Europe co-operation on renewable energy tech-
nologies can speed up the process of commercialisation through demonstra-
lion, direct investment, joint venture, BUT, financial aid and capacity build-
ing (both technological know-how and institutional). 
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Abstract 

The achievement of major reductions in greenhouse gas (GHG) emissions will 
require far-reaching technological changes if they are to be achieved at an 
acceptable cost to society. Indeed, at present this seems one of the few issues 
on which there is wide international agreement in relation to climate change. 
There are, however, disagreements among policy analysts as to how to pro-
mote technological change in order to support the goal of climate stabilisa-
tion. There are also practical institutional challenges in devising and suc-
cessfully implementing policies to support the required innovation, both at 
national and international levels. This paper assesses the role of technologi-
cal innovation in addressing climate change goals and considers some of the 
major policy implications in terms of providing incentives and platforms for 
innovation. In terms of technology options, special reference is made to small 
and medium-scale renewable energy technologies as key components in the 
long-term decarbonisation of energy systems. In terms of policies and insti-
tutions, the situation in the United Kingdom (UK) is highlighted as it offers 
an interesting example of institutional innovation through the public-private 
partnerships that underlie the UK climate change strategy and support new 
policy frameworks for stimulating technological innovation. 

• Francis X. Johnson (Stockholm Environment Institute) drafted, edited, and contributed to this paper 
(with the permission of the author) based on the presentation by the author at the Asia-Europe 
Environment Forum 3rd Roundtable along with additional material provided by the author. 
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There is a strong scientific consensus behind projections which show that 
global energy-related carbon dioxide (CO2) emissions will at least double by 
mid-century in a "business-as-usual" scenario lacking major mitigation 
measures. Stabilising greenhouse gas concentrations at almost any level will 
ultimately require significant reductions compared to current emissions lev-
els. Stabilisation implies that a radical transformation of energy systems is a 
question of when and how, not whether (Edmonds et al, 2001). Some gov-
ernments, such as the UK, have already proposed that major emission reduc-
tions be achieved by mid-century, on the order of 50_60 0/o compared to cur-
rent levels. Meeting such challenging targets without incurring excessive 
costs will clearly require a significant amount of technological innovation. 

In assessing climate mitigation strategies, it is important to address renew-
able energy in the appropriate context in terms of the theoretical and prac-
tical relationships between climate change, energy development and tech-
nology policies. These relationships can be evaluated in many different ways: 
through engineering-economic models, economic equilibrium models, back-
casting scenarios, more qualitative policy analysis and many other 
approaches. Focusing on theories of innovation and technical change, a 
number of valuable insights are available through a combination of theoret-
ical constructs and empirical evidence as to how markets can be "pushed" or 
"pulled" towards more efficient and less carbon intensive energy technolo-
gies and end-uses. 

In addressing the role of technology in energy/climate issues, there is often 
a widespread belief among policy analysts that technology is the answer, yet 
a closer look often reveals a lot of confusion as to what the question was! In 
order to assess these issues in detail, it is necessary to look back along the 
chain of events through which new technologies come to the market and ask 
how and why they became commercially widespread and what elements of 
that market development might be replicable in some form for other tech-
nologies. The resulting analysis can provide useful insights on the applied 
challenges of innovation in actually delivering better technologies at com-
mercial scale in national and global markets. The steps required in success-
ful innovation processes pose a number of policy and institutional chal-
lenges. The innovation cycle also points to some important linkages between 
climate change, renewable energy and energy security in both a national and 
international context, and these linkages are also explored in more detail in 
this paper. 
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A Long-term View on Decarbonisation 

Although there are several greenhouse gases, it is only carbon (as a by-prod-
uct of combustion) that is inextricably linked to energy production and use. 
Even with advanced methods for carbon sequestration and storage, climate 
stabilisation and decarbonisation are highly correlated. A long-term view on 
fossil fuels reveals a basic relationship between energy resources, climate, 
and the entire timescale of sustainable development. 

In Figure 1, the three bars on the left show the amount of carbon in differ -
ent kinds of fossil fuel deposits. It is clear that there are vast amounts of car -
bon under the ground, plenty enough to fuel global economic development 
and also to do enormous damage to the atmosphere at the same time. 
However, it is rather interesting to note that conventional oil reserves have 
about 100 billion tons of carbon, which is equivalent to about 30 years or so 
of the present generation. Gas has about 80 billion tonnes of carbon. The 
really big deposits of carbon are in coal, on the order of several times that 
of oil and gas combined, suggesting that substitution for coal is more impor -
tant for climate stabilisation than substitution for oil or gas. 

Figure 1: Carbon in Fossil Fuel Resources vs Carbon under Various IPCC Scenarios 
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The twelve blue bars on the right in Figure 1 are simply projections of car-
bon emitted under all kinds of different IPCC scenarios. The graph illustrates 
the magnitude of the scenarios that make the climate change scientists real-
ly worried because those scenarios involve emitting far, far more carbon than 
exists in petroleum, oil and gas reserves combined. Analysing fossil fuels 
from this long-term carbon perspective also underscores the timeframe 
through which different types of analysts view the problem. Energy econo- 
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mists tend to worry about the next two decades or so, especially since 
assumptions about discount rates will often render longer-term analysis of 
climate policy options economically irrelevant. Climate scientists do not use 
discount rates since they are looking at the physical system and are often 
thinking on a timeframe that is closer to one century. The reality of long-
term fossil resources makes it clear that a revolutionary change in the struc-
ture of global energy supplies is needed in order to get on a path towards 
climate stabilisation by mid-century, which will have huge implications for 
carbon. 

Unlike oil and gas, coal is largely located within countries of major demand 
expansion (like China and the US), although transport costs and environ-
mental impacts may still be significant. In contrast, development of conven-
tional oil resources is unlikely to more than double the presently proven con-
ventional reserves and global production is widely expected to peak in the 
next 20 years or so. Natural gas is increasingly a fuel of choice but whilst 
global resources are at least comparable with oil, they are also mostly not 
near major demand centres and nearly half the world's potential reserves are 
considered as "stranded". Nevertheless, a quarter of global gas is now inter-
nationally traded, and the ongoing development of both pipeline and lique-
fied natural gas (LNG) is leading towards a global market that should sta-
bilise prices and increase access. Limits on Uranium reserves do not pose sig-
nificant constraints on plausible nuclear expansion out to mid century. 

Similarly, most renewable energy sources are very large in terms of physical 
flows, and although various constraints limit what is feasible, the estimated 
global potential for tidal, wave and hydro are comparable to the scale of 
global electricity consumption, whilst most estimates of practicable wind and 
solar resources are substantially greater still (Figure 2 summarises various 
estimates). As with natural gas, key issues for delivery include the systems 
and the fact that (with the minor exceptions of direct solar heating and light-
ing, and geothermal heating) all but one - biomass - can only produce pri-
mary electricity. 

Set against a typical "Business As Usual" projection - a world that pays no 
deliberate attention to global carbon and in which emissions double from the 
present 7 GtC/yr to 14 GtC/yr by mid-century - Pacala and Socolow (2004) 
suggest thinking about the problem in terms of rapid expansion of seven 
"wedges" of alternate technologies, each of which displaces about 1 GtC/yr 
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by 2050. Seven such "wedges" would stabilise emissions to 2050; consistent 
with CO2-equivalent doubling of pre-industrial concentrations (Figure 3). 

Figure 2: Global Renewable Energy Pot 
(Neuhoff (2005)) 

ElectricIty and 
ElectrIcIty Only Renewable Sources 	 Thermal Renewable 

Sources 

ntial an 

Fuel 
Renewable 
Sources 

d Current Energy Demand 

Global Energy 
Consumption 

1360 

Fuel Use I r (011100) t 225 

H ) 	FuCUo 

II11Itt1i1 Fue(Uuo t 160 

IWI1UIIII (002lsogn) 

uss 

-a---- 	- UJJfiulllllhl (Cd 	 5101) 

Ei00000dy 0 	 * 
Tt8ttA 02120,, 

W000 	 0)1010 	 0001505001 	 SOlO, 	 010111.00 FOOl 01,0 
ElsoInnily 

WEd (2000) 	 - RICES (1003) 0 511011 (1000) 

G,UOE a MOOn, (1003) 	 S WOGU (2004) • Fs200,& 04100ilonfloIlol 2601) 

Figure 3: The Princeton "Stabiisation Triangle" 

(Source: Pacala and Socolow (2004)) 

Notes: Compared to "business as usual" case (doubling of CO2 emissions, from 7 
GtC/yr to 14 GtC/yr, by mid-century) stabilisation requires a "stabilisation triangle" 
that grows to 7 GtC/yr by mid-century. This can be conveniently divided into seven 
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"wedges" of avoided emissions, each of which grows linearly from zero to 1 GtC/y 
after 50 years. The wedge is useful in quantifying options with big impacts on glob-
al carbon emissions. 

Potential wedges come in many forms, ranging from improvements in effi-
ciency for automobiles, appliances, and power plants, to greater shares in 
energy supply for nuclear energy, renewable energy, and carbon capture and 
storage, to enlargement of bio-carbon stocks through management of forests 
and soils. Pacala and Socolow state that essentially all of these "wedge" tech-
nologies are already deployed somewhere and what is required is a "scaling-
up" of deployment rather than any major technological breakthroughs. 

The wedge analogy is obviously a tremendous simplification, since it is 
designed to emphasise the issue of scale in combination with the major 
decarbonising technology measures or options. Pacala and Socolow 
acknowledge that every wedge is likely to be difficult to accomplish in prac-
lice because the required scale-up is extremely large, and such a scale-up 
may introduce serious environmental and social problems that are not pres-
ent at the current more limited scale of deployment. The role of technologi-
cal innovation can be seen in some respects as being complementary to the 
process of scaling up and takes on greater significance when viewed in a 
societal context - given the variety of applications, the diversity of energy 
end-user requirements, and the types of energy services appropriate for the 
different levels of socio-economic development in different regions of the 
world. 

The "Technology-Push" vs "Demand-Pull" Debate: Significance and 
Evidence 

Turning to technology innovation in the context of the climate policy debate, 
one finds two polarised views about technology innovation processes. The 
"technology-push" view holds that the primary emphasis should be on devel-
opment of Jow-GHG technologies, typically through publicly funded RD 
programmes. The opposing "market-pull" view holds that technological 
change is primarily a product of economic incentives and must come from 
the business sector. In the climate context, this view gives priority to regu-
latory measures such as technology standards or GHG emission caps. Thus, 
divergent perspectives on the process of technology change lead to a signif-
icantly different set of policy prescriptions. 
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The argument about technology change processes seems to be mostly 
between different western schools of thought, and itself reflects the tenden-
cy of western policy analysts - and the underlying economic theories upon 
which the policy analysis is based - to draw a sharp distinction between the 
role of the state (and of regulation as its main tool of implementation) and 
the role of the market (and of private industry as the implementer). It is pos-
sible that Asian policy analysts and researchers, accustomed to more inti-
mate and less formal relationships between state and industry, are more like-
ly to accept the need for - and perhaps find ways to implement - a more 
integrated approach. 

There is some empirical evidence to support the existence of rapid learning 
processes in the deployment of renewable energy technologies, giving some 
credence to the aforementioned importance of scaling up. Wind energy 
development during the past two decades offers perhaps the most classic 
example. Figure 4 shows the declining cost of wind energy in Denmark as 
the industry expanded at about 250/0/year, first domestically and then inter-
nationally. Costs roughly halved during the 1990s and wind energy now 
appears competitive with conventional power generation at good sites 
around much of Europe. The technology improved dramatically, but in evo-
lutionary ways clearly associated with the build-up of the industry. 

Figure 4: Cost Reductions for Wind Energy in Denmark (Morthurst, 2005) 
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There is, in fact, empirical evidence for many renewable energy technologies 
linking technology cost reductions to increased use, through a variety of 
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learning processes. Figure 5 illustrates historic "learning curves" for various 
electricity technologies; a doubling of production volume has typically been 
associated with cost reductions of 10-250I6 during the initial phases of corn-
mercialisation and deployment. 

Figure 5: Historic Energy Technology Learning Curve Data (McDonald and 
Schrattenholzer, 1999) 
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Projecting technology costs into the future is necessarily uncertain, but 
analysis that combines engineering assessments with experience curve data 
does provide some interesting insights. There appears to be a diversity of 
very low carbon options that have medium-term potential costs broadly 
around 5-7 c/kWh; carbon capture with storage, modular nuclear, advanced 
biomass, fuel cell technologies and offshore renewables all fall into this 
range. All these options draw upon known technologies; major break-
throughs do not seem needed in power generation. Paths to very low carbon 
electricity systems within decades seem achievable if we can develop the 
associated industries at scale (Grubb M., J. Koehler, D. Anderson, 2002). 

The situation for transport is more complex. The main options are biofuels, 
electricity, and hydrogen, the last two only helping if produced from very 
low net CO2 energy sources. There do appear to be a range of options that 
could start to compete with oil. Cost reductions in Brazil have made its 
ethanol competitive at oil prices above US$30/barrel and advanced cellulosic 
technologies for ethanol production might be similarly competitive. Vehicles 
fuelled with biofuels, low carbon electricity, and low-carbon hydrogen could 
all co-exist in a long-term transition to low-carbon transport, but both the 
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economics and pathways appear more complex and potentially more costly 
than for electricity. 

Another cost projection analysis, conducted by the International Institute for 
Applied Systems Analysis (IIASA) (Gritzevski and Nakicenovic, 2002), shows 
that either kind of global energy future will require huge investment and 
learning, and it cannot be assumed a priori that the carbon-intensive paths 
will be cheaper - they will just be very, very different in terms of the tech-
nologies, systems and resources employed. 

Equivalent results, in a different format, are produced by Papanathsiou and 
Anderson (2002), who produce a probability density of the net costs of 
renewables-intensive futures and find these to be widely distributed about 
the zero point. In other words, given learning-by-doing at uncertain rates, 
renewable-intensive futures may be either cheaper or more expensive than 
carbon-intensive futures, depending on the choice of learning parameters, 
but there is not a priori basis for expecting them to be more expensive. 

A Closer Look at Energy-Environmental Innovation Processes and 
Policies 

The debate between "supply push" and "demand pull" needs to be resolved by 
recognising that innovation is a complex phenomenon which in reality 
encompasses both perspectives. While engineers tend to focus upon RftD, 
economists tend to break innovation down into three components: invention, 
innovation, and diffusion - but even this is inadequate. There appear to be at 
least six distinct stages to energy technology innovation in a market economy: 

• Basic research and development; 

technology-specific research, development and demonstration; 

• market demonstration of technologies to show to potential purchasers 
and users that the technology works in real-world applications and tests, 
and demonstrates its performance, viability and potential market; 

• commercialisation - either adoption of the technology by established 
firms or the establishment of firms based around the technology; 

• market accumulation in which the use of the technology expands in 
scale often through accumulation of niche or protected markets; and, 

• 	diffusion on a large scale. 
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The chain is not necessarily linear - for example, university spin-out com-
panies may well be established to conduct market demonstration. 
Furthermore, there is continuous feedback across the different stages. Each 
stage involves technology improvement and cost reduction, but the principal 
barriers and driving forces change across the different stages. "Technology-
push" elements dominate early stage research, whilst "market-pull" is 
increasingly important as technologies evolve along the chain. 

In practice, innovation processes vary radically across different industrial 
sectors. For example, Information technology and pharmaceuticals are both 
charactensed by high degrees of innovation, with rapid technological change 
financed by private investment amounting typically to I0-20°/o of sector 
turnover (Neuhoff, 2005). However this offers a dramatic contrast with power 
generation, where the same fundamental technology has dominated for 
almost a century and private sector RftD has fallen sharply with privatisa-
tion of energy industries to the point where it is under 0.40/o of turnover 
(Margolis and Kammen. 1999). 

There may be several reasons for the low inherent innovation-intensity in the 
power generation sector. Processing large amounts of energy often requires 
big capital investment and long timescales, thereby increasing risk and 
deterring private finance; each stage in the innovation chain can take a 
decade, and diffusion is equally slow. Furthermore, the REtD-intensive sec-
tors such as IT and pharmaceuticals are ones in which competition is essen-
tially about product differentiation (e.g. faster computers, more effective 
drugs) whereas innovation in power generation is basically about efficiency 
and price in delivering the same product. Product differentiation often means 
a new product that captures public imagination, commands a large market 
and carries a price premium. In contrast, price-based competition has dra-
matically less scope for offsetting big risks against the prospect of huge 
rewards. 

Thus, climate technology policy is seeking radical innovation in one of the 
least innovative sectors in the whole economy. The incentives for low-car-
bon innovation, whose value depends upon uncertain government policies to 
internalise carbon costs, are weaker still. Public REtD does not appear suffi-
cient to address such problems. Global public sector energy RftD expenditure 
has halved since the mid 1980s (Margolis and Kammen, 1999) not only 
because the perceived oil crisis receded but because several expensive forays 
into large-scale energy technologies failed to deliver commercial products 
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(Cohen and Noll, 1991). There appear to be some intrinsic obstacles to tech-
nologies successfully crossing from publicly-funded demonstration to com-
mercial viability: the result is the well-documented "technology valley of 
death", in the central stages of the innovation chain (Murphy and Edwards, 
2003). 

To foster technologies right across the innovation chain requires policies that 
bridge this "technology valley of death" and, where successful, carry tech-
nologies into the large-scale diffusion phase. Figure 6 indicates three such 
classes of policies, combined with a generic need for "internalisation": 
Market engagement programmes move a "trial technology" from public REtD 
funding to engagement with the private sector; Strategic deployment policies 
build market scale and thereby buy-down the cost of technologies; and, bar-
Her removal aims to establish a "level playing field" through removal of reg-
ulatory and institutional barriers that favour incumbent technologies. In 
addition, internalisation policies may operate in different ways at many 
stages of the innovation chain. The classic examples, towards the end of the 
chain, are emission cap-and-trade or emission taxes, which aim to internalise 
environmental damages from incumbent technologies and thereby improve 
the economics of alternatives. 

Figure 6: Activities for Spanning the Innovation Chain 
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Perhaps the most controversial area lies in the terrain where technologies are 
proven and in principal commercially available, yet they remain trapped in 
the cycle of small volume and hence high costs. The response here is policies 
for "strategic deployment" - policies that, in one way or another, support the 
larger scale deployment of these emergent technologies, in view of the strate-
gic advantages to be gained by building up these industries and "buying 
down" the cost curve. Strategic deployment generally requires regulation to 
incentivise adoption of technologies that would otherwise be uneconomic, so 
as to secure the benefits of learning-by-doing and other scale economies. 
Consumers generally bear the costs and it generally involves direct govern-
ment intervention, and thus strategic deployment is more controversial and 
may meet with objections from economists because although there is empir-
ical support, there is not a strong basis in economic theory. 

The classic examples are policies to support renewable energy deployment, 
notably: 

• Feed-in tariffs, as adopted particularly in continental Europe which 
mandate a specific (premium) price to be paid for electricity gener-
ated from renewable sources such as wind energy; 

renewable obligations, known in North America as portfolio stan-
dards which require utilities to source a certain percentage of their 
electricity from renewable sources generally through systems of 
tradable certificates; and, 

other technology or fuel mandates, such as the long-standing 
requirement in Brazil for cars to run entirely or partly on ethanol. 

There are, of course, many pros and cons to these different policies, and 
although it is difficult to generalise, it is instructive to consider historical 
cases as well as fundamental aspects of the general learning process. 

Development of the wind industry in Denmark and the biofuels industry in 
Brazil both required sustained government support over decades. The Danish 
subsidies totalled $1.3bn, while Danish wind companies now earn more than 
that each year (Carbon Trust, 2003). At current oil prices, Brazil may soon 
similarly recoup its investment in biofuel technology. 

The learning investment required for other supply technologies may be 
greater. Global studies by the International Energy Agency (lEA) (2002) esti- 
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mate that learning investments totalling $400bn over the next three decades 
could deliver low carbon electricity systems globally. This is less than a tenth 
of the sectors' projected needs for generation investment over the same peri-
od, and the lEA's "alternative" high efficiency, low carbon scenario requires 
less total cumulative investment because the reduced electricity demand also 
reduces the need for infrastructure. 

The earlier stage of most transport options precludes such quantification. 
However, the potential cost of bio-energy development is dwarfed by the 
£23 5bn annual agricultural subsidies in the Organisation for Economic Co-
operation and Development (OECD) (OECD, 2004), whilst efforts to maintain 
oil supplies in the face of declining reserves are projected to require $3 tril-
lion investment to 2030, with a growing proportion going to develop and 
convert higher carbon resources (lEA, 2003c). Development of gas and coal 
supply systems is projected to require similar investment. In total, the lEA 
projected that the energy sector will require $16 trillion investment over the 
coming three decades, irrespective of carbon constraints. 

Given the significant level of energy sector investment that will be required 
in the coming decades, economically sound public policy would be aimed at 
directing, or re-directing, the investments towards the "wedge" technologies 
that provide the greatest emissions savings over the long-term. The direction 
of such investment lies primarily in the hands of private industry, and in the 
power sector, the market players and the transactions they undertake tend to 
be quite large. Consequently, in order to have a significant impact and be 
cost-effective, climate strategies must aim to devise modest incentives that 
can tip technology investments in favour of decarbonisation paths. The UK 
climate strategy is particularly instructive, as it is one of the few national cli-
mate strategies that has explicitly taken a long-term view while at the same 
time providing a platform for public-private partnerships. 

Institutional Innovation in National Climate Policy: The UK Example 

With the publication of the 2003 Energy White Paper, the UK embarked on 
an ambitious plan to reduce carbon emissions by 60°/n by 2050 through a 
combination of energy efficiency in the short term and renewables in the 
long term. Figure 7 shows alternative paths for reaching different targets 
based on combinations of demand-side energy efficiency improvements 
(horizontal axis) and supply-side decarbonisation (vertical axis). The curves 
are isoquants for various levels of carbon emissions reductions, and the four 
vectors are different trajectories derived from different combinations of the 
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technology options and driven by different assumptions about economic 
growth. The analyses have made it clear that it is not a question of renew-
ables vs. efficiency - the radical transformations implied by a 60 0/0 reduction 
in emissions will certainly require both. It was a fortunate accident for the 
UK that the climate strategy was launched on the premise of these two equal-
ly important pillars, although it remains to be seen whether the same empha-
sis can be sustained through consistent policy mechanisms that are imple-
mented and updated over the long-term. 

Figure 7: Alternative UK Climate Strategies Based on Combinations of 
Reductions in Energy Intensity (Energy Efficiency Improvements) and 
Carbon Intensity (Supply Decarbonisation) 
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The long-term perspective taken in the UK climate strategy demonstrates 
again the inter-related nature of energy-carbon-climate issues when they are 
viewed on something closer to a century-long time scale. The radical trans-
formation in the energy sector implied by a 60o/a reduction in carbon emis-
sions can play out in many different ways and thus is not so radical in the 
sense of being tied to one main divergent path. In fact, the opposite turns 
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out to be the case in looking at the electricity sector in the UK. The two 
graphs in Figure 8 compare the expected evolution of the supply mix in a 
business-as-usual scenario (upper graph) and a 60 0/0 carbon emissions reduc-
tion scenario (Carbon Trust, 2003). 
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The comparison illustrates a new twist to the notion of energy security, as 
opposed to the oil, transport and Middle East obsession on which the energy 
security debates tend to focus. As in many countries, the UK has an electric-
ity system which is moving towards being dominated by one source rather 
than another: it used to be coal in the UK but all the projections show that 
it would become totally dominated by natural gas in a business-as-usual sce-
nario, as shown in Figure 8. And the top bar actually even assumes a certain 
amount of policy effort aimed at promoting renewable energy. As the bot-
tom graph shows, a much more balanced portfolio of electricity sources 
emerges in the carbon reductions scenario. A more diverse system is more 
robust, other things being equal, and consequently the analysis suggests that 
the electricity sector will become more robust in the UK if the climate strat-
egy is followed. Another way of saying this is simply that energy security 
will be improved. 
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Returning to the issue of policies and institutions, an interesting example of 
institutional innovation is found in the UK of the type of public-private part-
nership that might provide a useful model for both national and interna-
tional climate strategies. The Carbon Trust is a government-funded not-for-
profit company that's been set up to help UK businesses meet its carbon tar -
gets and to build a competitive low-carbon industry sector. It reflects a con-
sensus between business and government on support for the UK climate 
change programme, and its Board includes representatives from business, 
government, NGOs, research organisations, and trade unions. It runs pro-
grammes on both new technologies and market deployment with quite close 
inter-linkages, and it has a flexible structure that allows for faster adapta-
tion to market changes. It was launched with a budget of about 50 million 
GBP per year and is expected to double to 100 million GBP per year within 
the next few years. What is most interesting about the Carbon Trust is its 
broad acceptance - there is no real division between environmental and 
business goals. It is recognised that the private sector is absolutely central to 
solving energy-environment problems and also that government and busi-
nesses need to work together to most effectively address both the environ-
mental objectives and the competitive business goals. The Carbon Trust 
focuses on identifying the suite of technology options that meet both objec-
tives and then supporting their development and/or deployment in the most 
cost-effective manner. 

Strategies for International Co—operation 

Moving from national to international co-operation on energy-carbon-cli-
mate issues is, of course, a complicated step as the slow process in Kyoto has 
illustrated. There are, nevertheless, some basic characteristics to look for in 
international co-operation strategies, depending on the domain in which 
they operate which can be referred to as the strategy type. Three main types 
of strategies for international co-operation can be envisioned. The first is the 
most obvious and the one that most analysts agree on, albeit not to the same 
level: publicly-funded REtD. The second might be termed "International pub-
lic-private partnerships for incubation and acceleration". The third is 
"International agreements on strategic deployment and barrier removal". 

There is wide scope for beneficial international collaboration in publicly 
funded RD for innovation in low-GHG emission and sequestration tech-
nologies as well as adaptation technologies. However, critics - especially 
economists - can point to long lists of government-sponsored technology 
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failures, some of them astonishingly expensive, due to phenomena that 
social scientists well recognise in terms of institutional capture. As one cynic 
put it, 'governments are bad at picking winners, but losers are good at pick-
ing governments". 

Some of the institutional problems in public RfID may be amplified in the 
context of international technology programmes, where the goal of co-oper-
ation among countries is bedevilled by unavoidable issues of international 
rivalry. Every government would like its own industry/technology to receive 
support from international sources, especially if there is a significant 
prospect of it delivering commercial success, and is reluctant to spend on 
technologies of other countries. In addition, as technology nears commercial 
applicability, issues of intellectual property can become highly sensitive, 
leading to the reverse of co-operation as participants seek funding from the 
common pool whilst holding back their most commercially valuable ideas 
from public scrutiny. As a result, the easiest focus for international technol-
ogy programmes is often technologies, such as fusion power, that no one 
realistically expects to be commercially viable in the foreseeable future. 

The second type of international co-ordination would be around the creation 
and acceleration of industrial involvement in low carbon technologies. 
Drawing on domestic "market-engagement" analogies, these would probably 
require some co-financing of operations that helped either to "incubate" new 
technology companies to the point where they could go to international ven-
ture capital markets for support, or at least help to "de-risk" technologies 
through large scale field trials perhaps in several countries. 

If the competitive dilemmas of international financing of such close-to-mar-
ket activities prove too great, another approach to explore could be based 
around mutual commitment to actions, rather than actual mutual funding. 
For example, the UK Carbon Trust has proposed a "stepping stones" agree-
ment in which different countries agree to take lead responsibility for nur-
turing certain technology areas, particularly with reference to the mid stages 
of the innovation chain. Obviously, the technology areas would be differen-
tiated according to national interests and comparative advantage. For exam-
ple, the US might take a leading role with respect to sequestration; the UK 
take the lead on marine renewables, perhaps Japan would have a leading role 
on various categories of energy efficient technologies. 

The third class of international agreements could address the later stages of 
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the innovation chain, concerning scale-up, large-scale learning-by-doing 
and diffusion policies. Examples of technologies ready for this stage include: 

Advanced technologies (e.g. gasification) for generating electricity from 
coal and biomass - a suite of technologies whose accelerated deployment 
will bring higher efficiency, reduced emissions and compatibility with 
CO2 capture and storage technologies; 

Advanced low-energy building technologies, where the markets are 
impeded by numerous barriers associated with the construction indus 
try and rental markets; and, 

The more advanced primary renewables, notably photovoltaics (PVS), 
where potential scale economies remain large and wind-energy, where 
onshore deployment involves local learning and is a significant contri-
bution to emission reductions, and offshore deployment remains a major 
stimulus to related industrial innovation. 

The scale involved, and the need for facility siting and economic sustain-
ability, may make this beyond the scope of public-only finance except in 
limited circumstances. The most obvious example is the World Bank-UNDP-
UNEP Global Environmental Facility and associated World Bank and other 
carbon-related funds. These are not explicit technology programmes but 
have made a significant effort to promote technology development in certain 
areas (such as biomass energy development and solar PV). 

The major issues for strategic deployment, however, involve national legis-
lation. An international agreement would need to focus either on technolo-
gy deployment targets or on the specific regulatory mechanisms (such as 
feed-in tariffs or renewable portfolio standards) that would support deploy-
ment. An additional - or softer - version of such agreements would be to 
focus on barrier removal. Some barriers - such as adverse subsidies that sup-
port fossil fuel technologies - are easy to identify, but politically difficult to 
remove (attempts have been made through various forums, including the 
United Nations Framework Convention on Climate Change (UNFCCC)). 
Others may be quite subtle and concern the regulatory specifics of electrici-
ty markets, for example. 

Other more general barriers impede the diffusion of more advanced tech- 
nologies in many developing countries (IPCC, 2000). This topic has received 
more international attention in the climate change negotiations than other 
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aspects, and the Kyoto Protocol embodies stronger language than its parent 
UNFCCC on the need for all countries to foster "enabling environments" for 
private sector investment in environmentally sound technologies and estab-
lishes a standing Expert Group on Technology Transfer (EGTfl. Agreements 
on barrier removal may be a modest, but useful complement to other meas-
ures and - perhaps more easily than some others - could readily be built 
upon existing international climate negotiation processes. 

Table 1 attempts to summarise the various options, according to the classifi-
cation developed in this paper. 

Table 1: Options for International Technology Co-operation 

Option Objectives 
Public technology REtD agreements  
Clean Energy RtD Fund To provide specific RD support to 

technologies whose high develop- 
ment cost cannot readily be borne 
by public funds in a single country 

Clean Energy Demonstration Fund To provide development and 
demonstration support to technolo- 
gies with global applications but 
where economic development bene- 
fits are primarily local, avoiding 
international intellectual property 
rights_(IPR)_concerns 

Marketisation funds and agreements  
Clean Energy Venture Capital Fund Provide venture and development 

capital for smaller firms with cli- 
mate related technological innova- 

__________________________________ tions 
Climate Technology Leaders Fund Offer an investment incentive to 

large companies to differentiate 
themselves within their sector by 
virtue of their adoption of leading- 

________________________________ edge,_higher-risk_technologies 
"Stepping stones" agreement Agree on differentiated steps that 

countries would take to nurture 
technologies appropriate to their 
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interests through the central stages 
of the innovation chain 

Market standards, penetration and diffusion agreements 
Strategic deployment agreement Agree on national targets or measures 

for deployment of low-carbon tech- 
nologies that are commercialised 
but not yet cost-competitive and 
need to build up scale economies 

Barrier removal agreement Remove barriers to more rapid pen- 
etration of low carbon technologies, 
for example, adverse subsidies or 
regulatory impediments 

International investor initiative Mobilise mainstream institutional 
investors (such as pension funds) 
behind deployment of leading tech- 
nologies or selective investment 
based upon carbon performance of 
companies 

Technology transfer agreements International agreement, as already 
developed under the UNFCCC/Kyoto 
Protocol and the associated EGTI' 
with emphasis upon accelerating 
north-south dissemination of clean 
technologies. The existing process 
and EGIT mandate covers needs 
assessment; technology informa- 
tion; enabling environments; 
capacity-building and specific tech- 
nology transfer mechanisms (Yamin 
and Depledge, 2004) 

The main point is to emphasise that calls for international technology agree-
ments, as a solution to climate change, need to be better defined. There are 
in fact many options, appropriate to different stages and aspects of the prob-
lem. Each of the nine options in Table 1 has merit; each has problems and 
limitations; each could usefully be explored further. International technolo-
gy co-operation is an area with important potential but simply calling for 
technology co-operation as a solution to climate change is not adequate: 
what matters is the detail, as to which stage of the innovation chain agree-
ments might address, which instruments would be employed, what kinds of 
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technologies might benefit and the form that agreements might take - as well 
as their political viability and ultimate impact. That, most immediately, is the 
international challenge of low carbon technology. 

Conclusions 

There are indeed technologies that hold the promise of tackling climate 
change, not through any single "silver bullet" but through a potentially rich 
portfolio of options matched to the various major sectors of energy produc-
tion, conversion, and use. An added benefit of such portfolios that tends to 
be overlooked is that they make the energy system more robust through the 
diversification of technologies and applications. However, a considerable 
amount of innovation will be required to sift through the many options, 
improve performance and deliver them on a large scale. 

It is important to remember that the need for innovation is not synonymous 
with public technology REED expenditure, nor with the hope for blue-skies 
breakthroughs - the innovation process is much more complex, and much 
more interesting. Technologies and systems have to evolve through many 
stages to build viable and cost-effective low carbon industries out of the 
seeds - mostly already planted - of low carbon ideas. Engagement with, and 
investment by, the private sector is critical, but the effective transfer of pub-
licly-funded ideas into the private sector industries remains a big challenge. 

Although measures of "carbon pricing" (cap ft trade, taxes) offer an impor-
tant element in securing low carbon investment, adequate innovation will 
not emerge simply through this route. Energy production industries are over-
whelmingly oriented towards fossil fuels and the conversion and end-use 
sectors - particularly power generation and buildings - are some of the least 
innovative sectors in modern economies. Changing this will require active 
policies that span the innovation chain. To put it more simply, carbon pric-
ing is necessary, but not sufficient. 

This paper has outlined the additional complexities in considering interna-
tional technology-oriented responses. The main point is a call for clarity: 
there are many different possible kinds of technology cooperation, and some 
are more credible, and more useful, than others. The challenge now is to 
identify which approaches might offer a realistic, substantive contribution to 
solving the climate problem. 
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In relation to international politics, a better understanding of technological 
innovation may offer a very important contribution to the international 
process. The current US administration as well as many major multination-
al companies have stressed the importance of technology as a response to cli-
mate change. Many others, led by the EU, have stressed the need for real 
emission constraints. Both are right, but the current Kyoto system reflects 
only the latter. Kyoto has a missing element; and addressing that could offer 
a constructive basis for political engagement. 
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Abstract 

There are tremendous renewable energy (RE) resources around the world 
which when tapped for power generation could contribute a sign(ficant com-
ponent to the application of a Clean Development Mechanism (CDM). 

in Europe, and in other more developed economies, governments have made 
strategic commitments in fostering the use of cleaner burning fuels and sealed 
in place financial tools and policies that put RE technology on par, or at the 
very least, in competing mode with traditional energy resources. 

On the other hand, Asia and other developing nations, paint a d(fferent pic-
ture. There are no concrete policy statements and programmes supporting RE 
technology, or if there are, the vision has been greatly impaired owing to var-
ious factors such as but not limited to: poverty and the lack of capital fund, 
a helpless reliance on grant-based development assistance programmes, lack 
of financial incentives, product unawareness and immaturity of the market. 
Owing largely, perhaps, to the convenience and cheaper initial cost of using 
traditional energy resources, RE technology does not stand a chance, if at all, 
in competition with traditional energy sources as demands for it have not 
been properly advanced. The development of RE technology which would have 
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spelled the broader use of international CDM mechanisms has, therefore, 
really been difficult in the region. 

An Overview of the Global Renewables Market 

Despite the growing interest in renewables, they remain a small segment with 
13.8°to of the world's total primary energy supply as shown in Table 1 made 
by the International Energy Agency (TEA) based in France by the turn of the 
century. Among which, more than two-thirds is from combustible renewables 
and wastes (CRW), as illustrated in Figure 1. 

Table 1: Key Regional Renewables Indicators (2000) 
Tp99 0111 nich Shire Share ot the Main Fuel Categories 

Total of Total in Total Renewablos 
Ranewables Renewables Hvdrn Ganthernnai, Can,bstna rn TPES 

Solar. Wind, Reoewables 
etc. and Waste 

Mtce Mba % 
Aloca 7n9 55 5.3 0.2 975 

t$n America 4S6 t27 279 373 13 6t 
Asia 1 123 332 34 0 4 0 3.3 92.7 

China" 1158 234 20.2 9.2 0.0 91.8 

Non-OECD Erope 95 9 9.9 45 1 0 9 53.0 

Former USSR 921 30 3.3 65.5 0.2 

Middle East 380 3 0.9 
i"j 

41 3 22.7 35.9 

World 
i 

9 958 I 372 13.8 16.5 3.7 79.8 

Total Primary Energy Supply calculated using the physical energy content methodology. 
Asia excludes China 
China includes Peoples Republic of China and Hong Kong, China 

(Source: lEA, 2004) 

The supply deficit or total absence of electricity in developing countries like 
Africa, Latin America and Asia explains the high share of combustible 
renewables forming the bulk of consumption where its mainly residential 
sectors resort to alternative energy sources such as biomass. 

Relevant for these purposes, Figure 2 shows a profile of the world's electric-
ity supply as of 2000. 
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Figure 1: World Fuel Shares in TPES (2000) 

(Source: Intel liutiona] Foci gy Agency) 

Figure 2: Renewables in Electricity Production 

(Source: International Energy Agency) 

If the world's experience during the last 30 years of the 20th century is to be 
used as a gauge, the future for renewables looks bright, lEA reported that 
from 1971 to 2000, the annual growth of RE supply grew by an average of 
2.1 0/0, with wind and solar energy taking the lead, as shown in Figure 3. 

Much of the growth in the development of solar, wind, tidal and other forms 
of new renewable sources of energy happened in the developed countries, 
particularly Furope. 

Again, the lEA projected that renewables would grow at 1.3% annually ii the 
present government policies are allowed to continue and there are no major 
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breakthroughs in technologies. This rate is below the projected 1.7% overall 
growth of the total energy demand over the next 30 years, mainly because 
of a slowdown in the growth of CRW (to 0.8% p.a.) as households in devel-
oping countries would have progressively shifted from traditional hiomass to 
"modern" forms of energy like fossil fuel. Figure 4 shows lEA's world demand 
projections. 

Figure 3: Annual Growth of Renewables Supply (1971-2000) 
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(Source: International Energy Agency) 

• 	By 2030, about 2.6 billion people, mostly in developing countries, 
will continue to rely on traditional biomass for cooking and heating. 

• 	In the OECD, the share of renewables has and will continue to 
increase from 6.4% in 2000 to a projected 8% in 2030. Most renew -
ables will be used for power generation (72°/u in 2000, 75°/u in 2030). 

lEA offers a second scenario (Figure 5) which considers the impact of imple-
mentation of a range of new energy and environment policies now under 
consideration in OECD countries. In this scenario, non-hydro renewables are 
projected to grow by some 4% per annum between 2000 and 2030, compared 
to 2.7°/u p.a. in the "reference scenario". The share of renewables, including 
hydropower in electricity generation, increases substantially from 14.7 0/0 in 
2000, to I 7.65o in 2010 and 25.4 0/6 in 2030. 
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Figure 4: World Total Primal Energy Supply 

Tol Ti E 

12i 	

£cii!i 

- 

t4on-Renewables 	1:1 CW 	Hydrc 	D Other Renewabes 

(Source: International Energy Agency) 

Figure 5: Share of Renewables in OECD Electricity Generation 
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The substantial difference between the two scenarios highlights the potential 
impact of new government policies on the future mix of primary energy. Out 
of the following recently culled news reports, the key message, i.e. strong 
support from governments to develop and deploy renewables in the given 
countries is clear. 

• 	Britain has set its goal to generate 20% of its power requirements 
from renewable sources by 2020; while Scotland, with an ambitious 
target of 400/0,  has a state-of-the-art centre tapping the vast powers 
of the Atlantic and the North Sea. It boasts of an output more than 
enough to meet the needs of its 5 million inhabitants. 

• 	Denmark, with diminishing sites for windmills, has gone offshore. 
Its largest-yet windmills in Horn Rev near Eshjerg and Roendsand 
near Nysted have a total generating capacity of 325.6 MW, with two 
new parks coming up in 2009 with a projected capacity of 400 MW. 
Presently, these serve as a technology display window enough to 
entice other countries to buy from Danish producers. Meantime, 
Britain and Germany are not far behind as each plan to build nfl-
shore turbine parks projected to generate 7000 MW and 2000 MW 
respectively, by 2010. 

• In Germany, the "Bavaria Solarpark', capable of generating 10 MW 
using 57,600 photovoltaic panels, is now being interconnected to 
the grid; commercial operations will start this December. 

• The growing PV market has encouraged a leading Japanese suppli-
er to expand annual production capacity of PV cells and modules in 
its two factories from 90 MW to 135 MW by April 2005. The corn-
patty aims to establish a production system with an annual capaci-
ty of 230 MW by 2006, investing 3.3 billion yen in new equipment. 
It has reported PV sales more than twice over that of 2003. 
Meanwhile, 100-meter-tall wind turbines have sprouted up all over 
the Shimokita Peninsula in Aomori Prefecture. Another 44 turbines 
are set to come on stream in the four towns and villages in the 
peninsula by October 2006. 

In this context, the challenge to the world renewable energy development 
would be how to encourage developing countries, which are expected to 

100 



Market Alec/ia iii sins a ad Ilic Use of Rca ru 'a b/es 

need higher generating capacities to fuel their economic and social growth 
to consider renewable sources of energy as a viable option. 

How to encourage developing countries to consider renewable sources of 
energy as a viable option to upstart their economy and growth remains the 
biggest challenge to RE development. 

Market Structure and Mechanisms 

The physical flow of electricity from the generation sector down to the end-
customers is practically the same anywhere in the world (Figure 6): power 
generators produce electricity at high voltage, e.g. 500 kV, which in turn pass 
through a network of transmission lines, transformers that bring down the 
voltage useful to the end-user in the ease of American households, for 
example. 110 volts and for Europe, 220 volts. 

Figure 6: The Market Mechanism 
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What varies from country to country is the ownership structure among the 
various industry players - generation, transmission and distrihution compa-
nies - and with it, the financial flows and corresponding government regu-
lations. The interplay of these factors determine the tariff structures and 
ultimately, the viability and financeability of a given power project. 

Renewable Energy and the Challenge of Financing Tools 

Renessable energy (RE) could serve a significant portion of the growing 
power needs of Asia. Many factors underscore the need for policies mandat 
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ing inclusion of RE into the energy mix of Asian economies: 

• 	The continued existence of significant populations situated far from 
electricity grids; 

• 	the continued high levels of fuel importation in the face of the ris- 
ing costs of fossil fuels; and, 

• 	the need and pressure to reduce greenhouse gasses worldwide. 

It is easy and politically fashionable to pronounce green energy as a funda-
mental policy objective. Yet, public pronouncements without resources will 
do little to make RE more viable in the region. 

It is useful to survey the differences in RE dissemination within the energy 
sectors in Europe and in Asia. Comparing the two regions highlights a cou-
ple of significant issues and barriers to market-driven, widespread use of 
renewable energy technologies and in turn, brings into question some 
aspects of current CDM regimes. The following issues summarise some of the 
basic, underlying structural challenges which confront market-based RE 
development in Asia: 

• General market resistance/hesitance to accept new RE acting as both 
cause and effect for RE development in Asia; this creates a higher devel-
opment cost and slows entry to market of new RE. 

• 	Financial market immaturity in Asia resulting in a lack of the right kind 
of financial tools to match different risk profiles of both buyers/propo-
nents of RE projects and markets in general; financing tools must be cre-
ated which address underlying market differences which help explain 
differing pace of renewables development. 

• 	Lack of policy co-ordination to stimulate development of a broader slate 
of financing tools and to level the price playing field with traditional 
fuels. 

All RE technologies carry a higher initial capital cost than that for almost 
any traditional or fossil fuel-based energy. An example is presented as Figure 7. 

1O2 
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Figure 7: Cash Flow of Solar vs. Diesel 

COST 

TIME 

Note: NPV = Net Present Value 

If Asia is to more broadly emulate the developed economies such as Europe 
in their growing use of RE, different financing tools need to be developed. 
Financially burdened Asian governments will not be able to directly finance 
substantial increases in RE usage, so market mechanisms must be fostered 
which supplement Asian government financial support and policies. 

Figure 8: Cash Flow of Solar and Project Finance 

The challenge of project finance for solar 

is to move this lump here 

COST I 11Tl'T 	.7 	 ... tohere. 

TIME 

Apparently, the objective should be to devise mechanisms which recognise 
the ongoing comparative cost-savings of REs and create financial tools 
which use this life-cycle cash savings to offset the initial higher capital out-
lay requirements for REs. 
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As currently proposed, Clean Development Mechanisms (CDMs) are designed 
to function as such market-based financing enhancement mechanisms to 
improve the "financeability" of marginal renewable energy and energy effi-
ciency projects in comparison with competing, carbon-based energy produc-
tion options. However, in Asia the challenge is not only the initial cost-dis-
advantage of RE vs. fossil fuels, but the broader issues noted above which 
must first be overcome in order for CDM to be truly effective in Asia. 

Emphasising support for the optimal local renewable energy resource avail-
able (e.g. wind in the UK, France, Netherlands; wind and solar in Germany; 
wind, solar and geothermal in California; solar in Australia) governments in 
Europe and the US have made strategic commitments to fostering the use of 
cleaner burning fuels through market-based mechanisms which allow for 
customer demand to drive the application of tax-incentives and other finan-
cial incentives. 

This assures that the right technology mix meets actual customer demand-
and in turn has a demand generation benefit which further increases the util-
isation of RE technologies with a minimum of government-intervention or 
technology selection. 

Asian Realities 

Owing to their geographic situations and zones, countries in Asia are 
endowed with immense solar energy potential and some places are also con-
ducive to harnessing wind power. Moreover, given the level of dispersion of 
rural communities and the recent developments of alternative energy tech-
nologies, decentralised exploitation would be the best strategy. There are 
many regions that, due to their remoteness from classical energies, are still 
deprived of electricity supply. 

In such a context, it is clear that decentralised generators are crucial to the 
development of these zones. Photovoltaic systems cater to most important 
local demand for low tension (less than 220 kW) in rural areas namely, vil-
lage water supply, irrigation systems for small market gardens and electrici-
ty for community amenities. 

Renewables in Asia are often forced to compete on the same footing as car-
bon power. Fossil fuels like coal receive substantial subsidies, including ini-
tial investments that are not factored into the true cost of power. The exter-
nal cost, however, is not taken into account. 
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Users resist payment for small-scale energy. This has limited the use of 
renewables in the marketplace. In fact, to date, energy policy and financing 
mechanisms available in most Asian markets have tended to distort market 
demand and hinder the competitiveness of renewables through the use of 
direct and indirect subsidies for traditional, carbon-based power sources 
(especially coal, diesel and other heavy fuel oils) and a historic reliance on 
grant-based official development assistance—ironically, often from the very 
countries that are promoting CDM approaches (Europe, Japan, US). Yet, con-
tinued use of carbon-based power sources such as diesel further limits the 
country's ability to develop energy independence and create a sustainable 
energy regime. 

Risk on investment in renewables requires some additional willingness on 
the part of government to invest in "market development" and pricing equal-
ity—including pricing in the cost of emissions, future costs of fuel, and mar-
ket infrastructure creation. 

Many Asian countries have to translate general policy statements supporting 
the use of renewable as a reliable energy component of its overall energy 
mix. Specifically, many have not implemented programme financial incen-
tives designed to foster competitiveness of appropriate renewable energy 
technologies in the local marketplace and catalyse the acceptability and 
demand for renewables at the local level. 

But, as will be noted, there is also a fundamental issue of maturity and flex-
ibility of financial markets and the creditworthiness of end users/borrowers 
in Asia that make sourcing of financing difficult. 

A Renewable Energy Financing Model 

The major barrier hindering more widespread use of RE in Asia is the mis-
match of currently available financing tools and techniques to the perceived 
risks and market immaturity in most Asian markets. This becomes especial-
ly apparent when comparing Asian markets with more developed markets in 
Europe. 

The structural difference between the traditional power sector and renewable 
energy power delivery leads to different financing requirements, especially 
in Asia where there is very little grid-tied renewable energy - which would 
involve a power distributor to help facilitate financial flows between gener- 
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ator and consumer. Creating a more regularised market for renewable ener-
gy would require better matching of the capital requirements for installing 
RE with the avoided-cost cash savings to be realised from the use of renew-
ables in comparison with, for example, a diesel generator. 

Figure 9: Source Of Revenue For Project Finance 

Theoretically, the financing can be done if. 

the savings as the source of revenue 

COST 	will be sufficient to cover the amortiszation of the financino 

- 	+ 
Sav, nas 

TIME 

The financial benefits of RE are derived from the avoided cost savings in 
operations and maintenance (OEtM) requirements realised over the life of the 
systems. In most Asian markets, there are no financial tools which are 
recognise these savings'. Financing for RE could be brought into the main-
stream if these savings could be utilised as a means to amortise the higher 
initial capital cost of renewable energies as in Figure 9. 

Figure 10: The Riskiness Of The Revenues 

> 	NPV 
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In developed economies, the combination of government support, reasonable 
risk profiles of borrowers/implementers of RE and reasonable expectations of 
payment by end users of RE work together to make this possible. Financing 
mechanisms for solar projects are steadily broadening because it is perceived 
that the cash flows of RE will have a higher net present value than traditional 
fossil fuel based energy sources, as indicated in Figure 10. 

This requires a broad acceptance of the risk profile of RE "revenues" by all 
the parties involved: energy developers who are willing to invest in a RE 
project due to confidence in the technology, availability cf government 
financing incentives, mandates by the government for RE utilisation, finan-
cial institutions who have confidence in the technological reliability of solar, 
acceptance of the risk profiles of the various parties - end users, borrowers, 
etc. This means that the revenue and savings projections which might be 
expected are considered reliable to all parties. In turn this means that a 
broader range of financing tools can be developed which will increase 
affordability and market acceptance of renewable energies - which will in 
turn increase sales volumes for suppliers, thereby further lowering prices and 
further lowering the perceived risk of the revenues. 

If, however, there is a perception of higher risk associated with the project-
ed revenues, financing for renewables will be difficult to execute because the 
quantity of savings will no longer match the initial capital cost outlay suffi-
cient to cover amortisation. 

The European Experience 

Figure ii: The Riskiness Of The Revenues 
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In Europe, there is growing acceptance of the various risks involved. In addi-
tion, the many risks expected of developing economies, as shown in Figure 
11, are not major concerns in developed markets like Europe. 

Europe continues to heavily promote the use of renewables. In 2002, the 
nations of Europe invested 5.8 billion Euros (approximately US$6.3 billion) 
to add 5871 MW of new wind power capacity. Installed wind power capaci-
ty in Europe grew by 33% to reach 23,056 MW. 

According to a report produced by the European Wind Energy Association 
(EWEA), wind energy in Europe is now generating as much power as 20 mil-
lion tonnes of coal in traditional power plants. Germany, Spain and Denmark 
accounted for 89% of the wind power capacity installed in Europe in 2002. 

Wind energy development in countries such as Norway and Poland added 
another 112 MW to the European total. 

The success factors for RE projects in Europe are different from one country 
to another. An important factor is to verify the abundance of renewable 
energy available at the planned site, in this case wind, solar energy, waves, 
etc. Good resource sites are a prerequisite for high project revenues, which 
determine project profitability. 

In Germany, the main success factors have been (a) the feed-in tariff which 
offers attractive remuneration and satisfactory security planning; and, (b) the 
wide spread application of the closed-end funds scheme that creates the pos-
sibility to involve local residents directly into this new market thus signifi-
cantly reducing public objections. 

In Spain, the success of renewables development can be attributed to its high 
energy potential, the stable legislative framework of electricity generation 
and the development of administrative procedures at regional level. 

Factors facilitating renewable energy implementation in Europe include: 

• Research, development and demonstration support; 

• subsidies on investment and fiscal measures on investment; 

• 	feed-in tariffs; 

• bidding procedures; 

• renewable portfolio standards (RPS)/quotas; 
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• 

	

	green emissions credit certificates; 

negotiated agreements; and, 

regulatory and market framework. 

Challenges vis—a—vis the European Experience 

The path that Asian countries should take has yet to be defined. The avail-
ability of financing for renewables in Asia, especially from financial markets 
and traditional lenders, is much more difficult - and costly - to structure. 
This is true for many types of financing and lending in Asia, but is particu-
larly pronounced and difficult to overcome in renewable energy financing. 

Country risks, technology risks, operational risks, and market risks are all 
considered much higher in Asia than Europe. As a result the riskiness of the 
revenues - of the savings benefit of using renewables vs traditional power 
sources - is considered much higher and hence financing is more costly. 

As a result, renewables are installed much less frequently, supplier chains are 
much less developed resulting in poor maintenance/service. End user accept-
ance due to unfamiliarity and failure of systems is much lower and overall 
system costs higher. Within this context, a mechanism like CDM will be able 
to do little to catalyse widespread RE programmes due to the lack of under-
lying market maturity. 

Figure 12: Availability Of Project Finance 

Project finance for ordinary IPP and grid-based projects 
have tenors of 2-15 years. 

This type of financing... 
COST 

Will require much longer tenors. 

TIME 

One additional issue relating to riskiness of revenues is particularly germane 
to discussions of project financing for renewable energy programmes. The 
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strength of the cash flow benefit to a renewable energy project is only 
realised over the life cycle of the renewable energy system itself. Most 
financing tools available for energy project finance are designed for tenors 
matched to the life cycle profiles of traditional fossil fuel energy technology 
(Figure 12). 

The longer life cycles of most RE technologies mean that the revenue bene-
fit accruing to their uses last much longer than traditional energy systems. 
In Europe, financing mechanisms are now being designed and implemented 
which better match the longer life cycles of RE. The longer financing tenors 
relies, however, heavily on the perception that longer financing life cycles 
are reasonable due to limited project risks as noted above. 

Figure 13: Market Mechanisms 

Ability to monetise desirability of effects of RE e.g. carbon credits. 

Effect 

Putting less stress on the revenue 

COST 	 and tenor of the financing 

TIME 

Market-based mechanisms are key to broader utilisation and acceptance of 
RE in Asia. The Clean Development Mechanism (CDM) is considered to have 
the broadest possible application in making project financing possible for RE. 
Using the CDM has the effect of shoring up the strength of the revenue 
stream over time. 

It is available over the life of the RE project and helps to lower the initial 
capital cost profile of RE projects. Nonetheless, CDM alone especially in the 
current Asian context - will have only limited impact due to broader struc-
tural challenges which undercuts the financeability of RE projects. 

CDM can be supplemented by straight subsidies dedicated to various stages 
of the RE industry. Again, the next effect in a financing context would be to 
lower the stress on the revenue stream. Subsidies in the developed world 
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come in a variety of fotins - to REtD firms/manufacturers, tax credits to buy- 
ers, rebates from utilities, etc. - and are effective as a complementary sup- 
port mechanism when used in concert with other policy and financing tools. 

Figure 14: Market Mechanisms Available 

• Straight subsidy on the cost of the technology to help in competLtive 
markets 	 Effect 
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However, subsidies are a direct cost to the public sector (usually) and when, 
as in Asia, public sector finances are already limited, they may be difficult 
to translate broadly into developing markets without strong 
multilateral/donor support. Subsidies of RE are shown to be most effective as 
in Europe when utilised as a complement to mature financial markets which 
perceive the risk of RE project revenues as acceptable over the long term. 

Perhaps most important to hindering or catalysing widespread acceptance of 
RE is the quality of the buyers of RE - whether private consumers purchas-
ing household systems or industrial/institutional buyers and utilities pur-
chasing RE for stand alone or grid-tied applications. The creditworthiness 
and behavior of the buyers must conform to the expectations of 
lenders/investors and must form the market foundation upon which the 
incremental tools noted above stand (CDM/Green Credits, subsidies/rebates, 
longer lending regimes/tenors). 

Customer quality will dictate market-based financing tools. General pur-
chasing power, credit history and behavior, asset base and access to asset 
titles will all influence the perception of lenders to the riskiness of the rev-
enues and hence the cost of financing. Fundamental customer quality in 
Europe is generally much higher than in Asia - whether consumer or insti-
tutional/utility/public sector. This means lenders will maintain more conser-
vative lending policies towards almost all potential buyers of RE. 
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Figure 15: Market Mechanisms Available 
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This is a well recognised issue in policy efforts to promote a market based 
approach to renewables. Some programmes, such as the World Bank's PV 
Supplier programme implemented in Sri Lanka, Indonesia and the 
Philippines, try to address the poor creditworthiness of small, individual buy-
ers of RE through a mix of credit support, guarantees, and subsidies. But such 
programmes are still largely isolated examples and a broader RE utilisation 
will be dependent on addressing customer quality issues. 

Ironically, ODA programmes are often a hindrance to RE development. Often, 
market based applications of RE face competition not from other business 
competitors based on normal cost-based competition but from particularised 
grant or low-cost financing based ODA programmes ostensibly designed to 
catalyse use of REs but in reality vehicles to force feed a particular national 
technology approach. 

These programmes also focus very little on creating an atmosphere of sus-
tainability for the technologies installed and do not require full cost-recov-
ery and user-payment schemes for technology installation. As such, installed 
systems are often left to fail due to little community/consumer buy-in, there-
by creating an additional barrier to market entry—consumer mistrust of any-
thing but diesel-based electricity. 
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Sum mary 

When one reviews the state of development of energy sector utilisation in 
Asia and Europe and compares the actual implementation experience for RE 
projects between the two regions, one can discern the following themes: 

European countries have developed relatively clearer policy and finan-
cial regimes to stimulate market acceptance of RE. 

Many policy regimes in Asian countries are still being developed or 
are not backed up by clear financial incentives (tax breaks, rebates, 
investment incentives). 

These policies are premised on the smooth functioning and creative 
adaptability of the financial markets to new opportunities created out of 
these policies. 

Financial markets in Asia are less capable of offering financial 
instruments, such as bond flotations for public utilities, which could 
be used to support RE financing. 

• The financial markets in most of the European countries are mature and 
well developed and can adjust quickly to the different risk elements 
which might be introduced by a RE project. 

Asian financial markets have not been as quick to adapt to nascent 
RE-related opportunities, driven largely by the issues previously dis-
cussed. 

Project proponents in Europe are often more creditworthy than in Asia. 

• The use of CDM-like mechanisms such as Green Credits can effectively 
address those risk and cost issues which differentiate RE vs traditional 
energy solutions. 

CDM in Asia has been slow to develop due to lack of market matu-
rity related to all of the issues above, and will likely continue to be 
slow in future development. 
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The lack of market maturity for RE in Asia of—both financial markets and 
end-user/project markets—creates risk of under-utilisation of CDM tools for 
projects in Asia for some years to come. The objective should be to devise 
mechanisms which recognise the ongoing comparative cost-savings of REs 
and create financial tools which use this life-cycle cash savings to offset the 
initial higher capital outlay requirements for REs. 

A number of institutional barriers hinder the development of a robust RE 
market which in turn limits the opportunities for CDM project financing 
deals. A few examples suffice to highlight some of these issues: 

Complexity of risk coverage. In Asia, project financing requires several 
layers of cascading guarantees, which can be done theoretically, but 
requires participation by many different institutions. The perceived risks 
to be covered in Asia include political risk, repayment risk, regulatory 
risk, performance risk and technology risk (because of lack of aware-
ness). 

In Europe, because of the stable regulatory environment the only risks 
to be covered are repayment risk and performance risk, which are rela-
tively easy. Repayment risk is covered through standard credit evalua-
tion procedures. Performance risks are covered through simple extended 
product warranties, relatively inexpensive credible service agreements 
and reliable recourse process in case of default. 

Availability of affordable debt instruments. In Europe (and in the US), 
the municipal and other public bond markets offer access to relatively 
inexpensive debt. These markets also offer reliable methods (to other 
financial institution) of verifying customer credit. These bond markets 
have now become accessible for solar projects. In Asia, such instruments 
either do not exist (depending on the country) or are extremely complex 
and costly. 

Cost of equity. In Europe (and in the US), the return expectations for 
equity are priced based on overall market risk, which is generally per-
ceived as limited, and only have to factor in repayment risk. In Asia, 
there is frequently a perception of higher political and regulatory risks 
which require that the return on equity to consider these external, but 
real, risks. 

114 



Market Mechanisms and the Use of Renewables 

• Regulatory environment. In Europe and the US, net metering rules have 
been standardised and are predictable. In Asia this is non existent. Buy 
down incentives that factor in environmental benefits and power relia-
bility (and capacity issues) have been institutionalised. Again, this is not 
the case in Asia. 

Environmental attributes. These have been monetised in Europe and the 
US. For example, a kWh of solar produced electricity can be "sold" for 
0.55 Euros for 20-25 years. In Europe and other developed economies, 
there is a renewable energy portfolio standard that requires the electric 
service providers to install a minimum amount of RE MW capacity (or a 
certain amount of percentage of TPES from RE) by certain target dates. 
They can do this by either directly installing RE systems or by buying 
RE certificates in the market created. 

The going rate in the US is about $150 per MWh. Failure to comply will 
require the electric (and gas) service providers to pay $300 per MWh, in addi-
tion to other penalties. This revenue, which is over and above the revenue 
from energy sale and the buy down incentives, makes solar project financ-
ing attractive. 

Another example that can be given is that the New York Power Authority 
(NYPA) called a bid wherein the successful bidder will own and operate a 3 
MW system for twenty years in return for which NYPA will pay 5 cents/kWh 
for energy, $180,000 per year for capacity (approximately 5 centsf kWh for 
solar capacity) and $200 per MWh for renewable energy certificates. Such 
incentive programmes do not yet exist in Asia and are widespread in vari-
ous forms in Europe. 

Countries must implement additional policy and fiscal incentive support 
which could catalyse a more reliable renewables market and create a level 
playing field for renewable energy to compete with conventional energies in 
marketplace. This means, of course, developing market driven financing 
mechanisms which enable buyers of RE to finance their systems over longer 
periods and which can supplement the benefit to be derived by CDM and 
other "green credit" mechanisms. 

In Europe and other developed economies, there exist numerous creditwor- 
thy buyers of energy projects who are able to consider purchase of renew- 
able energy systems based on an array of established financing tools and 
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also whose buying decisions are influenced by the supplemental benefit of 
green credits or other CDM-like tools as well as various tax and fiscal/rebate 
incentives. 

Although geographical location greatly affects the availability of potential 
RE and project proposals, many countries in Asia have experienced difficul-
ty in commercialisation due to market distortion. The major reasons for the 
sluggish pace of commercialisation of RE technology in Southeast Asia as 
compared to other countries include: lack of energy data in specific sites, 
high initial costs, lack of access to financing, low public awareness, lack of 
working units, no local manufacturers and distributors, no clear financial 
and fiscal incentives, and generally a low level of technology awareness. 

Energy data are needed for the reliable estimation of renewable power in a 
country. Such data are needed to enable governments, multilateral develop-
ment banks, private developers, and others to determine the priority that 
should be given to renewables and to identify areas that may be suitable for 
development. The installed demonstration projects are also found to be 
expensive. If provided with cheaper costs of renewable energy systems, 
resurgence of interest in investments may be expected. 

The public plays a very crucial role in the development of renewable tech-
nology. Unlike in Europe, there is a low level of public awareness in devel-
oping countries in the usefulness of technology due, in part, to the lack of 
working units. If there are available units, some are not working due to tech-
nical problems thus giving technology a bad image. These problems include 
faulty designs, inappropriate system components, poor spare part supply, and 
the like. Insufficient expertise and technical know-how to design, operate, 
and maintain the system is also rampant in the Asian developing countries. 

Only a number of Asian countries have policies that support the development 
of renewable energy. On the contrary, some of them give more priority to the 
development of conventional energy sources, thus there is limited funding 
and incentives for renewable energy development. If these data are looked 
into, and with the help of investors, lenders, and developers, governments in 
these countries may yet be able to focus on developing RE technology that 
can contribute power generation for its electrification programmes. 
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Abstract 

Economic rapid increase of renewable energies requires strong political com-
mitment, clear legal rules, ensuring investor's confidence and awareness of 
the need to get the market prices on the overall electricity market right and 
to internalise externalities. The following paper gives an overview on differ-
ent support schemes, on typical failures and on best practices, in Asia and 
in Europe. 

A more detailed renew on different support schemes can be found in the recently published docu-
ment: Reflections on a Possible Unified EU Financial Support Scheme for Renewable Energy Systems 
(RES): A Comparison of Minimum-Price and Quota Systems and an Analysis of Market Conditions, 
by EREF (European Renewable Energies Federation) and the World Watch Institute, Authors: Ddrte 
Fouquet, Claudia Grotz, Janet Sawin, Nikos Vassilakos, Brussels and Washington, DC January 2005, 
www. eref-eu rope. org  
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Financing for renewables is often regarded as a difficult and problematic 
business. However, the common opinion that there exist automatic problems 
when addressing financing of renewables is not necessarily valid. A problem 
arises only when the energy sector in general in the respective region or 
country is chaotic, anarchic, or uncontrolled, dominated by often subsidised 
traditional power suppliers and lacking any ambition, or political willingness 
to really "go for it", or lacking any targets or any approach towards a level 
playing field for renewables. Financing and organising financial support for 
renewables in the energy sector is also different from non-renewable, con-
ventional power plant construction. A lot of training and creativity and 
awareness building are required in all public and private financial institu-
tions and governments need to respond to the specific characteristics of the 
renewable sector. Renewable Energy Systems (RES) requires "new thinking, 
new risk-management approaches and new forms of capital" 2.  

Because of increasingly outdated energy supply facilities, especially and also 
in Europe, the European as well as the world energy capacity in general must 
be renewed or re-enforced during the next decades with a considerable 
amount of capital required. The International Energy Agency (lEA) has 
pointed out in its World Energy Investment Outlook 2003—that US$16 tril-
lion would be needed worldwide in the energy sector over the next 30 years 
to maintain, replace and expand infrastructure. One may not agree that 
some of the priorities identified by the lEA, such as increased amount of 
investment required for oil and gas exploration and infrastructure, are help-
ful and one may regard this more as an obstacle towards a new sustainable 
energy structure. But one may realistically consider the fact that billions of 
dollars will be spent in numerous energy sectors, particularly as the oil prices 
remain high and the concern over energy security has caught the world's 
attention. Diversifying the supply of energy sources by increasing the share 
of renewables' share in energy mix rather than exploiting and relying on 
more sources of oil has been recognised as a promising solution to not only 
the energy security issue but also to the changing climate. 

Renewable energy sources will have to compete for the capital needed and 
the investment decisions to be taken. Sound supportive legislative models for 
RES in general must help to find and ensure the necessary financing for RES- 

Virginia Sonncag-O'Brien, Eric Usher: Mobilising Finance For Reneu'able Energies, Thematic 
Background Paper 6,Januarv 2004, Editing: Secretariat of the International Conference for Renewable 
Energies, Bonn 2004, page 4 
lEA World Energy Investment Outlook, 2003, Insights, Paris 2003, page 25 
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based systems in the energy market against the background of a still absent 
level playing field. 

As Professor Mohssen Massarrat underlined in 2002, the world needs a 
"Strategic Alliance for Entering the Renewable Energy Age". It is clear that 
"transition to a new order requires an all-embracing strategy, which must 
essentially take persistent account of three criteria; it also requires new polit-
ical alliances". 4  

The strategy's three criteria are: 

Effectiveness and low transaction costs; 

benefits for the producer and the demand side in the sense of a 
win-win strategy, through social acceptability, minimisation of 
conflict, potential and planning security; and, 

compatibility with market regulation mechanisms. 

We are facing a considerable and growing business sector worldwide: 
"Renewable energy is, in fact, a multi-billion dollar industry and the most 
dynamic sector of the global energy market. Globally installed renewable 
energy capacity is expected to more than double over the next ten years from 
approximately 130 GW in 2003 to 300 GW in 2013". The lEA underlines 
that the five largest countries in the world outside the OECD - China, Russia, 
Indonesia and Brazil- will need about a third of global electricity investment; 
transition economies and developing countries will account for about 600/0 6• 

Why Support Renewables? 

The purposes of facilitating sustainable development of energy supply are 
multi-faceted, including for the sake of protecting our climate, nature and 
the environment; for reducing the costs of energy supply to the national 
economy in the long run; for conflict-prevention over fossil fuels by 
enhanced energy security and promoting the further development of tech-
nologies; and, for the generation of electricity from renewable energy 

See Prof Dr. Mohssen Massarrat, University of Osna truck, Department of Social Sciences, paper 
"entitled 'Strategic Alliance for Entering the Renewable Energy Age", presented during the World-
Council-For-Renewable-Energy (WRCE) meeting in Bonn, June 2002 
Virginia Sanntag-O'Brien, Eric Usher: Mobilising Finance For Renewable Energies Thematic 
Background Paper,Januarv 2004, Editing: Secretariat of the International Conference for Renewable 
Energies, Bonn 2004, page 1 
lEA World Energy Investment Outlook, 2003, page 28 
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sources. Perhaps one of the best legal descriptions currently available in 
national legislation is the wording of the first paragraph of Article 1 of the 
modified German Renewable Energy Sources Act of July 21, 2004. The arti-
cle sets a target to increase the percentage of renewable energy sources in 
power supply to at least 12.5% by 2010 and to at least 200/0 by 2020 . 

One of the main questions raised in the field of energy law is why do renew-
ables need support models to enter the market at all? Apart from some tech-
nologies, such as photovoltaics, they represent established technical maturi-
ty/advantage and a state of development which has long passed initial pilot 
phases. 

It is clear that many countries and regions have a system in the energy sec-
tor which is closer to a stronghold of former national/public utilities work-
ing on a pseudo-liberalised action field and often with even more strength 
and economic power than before liberalisation. Entrenched monopolies and 
oligopolies keep competitors out. Private barriers to trade replace many that 
were previously created by the state. There are almost paradoxical situations 
in some countries concerning the energy market situation. In Germany, for 
example, the opening of the European energy market created a situation 
where some former large utilities became stronger and the concentration of 
market power is extreme. Although Germany fully liberalised its energy sys-
tem, the consequence was not an increase in competition but a decrease in 
companies active in the German market and an increase in concentration of 
power in the hands of a few big utilities. After liberalisation, 80% of the 
German market is dominated by four big utilities, EON, RWE, Vattenfall and 
EnBW. 8  From approximately 900 communal power suppliers, more than 190 
have given at least a minority share of lO°/o to the big utilities, E.ON and 
RWE. Via these shares the big suppliers ensure that they supply the commu-
nal supply companies and that those do not invest in their own new pro-
duction capacities 9 . 

See full text of the English version of the EEG on the webpage of the German Ministry for Environment 
www.bmu.de  
Strom mhrkte GDE - Grundiage der Elektrotechnik, Joana Tomassewaki, Peter Herbst, Alexander Boeps, 
page 6 
Bund des Energieverbraucher, h ttp://lvww. energienetzde/ 
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The following figure underlines the inter linkage and dominance of the 
aforementioned big utilities and with major financial institutions: 

Figure 1: Ownership relations in the German Power System 

100%  

lnrnkeich 	J 	EDF 	 KnIIW 

	

1100% 	I 
KonuivawJ 

Dp" Vatteitt AR (11W 

I 	 3l,575%I______ 
IF 	

89,28% I 	h1 

31,573% 
cosag 

RW 	VattenraflEur.pe 	 __________ 

100% 	
11,95% 	5,8% 

E.ONRAO- 	Thflgii 1 
Societe 	,J Beteih1&ongs-  

L 	I 	I 
1,9% I 

100% 1 
LON  KAC. Degin 9 14 

5% 
43% I 

H)po 
100  Mikadma 3,6 

 I 	P0wc1en 

_Coimn' 
 

bank 

Z10D 1% 

31,8414
2I48% 

 Ewcbypo

_ 4,114 
Dretdner ROOk 

Bwk 

Stand 2004 (Dantefbmg Coqbath) 
(UW1 EMctfldtti tie Fmoce GF1 Gaz tie haaW 

l•,,1j,,,, ,,,, \l,,, 

Politics often failed in the recent past to acknowledge or recognise that 
enabling utilities to go shopping beyond their former boundaries of region-
al monopolies did not lead to an open market but to a concentration of 
power. 
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And as always, this has to do with money and the fact that some big utili-
ties were less constrained before liberalisation than independent power pro-
ducers, especially traditional communal power suppliers. Communal power 
suppliers in the past in Germany, for example, were obliged to return their 
benefits to the municipal budget pay for social services, such as health care, 
schools, theatres, sports. 

Following liberalisation, they started without important reserve funds. But 
large existing utilities, especially those with nuclear power facilities, had an 
important amount of money in their accounts, especially including approx-
imately €60 billion as tax free cash reserves for the future dismantling of 
nuclear power stations'°. With these funds, the former big regional players 
went on a national and international shopping spree which subsequently led 
to market concentration. The then German Economics Minister, Dr. Werner 
Mueller, gave a waiver in 2002 to a merger between E.ON and Ruhrgas, the 
dominant national gas supplier, although it was obvious and acknowledged 
by the government that it violated the national cartel law. The waiver was 
justified on the grounds of national public interest. Recently it became 
apparent that one major German Regional bank may have given a very low 
interest loan to the new Finnish European Pressurised Water Reactor (EPR) 
Nuclear Power project, amounting to £1.95 billion for an interest rate of just 
2.6%. The whole nuclear facility cost €3 billion." A RES project would never 
get such cheap financing but would at least have to work with interest rates 
around 40/0 in Germany' 0 . 

France is an another example where the national public utility acquired 
companies or important stakes in companies in their neighboring countries 
and especially in Central and Eastern Europe on an important scale. 

It is estimated that harmful subsidies to the traditional fossil and nuclear sec- 
tor amount to US$250 billion worldwide per year' 3 . As long as this is the 

0  A conservative sm which is based on estimates since no clear accounting concerning these funds is 
available in Germany. The amount was not questioned by the German utilities during the recent 
annulment case before the European Court of First Instance T - 92 / 02 Stadtwerke Schwa bisch I-fall 
GmbI-1 (Communal Power Supplier) Cf al. against Commission of the European Communities, second-
ed by: EON Kernkraft GmbH Ct al.. The case is on the side of the Communal power supplier presented 
by Dr. Dörte Fouquet. 
From minutes of the 19th Session of the Bayerischer Landtag, 29.6.2004, Bayerischer Landtag, 15. 
Wahlperiode, Plenarprotokoll, 15/19, page 1278. 
EREF filed in 2004 an official complaint to the European Commission underlining the above loan 
structure risk and further infringement of EC law, www.eref-europe.org . 

0  José Goldemberg, Thomas.B.Johansson, World Energy Assessment, Overview, 2004 update, United 
Nations Development Programme, UNDP 2004, page 72. 
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case, and as long as other mechanisms such as internalisation of external 
costs are not achieved, compensatory support systems to the renewable sec-
tor will be necessary. That means also that it is not the renewable energy 
which is too expensive but the traditional energy which is made to be too cheap. 

How to Support Renewables? 

Incentives for renewables can be evaluated with the following factors: 

• 	Important short- and medium-term increase of green electricity pro- 
duction - "delivery test"; 

• 	reliability of the system to ensure financial viability for investors; 

• 	level playing field in the overall energy market strategy; 

• 	abolition of harmful energy subsidies to the traditional sector; 

• 	internalisation of external costs: 

• 	clear planning and administrative structures in favour of RES; and, 

• 	enforcement clarity. 

Major schemes to promote RES include: 

• 	Specific subsidies for research and development; 

• 	capital investment or loans to investments; 

• energy taxes with specific renewable promotional fund schemes 
attached to it; 

• 	legislative RES production support models; and, 

NON I26 
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specific international instruments after Kyoto—CDM and JI which 
will not be discussed intensively in this paper. 4  

Grid—related Legislative RES Support Models 

Support models vary from country to country and from region to region. 
Normally there is a set of different support schemes in one country or region. 

One should not advocate in general a single model in Asia or in Europe but 
what should always be asked is, which model will deliver rapid increase of 
share of renewables in the electricity market and under which circumstances. 

Models with heavy administrative burdens and only little output in 
megawatts have not proved to be successful and should not be sustained by 
politics, due to high transition costs. 

According to the World Watch Institute, there are five major categories of 
relevant policy mechanisms in favour of RES development: 

• Regulations that govern capacity access to the market/electric grid 
and production or purchase obligations; 

• 	financial incentives; 

industry standards, permitting and building codes; 

Kvoto instruments 
Kyoto instruments CDM and JI provide a new source offinance for RE projects, capacity Development 
is needed to help the mainstream fInancial community understand renewable energy project opportu-
nities and risks. 
Joint Implementation (ii) according to article 6 of the Kyoto Protocol. Under which falls projects for 
climate protection and they were done in co-operation with various parties. The reduction in emis-
sions which were generated will be divided among the signatory states. 
The Clean Development Mechanism (CDM) enables industrialised countries to contribute to their e,nis-
sions reductions obligations. Organisations that are idealistically motivated are also implementing cli-
mate protection projects. 
Emissions reductions have to be additional to any reduction that would have happened without the 
Kyoto Protocol. Article 12 of the Kyoto Protocol gives the following definition: 
The purpose of the clean development mechanism shall be to assist Parties not included in Annex! in 
achieving sustainable development and in contributing to the ultimate objective of the Convention, and 
to assist Parties litcluded in Aitnex 1 in achieving compliance with their quantified emission limita-
tion and reduction commitments under Article 3. According to UNFCCC the value of the ERU/CER 
shall significantly improve the financial and/or commercial viability of the respective project activity. 
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• education and information dissemination; and, 

stakeholder participation. 5  

Europe can already look back at a history of support models for renewable 
energies. Some have worked excellently, some have not delivered enough 
growth up to now and some seem to provide merely lip service. 

In a competitive marketplace, support models for renewables to enter the 
market independently are needed. Having underlined, the failed opening of 
the traditional energy market especially in Germany, one should now equal-
ly stress with all respect the efforts of three consecutive German govern-
ments (from the former conservative-liberal government under chancellor 
Kohl to the social democratic-green governments of chancellor Gerhard 
Schroder), and especially the German Parliament since the mid 1990s, which 
all have undertaken to ensure a rapid growth of independent power produc-
tion in renewables, always with overwhelming support from most parties of 
the German Parliament. The recent Bonn Conference on Renewables can be 
seen as important international acknowledgement of this positive policy. 

Currently in Europe, the majority of countries have installed feed-in systems 
(FIT). Denmark had abandoned this system in recent years but appears to be 
returning to it. Countries are currently applying FIT include especially 
Austria, Germany, France, Spain, the Netherlands, Greece and Portugal. 

Belgium recently chose a mix between a feed-in and a quota system and will 
evaluate the rate of increased installed capacity within the coming years. 

Main Principles and Examples of Different Support Mechanisms 

In the European Union (EU), only minimum price systems, have clearly 
demonstrated the capability of increasing installed capacity. The minimum 
price system is characterised by a legally determined minimum price and a 
general duty to purchase "green" electricity by the grid operator or utility. 

Janet L. Sau'in, Christopher Flavin, National Policy Instruments: Policy Lessons for the Advancement 
a Dffusion of Renewable Energy Technologies Around the World Thematic Background Paper 
December 2003 Bonn International Renewables Conference, page 2 
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The major elements of the German feed-in law, for example, are: 

• 	Priority connections to the grid for general electricity from plants 
generating electricity from renewable energy sources and from mine 
gas within the territory of the Federal Republic of Germany, includ-
ing its exclusive economic zone (territorial application of this act); 

• the priority purchase and transmission of, and payment for, such 
electricity by the grid system operators; and, 

• the nation-wide equalisation scheme for the quantity of renewable 
electricity purchased and paid for. 

Grid system operators shall immediately and as a priority, connect plants 
generating electricity from renewable energy sources to their systems and 
guarantee priority purchase and transmission of all electricity from renew-
able energy sources. The grid system operators shall pay fees -which differ 
depending on the source of RES electricity and the location of the installa-
tion - for electricity generated in plants exclusively using renewable energy 
sources. 

The relevant upstream transmission system operator must pay for the quan-
tity of energy which the grid system operator has purchased and paid for. He 
then transmits the supplementary payment for RES down to the final con-
sum e r. 

129 
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Figure 2 underlines, the success of FIT systems is underlined: 

Figure 2: Overview Concerning the Annual Growth Rate for Wind Energy 
in EUI5 

1.377 

271, 

	

Newly installed 	196 
capacity 

	

in megawatts 	116 

7' HIt  7000 P,00  1110 	500 	0 

I 	m,n 

Spain 256°C 

flu iDa 

- Market share 
sCud 

EU15 

italy in percent 

In 4 	5'CIt 	is 

(1 	16 2 	40 

(Source: BWL, Bundesverhand Windenergie) 

According to EUROSTAT, the RFS electricity market in Germany, 2002 per-
formed as shown in Figure 3: 

Figure 3: Electricity Generation (GWh/year), 1999-2002 
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In contrast, the key component of a quota scheme (generic renewables port-
folio standard (RPS)) is the government regulation of a quantity or amount 
of electricity from renewable energies that should be provided, purchased or 
sold by a specified group of market participants. Allocating certificates con-
trols compliance to the respective committed quantity, a RPS is a require-
ment for consumers or their retail suppliers (or, alternatively, electricity gen-
erators) to source a minimum percentage of their electricity consumption 
from eligible renewably-generated electricity. Recently, the following EU 
countries have adopted a RPS system: the UK, Belgium (Flanders, Wallonia) 
and Sweden. Finland has a voluntary green pricing system in place, similar 
to a RPS system. The reason for the UK to at least phase out its previous bid-
ding model was that this tender system was inefficient to deliver. 

The United Kingdom on the other hand relies in the logic of quota systems 
on following instruments, which have up to now not delivered enough out-
put to reach the UK indicative targets for the increase for electricity con-
sumption from renewables' 6 : 

• Obligatory targets with tradable green certificate system. The non-
compliance "buy-out" price for 2003-2004 is set at £30.51/MWh 
(approximately €4.5 ct/kWh). This buy-out price will be annually 
adjusted in line with the retail price index. 

• Climate Change Levy. Renewable electricity is exempted from the 
climate change levy on electricity of 0.43 p/kWh (approximately € 
0.63 kWh). 

• Grants schemes. Funds are reserved from the New Opportunities 
Fund for new capital grants for investments in energy crops/biomass 
power generation (at least £33m (€53m) over three years), for small-
scale biomass/CHP heating (E3m or €5m) and planting grants for 
energy crops (€29m or €46m for a period of seven years). 

The UK government recently opened a major initiative for more wind ener-
gy power installed; the outcome will have to be seen. 

With bidding or tendering models, regenerative electricity producers compete 
in individual bidding rounds to cover a previously determined quantity con- 

EREF report on missing targets 2004, see www.eref_europe.org 
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tingent. The winning bidders then receive a fixed-term purchase guarantee 
for the electricity they generate. 

The government awards power purchase contracts for a certain aggregate 
volume of eligible renewables-based electricity (RES-E) per tender to RES-E 
project developers who submit the lowest kWh bidding price. After UK 
recently discarded the tendering system, Ireland remained the only EU coun-
try applying this support mechanism. 

Tender systems to buy a certain quantity of eligible RES-E tend to have a rel-
atively modest RES-E stimulation impact because these do not provide cer-
tainty to RES-E project developers that their efforts to develop a project will 
be redeemed. Furthermore, the quantities tendered depend on short-term ad 
hoc decision-making. This political risk increases uncertainty to project 
developers. "Moreover, profit margins would be squeezed anyhow if a 
reversed auction procedure is opted for. In the latter procedure, the success-
ful bidders obtain a purchasing power agreement on the basis of their ask-
ing price rather than the clearing price at which the last MWh for tender is 
traded. Except for the highest successful bidder, asking prices of awarded 
bidders will typically be lower than the tender clearing price." 7  

The tendering/quota models are state aid models. State aid for renewable 
energies as such is not harmful. But the fact has to be underlined, that in the 
public discussion it is still and often claimed that quota systems are closer to 
market principles than feed-in systems. This is not true. The European Court 
of Justice has ruled in its landmark decision of 13.03.2001 on the case 
Preussen Elektra versus Schleswag'° (two German utilities, where one was the 
subsidiary company of the other) that the German feed-in law does not con-
stitute state aid, since the state only sets clear rules to the market, and does 
not provide any money or other contribution within the framework of the 
German feed-in law. 

Take Ireland's Electricity Regulation Act of 1999 with its Alternative Energy 
Requirement (AER) tendering system. It was submitted to the EU Commission 
for approval as state aid, which was granted. Operating subsidies to produce 
500 MW of power from renewable sources are paid from the public purse. 

J. Cfansen, Policy support for renewable energy in the European Union, a review of the regulatory 
framework and suggestions for adjustment, ECN-03-113. October 2003, page 38 
C-379198;for a short legal overview see the Author's text under http://www.u'ind-energie.de,/infor-
mationen/europa/nationale-gesetzgebunglbeihilfe-gutathten. h tm 
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Applicants bid prices per kilowatt-hour supplied and the successful ones are 
awarded power purchase agreements of up to 15 years. The last tendering 
round expired in 2002. In reality, there were serious delays in implementation. 

Ultimately, the Irish government, which is also the major shareholder of the 
country's main power utility, the Electricity Supply Board (ESB), was able to 
announce in July 2003 that under the AER tendering system, all offshore 
"renewable energy power purchase contracts" were won by the Kish 
Consortium, a subsidiary of the ESB, against a large number of independent 
renewable power producers. The actual liberalisation of the Irish power mar-
ket was weak in any case and this quota system further cemented its remote-
ness by means of state aid. 

The average financial indicators needed to make a comparison of the eco-
nomic efficiency of the feed-in and quota-based systems is not a serious 
approach for the simple reason that we now have a plethora of data for the 
feed-in system while the volume of corresponding data on quota-based sys-
tems is small and statistically unreliable. 

Feed-in systems can establish economies of scale and reduce prices effi-
ciently. 

The EU Directive 2001/77/EU on the promotion of electricity produced from 
renewable energy sources in the internal electricity market has compelled the 
EU member states to raise the amount of renewably sourced energy in the 
power mix. European Renewable Energy Federation (EREF) just recently 
underlined the negative tendency in its regular report on the directive, that 
countries with quota systems will find it difficult to reach their clean power 
targets. And that means Europe as a whole will not achieve the target it has 
set itself for 2010'. 

This also endangers the EU's target to reduce CO2 emissions. If at the same 
time, the looming increase in energy consumption in the community results 
in a further increase in CO2 emissions in Europe, the drama will certainly 
worsen. The weakness of all other promotion systems increases the onus on 
the Commission and member states to meet the contractual obligations stip-
ulated in the Directive and the commitment to the Kyoto Protocol by uphold-
ing the efficiency of the feed-in systems and pushing them even further. 

EREF report on 'Missing Targets 2004 ", uw'u'eref-europeorg 
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Renewable Energy Incentives 

Some RES technologies such as photovoltaics and some specific applications, 
for example, for RES in remote areas would even need more than feed-in 
regulations, due to high production costs of these new technologies. Also, in 
order to secure loans, developers and their equity sponsors must present 
between 25% and 500/0 of the capital required for a project in the form of 
shareholder equity. As the risk (real or perceived) associated with a project 
increases, lenders will require that equity play a larger role in the financing 
structure. In other words, the higher the risk, the higher the amount of equi-
ty the lender will require in a project. This not only strains a developer's cap-
ital resources, it raises the cost of the entire project, since the cost of equity 
capital is always higher than the cost of debt capital. A variety of support-
ing models, instruments exist. 

The following examples are taken from the Thematic Background Paper no. 
6 for the Bonn International Conference on Renewables: 

FIDEME Mezzanine Fund 

FIDEME is a French €45 million public-private investment partnership, 
which provides mezzanine finance to renewable energy companies in France. 
The French Environment and Energy Management Agency (ADEME) pro-
vides both capital and a first loss guarantee, which increases the risk adjust-
ed returns for investors and retail banks. 

Community-owned Wind Funds 

Tax-incentives and community-based collective investment in RE is growing 
in countries such as Germany, Denmark, Finland and Canada, especially in 
wind projects. In Germany, most commercial-scale wind turbines are 
financed by community-owned funds, a participation scheme that raises 
awareness and local acceptance and allows everyday citizens to make sound 
ethical investments. The funds receive tax benefits as all other investment 
funds. 

134 
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ASTAE: Greening WB Energy Sector Portfolio 

The Asia Alternative Energy Programme (ASTAE) was established by the 
World Bank in 1992 with the goal of "greening" World Bank lending to the 
power sector in Asia. The programme has been so successful that it has 
exceeded the target of increasing the share of alternative energy in its Asian 
power sector loan portfolio to 10%. In the financial year of 1999, the share 
was as high as 46.3%. Since its inception, ASTAE has developed a renewable 
energy lending portfolio in Asia of over US$1.3 billion. The GEF-supported 
Sn Lanka Energy Services Delivery project is a good example of an ASTAE 
programme supporting grid and off-grid RE and demand side management 
(DSM) services. 

Rural Energy Enterprise Development 

Initiated in 2000 by UNEP, E+Co and a number of country partners, backed 
by the UN Foundation, the Rural Energy Enterprise Development (REED) ini-
tiatives support sustainable energy enterprises that use clean, efficient, 
renewable and affordable energy technologies to provide energy services to 
rural and pet-i-urban customers in seven developing countries. REED offers 
rural energy entrepreneurs a combination of start-up financing, enterprise 
development services such as business planning, management structuring 
and financial planning, and assistance in securing later-stage financing. 25 
enterprises financed to date in Ghana, Mali, Senegal, Tanzania, Zambia and 
Brazil include crop drying, charcoal production, bio-fuels, wind pumps, solar 
water heating and efficient cooking stoves. 

World Bank Prototype Carbon Fund (PCF) 

The PCF is similar to a closed end mutual fund, with objectives to supply 
high quality carbon offsets at a competitive price and to ensure that buyers 
and sellers receive a fair share of the value added. The negotiated price of the 
carbon offsets covers the cost of additional emissions reductions measures 
over the baseline technology, as well as a margin representing equitable ben-
efit, shared between the investor and host government. As of late 2003, the 
PCF has been capitalised at $220 million USD. 
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State Renewable Energy Funds in the US 

A number of US states have recently created funds to promote and develop 
renewable energy. The 15 states that have established renewable energy 
funds acquired more than $3.5 billion between 1998 and 201220.  This repre-
sents a growing trend by US states to support the development of renewable 
energy technologies. The US gives incentives in the field of wind energy, for 
example, via its federal production tax credit (PTQ 11  for wind power projects. 
While the federal PTC provides critical support to wind plants in the US, its 
so-called "double-dipping" provisions22  may also diminish the value of - or 
make ineffectual - certain types of state wind power incentives. If not struc-
tured properly, state assistance programmes undercut the value of the feder-
al PTC to wind plant owners. It is therefore, critical to determine which state 
incentives reduce the federal PTC and the magnitude of this reduction. 13  

With the globalised RE market, some countries especially from the developed 
world sometimes provide for export financial incentives in the field of RES 
technologies. The German government, for example, had already in 2002 

presented its programme, Sustainable Energy for Development, reserving €1 
billion over a period of five years for this objective. 

Encouraged by the positive reaction to this programme, the German govern-
ment introduced a budget line for a specific loan facility to be managed by 
Kreditanstalt für Wiederaufbau (KfW) Entwicklungs Bank adding for the 
period of 2005 to 2010, a further €500 million for low interest credits for 
developing countries. 20  

Information regarding US state renewable energy fisnds is based on 'Case Studies of State Support 
for Renewable Energy', by the Lawrence Berkeley National Laboratoiy in collaboration with the Clean 
Energy Group. Access to the full document or individual case studies can be found at 
http://eetd.lb(.gov/ealenis/cases/. Several case studies are expected to be published each year. 
The federal PTC applies to business production and sale of u'ind-generated electricity and not wind-
generated electricity that is used for the project owner's individual electricity demand. 
Ryan Wiser and Mark Bolinger, Tray Gagliano, Analysing the Interaction Between State Tax 

Incentives and the Federal Production Tax Credit for Wind Power, Environmental Energy Technologies 
Division National Conference of State Legislatures, Ernest Orlando Lawrence 
Ryan Wiser and Mark Balm gee, Trot' Gagliano, Analysing the Interaction Between State Tax 

Incentives and the Federal Production Tax Credit for Wind Power, Environmental Energy Technologies 
Division National Conference of State Legislatures, Ernest Orlando Lawrence 
Berkeley National Laboratoey,Septein her 2002 -Download from: http://eeed.lbl.gov/EA/EMP/  LBNL-
51465 
Speech by Heidemarie Wietzorek-Zeul, Minister for Technological Co-operation and Development, 
Bundesministerin für wirtschoftliche Zusam,nenarbeit and Entuicklung "Die Internationale 
Konferenz für Erneuerbare Energien - Ergebnisse and ndchste Schritte" -Follou'-Up-Conference, 
Gelsenkirchen, http://wwiu,bmz.de/de/presse/reden/ministerin/rede2004 1207. html 
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The following support targets are listed: 

Support for the export of technologies via sponsoring ol information 
and counselling measures, marketing activities in the target markets, 
participation in specific trade fairs, contact meetings, feasibility studies, 
analytical studies concerning the target market, legal advice, pilot proj-
ects, events in German emhassies for the presentation of know-how and 
transfer. 

• 	Climate protection projects in the Baltic Sea region. 

• Export initiative of DENA, the German Energy Agency (Deutsche 
Energieagentur) and of KIW Bank. 

• 	Support to the Climate protection tuncl of the KPvV Bank which cur 
rently has approximately C50m volume. 

Support in the Developing World 

Finc, ;icing Or Ru ra I A rcas 

The lack of rural business financing in particular is one of the primary fac-
tors hindering the development of markets. There is a considerable lack of 
continuity of support schemes for rural areas in developing countries, he it 
concerning maintenance and repair knowledge and facilities of the installa-
tions or continued financial support beyond the first set up of an installa-
tion. Credit may be unavailable, too expensive or too limited in time to he 
usable. Unrealistic political promises or plans for rural electric grid extension 
can be serious harriers to expansion in the solar home system market, as 
households expect to be "connected" soon. 

Lessons learnt are presented as follows: 

• 	Donors support: it few donor programmes have effectively assisted 
rural renewable energy-based enterprises to build a sustainable and 
viable business. 

• 	Weak local enablin g  business environment: rural energy enterprises 
face a high-risk, low-margin business with high transaction costs. 
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• 	Commercial banks and financial intermediaries are key decision- 
makers who must understand the technologies, particularly those 
associated with immature technologies and manage risks. 

• Effect of demonstration: demonstration of viable business models 
that eventually show sustained profits for the enterprise is crucial to 
achieving market sustainability.' 

A sound micro-financing scheme will certainly meet income generation in 
the rural area and return of investment. This has been proven in many proj-
ects in developing countries and one outstanding example is the experience 
of Grameen bank working in Bangladesh and other developing countries. 
Especially Grameen Shakti, an energy company under the Grameen Bank, 
that offers three year credits to consumers. 

The Vietnam Women's Union offered similar credit to households. In Sri 
Lanka, Sarvodaya, a national micro-finance organisation, has offered credit 
on terms up to five years. 

Eric Martinot provides the following examples that underline: small and mini 
grid infrastructure or stand-alone systems that can power small industries 
and provide substantial local income and jobs! 

• Villagers sew, dry seaweed and work with wood using around-the-
clock power from a wind-solar-diesel hybrid on one Philippine 
island. 

• 	Small local enterprises, such as a cycle repair shop and health clin- 
ics, receive power from solar and biomass village-scale mini grids in 
West Bengal in India. 

• 	Remote fishing villages in Indonesia make ice to freeze fish, operate 
a chick hatching unit, grind corn and obtain potable water supplies 
using wind power. 

• Women weave mats at night using the light from solar home sys-
tems in South Africa. 

Eric Marlinol eI al. Renewable Energy in Developing Countries: Lessons for the Market, Rc'neuahle 
Energy World, issue July-August 2003 
See crumples, Eric Marlinot 
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Carpenters and welders work off small hydropower systems in Peru. 

Martinot furthermore summarises the current development in the field of 
rural electrification and access to finances as following: 

Historically, affordability of rural energy has been addressed 
through government subsidies, donor programmes and private cash 
sales of small systems; 

• new approaches to affordability are emerging, including vendor-
supplied credit, micro-credit and rental models, but are still largely 
untested; 

• 	credit risk is a serious concern, both for financiers and dealers, and 
makes credit sales challenging; 

• 	lower-income rural households will need long-term credit or rental 
options; and, 

• 	even with credit or rentals, lower-income groups will only benefit 
with targeted policies, including subsidy policies, justified by devel-
opment goals. 

Recommendations for Financial Institutions and Policymakers 

The thematic hackground paper, "Mobilising Finance for Renewable 
Energies" for the Bonn Conference gave the following recommendations 
concerning financing of RES projects in developing countries: 
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Many encouraging initiatives, progranimes and legislative inst runients have 
been developed in Asia and in Europe, to increase the use of renewable ener- 
gy sources and to stimulate investment in this new and last growing market. 

Key factors for success include strong and sustainable political commitment, 
phasing out oF harmful suhsidie, good administrative procedures and shift-
ing to environmental taxation and financing schemes. 

Effective partnerships between private and public finance sectors and renew-
able energy industries, especially focusing on decentralised, small and medi-
um-sized independent development are necessary. 

A lot has still to he done to create a level playing field in the market. 
Binding targets for governments to increase RES electricity and energy effi-
ciency, and are crucial elements for a sustainahle policy. Dominant oligopo-
lies on the energy market and harriers to grid access endanger validity and 
longevity of efforts in this field. Best practice inventories especially from 
experience in Asia can help to multiply efforts in an efficient way. 
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Asia - Europe Platform: From Technology Transfer to Technology Exchange 

Chapter 4 
Asia-Europe Platform: 

From Technology Transfer to 
Technology Exchange 

143 



TFFHNU! IX F P IRIS! RSHII's FOR RLNF WAR! rs: KL To E iFRGy SFcuRIn 

WHAT WENT WELL, WHAT WENT WRONG: A 
REVIEW OF RENEWABLE ENERGY TECHNOLOGY 
TRANSFER SUCCESSES AND FAILURES IN ASIA 

Robert Koh 
General Manager 
RIGIONAL INSTITUTE OF ENVIRONMINTAL TICHNOIOGY 

SING APORL 

Abstract 

The growing demand Jbr energy through urban and industrial development in 
Asia means greater opportunity for Europe to promote the transfer and 
exchange of' renewable technology as a viable alternative for energy supply. 

In general, transfer and exchange of technology for renen'ables in Asia has 
been very encouraging. This may be attributable to a significant amount of 
renewable energy potential in Asia and strong support from governments to 
introduce foreign technologies that potentially serve for economic develop-
ment. In addition, it has been agreed that modern use of renewable energy 
resources can produce both economic and dei'elop;nent-rela ted benefits. This 
opens multiple doors of opportunit if y for renewable technology suppliers 
their business strategy for the Asian market can incorporate the end results 
of economic development: creation of wealth, employment, foreign invest-
ment, developing the local industry, research and development. 

However, a number of barriers are hindering the process of renewable ener-
gy technology transfer betu'een Asia and Europe, such as mismatched tech-
nologies, affordability and short-term business strategies. 
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The world consumes energy at a growing average rate of 20/0 annually for the 
last 200 years and this trend will continue in the near future. The share of 
fossil fuels in the total supply of conventional energy is about 90%. 

The current pattern of rising conventional energy consumption cannot be 
sustained due to two reasons: 

Environmental consequences of heavy dependence on fossil fuels. 
Global warming has emerged as probably the most serious environ-
mental threat ever faced by humankind. Urban air pollution and 
acid rain are also major problems associated with large-scale use of 
fossil fuels. 

• Depletion of fossil fuels. There is no doubt that fossil fuels will even-
tually run out. We knew this from the first day we started to use 
them. Although we don't know when, we know it will come as long 
as we keep the pace of exploitation and usage of fossil fuels faster 
than their re-generation. 

It is therefore, very critical that renewable energy technologies are promot-
ed and used as an alternative so that global energy supplies can be placed 
on an environmentally sustainable path. 

We must also acknowledge that the efforts of various government institu-
tions, universities, NGOs and international development organisations have 
made tremendous growth in renewable energy technology applications, 
especially in Asia. However, there is still a lot of work to be done in order 
to make renewable energy solutions accessible, affordable and appropriate. 

There is a need to further explore how the private sector can increase their 
contribution to the growth of renewables. One way is to review their suc-
cesses and failures as well as determine and examine the key factors. 

Renewable Energy: Potential Opportunity in Asia 

Rapid economic development in Asia over the past decades has captured the 
world's attention; positively for the contribution to the world continued eco-
nomic growth, negatively for the associated energy issues. Asian countries, 
including China, are currently using nearly one fourth of the world's total 
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primary energy supply (TPES) with almost half of the world population (lEA, 
2004). With the limited fossil fuel energy sources in the region, Asia will fur -
ther suffer energy shortages, as the energy used per capita is increasing and 
a large number of rural people are becoming users of modern energy carri-
ers. It is estimated by lEA that the energy consumption will be more than 
doubled by 2025 compared to the 2001 levels (DOE/EIA, 2004). In this con-
text, developing renewable energy resources is a solution to the dilemma that 
Asia is encountering. 

A brief look at highlighting potential renewable energy sources in some of 
the Asian countries namely in the ASEAN region, China and South Asia is 
stated. Additional information like barriers to greater renewable technology 
development and current application of renewables are also documented: 

Cambodia 

Hydropower: In terms of potential mini-, micro- and pico-hydropower in 
Cambodia, it is estimated that up to 300 MW has not been tapped and only 
1 MW power has been utilised so far. Solar power is in abundant supply, 
especially solar energy for rural area applications, but developmental growth 
has been slow and to date only a single photovoltaics (PV) system at 300 kW 
has been installed. Biomass energy from animal and agricultural waste is vir-
tually untapped and is estimated at 700 MW if such power is to be 
developed. 

The main barriers of renewable energy development include the country's 
lack of enabling policy framework to encourage such development. In addi-
tion, key data on market characteristics are not easily available and, techno-
logical know-how and development financing are not available either. 

Laos 

Unfortunately, only 20% of villages and 35% of households in the whole 
country are supplied with grid electricity. Since 1997, to increase the supply 
of electricity, the government liberalised the development of small scale (100 
kW and below) hydropower systems; this has encouraged local developers to 
produce such equipment. An ongoing project financed by the Japan 
International Co-operation Agency is being carried out to develop energy 
using photovoltaics; electrification and battery; and, pico-, hybrid- and 
micro- hydropower. 
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Myan mar 

Approximately 67% of the country's total power consumption is supplied by 
biomass and hydropower. Myanmar is also one of the more active Asian 
countries in developing bio-gas systems for energy. Myanmar has a poten-
tial hydropower (potential) of about 108-900 MW. The estimated annual 
energy production stands at 366,000 GWh/y, and the installed hydropower 
capacity is about 360 MW, which is less than 10/0 of the total potential. 

Potential wind energy is estimated at 365.1 TWh/y, while solar energy has a 
potential power supply equivalent to about 51,973.8 TWh/y. For geothermal 
energy development, there are about 93 suitable hot springs found and half 
of them have been investigated for development. 

The development of renewable energy in Myanmar is prioritised as follows: 
hydropower, biomass, biological and thermo-chemical systems, solar photo-
voltaic systems, and lastly wind energy. 

In Myanmar, the main barriers of development include the lack of awareness, 
high investment cost, lack of finance credit mechanism, low level of com-
munity organisation, and difficulties with maintenance and repair. 

Malaysia 

Under the Eighth Malaysian Plan (2001-2005), which provides the national 
vision and direction for the country's development, three fuel policies com-
prising of natural gas, oil and coal have been expanded to give domestic 
renewable energy sources (hydropower) the status of the country's fourth 
fuel. 

Malaysia is probably one of the Asia's more advanced countries, in terms of 
development of renewable energy technologies. There are many home-grown 
companies that specialise in the assembling of biomass renewable energy co-
generating plants and other similar equipment like solar collectors and PV 
modules. Likewise, local manufacturers are also producing biomass boilers 
which are marketed locally and abroad. 

Most of these companies are making good business, acting as suppliers for 
government renewable energy projects for rural development. Other renew- 
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able energy technology applications in Malaysia include waste incineration 
energy recovery, small hydropower, wind turbines and bio-gas systems. 

The Philippines 

The Philippines aims to be the world's number one producer of geothermal 
energy and is currently the biggest wind energy producer in Southeast Asia. 
In general, renewable energy programmes are moving fast in its develop-
ment, promotion, comniercialisation and utilisation. 

The current renewable energy development stands at 4449 MW and is 
expected to add another 4550 MW by 2012 to achieve the 9000 MW goal. 
The 2012 renewable energy development goal also aims to double the cur-
rent hydropower capacity and also expand the contribution of biomass, solar, 
micro-hydropower and ocean energy development by 250 MW. 

Thailand 

Thailand is very active in promoting their renewable energy development. 
Currently, there are three main enabling instruments that facilitate such 
advancement. These include flexible financial assistance, soft loans and public 
awareness campaigns and development of renewable energy information centre. 

There is an abundant renewable energy supply and these include solar, wind, 
agricultural residues, animal waste, municipal solid waste, agro-industrial 
waste water, hydropower and geothermal energy. To date, the total installed 
PV capacity is about 5.6 MW, of which, 95% is located in remote areas. A 
total of 192 kW of wind electricity has been installed and an additional 
capacity of 3.6 MW is expected by 2006. 

Approximately 17 million tonnes of bagasse and rice husks are utilised as 
fuels for industrial heat and power requirements. There are approximately 2 
MW of micro-hydro systems installed but only 50 0/o are currently opera-
tional, while a total of about 2900 MW of mini-hydro systems have been 
installed. 

Vietnam 

Although Vietnam has been undergoing a shortage of supply of energy 
sources from the rapid economic boom, Vietnam intends to develop itself 
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into a potential major net exporter of petroleum products and gas in the 
Asian-Pacific market. Building more coal-fired thermal power plants may be 
a short-term but definitely not a long-term solution, particularly if Vietnam 
is keen on the Clean Development Mechanism (CDM) under the Kyoto 
Protocol. 

As a matter of fact, Vietnam is rich in renewable energy sources, such as 
hydropower, biomass and solar energy. It is estimated that the potential for 
small hydro (no more than 10 MW) is around 2000 MW, while biomass, 
mainly bagasse and rice husks, has an even larger potential due to its 
expanding production and the hope to be converted into liquid biomass, i.e. 
bio-fuels to be used for vehicle fuel. Out of this potential, only a small por-
tion (assuming 1000/0 in operation) has been exploited and used, for exam-
ple, merely one-third of small hydro and marginal bagasse (mostly in-plant 
use with an exception of one grid-connected biomass-based power plant in 
Tay Ninh Province) has been developed. (ASTAE, 1999) 

In addition, solar potential can be huge due to the good radiation levels, 
mostly in the southern and central regions. To provide a cost-effective ener -
gy solution to remote rural areas, solar PV systems are playing an increas-
ingly important role in Vietnam. 

However, without policy support, it is difficult for renewables to penetrate 
into the competitive market due to low income and poor public awareness in 
rural and remote areas. Government may take into account the following 
factors in the process of policy making: 

• Renewable energy development must take into consideration social, 
economic, environmental factors and public awareness. 

• Government may support renewable energy projects based on aver-
age family incomes in rural and mountainous areas. 

• 100% tax exemption for equipment importation. 

China 

Since its policy of opening up was initiated in 1978, China's economic devel-
opment has been on the fast track, with 9.6% annual GDP growth, which was 
fueled largely by cheap domestic. However, using coal is not cheap any 
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longer, due to its local, regional and global negative impacts. Oil is expen-
sive as well since China has limited oil reserves, as is natural gas. The ener-
gy issue is becoming a security issue, particularly for the continuation of 
economic development. In addition, there are still around 60 million people 
without access to modern energy carriers, such as electricity. 

China possesses vast potentials of various renewable energy sources such as 
hydropower, wind, solar, biomass and geothermal energy. As shown in 
Figure 1, the potential of hydropower is still huge. 

Figure 1: Potential Hydropower Resources 
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(Source: Zhang, et al. 2000) 

Another promising renewable source in China is biomass-based energy, 
given the fact that China has a potential of 700 million tonnes of coal equiv-
alent. It is estimated that solar and wind energy, being portrayed as clean 
and modern energy carriers, are being more and more accepted in rural areas. 
To promote development of renewables, China has made a number of poli-
cies and promotional programmes, such as "New and Renewable Energy 
Project in Priority" approved by the State Council in 1995. 

Moreover, a number of renewable energy technologies are arriving at or 
approaching to the commercialisation phase, as presented in Table 1. 
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Table 1: Phased Assessment of China's Renewable Energy Technology 
Development 

Types of Technologies IMaturity and t)eselopinent Phase 

sti anon 	ceiltiation 	i cnsliied 
nalIroposser * 

Solar 5551cr heater * 
Passive solar house * 
Solar stove * 
Solar drier * 
Solar cell * 
grid-connected wind turbines * 
Small and mini wind turbines * 
Geothermal power generation * 
Geothermal heating * 
Traditional bioenergy 
technology  

* 

Small methane tank * 
Large & medium methane 
tech 

* 

Municipal Organic waste 
power generation  

* 

Biomass gasification * 
Other modern bioenergy * 
techniques  
Wave power generation * 
Tidal power generation * 
Ocean thermal energy 
conversion 

* 

New hydrogen manufacturing 
tech 

* 

Hydrogen storage techniques * 

(Source: Zhang, et al. 2000) 

India 

India identified economic development as high priority and therefore, indus-
trial production drives the demand for energy. Consequently, to meet the 
industrial demand for power, renewable energy is considered to meet this 
need. Electricity from solar, wind and hydropower energy are also developed 
for power supply in rural areas. 

India has also one of the biggest programmes of solar energy in the world. 
Many rural villages are using photovoltaics for their energy needs. For wind 
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energy, India is expected to exceed its target of installing 1500 MW of wind 
power in the 2002-2007 period (Ministry of Non-Conventional Energy 
Sources, India). There are numerous incentives for wind producers in India 
to spur growth. 

For hydropower, it is estimated that there are opportunities for large-scale 
hydroelectric plants with estimated potential of 150,000 MW. 

South Asia 

The South Asian countries consist of Bangladesh, Bhutan, India, the 
Maldives, Nepal, Pakistan, and Sri Lanka. The total commercial energy mix 
in 2001 includes 43% coal, 36% petroleum, 13% natural gas, 7% hydroelec-
tricity, 20/0  nuclear and 0.1 0/0 "other". 

Most of these countries faced rapid rising energy demand coupled with 
increasingly inadequate energy supplies. They rely heavily on biomass (i.e. 
animal waste and wood, etc.) for cooking and other domestic use. 

Countries like Nepal, Bhutan, Sri Lanka and Pakistan rely on hydropower. 
Bangladesh uses thermal power plants for electricity (93%) but only about 
20% of the population has access to electricity. 

What Went Wrong: Barriers Restraining Renewables in Asia 

Apart from funded projects, jointly developed by development banks, gov-
ernment bodies or institutional programmes, there is a need to promote more 
private sector participation to increase the growth of renewables in Asia. The 
challenges of success and failure experienced by the private sector should be 
reviewed and key factors should be identified and examined to see how the 
barriers can be overcome. At the same time, the factors which contributed to 
successful renewable energy implemented should also be highlighted and 
explored accordingly: 

Technology too advanced/complex: It is not surprising to hear that 
quite a number of renewable solutions from Europe were relatively 
too advanced to suit the present demand application in many parts 
of Asia, in particular the developing countries. Other than the main 
cities itself, many rural areas are still relying on very outdated 
modes of energy (traditional burning of wood for heating and cook- 
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ing) and their standard of living is simply not able to accommodate 
the cost of even traditional technologies for using renewable energy 
sources. In addition, installed renewable systems may face the 
potential danger of not having competent experts to manage and 
maintain. European companies will have to put in place their own 
local expertise but such arrangement is heavily dependent on the 
return on investment of the project. Otherwise, they may face pos-
sible risk of high running cost and closure of the project eventually. 

Expensive (economically not justifiable): Increasingly, European 
companies interested to find new markets in Asia are experiencing 
the issue of cost in their business strategy. Besides the high 
exchange rates that make their business (hardware/services) rela-
tively expensive in Asia, some Asian countries are also imposing 
tariffs to protect their own local companies. Another factor that adds 
to this barrier is that the majority of Asians live in non-urban areas 
and their modest lifestyle may not enable them to "pay" for the use 
of modern renewable systems. Government financial assistance, if 
available, is relied upon heavily. Again, the prospect of increase in 
European investment in renewable systems is also very dependent 
on the economic well being of the country. 

• Minimum business plans/strategy: Despite numerous activities and 
events organised in Asia promoting European renewable technolo-
gy, the real success is still far from satisfactory. Feedback from var-
ious organisers as well as relevant chambers of commerce testified 
that many visiting Europeans are not willing/ready to commit to 
longer-term business/project plans. Perhaps the market may not be 
financially attractive enough and therefore they see no reason to 
commit to other investment like setting up of local office/factories 
or invest in long-term business market research. Another possible 
reason is that Asia is also a place whereby enforcement of copy -
rights/patents is not strong enough to protect the technology from 
being duplicated/copied by the locals. 

• Unwilling to adapt to the local culture: Asians have developed their 
own unique way of developing projects/business and is not neces-
sarily the same approach as compared to Europe. For example, in 
Thailand and Malaysia, there are many European companies who 
are very successful in introducing their technology and one clear 
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factor for their success is many of their key decision makers have 
been living in the "market" country for many years. A meeting with 
these people will surely reveal to us that they have "localised" their 
business ways and approaches. 

• Lack of financing in Asia: Private sector renewable projects, espe-
cially in non-urban areas, often face the problem of loans to finance 
the project. In Asia, commercial banks are not very keen to provide 
loans as their perception of such projects are high risk and low 
returns. Most of the Asian countries rely on international donors to 
finance their projects but often such financing, though needed, does 
little to promote user-pay principle so as to attract commercial 
loans. In addition, when the financing ends, most of these systems 
will not have the funds to maintain and may become unusable even-
tually. Little productive use of energy in rural areas may also con-
tribute to the poor financing situation. 

• Lack of transparency in Asian markets: There have been frequent 
complaints from project developers regarding the integrity of tender 
projects. Foreign companies often find it impossible to "win" the 
projects unless they work with the right local partner and such part-
nership usually involves some kind of unofficial payment not relat-
ed to the project. Local partners sometimes are politically driven and 
may have access to useful information not available to the public 
before the tender is closed. Although many have accepted such prac-
tices as inevitable and necessary to develop the projects, it certain-
ly hinders a more competitive system to develop more cost-effective 
renewable systems for the benefit of the consumers. 

• Poor demand: Approximately 800/0 of demand for environmental-
related technology (including modern renewable systems) is driven 
by legislation that is effectively backed-up by appropriate enforce-
ment. In addition, enabling policies to promote and develop cost-
effective renewables should also be in place. For example, because 
of lack of enforcement, many people in rural areas are still using the 
traditional method of burning wood for heating purposes. A proper 
enforcement eliminating the use of wood (e.g. illegal cutting of 
trees) and at the same time, introducing wind/solar/hydropower as 
alternatives for heating and electricity will yield very successful 
technology transfer/exchange. Note that many a time, technology is 
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not a problem but rather the enabling dimension that is sadly lack-
ing. 

• Local competition: Although the development of local competition 
in Asia for renewable technology should be seen as a positive note 
for the promotion of renewable projects, nevertheless, it is worth 
mentioning here that many European technology providers should 
be encouraged to conduct their own market study so as to evaluate 
the relevance of their technology, especially in terms of cost and 
financing. This is especially more so in Thailand and Malaysia, 
where the development of home-grown industries have advanced 
very much over the years. The issue becomes more complex when 
some governments impose tariffs to protect their own local indus-
tries. 

What Went Well 

Possible Key Factor for Greater Success: Embracing Economic Development 
(ED) 

With the exception of Singapore, South Korea, Taiwan, Hong Kong and 
Japan, Asia is still essentially a developing region and therefore, the impact 
of technology transfer on economic development is critical to any partner-
ship success. Most Asian governments placed economic development high on 
their priority list of national development agenda. In addition, economic 
development is also a strong political driver and all foreign technology 
providers, especially the private sector, should include as much as possible 
the benefits of economic development when planning for business in these 
countries. 

Technology Transfer should be Investment-Driven 

When a renewable energy project is developed from an economic investment 
perspective, there is a greater chance of successful implementation because 
the federal government as well as local authorities and community will 
increase their support. This is due to the fact that besides providing a sus-
tainable energy source for these people, the project also offers other 
development-related areas like: 
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• 	Provide local contract work e.g. parts and basic equipment: 

• 	develop manufacturing facilities (if demand justifies); 

• provide employment; 

• 	train locals to manage the system; and, 

• poverty reduction by productive use of energy. 

Benefits/C/ia racteristics of Economic Development 

A typical definition of economic development can be understood as "The 
process of developing and maintaining suitable economic, social and politi-
cal environments, in which balanced growth may be realised, increasing the 
wealth of the community' (Source: Economic Developers Associations 
Alberta, http:/Iedaalberta.coml 

To further understand the main characteristics of economic development in 
line with technology transfer for renewables, one good approach is to look 
into the strategies of the Economic Development Board (EDB) of Singapore 
and extract out the key areas of benefits that it is looking for. 

Key Points on What Went Well 

The following self-explanatory points are the main reasons why some 
European renewable technologies are successful in Asia: 

Invest in market study: 

• 	Participate in industry partnership events. 

• 	Source for existing market reports. 

• Engage consultants to develop market reports. 

Market (country) orientation and adaptation: 

• 	Regular visits to understand business culture. 

• 	Meet with relevant stakeholders. 

Appoint local representative/agent: 

• 	"As if you are there" beyond simple distribution arrange ment. 
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Provide performance-driven incentives. 

Promote win-win partnership/build local enterprise along with market 
success: 

• 	Setup local partnership company and employ local staff. 

• Possibly provide company/business shares to local management. 

Setup manufacturing or production base: 

• 	Develop product locally. 

• 	Use local parts for entire product. 

• 	Employ locals for production staff. 

Provide training: 

Develop local human resources. 

Setup research and development centre: 

• 	Provide opportunity for local innovation. 

• 	Contribute to local research growth and development. 

Participate in the country's growth and development: 

• 	Visible participation in the country's economic growth. 

• 	Establish a strong local presence. 

The Way Forward 

In summary, other than international donor projects, technology transfer, in 
particular involving the private sector, should preferably follow a business 
approach. Understanding the country's policy on foreign participation as 
well as identifying the benefits will also help the technology transfer. 
Companies who are serious about technology transfer as well as doing busi-
ness should be prepared to invest not just financially but also time in mak-
ing friends, and making their presence felt in the region. 

LL' 
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Abstract 

This paper is animated by a specific challenge we face in Ireland. How much 
public funding should be allocated to renewable energy (RE) research and 
development (REtD), and on what mix of activities should it be focused? 
Subsidiary challenges include how to manage such funds and how to evalu-
ate progress and performance. Since this is a challenge faced by every nation-
al authority, the issues should be of general interest. This paper found a rel-
ative paucity of evidence-based analysis of the issue, thus the paper raises 
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more questions for discussion than conclusions to be acted upon. The princi-
pal rationale for supporting RE (from an economic perspective) is to address 
various market failures (primarily, environmental and security of supply). 
There is a variety of policy instruments applied in the sector (grants and sub-
sidies, price and tax incentives, regulations, etc.). Mobilising these instru-
ments has involved the use of considerable fiscal support targeted at various 
RE technologies and associated infrastructure and services over the last three 
decades. 

Justification for Policies supporting Renewables REID 

The primary rationale for supporting RE (from an economic perspective) is to 
address various market failures (primarily environmental and security of 
supply). Specifically, the main drivers 4  for supporting RE have been (Komor, 
2004): 

• Climate change mitigation; 

• air (and water) pollutant mitigation (S02 , NOx, Hg particulates, etc.); 

• fuel diversity (a subset of security of suppIy); 

• 	hedging against fossil fuel price volatility; 

• encouraging indigenous industry (and associated job creation 6); 

• meeting consumer demand; 

• animating rural development; and, 

• achieving dispersed (distributed) energy generation. 

Notwithstanding the substantial public benefits yielded by renewable ener-
gies, it is notable how growth has slowed over the past decades in OECD 
countries (Table 1). 

It is notable that there has been a secular decline over time in the overall 
growth rate of renewables, with only wind and solar showing a substantial 
rise. 

The benefits may well also extend to issues of better distribution of autonomy and wealth between the 
developed and developing world. Indeed, theoretical arguments about natural and human capital sub-
stitutabilily may lie at the heart of the debate. 
It should be noted that security of supply is not always a well-defined or quantifiable goal. That being 
said, at least two subsets (tiiel diversity, and hedging against volatile fossil fuel costs on international 
markets) can be justified under this heading. 
Kotnor (2003) quotes afigure of 40% more jobs per dollar than new coal plants. 
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Table 1: Average Annual Growth Rates for RE (lEA, 2004) 

1970-1980 1980-1990 1990-2001 

Renewables 3.2% 2.4% 1.2% 

Biomass 3.50/0 3.0% 1.60/o 
Hydro 2.6% 0.7% 0.4% 

Geothermal 8.3% 9.4% 0.4% 

Wind/Solar 6.4% 23.5% 23.1% 

The paper includes discussion of: the context shaping the competitiveness of 
renewables, supporting RE RaD, the wider context of RE policy and energy 
REtD, the use of research and development as a policy instrument, and the 
difficulties in measuring success and in focusing programmes. It concludes 
by highlighting the issues and questions to be addressed if public policy and 
associated expenditure for research and development are to be effective in 
bringing forward economically competitive renewable energy technologies. 

Policy Instruments and Research and Development 

There are a number of policy instruments that have been or are being 
mobiised to compensate for market failure, and help bring renewables for-
ward as socially competitive energy supply options. It has been shown 
repeatedly that a suite of tools, rather than any single one will provide the 
most fertile landscape for RE implementation. The effectiveness of a policy 
instrument combination is typically judged on the basis of four criteria: stat-
ic efficiency or cost-effectiveness, dynamic efficiency, equity and adminis-
trative and political feasibility. In this paper, the focus is on research and 
development as a policy instrument. 

Rationale for Research and Development as a Policy Instrument 

It is well understood (in the literature) that the private return of conducting 
REtD generally falls short of societal returns (and thus benefits). This provides 
both a need for support from a public goods perspective and a challenge in 
correctly focusing that support. Blanes (2004) reinforces this sentiment, 
"...the public agency must be able to identify those RftD projects where the 
gap between private and social returns is high, and would not be carried out 
without some type of subsidy." 
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The Global Climate Change Group at the Pacific Northwest National 
Laboratory, (Dooley, 2000) define energy research and development as, "the 
linked process by which an energy supply, energy end use, or carbon man-
agement technology moves from its conception in theory (including neces-
sary enabling basic research) to its feasibility testing and small scale deploy-
ment." There does not seem to be any consensus on a definition, however, 
this one seems useful for this paper. This group undertook a comprehensive 
cross-cutting analysis of energy RFtD in large industrial countries in the late 
1990s and early 2000s. The principle results (Dooley, 1998) include: 

• The fraction of national energy R€tD activities sponsored by nation-
al governments has declined steadily. 

• Unlike overall national REID, national energy REID efforts have not 
experienced significant growth over the past decade. 

The performance of energy REtD is highly concentrated... The top 9 
nations account for 95% of the industrialised world's publicly sup-
ported energy REID. Renewable energy REtD programs have had rel-
atively stagnant budgets throughout the past decade even though 
the nations that fund this research have adopted energy policies 
advocating increased use of renewable energy as a means of reduc-
ing carbon dioxide emissions, local air pollution and dependence on 
foreign energy sources. 

The European Union (EU) Context 

Support of RE has a legislative basis in the European Union (EU) under the 
RES-E Directive (2001177/EC). However, the indicative targets therein and the 
associated dispatch, connection and reporting requirements, do not in them-
selves provide the goal clarity necessary to produce a robust policy frame-
work. The Directive asserts the EC's need to promote renewables due to their 
contribution to: 

environmental protection and sustainable development. In addition this 
can also create local employment, have a positive impact on social cohesion, 
contribute to security of supply and make it possible to meet Kyoto targets 
more quickly (Preamble 1). 

The EU White Paper on RE (COM (97) 599) notes the important role of RE in 
responding to security of supply and this theme is again reiterated in the EU 
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Green Paper on Security of Energy Supply (C0M (2000) 769). 

Supply policy needs to consider the immediate and longer-term availability 
of energy products at a price which is affordable to all consumers (domestic 
and industrial), while respecting environmental requirements and the needs 
for sustainability (COM (2000) 769). 

The key significance of this strand of policy is not that it drives an EU renew-
ables agenda per Se; rather, it allows member states to introduce their own 
incentives without running foul of EU single market or competitive rules. 
However, there is one EU-wide policy emissions trading that does directly 
encourage and facilitate renewables. 

The European Union has long had a substantial research programme, fund-
ed not just via the rolling series of RD Framework programmes, but from a 
variety of other sectoral sources, notably agriculture, and structural funds 
directed at relatively low income regions. At the 2000 meeting of heads of 
state in Lisbon, it was agreed, "...to become the most competitive, knowl-
edge-based economy in the world by 2010... the creation of the European 
Research Area (ERA) is integral to the achievement of this objective." A 
"Barcelona objective" was subsequently set to achieve an annual R€tD 
expenditure of 30/s  of GDP. At every heads of state meeting, progress on 
Lisbon is an agenda item. The Commission responded to these challenges 
with More Research for Europe, so REtD is now firmly on the EU agenda at 
the highest level. During the Irish Presidency of the Union (2004), at a sym-
posium in Dublin Castle, the Commission delivered a paper entitled "Europe 
and Basic Research". The conclusions of this meeting will prove crucial in 
driving the Community's research agenda in the Seventh Framework pro-
gramme (post 2006), in which there will be a budget line for basic research. 
The Sixth Framework Programme (2002-2006) of the EU in the Sustainable 
Energy Systems (non-nuclear) thematic sub-priority defines EU priorities and 
is at the core of the research funding currently. 

Research and Development as a Policy Instrument for Renewable Energy 

Trends and Prospects 

The cycles in the last 30 years for energy RD have been similar in many 
member countries of the Organisation for Economic Co-operation and 
Development (OECD). They have responded closely to geopolitical energy 
trends (oil prices and supply shortages primarily) in a cyclical manner. To put 
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this into context, we note that in 2001, renewable energy sources provided 
5.7% of the total primary energy supply for OECD countries. Of the 5.7% of 
energy provided by renewable sources, 540/s  was supplied by biomass and 
municipal solid waste, 35% by hydropower, and 12% by geothermal, solar, 
wind and tidal energy (lEA, 2002). For electricity generation, renewables rep-
resented 15% of production worldwide, but only 2.1 0/0 if one excludes hydro 
(RFF, 2004). 

Member governments of the International Energy Agency (lEA) allocated 
about US$291 billion (2002 prices and exchange rates) for energy REtD from 
1974 to 2002. Figure 1 shows government budget outlays for energy REtD in 
this period. In response to the oil price crisis, total lEA government invest-
ment for energy RftD was about US$7 billion in 1974. Budget outlays peaked 
in 1981 at US$16 billion, but then declined to about US$9 billion in 1987 
(lEA, 2004). 

Figure 1: Energy REtD in OECD countries 1974-2002 (lEA, 2004) 

lEA countries' 7  renewable energy ROD budgets totalled about US$ 23.55 bil-
lion, some 8% of total energy ROD funding from 1974 to 2002. Expenditures 
for renewables REtD grew rapidly in the late 1970s and peaked in 1980 at just 
under US$2 billion. Annual expenditures declined by about two-thirds in the 
early 1980s but have been relatively stable since the late 1980s, in the range 
of US$550 to US$700 million (lEA, 2004). 

Comprising the main energy-importing countries. 
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Figure 2: Government (OECD) Renewable Energy ROD Budgets (lEA, 2004) 
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The Oplimal Level of REtD Expenditure 

Davis and Owens (2003) have applied the method of real options to evaluate 
the optimal level of renewable electric ROD expenditures. This investigation 
was based on financial modelling using real-options theory instead of tradi-
tional discounted cash flow (DCF) concepts. Real options analysis employs a 
model that takes into account the alternatives to postpone renewable energy 
deployment and to continue with cost-reducing ROD. Thus, this method 
allows for the evaluation of the hetiefits of insurance, should the price of 
bssil electricity increase significantly. It is thereftrc more useful for evalu-
ating RE ROD than traditional DCF analysis. Owens (2003) notes that the lim-
itations of using DCF analysis include its inability to appropriately account 
for technical and financial risk temporally. 

REtI) as a Foctor of Produclio,t 

As stated, government leadership is required to set policy and ROD direction. 
Industry/government partnerships in ROD are useful in order to add market 
relevance to the work and tap specialist expertise, however government must 
not lose sight of its special role in supporting lung-term objectives. 
Government often supports high-risk, pre-competilive research in ROD col-
I aho ratio is s. 
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"RftD... can give some boost to renewables production early on if learning 
by doing and REtD are complements, but it can lower current production 
[compared to other support mechanisms] if they are substitutes (RFF, 2004)." 

How the policies are formulated and administrated has a large impact on; the 
success of programmes, stability over time (political time), technologies 
focused (banded or open market policies), and influence on actors at each 
stage in the REtD continuum (research, proof of concept, market). 

In considering REtD support for energy technologies, there is always a choice 
of portfolio mix from high risk (revolutionary) to lower risk (evolutionary) 
projects. By appropriately balancing and hedging these risks, a programme 
can increase its likelihood for success based on the risk profile of the investor 
(the public, the government, an agency, a private company, etc.). 

Renewable energy REtD funding priorities usually reflect the natural resource 
endowments of the country or region involved (lEA, 2004). Photovoltaics, 
biomass, and wind are the predominant technologies supported in OECD 
countries. 

Implementation of RE REtD can include various projects, services and pro-
grammes. They need to be undertaken at a pace appropriate to the exogenous 
and endogenous influences, various actors (academic through to investors), 
and with appropriate tools (direct RfID, venture capital, incubator pro-
grammes, technology acceleration targeting, etc.). Sorensen (2003) empha-
sises the specific cultural considerations (in addition to technical and regu-
latory) when forming RE RD policy (price and income elasticities, comfort 
requirements, demand responsiveness, oil and gas revenues, mobility con-
siderations, etc.). He also points out the difficulty in merging technology and 
policy thinking, citing specifically, "...the tendency to leave technology out 
of policy, tendency to limit policy innovation, tendency to limit policy 
experts, and inefficient policy instruments." The traditional dichotomy 
between those engaged in technology research and development and those 
in politics and policy is appears to be rather common in RE RaD. 

Evaluating Renewable Energy REtD Performance 

Both the focus of REtD programmes and the methods of measuring and eval-
uation are critical in assessing their costs and benefits. Renault (2004) defines 
evaluation as, "...the collection, analysis, interpretation and communication 
about the effectiveness of programmes undertaken for the public good." She 
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also notes that that evaluation process needs to have questions formed that 
are derived from the programme itself (and not some exogenous source). 

The UK Department of Trade and Industry (DTI) undertook an independent 
review of their RtD Programmes for RE (New and Renewable Energy 
Programme 1994-1998). Three conclusions are salient here: 

That in the future, the objectives of any supporting programme of 
RtD and technology transfer should be more clearly delineated from 
the objectives of other parts of the government's overall NEtRE pro-
gramme such as the non-fossil-fuel obligation (NFFO) and admin-
istrative action. 

That the programme has added value to the NFFO in terms of suc-
cess of deployment though whether at lower cost has been difficult 
to discover. 

• The risks of not developing renewables in plausible climate change 
policy scenarios are quite uncertain and potentially quite large. 

Dooley (2000) outlines the various international and national sources of data 
on energy REtD and their associated strengths and weaknesses. He identifies 
that there are ancillary benefits in other sectors that are not normally cap-
tured in evaluation of RftD spending, "..,the exclusion of ancillary RfED 
efforts is driven by practicality and a desire to keep some temporal integrity 
to the data set being examined." 

Estimating Benefits of Renewable Energy R€tD 

Courts (2004) notes that the results and benefits of REtD are difficult to meas-
ure because: 

• Outcomes may materialise only after considerable periods. 

• Relationships between research and eventual outcomes are complex 
and indirect. 

• Outcomes and impacts are difficult to identify in advance. 

• Knowledge gained is not always of immediate value or application. 

• Results are sometimes more serendipitous than predictable. 

• Negative determinations or findings are common. 
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RftD perform different functions and produce different outputs. 

Due to these difficulties and differences, any measurement system has to be 
designed accordingly. CETS (1996) also determined that "conventional met-
rics used by governments to quantify the results usually ignore output, dis-
tort the success and failure of co-operative technology programs, and serve 
as a flawed incentive, driving quantity (the total number of agreements) over 
quality" (Dougherty and Irish, 1995). The National Institute of Standards and 
Technology (NIST) came to similar conclusions in an assessment of the eco-
nomic impact of four major NIST programmes, including laboratory REtD 
and the Advanced Technology Programme (NIST, 1994). NIST's conclusion 
was that setting priorities, evaluating performance and measuring economic 
impact "cannot be reduced to simple formulas that yield unambiguous, quan-
titative answers." 

Margolis and Kamnien (1999) attempted to construct a methodology for 
assessing REtD spending in the energy sector. "Investments in particular tech-
nologies are inherently risky, and past efforts "to pick winners" among ener-
gy options have produced a number of high-profile failures. We consider two 
measures: patents and the pattern of private- sector investment." The corre-
lation between patents granted and REtD in the energy sector is very strong 
over time. Results are shown in Figure 3. 

Figure 3: Correlation between Patents Granted and RFtD Expenditure in 
the USA (Margolis and Kammen, 1999) 
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The US DOE Office of Energy Efficiency and Renewable Energy, after review-
ing potential technology performance and market penetration rates, uses the 
Energy Information Administration's National Energy Modelling System to 
compare the market potential for future energy efficiency and renewable 
energy technologies (Garman, 2002). The DOE in investigating the impacts 
and benefits of energy REtD utilised three primary metrics (retrospective ben-
efits) in a matrix approach: 

• Realised (actual benefits such as the value of energy savings). 

Option (benefits that might be realised if there were market changes, 
for example the value of unconventional liquids REtD in the event 
of a long-term oil disruption or large and sustained price escalation). 

Knowledge benefits that were assigned where projects were unsuc-
cessful. 

It seems clear that RE REtD support measures have to have well defined 
expectations in order to measure success in a holistic manner. However as 
Weyant (2000) notes, "There does not exist good information on a number 
of key parameters such as those that determine the magnitude of spillover 
knowledge from investments in RFtD". 

Research and Development in Renewables in a Small Open Economy 
- Ireland 

Economic and innovation Context 

For the past decade, Ireland has been the fastest growing economy in the 
European Union; it is also one of the most "open". 9  This has been associat-
ed with rising energy consumption, (notably for transport and electricity) 
and greenhouse gas emissions and increasing dependence on petroleum 
imports. Ireland has come very late to research and development, but in 
recent years, the Irish government has substantially increased investment in 
technology, innovation and scientific research, achieving a five-fold increase 
in investment for RTDI in the National Development Plan 2000-2006 to 
£2.48 billion, compared with £0.5 billion over the period 1994-1999. This 
has been driven in the first instance by the realisation in the international 

See Clinch, Peter, Convery, Frank and Walsh, Brendan, 2002. After the Celtic Tiger - challenges 
ahead. O'Brien Press, Dublin for discussion of the causes of the Irish economic renaissance, and the 
economic and environmental challenges engendered rhereb .y. 
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market place that Foreign Direct Investment (FDI), much of it concentrated 
in the pharmaceuticals and information technology (ICT) sectors will dry up 
unless companies find Ireland an attractive place in which to invest in the 
knowledge-intensive, high value added elements of their enterprises. These 
sectors have both been crucial drivers of the Irish economic renaissance. 

Innovation and Renewable Energy 

The context for RE R€tD in Ireland includes: 

• Ireland currently lacks regulatory or policy certainty in the RE sec-
tor. 

• There is likely to be a new fiscal support policy for RE put in place 
by the Department of Communications, Marine and Natural 
Resources (DCMNR). 

• There is ongoing development of a new electricity market structure 
in Ireland at both the wholesale and retail levels. 

• There are numerous technical considerations (nearly) unique to 
Ireland's electrical system (little interconnection, import dependent, 
low capacity margins). 

• There is growing interest in the use and production of biofuels in 
Ireland. 

• Deployment of biomass based heat and power systems is minimal 
compared to elsewhere in Europe. 

• Ocean energy is at an early stage of technical development, but the 
potential resource in Irish waters is significant. 

• There are large obstacles to wind farm development (primarily inte-
gration into the electrical grid) despite the large resource and mature 
technology. 

• There are challenging emissions (GHQ and transboundary) targets 
(NECD, LCPD, RES-E, Kyoto, etc.). 
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• 	European directives are becoming increasingly important in this 
area (e.g. RES-E, and biofuels). 

Ireland spent a total of US$94.5 million (in 2002 prices and exchange rates) 
on government energy REID between 1974 and 2002. About 31.6°/u of the 
total REID budget in this period was allocated to renewable energy REtD. The 
overall trend of government RF-tD expenditures for renewables peaked in the 
early 1980s and declined notably after 1983. There was no significant fund-
ing between 1990 and 2001 (lEA, 2004) (Fig.4). 

Among the various renewable technologies, hiomass received the highest 
level of funding at US$13.6 million, or 45.6°/u, in the 1974 to 2002 period. 
Wind was funded at US$8.4 million, representing 28°/u of renewable energy 
RDEID (lEA, 2004). 

Figure 4: RE REID Expenditure in Ireland 1974-2001. 

w 

4 
0l 

r 
C, 

C, 

.3 

C., 

C a 

 

• Small l-4ydro )1 0MW) 
• Geothermal 
• Biomass 
• Wino 
• Solar Therml-Electnc 
• Solar Photo-Eleclac 
• Solar Heating & Cohong 

tin U UIu 
1986 1969 1992 1995 1998 2001 

 

 

1974 1977 1980 1983 

 

In 2003 the lEA completed its Energy Policies of Ireland Review. That report 
included a section (Chapter 10) on Energy REID. It reviewed the energy REtD 
policies in Ireland from the Green Paper (1999) and through the National 
Development Plan (NDP 2000-2006). It clearly notes the importance of the 
Sustainable Energy Authority of Ireland (SEI) in delivering an important part 
of this sector of REtD. The SEI operates and strategically manages the nation-
al RE REID Programme in line with government policy outlined in the 
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National Development Plan (2000-2006) and the Irish Green Paper and 
Sustainable Energy (1999). It notes that the Programme aims to: 

• 	Ensure that Ireland develops a world class research capacity. 

Recognise the importance of encouraging a dynamic research cul-
ture. 

• 	Build the capability of firms to carry out and manage REiD in 
Ireland. 

To date these goals have been met only to a limited extent in the energy sector. 

The programme is expanding and adapting to both policy and market needs 
in line with budget constraints and administrative processes. Formal and 
effective procedures are in place for evaluation, administration, legal issues, 
dissemination, marketing and the like. There are recent refinements being 
conducted to refocus the programmes in line with perceived demand and 
national policy. The exercise of future expansion will benefit from a number 
of incremental refinements as well as some paradigm changes in structure, 
approach or goals. 

The RE REiD Programme Strategy was published in the summer of 2002. Over 
the 2002-06 period, the programme was originally allocated an indicative 
budget of £16.25m (NDP) and provided support for product REID and tech-
nology demonstration. To April 2004, a total of £7.5m has been committed 
from the programme. The goal of the programme is to make a positive impact 
on the implementation of RE technology in Ireland. 

The profile of expenditures to date (April, 2004) is shown in a Table 2: 

Table 2: Breakdown of RE RRD Programme Comniintrnents as of April 
2004. (Million Euro) 

Category Total REID Demo Commision 
Biomass 3,293,928 602,912 2,368,625 322,391 

Wind 3,030,169 1,229,170 177,000 1623,999 
Ocean 357,939 236,325 0 121,614 
Hydro 408,425 0 408,425 
Solar+GSHP 245,437 245,437 0 0 
Geothermal 173,500 173,500 0 0 
Totals 7,509,398 2,487,344 2,954,050 2,068,004 
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The Irish RE R&D programme has been operating for approximately 18 
months. Its impact on the sector is thus very difficult to quantify. Twenty 
centres, universities, utilities, county councils, government agencies, and 
companies received approximately 2 ME from EU-funded programmes in 
2003 (primarily from FP6). 

Issues and Questions to Be Addressed 

The analysis in this paper raises a number of questions for discussion, both 
general and specific to R&D. 

General 

How level is the playing field for renewables versus fossil and nuclear 
sources? 

In parts of Europe, coal is heavily subsidised, but this is confined to locally 
produced coal which is higher cost than the imported product. Lower cost 
imported coal would probably not require subsidy to compete. What is the 
situation in Asia? At the margin, what are the relative subsidies of nuclear 
vs. renewables? 

Can the declining share of renewables in the energy mix be reversed? 

With rising total energy supply, and very little growth in hydro and gent-
hernial, this puts the burden of growth on biomass, wind, solar and other 
re n ewa bles. 

Does dc-regulation of energy markets help or hinder innovation, and 
associated expenditure on R&D? 

R&D Specific 

What are the relative contributions of learning by doing, and research 
and development, in advancing the use of renewables? 

The literature emphasises the fact that volume of activity induces innovation, 
and that R&D is complementary. Some countries, e.g. Germany, have highly 
incentivised the use of renewahies to achieve the volume and learning by 
doing effects. Has it worked? That is, what is the evidence from such exam- 
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pies in Asia and Europe as regards to stimulation of innovation? Does REtD 
play a crucial complementary role? 

How significant are price signals in general, and (in Europe) the CO2 
allowance market, in stimulating innovation in renewables? 

The CO2 market will give renewables a competitive advantage in the 
European Union. But will it stimulate innovation? How important is REtD as 
a complementary strategy? 

How can we improve the evaluation of REtD in renewables? 

It is clear from the evidence presented that success is difficult to measure, 
and that empirical data are difficult to acquire and analyse. What are the best 
examples from Asia and Europe in this regard? 

What are the best examples of public-private partnerships in advancing 
renewables technologies? 

Market failure means that The private sector on its own will not do "enough' 
in terms of Rf-tD and innovation to advance renewables. Thus a public-pri-
vate partnership is required. It seems that a three-way partnership is typical-
ly required, with universities, industry and government involved. Where are 
the best examples to be found in Asia and Europe? 

Should the REtD priority be fundamental research or application and 
co ni merci a lisa tio ii? 

Both the payoffs and the risks are greater at the fundamental level, and 
decline as commercialisation becomes the priority. Is there a scale issue, i.e. 
will large economies emphasise fundamental research and small open 
economies focus on comniercialisation? What is the Asia-Europe experience 
in this regard? 

How can RFtD funding be made to operate counter-cyclically, i.e. inten-
sify when economies are in recession and energy prices are low, and not 
the converse? 

We have seen that public support rises sharply in times of energy "crisis" 
(high prices) and falls back to a relatively stable level once the crisis has 
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passed. This surging is likely to be relatively inefficient 

ID. 1-low important are removing policy harriers and uncertainties, relative to 
other considerations? 

Ii. Should "technology targeting" characterise RFtD support, or should the 
focus he wider? 
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Abstract 

The Kyoto Protocol, which obliges developed countries to reduce emissions of 
greenhouse gases (GHG), was adopted at the third session of the conference 
of the parties to the United Nations Framework Convention on Climate 
Change (UNFCCC) in Kyoto, Japan, on December 11, 1997. Japan subse-
quently ratified the Kyoto Protocol in 2002 and is required thereunder to 
reduce GHG emissions by 6°M below 1990 levels by 2008-2012. It is the only 
Asian country with legally-binding targets to reduce GHG emissions. 

International co-operation is a vital strategy in addressing climate change, 
particularly with respect to technology transfer and exchange. The Climate 
Technology Initiative (CTI) is an important conduit for technologies, practices 
and processes addressing climate change in both developed and developing 
countries. Japan chairs the nine-member group, which consists of European 
and North American countries committed to the same mission. 
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Moreover, having already tackled development and promotion of energy con-
servation technologies after the second oil crisis, Japan emits the lowest lev-
els of CO2 in developed countries-approximately 9.4 tonnes per capita in the 
year 2000. Consequently, Japan is able to contribute to CO2 emissions reduc-
tion in developing economies as well as in economies in transition by appli-
cation of Japan's energy conservation technologies. 

The Ministry of Economy, Trade and Industry (METI) of Japan is one of the 
key ministries that administers governmental policymaking on climate 
change and is undertaking establishment of a system to facilitate the Kyoto 
Mechanisms. Because the Clean Development Mechanism (CDM) and Joint 
Implementation (JI) of the Kyoto Mechanisms are efficient tools, the Japanese 
government's policy towards emission reduction makes active use of CDM/JI, 
thereby supporting domestic efforts in realising Japan's reduction commit-
ment. The New Energy and Industrial Technology Development Organ isation 
(NEDO), under the jurisdiction of METI, supports CDM and JI project activ-
ities implemented by Japanese private sector enterprises. 

In this report, the author briefly introduces climate change policy measures 
in Japan and NEDO's activities to promote CDM/JI with special reference to 
the CTI. The paper concludes with a status report of the CTI's performance 
since its inception. The CTI is arguably a positive model for international 
efforts at building a technology response to climate change's perils. 

International collaboration on technology transfer plays an essential role in 
the mitigation of greenhouse gas emissions. For this reason, a group of the 
Organisation for Economic Co-operation and Development (OECD) countries 
established the Climate Technology Initiative (CTI) in 1995, during the First 
Conference of the Parties to the United Nations Framework Convention on 
Climate Change (UNFCCC). The Cli has since functioned as a voluntary ini-
tiative to foster international co-operation and to strengthen the develop-
ment and enhancement of technologies, practices and processes addressing 
climate change in both developed and developing countries. 

Since July 2003, the CTI has been successfully functioning under an 
Implementing Agreement of the International Energy Agency (lEA). During 
this past year, several capacity building activities were held including work-
shops and seminars in various parts of the world in collaboration with inter-
national organisations including UNFCCC, lEA, UNDP (UN Development 
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Programme) and UNIDO (UN Industrial Development Organisation). The CTI 
believes that interaction among various stakeholders is a prerequisite for the 
effective transfer of technologies and therefore actively involves industry, 
academia and the financial sector to develop a common understanding of the 
issues and the actions to be taken. Such efforts need to be made continuously 
in order to follow new technology developments and to address rapidly 
changing international circumstances.' 

Under the chairmanship of Japan 2, CTI membership includes Canada, 
Denmark, Germany, Norway, United Kingdom (Vice-Chair) and USA (Vice-
Chair), expanding in 2004 with the addition of Austria and Finland. 

The next sections provide an outline of climate change policy measures in 
Japan and the NEDO, the primary institution for Japan's activities to promote 
CDM/JI through international co-operation. 

Overview of NEDO 

The New Energy and Industrial Technology Development Organisation 
(NEDO) was established in October 1980, immediately after the second oil 
crisis, as a semi-governmental organisation under the Ministry of Economy, 
Trade and Industry (METI)'. NEDO is a unique organisation in that it works 
to co-ordinate the funds, personnel and technological strengths of both the 
public and private sectors in Japan. In October 2003, NEDO was re-organised 
as an "Incorporated Administrative Agency." The position held by NEDO in 
the government is shown in Figure 1. 

NEDO's principal activities are categorised under three topics: 

• Research and Development (REiD) of industrial technology as well as 
new energy, energy conservation and environmental technologies. 

• Introduction of new energy and energy conservation technologies. 

International co-operation. 

NEDO's CDM/JI activities are included under international co-operation. 

The past and future activities of the CT! can be found on the CT! website (wivu.climatetechnet). 
Japan furthermore serves as the CT! Secretariat. 
Formerly known as the Ministry of International Trade and Industry of Japan 
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Figure 1: Position of NEDO in Government 
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Current Situation of GHG Emissions in Japan 

Table 1 illustrates quantitative targets by sector for GHG emissions reduction 
in order to achieve Japan's overall target of 60/0  below 1990 levels, as stipu-
lated in the Kyoto Protocol. However, domestic GHG emissions have been 
increasing since 1990 and were 8% above 1990 levels in 2000 (Figure 2). 

The major source of GHG emissions in Japan is energy combustion, con-
tributing approximately to 900/0 of total emissions. Over the decade 1990-
2000, substantial increases in CO2 emissions (Figure 3) have been particular-
ly evident in the transportation sector (20.6% increase over 1990) and busi-
ness/home sector (21.30/o).  On the other hand, CO2 emission levels from the 
industry sector have shown little increase since 1990 due to Japan's lengthy 
experience relating to development and promotion of energy conservation 
technologies. Therefore, energy conservation technologies in Japan have 
great potential to contribute to CO2 emission reduction in developing 
economies and economies in transition. Because CDM/JI project activities 
offer the dual effects of reducing GHG emissions in such economies and 
transferring CO2 reduction credits to Japan, CDM/JI utilisation has become 
more significant. 
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Table 1: GHG Emission Reduction Strategies in Japan 

CO2  emissions from energy use ±0% 

CO2  emissions from non-energy use, methane 
emissions, and nitTous oxide emissions 

-0.5% 

Emissions of FIFCs, PFCs and SF6  +2.0% 

Reductions by innovative technologies and change of 
lifestyle  

-2.0% 

- 	 Sinks -3.9% 

Kyoto Mechanisms -1.6% 

(Source: Ministry of Economy, Trade and Industry, Japan) 

Figure 2: GHG Emissions in Japan (FY1990-2000) 
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Climate Change Policy Measures by METI and the Role of NED0 2  

In 2001, METI established a "help desk" for the Kyoto Mechanisms to facili-
tate CDM and ii projects. The help desk serves as a focal point for CDM/JI 
government approval and inquiries from private sector enterprises. METI has 
further designed a financial support scheme for CDM/JI project developers 
and CDM capacity building programmes in Asia that utilises non-ODA 
(Official Development Assistance) funds. NEDO is actively conducting 
CDM/JI support programmes as well as CDM capacity building programmes. 
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Figure 3: GHG Emission Levels Change by Sector in Japan (FY1990-2000) 
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Table 2: Approved CDM/JI Projects in Japan 

CDM$IT uJ p 

I 1)01 Broad 00001 	tooler I 	rp 	rItert '&M to Brood I ted So erh 	i I 	$1) 000(00 ((12 

(((SI (Soloed 
}kroedo Xohhorot,od Xcod 	PorCh 

1(2 

(1)01 SoutI Kooa 1 	t ((0 (Ito 	Jaoa 	I rotOr D000rotoo ( ° 000)Oot 	OIl boo 4000II)Oort-(02 

I )o Po 	10 7  (((to an SI oro ttdro I lot C 1)01 c 
Project 

fl\( er100fl 
\( 	Ir 	coo blip fbi 	It 04 	o0cd (as 

0t)0)on (((2 

I 1)00 I 	 0 oP 0(00 4 
(1)51 IreJit 

(U0 
Ilerroab)) 	atoll oIIfl(2(ot (1051.1 (XI) (1101st ((12 

I 	(Sob 	I (cello (trot  to S I ()prortrR)(ok Pore 	Pro0 1 1)01 OsIrd 041(00 	(1 

1)01 - 1(0 (toot Os ((101 oo(S 	rLholc Cr0101 40000(02 

I lot 5(odol 	rote 	(or 	n_toeing Ic 
it 	i (.orerkletan St IX) I (Ileto 	11_ot t ) 	otrp 	I rota a (as 0.0)1(000 

urhrn 	C 000rroralomr Sosloir, 

(Source: Ministry of Economy, Trade and Industry, Japan) 

183 



TECI-INOLOG Y PARTNERSHIPS FOR RENEWABLES: KEY TO ENERGY SECURITY 

NEDO's Activities to Promote CDM/JI 

NEDO's Financial Support Programmes for CDM/J1 Project Developers 

The Kyoto Protocol will enter into force after being ratified by Russia, which 
accounted for approximately 17.4% of global GHG emissions in 1990. 
Therefore, CDM/JI projects presently carry great political risk (also other 
risks) for private sector enterprises in Japan. NEDO's financial support pro-
grammes for CDM/JI projects are capable of reducing these risks and poten-
tially encouraging CDM/JI project implementation. 

CDM/JI Feasibility Study Programme 

The aim of NEDO's CDM/JI feasibility study (F/S) programme is to assess and 
realise private sector projects that are expected to lead to future CDM or SI 
project activities. In order to receive support from this programme, proposed 
CDM/JI projects must satisfy the following requirements: 

To reduce GHG emissions through advanced technologies for increasing 
the efficient use of energy. 

To contribute to sustainable economic development in the host country. 

To be proposed by Japanese private sector firms. 

NEDO initiated this F/S programme in 1998 and has conducted 260 CDM/JI 
project feasibility studies in a total of 47 countries through July, 2004 (Figure 
4). It is evident from the chart that Japanese private sector enterprises con-
sider that Eastern Europe, China and ASEAN hold high potential for future 
CDM/Jl projects. 

Subsidy System for CDM/JI Project Activities 

NEDO's subsidy system for CDM/JI project activities, shown in Figure 5 
below, was initiated in 2003. In this system, a maximum of 25% of neces-
sary costs for a project will be granted to Japanese private sector enterpris-
es for their implementation of CDM or JI project activities in host countries 
through introduction of efficient GHG emission reduction technologies. 
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Necessary costs include equipment introduction, validation of the project 
design document, certification and verification. 

Figure 4: NEDO's CDM/JI Feasibility Studies (FY1998-2004) 
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Contribution to CDM Capacity Building 

CDM projects will contribute, not only to global environment conservation, 
but also to sustained development of host countries. One of METI's roles is 
to plan and sequentially implement, the "Asia CDM Capacity Building 
Programme" agreed at the World Summit on Sustainable Development 
(WSSD) held in the Republic of South Africa in 2002. 

The aim of CDM capacity building is developing incentives to accept CDM 
projects and assisting development of approval systems in host countries. 
Experiences of CDM capacity building by METI and/or NEDO are shown in 
Table 3. In addition, CDM capacity building by NEDO is being planned in the 
Philippines, Malaysia and Indonesia in the near future. 
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Figure 5: NEDO's Subsidy System for CDM/JI Project 
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Table 3: Experiences of CDM Capacity Building 

• CDM Workshop (ChIna), Sep. 2004 
• 	CDM Training course (Japan), June - Aug. 2004 
• 	CDM Manuals (Vietnam and Thailand), 2003 - 04 
• 	CDM Technology Needs Assessment (The Philippines), Dec. 

2003-Mar. 2004 
• 	CDM Training course (Japan), June - Aug. 2003 
• 	CDM Seminar (Thailand), Mar. 2003 
• Japan-ASEAN CDM Workshop (IndonesIa), Jan. 2003 

(Source: Ministry of Economy, Trade and Industry, Japan) 

International Actions to Achieving Breakthroughs in Renewable 
Energy Technology Development 

These efforts have yielded positive results. For example, the production cost 
of photovoltaics (PVs) is only one eighth (I 2°/o) of what it was 20 years ago. 
Moreover, as an example, in Japan total PV capacity reached 860 MW, which 
is by far the highest in the world. Japan also has a 45% production share of 
the world market. 

Notwithstanding such successes, however, we still find that generation costs 
of renewable energies are high when compared to those of conventional 
energies. It is necessary to further reduce costs through technical develop-
ment and other efforts. Renewable energies also have certain characteristics 
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which cause problems related to the stability of their quality and output of 
electricity (Figure 8). Further technical development is needed to improve the 
reliability of renewable energies for long-term use and to increase energy 
efficiency. 

Figure 6: Cost and Capacity of PV Systems in Japan 
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Figure 8: Electric Power Generation Costs 

(Unit: JPYIkWh) 
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Thus, in order to promote the adoption of renewable energies, it is important 
for us to foster broad-based co-operation among industrial, administrative, 
financial and academic sectors, and to share information when wrestling 
with the issues which need to be overcome. 

As a part of these efforts, Japan actively undertakes technology transfer 
activities in developing countries, as seen in the example of its provision of 
technical and financial assistance to a power supply project in Mongolia. 
This is a positive experience involving NEDO and the private sector that 
could be replicated in other contexts (Figure 9). 

There are no borders in the air and market expansion is important in order 
to achieve breakthroughs in renewable energy technology development. 



Cuinaie Tchnv!ugr for Sustuinahle Energy 

Figure 9: Power Supply Project in Mongolia with NEDO-Japan and Sharp Co. 
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The CTI for our Common Future 

The Climate Technology Initiative (CTI) was established at the first 
Conference of Parties to the UNFCCC in 1995 by 23 IEA/OECD member coun-
tries and the European Commission. Since July 2003, the C3 I has been suc-
cessfully functioning under an Implementing Agreement of lEA. Its mission 
is to bring countries together to foster international co-operation in the 
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accelerated development and diffusion of climate-friendly and environmen-
tally sound technologies and practices 

Figure Ii: Overview of CTI 
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The CT! participating countries undertake a broad range of co-operative 
activities in partnership with developing and transition countries and other 
international bodies. The CTJ works closely with the UNFCCC process, includ-
ing its secretariat and the Expert Group on Technology Transfer (EGTT), rel-
evant lEA Implementing Agreements and other international organisations 
or initiatives. 

The CTI's activities are designed to be consistent with the UNFCCC objectives, 
in particular the framework for technology transfer incorporated in the 
Marrakech Accords and adopted at the Seventh Conference of the Parties of 
the UNFCCC. As an lEA Implementing Agreement, the CTI intends to con-
tinue its original programme and to extend it into new areas consistent with 
its overall objectives. 

The IJNFCCC has acknowledged the CTI for its contribution to technology 
transfer, particularly in respect of its collaboration with the EGTT and has 
been asked to continue its financial and in-kind support for the implemen-
tation of the EGTT work in 2005. 

See SF3STA 21 Decision on Det'eloptnrnl ajid trans/er of technologies (FC('C/SBSTA1200411.28) 
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Activities 

Technology Needs Assessments 

The CII provides technical assistance to selected countries carrying out tech-
nology needs assessments. It also collaborates with the UNDP and the UNEP 
on technology needs assessment methods training, including workshops. The 
CII also develops and disseminates relevant materials and information on 
lessons learned. The CTI's objectives include advancing the development and 
use of coherent and integrated approaches to conducting technology needs 
assessments among developing and transition countries. Activities in this 
area support the development of a flexible methodology for conducting tech-
nology needs assessments that can respond effectively to circumstances and 
priorities of the particular country. Such activities are carried out in partner-
ship with multilateral organisations, country partners and the private sector. 

Unique conditions in every country rule out any generic approach to tech-
nology transfer. Country circumstances differ widely and steps, sectors and 
options that apply in some countries may be inappropriate in others; in other 
words: "one size does not fit all' However, there are many steps and con-
siderations that are common to all and an approach can be designed as far 
as is practicable, to be modified and adapted to suit circumstances. 

Specific activities include: 

Capacity building for technology needs assessments; 

• technical assistance to countries carrying out needs assessments; 

• development of methodological approaches to technology needs; 

• exchange of experiences about successful approaches to conducting 
technology needs assessments; and, 

• facilitating interaction between governments, agencies and relevant 
international organisations on technology needs assessments. 

For instance, CII collaborated with the UNDP and the UNFCCC in the devel-
opment and dissemination of technology needs assessment methodologies 
and was carried out through 2004. Specific activities included provision of 
technical input and comment to revisions of technology needs assessment 
(TNA) methodology handbook section on adaptation in co-ordination with 
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the UNDP. This input was based on a significant degree on the outcomes and 
recommendations of the Regional Technology Needs Assessment Workshops 
that had been organised by the CTI in the two proceeding years. 

To maximise the utility of TNA findings, the CTI works with the UNFCCC sec-
retariat, UNDP, UNEP and the US government (USG) representatives of the 
CTC-Gateway to explore and examine more effective ways to integrate TNA 
outcomes and materials with other information resources and tools for 
broader international dissemination. The CTC-Gateway and the UNFCCC's 
TT:CLEAR (Technology Information Clearinghouse) tool benefited from this 
engagement and elements of these recommendations have been incorporat-
ed in the upgrading of these web-based resources. 

The CTI moreover, provides direct technical assistance based on lessons 
learned from its previous country support to additional countries carrying 
out technology needs assessments. Efforts focus on responding to informa-
tion requests by email, providing contacts for further information and cata-
loging key recommendations on the CTI website for use by other countries 
in a format that is user-friendly and applicable to the range of country needs. 

Seminars and Symposia 

The CTI has an ongoing programme of seminars and workshops, which are 
organised in support of the UNFCCC process, in order to facilitate the diffu-
sion of climate-friendly and environmentally sound technologies and prac-
tices. Active participation of the private sector, international organisations 
and financial institutions is being sought. 

Key events have been organised in Asia and Europe recently. For example, 
the CTI "Industry Joint Seminar on Technology Diffusion in ASEAN and 
Small Island States of the Pacific Region" was held in Jakarta, Indonesia on 
4-5 February 2004. Organised by the CII in co-operation with the UNFCCC 
and the government of Indonesia, this event was attended by approximately 
150 participants, including a minister and executive officials from five 
national governments in the target area, senior executives from the industri-
al sector and upper management of financial institutions and relevant inter-
governmental organisations. 

The main objective of the seminar was to raise the participants' awareness 
on issues concerning climate change, with a focus on clean energy technol- 
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ogy and energy efficiency. The seminar also aimed to foster shared under-
standing of current situations and what the challenges are, with regard to 
transfer of climate-friendly technologies. 

One of the key recommendations was that for rural and small island areas, 
introduction of renewahic energy for electrification is highly desirahlc in 
terms of 50cm-economic development. It was also noted that stable energy 
supplies can be best secured through making use of indigenous resources. In 
countries where agriculturc is a malor sector, power co-generation by hio-
mass such as hagasse, rice husk, oil palm and wood residues have high 
potential for development. 

It was notcd that technology transfer between developing countries (south-
south co-operation), not just from developed countrics to developing coun-
tries, would he effective since they have similar circumstances with regard to 
the development of climate-friendly tcchnologies, in particular renewable 
energy technologies. Networking within the region should be enhanced 
through information sharing so as to draw lessons from experiences of other 
countries' technology trails er pro(ects. 

It was also pointed out that regardless of the government's energy strategy, 
lack of institutional and legal capacities would remain the main harriers to 
the promotion of climate-friendly technology transfer. Reliable national poli-
cies and enahling environments in both developed and developing countries 
are essential. 

Financial aspects of technology transfer were frequently mentioned. In the 
worldwide trend toward reduction of Official Development Assistance (ODA), 
Foreign Direct Investment (FDI) and private financing are the key elements 
for accelerating diffusion of climate-friendly technologies. Although not 
every climate-friendly project could be conducted under the Clean 
Development Mechanism (CDM), there are great hopes that the CDM acts as 
a catalyst for technology transfer as well as economic growth. 

In Europe, the CTI organised a Joint Seminar on "Technology Diffusion in 
Central and Eastern Europe (CEE) and the Commonwealth of Independent 
States (CIS)" on October 28-29, 2004 in Vienna, Austria. Organised by the 
CTI with co-operation of the UN Industrial Development Organisation 
(UNIDO) and the International Center for Environmental Technology Transfer 
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(ICEfl), the Seminar was attended by over 90 representatives from govern-
ments, inter-governmental organisations, non-governmental organisations, 
business and industry groups, and academic institutions. 

The objectives of the seminar were to provide insight into: 

• 	Best practices for the deployment of energy efficient technology (e.g. in 
power/heat generation and supply, base materials industry, 
building/households, transport); 

• how other policies such as energy security and market reform may cre- 
ate positive or negative incentives for energy efficiency improvement; 

• 	niajor harriers to the diffusion of energy efficient technologies in 
CEE/CIS and suggestions on how to overcome these barriers; and, 

• linkages between climate change and energy efficiency. 

The participants realised that the energy efficiency business is alive and that 
the CEE and CIS countries offer a huge market potential. 

It was noted that developing appropriate policies and building capacity for 
Kyoto-related activities are both long-term processes. It was also noted that 
resources have to be made available to facilitate these processes. 

An important observation made was that there still are barriers to imple-
menting energy efficiency projects despite increased profitability induced by 
carbon credits. But some voiced a positive outlook that a combination of an 
enhanced carbon market, desires for increased energy security, considera-
tions of sustainable development and resultant policy changes would alter 
energy use patterns. The participants concluded that small-scale energy effi-
ciency projects may well be made more attractive for the carbon market 
through utilisation of instruments such as ESCOs. 

Imp/ernentation Activities 

The CTI facilitates technology implementation activities identified during the 
technology needs assessment process through a variety of actions, including: 
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• 	Identifying priority clean energy technology sectors in partnership with 
developing countries based on outcomes From the TNA process; 

• 	implementing targeted activities in selected priority sectors to foster 
market development and clean energy technology transfer; 

• 	evaluating activities and disseminating lessons learned, to inform mar- 
ket development and country activities in other regions and sectors; anti, 

• 	developing a strategy for eliminating any institutional, informational or 
other harriers to establishing the necessary enabling environment for 
effective and lasting technology transfer. 

For example. the CTI collaborated with the Experts Group on Technology 
Transfer (EGTT), the UNFCCC Secretariat and UNEP to co-sponsor a work-
shop in late September 2004 in Montreal focused on innovative options for 
financing the development and transfer of technologies. This event brought 
together a broad range of developing and developed country representatives 
along with experienced financing and risk management experts from the pri-
vate sector. The workshop sought to complement other initiatives in this area 
to improve the understanding of clean energy technology practitioners and 
climate officials on barriers to effective and innovative financing to support 
the transfer of environmentally sound technologies and practices interna-
tionally. The success of this event was due in large part to the practical focus 
which allowed hands-on financing professionals to provide candid assess-
ment of those in-country conditions that were necessary before any mean-
ingful level of external financing could be expected. There were many con-
structive outcomes that are already helping to better inform the technology 
transfer process. The current programme of work of the EGIT calls for a fol-
low-on activity to build on the momentum that was started by this impor-
tant workshop. 

Technology Needs Assessments 

Training courses are organised in collaboration with relevant international 
organisations, with a focus on the special requirements and circumstances of 
the target countries. Specific activities include: 

• 	Capacity building for technology neetis assessment, project planning and 
assessment, and establishment of institutional settings; 
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• information dissemination about environmentally sound technologies 
and best practices appropriate to the region and circumstances of the 
target country; 

• 	identification of financing needs and alternative means of project 
financing; 

• exchange of experiences in the use of successful environment energy 
policy instruments (e.g. law, taxes, subsidies, etc.); 

professional education and training; 

• 	initiation and strengthening of networking between agencies/centres for 
energy saving, energy efficiency and renewable energy; and, 

• 	facilitating interaction between governments, agencies and relevant 
international and other organisations. 

For instance, CTI organises a series of capability-building seminars. One of 
the most recent was the 5th CTI Capacity-building Seminar, "Climate 
Technology and Energy Efficiency - Using the Kyoto Mechanisms' held on 
October 16-20, 2004 in Leipzig, Germany. Experts from governmental and 
non-governmental organisations came together to discuss the issues of 
Emissions Trading (ET), Joint Implementation (JI) and the Clean Development 
Mechanism (CDM). The participants came from 21 countries of Central and 
Eastern Europe and the former Soviet Union. 

The seminar discussed JI and CDM experiences and concluded with a panel 
discussion on the future of international climate policies in general and the 
effectiveness of the Kyoto mechanisms after the ratification of the Kyoto 
Protocol in particular. As a result of the seminar, a number of priorities were 
identified for future CII activities: post-Kyoto strategies, the linkuig directive 
of the European Union, the brokerage of emission certificates and about the 
interdependences of climate protection and employment. 

A workshop on energy efficiency for Asian countries was organised on 
October 18-27, 2004 in Yokkaichi, Japan by the CTI and the International 
Center for Environmental Technology Transfer (lCEffl.  The workshop aimed 
to enhance participants' understanding and appreciation of international 
efforts for greenhouse gas abatement and sustainable development, as well 
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as to strengthen their commitment to more efficient use of energy in the rel-
evant sectors of their countries. Twelve representatives from national gov-
erninents, industrial sector and other relevant organisations from China, 
India, Malaysia, the Philippines, Thailand and Vietnam participated in the 
workshop. 

The workshop put special emphasis on the interactive process of information 
sharing among the participants as a way to promote, at the national level, 
energy efficiency in the industry sector. It also provided the participants with 
an opportunity to obtain information from Japanese experiences through site 
visits at the local enterprises as well as from the presentation delivered by 
the resource persons from various specialised agencies. 

The workshop highlighted policy options for energy efficiency in each coun-
try and the participants shared their experiences with various measures taken 
by their governments and the industry sector. It especially underlined the 
importance of the energy management at the factory level. The participants 
also found considerable potential for regional co-operation in Asia for ener-
gy efficiency improvement. 

The workshop also covered updates on cleaner production practices in the 
Asian region and paid attention to the major harriers that hindered small and 
medium enterprises from applying cleaner production practices. The Paffici-
pants discussed the roles of the government and the industry for cleaner pro-
duction promotion and identified the following actions that should be pri-
oritised: incentives; law enforcement and monitoring by government: capac-
ity building and awareness-raising; promotion of energy management sys-
tem at factories; and, regional co-operation. 

lujormano;, Di5 sc;ninalion 

One objective of the CTI is to facilitate information dissemination among 
governnlenls, industry, academia and relevant international and other 
organisations, and to support the diffusion of climate-friendly and environ-
mentally sound technologies and practices. 

The CTI also provides Sul)port for UNFCCC-organised seminars and work-
shops, tiesigned to better inform participants on key technology transfer 
issues, including enabling environments, technology needs assessment, tech-
nology information resources and capacity building. 
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The CTI organises side events at UNFCCC events to share experiences and les-
sons learned from CTI-supported technology transfer activities in collabora-
tion with developing and transition country partners. 

Summary and Concluding Notes 

In conclusion, informative seminars are held in developing and transition 
countries. The location of the CTlflndustry Joint Seminars on Technology 
Diffusion rotates among four regions-Asia, Europe, Latin America and 
Africa-with the objective of visiting each region once annually. In Asia, the 
concentration of activities has been in Southeast Asia and China, while in 
Europe, CTI has targeted Central and Eastern Europe. Each seminar caters to 
the needs of the region and to those of the UNFCCC process. For an illustra-
tion of this aspect of the joint industry seminar series, see the Figure 12. 

Figure 12: Map."CTI/Industry Joint Seminar on Technology Diffusion" 
Series 

As such, the CTI provides: (i) opportunity for the private sector to voice their 
policy recommendations to key decision-makers, helping to create a climate 
that attracts environmentally sound technologies; (ii) a platform to pave the 
way for project development; and, (iii) insight into financing opportunities 
for climate projects, including the CDM/J1 and risk management opportuni-
ties. 
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It means CTI may play a role such as a "toolbox" for energy and environ-
ment (Figure 13). 

In addition, the CTI holds training courses in each developing region and in 
the countries with economies in transition. The training courses have been 
held in Asia, in Latin America and the Caribbean, Central and Eastern Europe 
and Southern Africa. The training courses are designed to "train the train-
ers' Thus, countries are asked to select participants who will he in a position 
to return to their organisations and share information and techniques that 
are disseminated at the events. 

Figure 13: CTI as "Toolbox for Energy and Enviroment." 
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Synergy among the four stakeholders-governnients, academia, financial cir-
des and industries-is essential. The government should establish the foun-
dation by setting policy and organise the necessary co-ordination work; aca-
demia could provide expert and scientific analysis; while financial circles 
may invest and industries would be the main players in the technology and 
energy market. As discussed in this paper, the Japanese experience exempli-
fies this multi-stakeholder approach as seen in both the country's climate 
change responses as well as in its international co-operation activities. For 
example, in the case of a Mongolian power supply project as mentioned ear-
lier, the Japanese government provided not only financial assistance but also 
technical assistance through NEDO's participation in feasibility study (FS) 
preparation. Furthermore, Japanese universities like Tokyo University of 
Agriculture and Technology and Toyo University provided expert advice, 
Sharp Co. Ltd supplied the facility and technology "know-how' It is fore-
seeable that Japanese banks may provide loan facilities for activities in the 
next stage. 
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Figure 14: Govermerit May Support Industry at the First Step 
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Figure 15: Industry and Finance 
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Figure 16: Goverment Initiative with "3 Players for 3E." 
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Therefore, in support of international co-operation on greenhouse gas emis-
sion reducticn and mitigation as spear-headed by Japan in developing coun-
tries, the CTI could he considered as an institutionalised common resource-a 
"tool box for energy and environment Enhancing and enlarging such 
efforts bring the international community closer to the goal of addressing 
climate change for our common future. 
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PRACTICAL ELEMENTS FOR SETTING UP 
AN ASIA-EUROPE TECHNOLOGY EXCHANGE 

FOR RENEWABLES 

Philippe Bergeron 
Project Director 
ASEAN SIUDY FOR CDM INVFSTMEN1 PROMOTION 
ASEAN CENTRE FOR ENERGY (ACE-JAKARTA) 

Abstract 

This paper summarises issues to be considered when assessing the desirabil-
ity and feasibility of establishing a network for the facilitation of Renewable 
Energy (RE) investment especiollv by small and medium-sized enterprises 
(SItIE) entrepreneurs between Asia and Europe possibly under the Asia-
Eu rope Meeting (A SEM) umbrella. 

It provides a frameu'ork for discussion to address a series of fundamental 
questions that need to be asked if/when the establishment of such a network 
is considered by interested parties. Tile paper asks and provides among oth-
ers discussion and commented responses to the following questions: Hole 
could this network avoid duplicating existing networking initiatives? What 
could the preferable focus of action be? What kind of RE technology appli-
cation could tile network address? Why would a network be setup at tile 
ASEM level? What could the network do practically? What could tile adtled 
value of this network be? Who would be tile preferable network partners? 
Which financial resources could the network mobilise? What would tile gen-
eral governance structure of the network be? What would help make tile Ilet- 
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u'ork successful? What i'alue adding product could the network deliver and 
to whom? And what could be overall performance indicators Jor the network? 

This paper introduces desirability and feasibility considerations as u'ell (IS 

practical recommendations for setting up an Asia-Europe Technology 
Exchange for Reneu'ahles (conveniently deflncd as AETER in the following 
paragraphs) presented as a series of questions and answers commenting and 
justifying its purpose. 

What could the "AETER" Network Objectives Be? 

AETER would be a networking tool under the ASEM umbrella to foster on a 
voluntary basis the commercial uptake of value-adding RE investments 
between Asia and Europe. AETER ohectives would be three pronged. It 
would firstly build awareness about the numerous advantages of wide RE 
dissemination in Asia. Secondly, it would then demonstrate the viability and 
the mutual benefits of a commercial approach. Finally, it would finally help 
foster Asia-Europe business co-operation initiatives and reduce the transac-
tion cost for deployment in the two regions. 

In sum, there are seven prominent functions that AFTER could take on: 

• 	As a forum with srakeholders for experience-sharing and good practice 
dissemination on policy, management technique, financial resources, 
financial service, business support, technology, etc. In addition, it could 
play a role in human resuurces exchange and perhaps in the mediation 
of project opportunities involving more than one country and between 
ASEM countries. 

• As a think tank to stimulate market-making policy (where there is no 
market) and non-market distorting regulatory regimes (when market is 
established) for wide RE uptake across the ASEM region. It could actu-
ally facilitate national needs assessment and the periodic development of 
national RE strategy reports that can guide investors toward promising 
domestic RE investment opportunities. 

As a mobiliser of public and private financial resources, at both inter -
national and local levels in the ASEM countries taking into account the 
differential economic capabilities and financial interests of each individ-
ual country. 
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• As a facilitator of donor-assisted RE investment capacity building proj-
ects and programmes in ASEM countries interested in participating to 
establish RE market-enabling regulatory measures, SME business oppor -
tunity promotion, market-making RE investment and financial service 
facilitation and intermediation. 

• As a monitor for the ASEM region on RE investment uptake and docu-
mentation of the triple bottom line benefits (jobs, capital, know-how, 
technology, etc.) catalysed by these investments across the region. 

• As a trainer of decision makers and as a disseminator of know-how and 
good practice on a) effective (non-market distorting) RE investment 
processes and alliances; h) financial service facilitation methodologies, 
processes and procedures; and c) related enabling regulatory measures. 

• 	As a publisher of regional RE investment strategy reports, directories of 
RE solution providers, guidebooks on RE investment promotion, best 
practices and self-help manuals stimulating RE uptake by SMEs in the 
ASEM region. AETER could also promote the development of RE invest-
ment awards by periodically rewarding individuals, governmental 
organisations, banks and non-profit i nterrnediaries that best contribute 
to the uptake of RE investment in the ASEM region and in individual 
ASEM countries. 

What is the Significance of Setting Up AETER at the ASEM Level? 

The embedding of an internationally supported RE investment facilitation 
network in an ASEM context would hell) provide a series of mutually rein-
forcing economic and environmental opportunities. 

In the economic development field, this includes: 

The promotion of economically vibrant and efficient SMEs that can 
significantly contribute to sustainable development in their respective 
national economies and across the ASEM region; and, 

• the stimulation of innovative financial services for direct investment 
by SMEs in efficient, adapted and advanced RE technologies that can 
contribute to an enhancement of the triple bottom line (economic pros- 
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perity, environmental sustainability and social equity) in the ASEM 
countries. 

In the sustainable development field at least three dimensions could justify 
the positioning of AETER at the ASEM level: 

• Facilitating the fulfillment of commitment under Multilateral 
Environmental Agreements (MEA). This can help raise the capacity of 
the ASEM process and to optimise the regional delivery of improvement 
in global environmental concerns especially in connnection with the 
United Nations Framework Convention on Climate Change (UNFCCC) 
and the Kyoto protocol. 

• The lowering of non-tariff environmental barriers to international 
trade through economic stimulating measures that can help strengthen 
the capacity of the ASEM region in bridging the gap between the trade 
and environmental decision making processes in a mutually reinforcing 
and economically beneficial approach for the ASEM countries. 

• The stimulation of an approximation process of the environmental 
regulatory framework in the countries of the ASEM region; national 
environmental regulation and their enforcement have clear economic 
impact in each ASEM country. Different environmental regulations in 
various countries distort the economic playing field. By promoting mar-
ket making RE investment based on enabling national environmental 
regulations, ASEM through AETER could help start a dialogue among its 
member countries and work towards an approximation of the Asia-
Europe environmental regulatory framework, contributing to the estab-
lishment of a more level economic playing field. 

What Could the "AETER" Network Do? 

An efficient AETER network would be established in ASEM countries' 
national programmes and project activities that promote Renewable Energy 
(RE) business solutions and sustainable energy needs across the ASEM 
region. It would complement and synergise such activities through experi-
ence-sharing and facilitating activities at the regional and ASEM level. To 
avoid duplicating existing institutional capacity building activities across the 
ASEM region, the AETER network should focus essentially on market-mak-
ing and fertilising activities in the following three main areas: 
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• The stimulation of the growth of small and medium-scale enterprises 
(SMEs) that use, supply, trade or facilitate RE solutions on a commercial 
basis for the economic benefit of the ASEM region and the global envi-
ronment. 

The facilitation of innovative financial services and associated business 
support services by and/or for SMEs investing in RE across ASEM 
countries. 

• The fostering of enabling environmental regulatory measures and non-
market distorting incentives schemes to support broad RE investment 
uptake throughout ASEM countries. 

Value adding products delivered by AETER would include: 

RE investment awareness and promotion training modules aimed at 
providing a standard material to help RE promoters to disseminate prac-
tical and convincing case studies on the win-win character of RE 
investment, as well as the economic benefits of triple bottom line invest-
ing. These modules could also document the positive role of enabling 
regulation and enforcement and would reflect, through case studies, the 
likely positive economic impact of enabling regulatory framework on RE 
investment in the participating countries. These modules would be 
expected to augment the outreach of existing RE promotion projects and 
raise the consciousness of the benefits of RE investment amongst man-
agers in the supply chain. The modules can also establish how to best 
approach and structure such investment to maximise economic benefit 
and to reduce costs. The ultimate objectives of these products would be 
to raise the interest of a community of SMEs and to consider exploring 
the use of the two following AETER products in helping them move into 
value added and revenue-generating RE investments. 

RE investment option identification guidelines would be generic and 
mostly self-help supporting guidelines aimed at assisting managers, 
facilitators as well as RE suppliers and providers to i) identify practical 
opportunities for RE investment in various sectors; ii) create a hierarchy 
of options for RE investment alternatives; and, iii) develop a system-
based approach to select the most economically rewarding investment 
opportunities while taking into account triple bottom line considerations. 
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RE investment financial service mechanisms models could be generic 
types of processes and alliances needed to bridge the gaps between SMEs 
who are considering RE investment and financial service providers in 
search of commercially viable RE investment lending opportunities. 
Based on past success stories in the region, these mechanisms will doc-
ument the benefit of innovative strategic alliances (for example, between 
EST suppliers, banks and consultants) and financial service tools and 
procedures worth exploring between various actors along the RE invest-
ment supply chain in order to stimulate RE investment lending. This 
documentation will also offer step-by-step practical guidelines on how 
such alliances and mechanisms can be put into practice in various socio-
economic settings prevailing in the ASEM countries. 

Network marketing documentation would provide a streamlined over-
all documentation about the network, its products and services, its main 
actors, its sponsors and sources of funds for RE investments as well as 
its achievements to date. The documentation would also include the 
value ofjoining the network (no membership foreseen, just project con-
tribution and willingness to share knowledge for mutual benefits) and 
the criteria for eligibility in the respective ASEM countries. 

The AETER marketing documentation and other AETER products would 
essentially be constructed as a web based documentation for easy down-
loading and printing for dissemination by any interested intermediaries in 
the RE investment supply chain. All documents should reflect a strong 
AETER corporate identity characterised by a logo, a simple and catchy mis-
sion statement and standard forms and formats that help enhance the qual-
ity of the professionalism of the AETER network and its services. 

Activities fostered by the AETER network would exploit existing country-
based RE promotion projects and programmes as well as existing regional, 
national or local resource centres, associations, network or agencies active in 
the RE field. AETER's focus would be to promote all these efforts to deliver 
greater growth of practical RE investment in interested and committed ASEM 
countries. 

Why the Focus on Investment? 

Facilitating investment flows including Foreign Direct Investment (FDI) is a 
major theme of the economic co-operation dimension in the ASEM process. 
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The AFTER network would therefore focus on the facilitation of practical RE 
investments, especially by SMEs that have limited capability to project their 
investments between Asia and Europe. The network could help mobilise 
financial resources for investment loans as well as grants required to stimu-
late the demand and build capacity for RE investment uptake. It could capi-
talise on the technical assistance interest of a number of bi- and multi-lat-
eral donors toward less developed Asian ASEM countries, It could also assist 
the investment interests of private SRI funds. 

Ideally, the AETER network would offer both donors and private equity funds 
the possibility of effectively channelling resources for the facilitation of RE 
investment business transactions that are compatible with the Organisation 
for Economic Co-operation and Development (OECD) technical assistance 
guidelines. On a practical level, the network could contribute to the build up 
of efficient financial service capacity for commercial RE uptake within a 
non-trade-distorting operational framework. 

The capacity building efforts that donors or private funds could contribute, 
under an AETER network placed under an ASEM umbrella, to develop mar-
ket mobilisation effort. They could also stimulate the creation of new Public-
Private-Partnership (PPP) models in the RE sector (such as, among financial 
service providers, business support service consultancy and suppliers) and 
facilitate the dissemination of innovative financial services mechanisms and 
processes that support (but do not interfere with) commercial RE investment 
processes. 

Due to the impact of RE investment on job creation, technology transfer and 
capacity building, AETER would be expected to attract intellectual leadership 
of key institutions in charge of economic development (innovation, produc-
tivity, entrepreneurship, risk, finance, governance, competition, social 
responsibility, etc.) in the ASEM region. 

The diversity of financial resources mobilised (from donor grants to conces-
sional loans up to equity finance), depending on the economic development 
status of participating ASEM countries, would provide a vision of the con-
tinuum of financial instruments and regulatory incentives that can progres-
sively be tapped for RE investment along the economic development path. 
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What Kind of Investment? 

RE investment promoted under the AETER network would have to be value 
added RE solutions that are transacted by "proflt-making' SMEs in the ASEM 
countries in a number of categories. Three initial main categories requiring 
very different (and partially mutually exclusive) technical solutions stand out. 
Other categories or market segments may be added as the market develops. 

• Decentralised off-grid rural RE electricity (lighting, motive power, 
communication, etc.). These RE investments would focus on providing 
individual or small scale RE solutions for rural areas not yet covered by 
national electricity grids, a concern in a number of emerging Asian 
ASEM countries. By providing rural areas access to local electricity, 
AETER would significantly contribute to an acceleration of economic 
development in vulnerable and so far unprivileged areas. 

• Other decentralised rural RE applications (heating, pumping, etc.). 
These investments would represent poverty alleviating investment meas-
ures addressing the need of the poorest areas at the village level in the 
ASEM region. 

• On-grid industrial/urban grade RE electric power. Investments would 
address the huge and rapidly growing electricity energy demand of 
urban and industrial areas to be served by investors in RE electricity pro-
duction facilities. Due to the large and spatially highly concentrated 
energy demand involved, special, large and industrial scale grid feeding 
solutions around the areas with high electricity demand are a necessity. 

In addition, two additional supporting categories of investment may benefit 
from the AETER network: 

• RE equipment producer investments. These are investments in equip-
ment, machinery or services to develop, produce, assemble, trade or mar -
ket RE solutions produced, distributed and sold in the ASEM region. 

• RE business support investments. These are investments in equipment, 
know-how or services to build up business support services including 
financial services that can help structure, prepare, and facilitate the 
delivery of revenue generating RE investments to businesses concerned. 
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The main beneficiary of the AETER network should be a great variety of 
SMEs investing in numerous applications along the RE value chain under the 
categories above. 

What Kind of RE Technology? 

Common denominators of RE solutions promoted by the AETER network 
would prove the efficiency of RE based on recognised international good 
practices. in addition, RE investments facilitated under AETER can demon-
strate revenue generating capacity so that the cost of the investment can, 
under commercially acceptable risk for the financial service provider, be 
effectively repaid out of the added cash-flow generated by the investment. 

In technological terms, RE should include solar energy (1W/thermal), 
hydropower, (mini/micro water turbine), wind energy (turbine/pump), geot-
hermal (electricity/thermal), biomass (electricity/thermal) and ocean 
(tidal/wave). 

The AFTER network could also contribute to the application of RE technol-
ogy solutions (such as demand side management, industrial green produc-
tivity, performance contracting) that are often considered a necessary value 
adding complement. 

As part of its activities, the AFTER network would ensure that adequate 
information about these technologies are conveyed to the various economic 
agents interested to advance RE investments. 

Important information worth disseminating in this perspective would 
include: 

• Renewable resources availability such as water flow rate and head, 
wind speed and distribution, sunshine hours and distribution in promis-
ing areas. Intriguingly, these important pieces of information are cur-
rently often widely unavailable, especially rural areas potentially have 
the highest demand for RE solutions. 

• Alternative energy supply opportunity such as grid extension, hydro, 
geothermal, wind, solar, biomass and hybrid systems. 
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• 	Technical information including full engineering details, system config- 
uration, equipment specs, OEtM requirement or performance benchmarks; 

• Cost analysis and financing such as financial data demonstrating the 
economic viability of upfront investment, short/long term OEtM, financ-
ing resource, interests and loan term, ROl, etc. 

• Needs and market information such as potential market, real market, 
user affordability, competition, market distribution, etc. 

• 	Policy support such as taxes, concession, incentives, commercialisation, 
etc. 

Information like this would help alleviate a number of additional risks (polit-
ical, social and cultural) that can also impact RE projects. 

What Would the Added Value of AETER Be? 

The benefits of widely encouraging RE investment in the ASEM region could 
be far reaching. 

AETER assistance in facilitating value added RE uptake in ASEM countries 
could assist some countries to leapfrog economically through more efficient 
domestic and foreign direct investments. It can provide insights on innova-
tive economically-driven means to tackle poverty and social sustainability 
issues and help provide specific ways and means to redress triple bottom line 
i m ha lances. 

By also focusing on FDI, which all ASEM countries aggressively compete for, 
the AETER network could mobilise government, business, academia and civil 
society at the highest level of the economic development policy and bridge 
the gap between environmental and economic decision-making processes in 
some ASEM countries. 

Being an international forum, AETER could nurture intra-regional and inter-
national networking as well as create strategic links and alliances toward 
sustainable international trade and investment opportunities especially 
between Asia and Europe. 
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Furthermore, because of its capacity to address broader levels of behaviour-
al and system-level changes (climate change, poverty alleviation, capacity-
building and governance) the AFTER network could enlist broad interna-
tional institutional support for capacity-building from donors in advanced 
countries and advanced SRI equity funds from the most developed countries. 

By promoting an internalisation of the transaction costs of RE investment 
into standard business processes, AETER would attract the interest of busi-
nesses and entrepreneurs, accelerate the uptake of RE solutions between the 
two regions and contribute to a levelling of the playing field for investment 
in the region. 

For investors, banks and financial firms, AETER could deliver new credible 
mechanisms and processes in which banks and suppliers can rely on in 
order to finance RE in a sustainable way. This can lower uncertainty for 
businesses, diminish risks for investors and reduce the transaction costs for 
project proponents on the supply or demand side of value added RE solu-
ti oils. 

For governments and academics AETER would enable informal networking 
of professionals and stakeholders and provide a source of inspiration for 
intellectual leadership on many topics on the sidelines of facilitating sus-
tainable investment in the ASEM region. 

Who Could Be the AETER Network Partners? 

AETER network partners would essentially be stakeholders of RE investment 
in the ASEM region. Five main categories could be: 

• 	Public authorities: development agencies, investment and productivity 
hoards, climate change agencies, energy boards, local government that 
are promoting RE investment domestically, regionally or internationally. 

• Finance and investors: banks, funds and fund managers, export cred-
it agencies, microfiriance NGOs which can provide funding for RE 
investment. 

• 	Industry: business associations, companies and contractors in manufac- 
turing, production or services along the RE value chain. 
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• 	Civil society: NGOs, users associations and elected civil representatives 
that benefit from RE solutions at the local level. 

• 	Research: academia in RE/EE SflT, innovation centers in RE/EE technol- 
ogy, policy and finance that can help design and disseminate best prac-
tices for RE investment. 

Which Financial Resources Could AETER Mobilise? 

Financial resources mobilised by AETER could he of two kinds and from four 
different sources. 

AETER would be expected to essentially stiniulate loan funded RE invest-
ments. These resources would come from domestic environmental/energy 
funds in the respective ASEM countries complemented by loans from inter-
ested multilateral or bi-lateral donors such as World Bank (WB), European 
Investment Bank (EIB). International Finance Corporation (IFC), Asian 
Development Bank (ADB), Kreditanstalt für Wiederaufbau (KIW), Japan Bank 
for International Co-operation (JBIC), etc. With growing disbursement and 
commercial success of governmental environmental funds, commercial 
banks and private finance service providers would win greater trust in the 
dependability of applied RE financial mechanisms and services and he invit-
ed to play a growing role in loan provision and the delivery of financial serv-
ice for project intermediation. The ultimate goal would be the complete 
mainstreaming of RE uptake and the take over of loan activities by commer-
cial banking operations. 

AETER as a facilitator would also need some grant resources to support the 
capacity-building activities needed especially in the less developed countries. 
Equally important is the need to establish the financial mechanisms and 
business support services requiretl to stimulate the levels of RE investments 
up to a level where commercial operators can take over. Grants would also 
he needed for information (lissemination and 'best practice exchange, 
nationally and regionally". 

These project-based grants could come from several sources mobilised with 
the initial institutional support of ASEM: 

• The national budget of individual ASEM countries could he tapped 
to support country based capacity-building efforts in order to enable 
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RE investment and provide supportive regulation and incentives in 
line with established national RE strategy. Many ASEM countries 
have dedicated RE and EE funds for investment promotion already. 

• Donor resources. Funds from this source could be mobilised on a 
project basis to complement domestic national resources. Poverty 
alleviating RE investments and their facilitation would be a key field 
of action for such resources. Another area for action would be 
capacity-building tasks that address particular RE investment facil-
itation needs in selective countries in line with donor support agen-
da and political priorities. In as much as the network would build 
synergy to complement numerous RE promotion and awareness-
building activities already provided by various donors, such add-on 
international costs would be expected to be relatively low and would 
focus essentially on the establishment of proven financial services 
mechanisms based on transparent processes and procedures already 
successfully applied in comparable contexts. Multi-country knowl-
edge sharing and exchange would be another type of action requir-
ing donor support. 

• Kyoto mechanisms and carbon trading. RE is significantly con-
tributing to a reduction of greenhouse gas (GHG) emissions. AETER 
would also he expected to benefit from the flexible mechanisms 
established under the Kyoto protocol of the UNFCCC, especially the 
Jl mechanism (between countries committed to GHG reduction) and 
the CDM mechanism (between committed and non-committed coun-
tries). Among Asian ASEM countries, only Japan is currently com-
mitted to GHG emission reduction under the Kyoto protocol. 
However, all other Asian countries are parties to the protocol and are 
in the process to ratify the protocol. 

• The private equity market and investment funds targeting sus-
tainable development and the triple bottom line. These increasingly 
large funds are seeking good RE investment opportunities that are 
commercially viable and profitable. The operators of such funds 
have marketing budgets and can pay performance-based pro(ect 
finding fees to efficient facilitators of investment who make use of 
these funds. 
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What Could the AETER Network Governance Structure Be Like? 

To be operational and credible, the AFTER network would need to establish 
some kind of governance structure. Possible governance instruments could 
include a two-tiered board for efficient supervision and good linkages with 
government (supervisory and advisory boards), as well as a very lean sec-
retariat with a dedicated director to drive and manage AETER operations. 
For operation at the country level, the network would preferably rely on 
national focal points in each participating ASEM country. In addition, 
AETER would seek active programme and project co-operation with a net-
work of partner organisations at the international and country levels. 

Rather than create a new legal structure for the operation of AETER upfront, 
it should start initially as a project and over time see which existing non-
profit legal form (charity, association, membership, partnership, etc.) may be 
best suited to sustain the advancement of its evolving objectives and activi-
ties. If successful, with time a legal entity already existing in various ASEM 
countries could he entrusted to take over the functions of the network that 
require a legal structure for operation (acceptance of funds from public 
donors, project responsibility and liability, accountability toward stakeholcl-
ers and sponsors, etc.). 

If hosted by a legal structure, the following qualities would be desirable: 

• 	Be already a regionally registered non-profit legal entity with legal 
members from the region to allow a fast track start-up phase that can 
withstand sensitive national legal registration issues and concerns. 

• Have a reputation of being thoroughly regional in terms of current 
outreach, contacts and projects: so as to have a good receptiveness 
to ideas adapted to the soclo-economic interest of participating 
countries and to enable a broad promotion of initiatives and the dis-
semination of best practices across the whole region. This is impor -
tant to facilitate a wide distribution of the benefits of the network to 
all participating countries, regardless of their interest and socio-eco-
nomic level of development. 

• Have experience to manage international projects and programmes 
efficiently from the multilateral and bi-lateral funding community. 
This is important in order to facilitate access to international insti- 
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tutional funding and to allow the network to easily win the trust of 
international donors and sponsors. In addition, it is also important 
to have an outstanding and established track record in the financial 
management, monitoring, controlling and auditing of international-
ly assisted projects. This will allow the network to generate short 
term significant impacts swiftly on which further progress can he 
built. 

• Be perceived as regionally neutral and open in terms of technical 
project interest and to be able to address a wide range of initiatives 
across the whole spectrum of RE/FE solutions taking into account 
the differentiated socio-economic situation of the ASEM countries. 

• 	Have a track record as an enabling facilitator that not only imple- 
ments projects on its own but develops networks and alliances to 
build synergy and assist other institutions to build regionally rele-
vant competence. This is to enable a distribution of the network 
technical capabilities to a number of separate 'centres of compe-
tence" spread widely across different countries to address regional 
RE concerns and interest in narrower technical fields. 

In operational terms, the ASEM level activities would be through a lean 
AFTER secretariat that could help participating countries to mobilise and 
orchestrate public, private, international and domestic resources to lower the 
transaction costs of RE investments. In addition, an AFTER secretariat could 
co-ordinate ASEM level information-sharing activities on best practice dis 
semination, expert exchange, publication, event development as well as on 
periodic reviews and performance- monitoring of national RE investment 
objectives and targets. Finally, the secretariat could help balance the benefits 
of the AETER activities across all participating ASEM countries in order to 
maximise mutual benefits. 

What Would Make the AETER Network Successful? 

The hllowing elements would he expected to be vital ingredients contribut-
ing toward the success of an AFTER network: 

• Effective products in the form of generic innovative financial serv-
ice mechanisms and alliances, practical RE investment-seeking tech-
niques as well as professional AFTER services marketing material 
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and documentation (easily understandable and attractive to both the 
business world and entrepreneurs) as well as to project sponsors 
agencies. These products and services would have to be specific and 
value adding for users to allow AETER to differentiate itself against 
other networks addressing RE issues. 

• Champions at the ASEM, regional, national and local levels. These 
senior figures with outstanding political and moral authority will 
help raise the visibility and credibility of the initiative, support the 
marketing of the products and services, disseminate its value adding 
character and achievement and provide political support for attract-
ing the interest of project sponsors and SME managers interested in 
RE investment. 

• Professional secretariat to structure, develop and manage profes-
sional facilitation services to the AETER stakeholders, to cultivate 
effectively the support of projects donors and sponsors for country-
based facilitation projects, as well as regional information sharing 
and exchange. The secretariat shall also be able to provide swift and 
professional contact assistance to businesses interested in guidance 
along the supply chain of RE investment across the ASEM region. 

• Government commitment to enabling RE regulation to ensure that 
RE investment friendly regulations and incentives are enacted and 
deployed throughout the ASEM countries supporting the initiative. 

• Pro-active RE investment country managers with good links to the 
relevant business communities as well as governmental finance 
service providers and national RE/EE funds managers. These man-
agers should preferably be business professionals accustomed to 
business transactions and performance based results, well acquaint-
ed in the provision of investment financial services and willing to 
capitalise on performance based financial incentives. 

• 	Synergy with existing initiatives and intermediaries to facilitate 
the swift and broad dissemination of AETER products and services 
to a large audience of local RE investors, suppliers or users in the 
participating ASEM countries. 
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What Could Be Performance Indicators of the AETER Network? 

To bring tangible results, the network would need to be driven by practical 
RE investment facilitation objectives and targets as seen in the four follow-
ing dimensions: 

• Outreach. Such as, number and quality of professionals exposed to 
the network products and services and interested to invest in solid 
RE projects; number and quality of professionals associated with the 
AFTER network to stimulate RE uptake especially by SMEs; number 
and quality of stakeholders mobilised to monitor the triple bottom 
line criteria of RE investment in the region over time, etc. 

• Mobilised resources. Such as, volume of financial resources (loans 
and grants) mobilised from various national and international 
sources to facilitate RE investment and volume of lending disbursed 
for RE investment; number and quality of financial service models 
to advance RE uptake by SMEs, etc. 

• Enacted regulations. Such as, number, quality and outcome of 
enacted RE investment-enabling regulation, incentives and imple-
menting guidelines established and enforced in the ASEM countries; 
number and quality of regulatory incentives offered and exploited 
by SMEs, etc. 

• Direct investment. Such as, number, volume and quality of RE 
investment made by SMEs using the facility network and its prod-
ucts and services, etc. 

Behind the AETER concept is the recognition that "investment" has a pow-
erful enabling economic transformation function. Without investment, there 
can be no technology application and no sustainable development. 
Although trade and investment are two sides of the same coin, it is invest-
ment, especially direct investment, which is at the heart of economic devel-
opment. Investment facilitates sustained employment, capacity building, 
productivity growth, technology development and implementation as well as 
access to know-how and markets. 

Faced with resource allocation pressures and environmental constraints 
unmatched in the world, many future global environmental battles will be 
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fought in Asia. The region will undoubtedly become the global magnet and 
brainstorming playground for innovative ceo-efficiency options and envi-
ronnientally sustainable technology platforms, including RE technology. 
Europe is the global leader in terms of developing and implementing renew-
able energy systems. For the future well being of Asia. Europe and the world, 
Asia and Europe need to enhance their co-operation in sustainable energy 
investment, which will also have positive impacts for Asian and European 
business interests. AETER could help lower the transaction costs for co-oper-
ation and act as an important catalyst for RE technology exchange. 



TECHNOLOGY PARTNERSHiPS FOR RENEWABLES: KEY TO ENERGY SECURITY 

TOWARDS A NEW FRAMEWORK FOR 
ASIA-EUROPE PARTNERSHIPS IN ADVANCING 

THE IMPLEMENTATION OF RENEWABLE 
ENERGY TECHNOLOGIES 

Francis X. Johnson 
Research Fellow, Energy and Climate 
STOcKHOLM ENVIRONMENT INSTITUTE 

and 

Yong Chen 
Research Associate 
STOCKHOLM ENVIRONMENT INSTITUTE, SWEDEN 

Abstract 

Co-operation between Asia and Europe on renewables is arguably the world's 
most significant axis of international co-operation in light of concerns over 
energy security, future economic competitiveness, and climate change. Energy 
consumption growth and especially electricity consumption growth will be 
concentrated in developing countries in the future, with China and other 
Asian countries representing the major regions of growth. The EU is moving 
aggressively towards ambitious targets for increasing renewables in the ener-
gy mix. Renewable energy industries have seen tremendous technological 
innovation in recent decades, especially in wind and biomass. In the short 
term, there are excellent business opportunities, as Europe can offer excellent 
renewable energy "packages" for countries in Asia that are increasingly 
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recognising the value of more diverse energy sources. In the longer-term, co-
operation between Asia and Europe will facilitate Asian industries' develop-
ment of domestic renewable energy industries. There already exists tremen-
dous technical capability and human resources for renewable energy in Asia. 
What Europe can assist with, is the financial packaging and the experiential 
knowledge concerning the many different applications and the need to scale-
up renewables in a way that is economically feasible, socially acceptable and 
environmentally sustainable. 

Historical Background and Overview 

Over thirty years have passed since the first oil crisis ushered in a new era in 
which medium and small-scale renewable energy technologies moved out of 
laboratories and away from smaller prototypes into broad commercialisation 
and a variety of new applications and markets. Many other issues have since 
provided further economic and environmental rationale for the expansion of 
renewables: the capital cost burden of large-scale power plants; concern over 
the safety of nuclear power; the threat of climate change; and, a broader 
view of energy security that recognises the need to address regional sustain-
ability as well as geopolitics. 

Nevertheless, an analysis of the energy mix in various regions around the 
world reveals that among renewables only large-hydro and traditional bio-
mass have a significant share. The social and environmental impacts of 
large-hydro have led to it being "de-classified" as renewable in many certi-
fication schemes. Traditional biomass in the form of wood and charcoal is 
still used in much of the developing world, accounting for as much as 95 0/0 

of household energy use in some African countries. The transport sector has 
barely been touched by renewables, with the exception of a few countries 
like Brazil, with its ethanol programme. 

Perhaps more significantly, the new era also marked an end to the long peri-
od of continuous growth in energy consumption in OECD (Organisation for 
Economic Co-operation and Development) countries and the start of a peri-
od of rapid growth in energy consumption in many developing countries. 
The experience in OECD countries showed that energy efficiency, energy 
conservation, and the increasing importance of information technology 
allow for a decoupling of energy from economic growth, and it is now wide-
ly understood that there are many possible "energy paths" to choose from. 



TECHNOLOGY PARTNERSHIPS FOR RENEWABLES: KEY TO ENERGY SECURITY 

In spite of the many options available, many developing countries have nev-
ertheless opted for more traditional power sources in pursuit of increased 
economic growth and there are certainly many private companies in OECD 
countries that are happy to sell equipment and expertise for large-scale 
and/or non-renewable-fuelled power plants. Most of the energy consumption 
growth in the coming century will be in developing countries and conse-
quently the key for expansion of renewables is essentially rooted in co-oper-
ation between OECD and developing countries. 

One might say that the challenge is now to "scale up" renewables and ener-
gy efficiency - not simply by increasing the size or number of installations 
and/or the amount of energy produced (or saved), but through the gradual 
learning processes through which appropriate applications and markets can 
be found. Implementation of renewables needs to better incorporate social 
and environmental goals and constraints and demographic trends. 

Given the pre-eminence of climate mitigation among climate goals, a great 
deal of climate policy analysis is focused on quantifying the adjustments on 
a macro-level in terms of the amount of carbon that needs to be saved and 
how it shall be accomplished. Pacala and Socolow (2004) have suggested 
thinking about the energy-climate problem in terms of rapid expansion of 
seven "wedges" of alternate technologies, each amounting to 1 GtC. They 
also suggest that the issue is mainly one of scale since the necessary tech-
nologies are already available. 

At the same time, the smaller scale, diversity and intermittent nature of 
renewables poses both challenges and opportunities compared to traditional 
power sources. Policy analysts, researchers, project developers and develop-
ment specialists will need to look for "creative intersections" between the 
growing energy service needs of the developing world, the need for region-
al integration towards sustainable development and global environmental 
problems - with climate change foremost among them. There is also a need 
for "higher-level" policy signals from major international players such as the 
UN, World Bank and the lEA (International Energy Agency). 

The Renewables Challenge at Johannesburg and Bonn 

The Bonn International Conference on Renewable Energy in May 2004 pro- 
vided such higher-level policy signals and the Conference was a significant 
turning point for the global transition towards energy systems that are envi- 

224 



Towards a New Framework for Asia-Europe Partnerships 

ronmentally sustainable, economically achievable, and politically acceptable. 
The Bonn Conference grew out of commitments made at the World Summit 
on Sustainable Development (WSSD) in Johannesburg in 2002, and the 
momentum both events provided has contributed to a variety of interna-
tional co-operation efforts. The EU and other international bodies have sub-
sequently set a number of targets for renewable energy expansion and ded-
icated more resources to deployment and implementation as opposed to sup-
porting mainly research and development, emphasising the fact that major 
technological breakthroughs are not necessarily needed - there is a tremen-
dous amount that can be done with existing technologies. 

The axis of international co-operation between Asia and Europe is arguably 
the most important among all the major region-to-region co-operation 
efforts currently in place or expected in the foreseeable future, for a number 
of reasons. First, demand is nearly saturated in the EU (European Union) 
whereas it has only recently started to take off in much of Asia - and it is 
where energy consumption growth will be concentrated in the coming cen-
tury. Consequently there exist many valuable complementarities in the form 
of new business partnerships, technology transfer, expanded trading oppor-
tunities, and the specialised knowledge that is required to match end-user 
needs to the capabilities of suppliers. 

Second, the EU has been in many respects the environmental leader for the 
world during the past decade, especially in light of the US rejection of Kyoto, 
and much can be learned from the considerable effort expended within the 
EU on developing broad policy platforms and institutions to support climate 
mitigation, with a special focus on renewables. EU-Asian partnerships on 
renewables have been an almost inevitable result of the leadership role taken 
by the EU and the fact that Asia will most likely be the key battleground for 
climate mitigation efforts in the coming century. 

Third, most of the main "coming-of-age" stories for renewable energy have 
occurred within the EU and have been clearly attributed to prolonged sup-
port from national governments and the establishment of appropriate co-
operation with private industry. The case of wind energy in Denmark and 
biomass in Sweden offer perhaps the most classic examples of how modest 
support that is sustained over many years can help to overcome the lock-in 
and vested interests that characterise the bulky power sector. 

Finally, there is a continuously improving rapport between Asian and 
European societies as well as between their respective governments, where- 
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as the unilateralist approach of the current US administration has damaged 
the credibility of American institutions. More importantly, in contrast with 
the tendency in the US to draw a clear distinction between the roles of gov-
ernment and industry, the less legalistic division between government and 
industry in both Asia and Europe offer more latitude for energy sector co-
operation, especially in light of liberalisation in the power and gas sectors. 

Asian-European partnerships will be increasingly facilitated by the greater 
social exchange they have been experiencing as well as the global political 
forums (mainly the United Nations) in which international energy-environ-
mental initiatives are formulated. However, a number of key areas will need 
to be addressed in order for European-Asian co-operation on renewables to 
achieve its potential; a sketch of these key areas and methods of co-opera-
tion is provided in the remainder of this paper. 

Current and Future Energy Sources in Asia and Europe 

In Europe, renewable energy sources currently play a marginal role, account-
ing for only about 6% of the EU- 15's primary energy consumption in 2002. 

The share of renewables in the EU-25 is slightly less. Globally, we can note 
that only biomass and hydropower have any real market share. Furthermore, 
with the exception of some areas in the US and a few countries in Europe, 
biomass consumption is mainly for traditional use in developing countries 
for cooking - a low efficiency use, which is more costly in real terms, since 
these low efficiencies are not sustainable for increasing populations and 
demands on land use. Moreover, the smaller-scale and more intermittent 
renewables (e.g. wind, photovoltaic (PV)) will require considerable scaling-
up in order to have a major impact, although wind in particular clearly has 
significant potential in the long-term. In the case of wind that is supplying 
power to the grid and/or located near urban areas, installation becomes an 
important issue since a given wind farm will generally require hundreds of 
windmills to be on par with major geographical demand centres. Table 1 lists 
the fuel shares for the EU and other major regions (EC DG-TREN 2004). 

In Asia, renewables represent a much larger share, but this is due primarily 
to traditional biomass use for cooking, lighting, and heating, as is still com-
mon in the developing world. Indeed, given that more than one billion per-
sons in Asia lack access to modern energy services, a major challenge in 
Asian countries will be to find substitutes as populations increase and 
resource pressures limit the availability of biomass. There has been a signif- 
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icant increase in the use of small-scale biogas for household and small com-
mercial applications, especially in China and India, and these applications 
represent useful improvements in the efficiency of utilisation for the overall 
biomass resource base. However, rapid urbanisation in Asia has led to much 
greater growth in energy consumption in the transport sector and in newer 
industry sectors, and this consumption is much higher in aggregate by com-
parison to the smaller-scale uses of biomass. 

Table 1: Fuel Shares for Primary Energy Consumption in Various Regions 

Solids Oil Gas Nuclear Hydro Biomass Other 
USA 23,7% 39,3% 23,5% 9,2% 0,9% 3,00/0 0,4% 

EU-is 14,6% 40,1 0/a 23,5% 15,6% 1,6% 3,8°b 0,8% 

Japan 19,3% 49,4% 12,8% 14,9% 1,4% 1,4% 0,8% 

Russia 17,3% 20,8% 1 	52,7% 6,0% 2,3% 1 	1,1% -0,2% 

China 57,2% 20,1% 2,7% 0,5% 2,0% 17,5% 0,0% 

India 33,1 0/a 22,0% 4,2% 0,9% 1,0% 38,7% 0,1% 

Others 15,40/a 37,3% 23,7% 3,6% 3,6% 15,60/6 0,80/6 

World 23,5% 34,9% 21,2/a 1 	6,8% 2,2/a 10,9% 0,5% 

The table is a reminder of the tremendous challenge in bringing renewables 
to the market. Even the one renewable option that is economic and fully 
commercialised at large-scale - hydropower - represents only a very small 
share of energy consumption. The other major renewable energy source - 
biomass - is consumed predominantly in the developing world for tradition-
al uses in cooking, lighting, and heating, with extremely low conversion effi-
ciencies. 

In the long-term, it is quite likely that the electricity generation mix - rather 
than the primary energy mix - will determine whether climate stabilisation 
can he achieved, due to the fact that most of the carbon resources in the 
world are in coal rather than oil or gas (Grubb 2005). Consequently, the areas 
of future growth in electricity consumption will need to be the focus of 
efforts to de-carbonise energy supply by increasing renewables. 

Table 2 shows the electricity consumption in various regions of the world in 
2002 and the [EA projected electricity consumption in 2030 (lEA 2004). 
Growth in world electricity consumption will be concentrated in developing 
countries (non-OECD in the table) in the future. China's electricity consump- 
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tion, which is currently about half of that of the EU-25, is projected to exceed 
that of the EU-25 by 2030. Overall, non-OECD countries will grow from 
accounting for one-third of electricity consumption to over half of world 
electricity consumption. Growth in electricity consumption in many devel-
oping regions will be about three times the growth in OECD countries, and 
this shift in consumption patterns has significant implications for climate 
policy and the role of renewable energy. 

Table 2: Electricity Consumption in Various Regions of the World ( Current 
and lEA Projection). 

YEAR(s) 2002 2030 2002- 
2030 

Cimptixi 
(GWh) 

Share of 
Wñllo4al 

(mnwlptk)n 
(GWh) 

Share of 
Wñ1ToaI 

Share of 
Gmwth Rale 

Africa 480000 3% 1602711 50/0 4,40% 
Middle-East 512000 3% 1203684 40/0 3,100/0 

ASEAN 420397 3% 1295031 4% 49 10o/a 
India 596543 4% 1991846 6% 4,40% 
China 1640478 100/0 5477525 17% 4,40% 
Japan + Australia + NZ 1359645 8% 2006727 6°Io 1,40% 
Other Asia + Pacific 669872 4% 2236690 7% 4,40% 
Brazil 344645 2% 810242 3% 3,10Wo 
Other SA, CA, Mexico 656010 4% 1814327 6% 3,700/o 
U.S. + Canada 4834162 30% 6940419 22% 1,30% 
EU-25 3149738 20% 4522087 14% 1,300/o 
Russia + Other 1409079 9% 2322058 7% 1,80% 
World 16072569 32088804  2,50% 

OECD (+Russia+Other) 10752624 67% 15791290 49% 1,38°/0 
non-OECD 5319945 33% 16297513 51% 4,08% 

(Source for consumptions and projections: lEA 2004) 

Renewable Energy and Climate Policy 

This radical shift in electricity consumption patterns implies that in order for 
climate strategies to be effective in the long term, they will have to be aimed 
primarily at non-OECD countries. In fact, the carbon intensity of world elec-
tricity supply will be largely determined by choices made in China and a few 
other key growth regions. The challenge for OECD countries will be primari- 
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ly to decrease the energy intensity of their economies, i.e. to improve ener-
gy efficiency on a very large scale. The current ambitious long-term climate 
strategy in the UK, which aims to decrease carbon emissions by 60% by 
2050, is based squarely on these two pillars - decreasing carbon intensity by 
increasing renewables and decreasing energy intensity by improving energy 
efficiency (Grubb 2005). The UK climate strategy may very well be seen as a 
prototype for the global strategy, and the innovative public-private partner-
ships developed through the Carbon Trust may be seen as prototypes for the 
international partnerships that will be required for an effective global climate 
strategy (Carbon Trust 2003). 

It is not only climate policy that is driving efforts to promote renewables in 
the EU. Concerns over energy security and future economic competitiveness 
have also helped to spur efforts to increase the share of renewables within 
the EU. The indigenous availability, climate-neutral nature and improving 
technological maturity of renewables are increasingly seen by industry as 
attractive investment options that can create new market opportunities and 
enhance the competitive advantage of European companies. The EU has set 
targets for 2010 of 21% for electricity production from renewables and 6% 
for the market share of biofuels for transport. 

Security of energy supply is an even greater concern in Asia, where the share 
of imported energy has been rapidly increasing amidst economic growth. In 
recent years, the volatility of oil prices has exposed any nation that heavily 
depends on oil imports to a vulnerable position. This is particularly true 
when it comes to developing countries in Asia. Promoting modern use of 
renewable energy sources may provide part of the solution to strengthening 
a country's national energy security situation. Furthermore, energy security 
concerns have transcended the Middle East oil debate and now include the 
recognition that diversity in energy supply, both in transport and in the 
power sector, leads to a more robust economy. 

The problem often comes in translating such broad policy goals into invest-
ments in renewables, and this is often affected by the issue of economic 
scale. The small-scale of most renewables translates into many economic 
"transactions" compared with the commissioning of a large baseload power 
plant fired by coal, nuclear or hydropower. Each transaction requires an 
investment decision and thus the challenge for policy-makers will be how to 
re-direct investments and at the same time find ways to bundle or package 
renewable energy options so that the transaction costs are minimised. 
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Ideally, advanced European renewable energy technologies should be made 
available to ensure Asian energy supplies, particularly to support rural 
development. This would in turn help to increase production volumes and 
thereby reduce costs. However, the reality provides a more complex picture, 
due, primarily, to apparent differences of conditions and institutions, back-
ground motives and incentives. As a consequence, there is a performance 
gap in applying renewable energies between the continents and how to bring 
the experience developed in Europe to the potential renewable energy users 
in Asia becomes an issue. One of the main conclusions of the 3rd Roundtable 
Conference of the Asia-Europe Environment Forum was that the key lies in 
non-technical factors, rather than in the technologies themselves. Of these 
non-technical factors, the most important would be to create an enabling 
environment in Asian countries to promote the use of renewable energy 
options. For example, human and institutional capacity building, financing 
frameworks and a sound governance system serve as vital prerequisites for 
effective technology investments. 

The most significant barrier to renewable energy, besides the technical limi-
tations such as intermittency, is the generally high production cost of ener-
gy from most renewable sources. Although Europe is taking a leading role 
in developing technologies for renewable energy sources, if no economic 
incentive or subsidy schemes are adopted the use of these technologies is 
curbed by the high prices (with a few exceptions such as wind power in some 
locations in Denmark and large-scale hydropower). However, as a critical 
mass of renewable energy use is being attained, the production costs are 
expected to decline. 

Key Drivers behind Asia-Europe Co-operation on Renewables 

Given that countries in Asia and Europe are posed with different develop-
mental challenges, renewable energies play distinctly different roles on the 
two continents. For European countries, renewable energy sources primarily 
serve as a means to diversify the national energy supply. Promoting renew -
ables is also a way to implement commitments to sustainable development 
and reduction of greenhouse gases (GHG5) emissions, while creating jobs and 
enhancing competitiveness. For most countries in Asia, renewables are asso-
ciated primarily with poverty reduction and basic economic development; 
however, in the longer-term the same issues of energy security and diversi-
ty are applicable in most Asian countries as well. 
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In this context, two key driving forces from the European side behind a co-
operation with Asia would be: (1) exports of renewable energy technologies 
and know-how, such as wind power (Denmark, Germany), thin-film PVs 
(Sweden) and biomass-based boilers/co-generation technology (Sweden and 
Finland); and (2) carbon credit to support energy-intensive industries, such 
as the Swedish iron and steel industry, concerned by the restriction of car-
bon dioxide emissions, jeopardising the development and international com-
petitiveness of European industries. 

Adequate renewable energy sources and mature technologies are available to 
provide a considerable part of the future energy supply in both Asia and 
Europe. However, without implementing significant measures to create an 
institutional, financial and legislative enabling environment for applying 
renewable energy in modern ways, political promises made will not be trans-
lated into real progress on the ground. 

It is important to note, however, that in developing countries this political 
resolve would not be rooted in commitment to environmental improvements, 
but rather to satisfy economic interests and development needs. These driv-
ing forces vary between countries with the poorer ones, such as Cambodia, 
Laos and Nepal, focusing on energy services and poverty reduction, while 
others at a relatively more advanced development stage, such as China, 
India, the Philippines and Thailand, would focus on economic growth and 
business development. 

Opportunities of Technological Leapfrogging 

Over the course of history, new technology has advanced incrementally by 
gradual improvements, as depicted in Figure 1. This has occurred through 
learning-by-doing and most rapidly so, in developed countries. However, 
developing countries as latecomers have the advantage of avoiding mistakes 
made by today's developed countries in their developmental trajectory and 
catching up with state-of-the-art technology through shortcuts. This oppor-
tunity for shortcutting the technology development was in the 1980s termed 
"leapfrogging". 
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Figure 1: The Circle of Conventional Technology Progress 
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Leapfrogging some historical steps in the technological development of 
today's industrialised countries makes it possible for developing countries to 
become the first to adopt modern technologies. By adopting leapfrogging 
technologies with high efficiency, developing countries benefit not only from 
higher productivity but also from conservation of scarce natural resources 
and mitigation of environmental stresses. The economic loss of phase-out of 
the old technology in developing countries, if any, is usually much lower 
than in developed countries, which facilitates the decision to adopt the new 
technologies. 

Although a majority of new technologies are invented and developed in 
more mature economies, market saturation there provides disincentives for 
technological upgrading. At some economical and technological stage, the 
very success of a leader in technological development could become a poten-
tial barrier to further progress (Brezis, Krugman and Tsiddon, 1991). With 
appropriate policy schemes and strong implementing institution and instru-
ments, individual investors, whether domestic or international, driven by the 
competitive advantage to be gained from the combination of frontier tech-
nology, low wage costs and expanding local and regional markets, pursue 
the application of appropriate frontier technologies in developing countries 
(Jefferson, 2000). 

The case of the Brazilian ethanol fuel for transportation is an illustrating 
example. Nearly three decades ago, Brazil adopted an advanced technology 
to produce ethanol fuel from sugarcane with the intention to reduce oil 
dependency and support Brazilian sugar farmers. An enabling environment 
was created by introducing a package of supportive policies: I) low interest 
loans; 2) guaranteed purchases at a reasonable price; 3) subsidies for pure 
ethanol enhancing its market competitiveness; and, 4) sales tax incentives 
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for ethanol vehicles during the 1980s. Furthermore, local RtD and technol-
ogy dissemination facilitated the production of ethanol fuels by providing 
improved technologies (Carvalho 1998). In 1998, ethanol fuelled one third of 
vehicles in Brazil and Brazil has become a world leader in ethanol-conver-
sion technology (Geller and Howard, 2003). This initial step of leapfrogging, 
triggered a chain reaction producing multiple benefits beyond the targeted 
technological upgrading. In addition to ethanol production for transportation 
fuel, a number of new uses of sugarcane and ethanol residues such as elec-
tricity generation and chemical production could further expand modern 
bio-energy use in Brazil. Social benefits are also significant with improved 
living conditions, for instance, better air quality, more employment opportu-
nities and improved public health. (Moreira 2000). 

In most Asian countries, it has been agreed that using off-grid facilities is an 
increasingly attractive option for rural electrification. Photovoltaic (PV) 
technology is one such option. Along with the widespread application, PV 
technologies have been transferred to domestic manufacturers, as observed 
in China and India where PV lamps, solar modules assembly and charge reg-
ulators are produced locally (Campen, Guidi and Best, 2000). In addition, 
China has become the world's largest manufacturer, user and exporter of 
solar water heaters, with an industry-wide profit over $1.3 billion in 2002 
(Wang et al, 2003). 

Clearly, opportunities do exist, but the question is, as pointed out by a num-
ber of participants in the 3rd Roundtable Conference of the Asia-Europe 
Environment Forum: What would be the appropriate point on the learning 
curve for renewable energy technologies for developing countries to engage 
and by what mechanisms can the high initial investment costs be off-set by 
long-term gain? 

Renewables, Fossil Fuel Imports and Energy Security 

As a result of the strong demand for energy to fuel the surging economies, 
particularly in China with 1 2% of global primary energy demand, but also in 
other countries, such as India, Indonesia, Malaysia and Vietnam, Asia will 
become the largest energy-consumer in the world. However, one of the chal-
lenges facing these growing economies is limited energy sources, particular-
ly oil. Almost all of the countries in the region will face declining endoge-
nous oil production in a timeframe of up to 30 years, with consequently ris-
ing oil dependency and weaker energy security. (lEA, 2004) 
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In the past decades, the world oil price has been varying a great deal, rang-
ing from $2.17 in 1971 to $10 in 1998 and even up to over $55/barrel in late 
2004 (Hwang et a!, 2004; The Economist, 2004). In addition, in the longer 
term perspective the "oil age" will come to an end at some point on account 
of eventual depletion of exploitable oil resources and serious environmental 
constraints on the use of fossil-based fuels. The oil industry is already seri-
ously concerned about rapidly declining reserves, surging costs and a lack of 
access to cheap new reserves (The Economist, 2004). The short-term price 
volatility and potential longer term shortage of oil present a threat to devel-
oping Asian countries not only in terms of short-term disruption of energy 
supply, but also to continued economic development and even national secu-
rity, as oil economy plays an increasingly important role in the region with 
most Asian countries, except for Japan and South Korea, having insufficient 
strategic stockpiles in case of an oil crisis. 

One may argue that coal still is and will continue to be the dominant ener-
gy source in Asia, accounting for around 80% of its primary energy supply 
(lEA, 2004). Nevertheless, the concerns about its negative impacts on the 
environment and human health are growing faster than ever, globally, 
regionally and locally. This suggests that using coal in conventional ways in 
the future may not be as easy and cheap as it was. 

In this context, greater concern should be given to the security of long-term 
energy supply, particularly for economies that are increasingly active fossil 
fuel importers. On this point, European countries, in general also highly 
dependent on imported fossils fuels, and Asian countries, share a commom 
ground for diversifying energy sources and supplies. 

To justify adopting RES as one way to enhance energy security, a portfolio-
based approach for energy planning can be applied. This approach provides 
a new perspective on the role of renewable energy sources, in the current sit-
uation where the fundamental barrier for widespread utilization of renew-
ables, i.e. internalising externalities of fossil-based energy supplies, remains 
unsolved. The core concept behind the theory in the context of energy secu-
rity is that a certain percentage of renewable energy sources with relatively 
fixed production cost is able to offset the fluctuation of portfolio cost caused 
by uncertainty of fossil fuel prices and thereby reduce the resulting risk 
(Awerbuch, S., 2004). 
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Key Barriers for Asia-Europe Partnerships in Advancing the 
Implementation of Renewable Energy Technologies 

It is a daunting task to analyse the complex barriers for the development of 
an Asian-European partnership for promoting renewable energy technolo-
gies, due to the multi-dimensional differences between and even within 
regions and countries. To gain an in-depth insight on the issues, a broad and 
deep study on a country basis is required, which is beyond the scope for this 
chapter. Generalisation of various barriers is made here based on the exten-
sive discussions during (and the insightful articles prepared for) the 
Stockholm 3rd Roundtable Conference. 

Policy, Institutional and Legal Barriers 

Without appropriate policy support, development of renewable energy tech-
nologies is not very likely to take place in a competitive energy market, as 
almost all renewable energies with the exception of large-scale hydropower 
are unable to compete with conventional energies (P.E.Morthorst, 2003). This 
is particularly true in Asian developing countries where the use of renewable 
energy systems is closely linked with and therefore affected by policy and 
regulations related to, for example, rural development, rural electrification, 
planning and environmental protection. This is primarily because a majority 
of the population in these countries lives in the countryside and remote areas 
where off-grid renewables become the optimal solution for providing energy 
service. There will be 1.7 billion people by 2030 relying on biomass for cook-
ing and heating; most of them living in the countryside. 

In most Asian countries, although there are political commitments to imple-
ment modernised renewable energy technologies, clear targets and pathways 
to achieve them as well as effective policy schemes are still lacking. This 
implementation gap may influence European investors' confidence simply 
because investors are concerned about the policy environment. 

In addition, weak institutional and legal systems cause various complex con-
cerns related to investment on modern renewable energy systems. A general 
lack of planning capacity, coupled with lack of appropriate legislation, little 
respect for the judicial system and weak legal enforcement, gives a consid-
erable element of insecurity to renewable energy investors, who will have to 
make decisions on investments without knowing for example how the grid 
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electrification of new areas will proceed or what will he the future legalisa-
tion when it comes to, for example, taxation or electricity tariff setting. 

Lack of Financial Mechanism', in Fai'our of Renewables 

Lack of access to financial capital poses a paramount constraint to adoption 
of renewable energy technologies, due to the Ibllowing causes: (Chen, 2004) 

• 	In most cases, renewable energy projects are capital intensive as invest- 
ment per unit of energy is usually higher than conventional energy 
sources. 

• 	For almost all types of new renewable energy investment (excluding 
large hydro power), the scale of production and investment is so small, 
compared to conventional energies, that it is difficult to attract tradi-
tional lenders' interest. 

There are high risks, difficult to be accurately assessed, associated with 
technological immaturity and unpredictable government energy policies. 

In most Asian countries, the financial markets are immature and the finan-
cial tools in favour of renewable energy technologies are missing. This is 
coupled with the fact that most financial institutions lack understanding of 
renewable energy projects and their potential benefits. For European 
investors, the Clean Development Mechanism (CDM) provides a possible 
solution. However, without establishing mature financial markets and func-
tioning financial tools, CDM as a means to finance renewable energy proj-

ects would be less efficient. 

In Europe, there are a number of effective policy schemes and financial 
incentives in favour of use of renewable energy sources, such as feed-in-tar-
iff mechanism, tradable green certificates and environmental bonus/subsi-
dies. These schemes and instruments help renewable energy projects improve 
financial and economic viability. There may be ways to introduce these 
European experiences in the Asian context to tackle the financial barriers to 
modernisation of renewable energy technologies. More on this topic can be 
found in the article entitled "Market mechanism and the use of renewables 
in the power sectors of Asia and Europe" authored by Guido Alfredo A. 

Delgado in this proceeding. 
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For the end users, especially the poor in most Asian developing countries, it 
can be excessively difficult to find financing sources for a renewable energy 
system. This is not only because of the high installation costs, but also lack 
of innovative micro-financing schemes, such as revolving funds. In this case, 
even though the rural end-users are keen to and willing to pay for modern 
energy that can be provided by PV, wind mills, or hybrid systems, with small 
and irregular income, it is unrealistic. 

Mismatched Technological Solutions 

One of the fundamental barriers in transferring technologies between devel-
oped and developing countries is that the technologies being transferred are 
neither appropriate to the local context and demands, nor to the local envi-
ronment. Not all modern technologies are suitable for developing countries. 
Instead, technologies need to be assessed and selected against the local and 
regional needs, as well as available natural resources. However, in most 
cases, in particular in rural areas of Asian countries where renewable ener-
gy solutions present greater added value, required local information, such as 
actual demand of energy services, prospect of productive energy use, water 
flow rate, wind speed and distribution, sunshine hours and distribution in 
proposed areas, may be lacking, insufficient or incorrectly provided, as 
pointed out by Dr. Philippe Bergeron in his article herein. In addition, the 
lack of sufficient research capacity in most Asian countries limits the sup-
port available in the selection of technological development routes. 

Innovative or tailor-made technical solutions should be encouraged. For 
example, renewable energy technologies from developed countries may not 
he well adapted to different types of biomass or other more harsh wind 
conditions perhaps including sandstorms. A number of technical adjust-
ments should be made prior to demonstrating its functionality and adapt-
ability to local contexts. It is difficult to convince local people to adopt a 
new technology on a broad basis without a successful pilot project, even 
though successful cases can be found worldwide. A failed demonstration of 
technical solutions may, however, risk reducing public acceptance of the 
new technology. 

According to Dr. Philippe Bergeron, many European entrepreneurs and 
investors are not ready to commit themselves to a longer term business/proj-
ect strategy, primarily because of various non-technical factors, such as 
financial and economic viability, institutional and legal capacity as well as 
protection of intellectual property right. Thus, few European 
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entrepreneurs/investors even consider technological adaptation and localisa-
tion in their business strategies. 

Conclusions 

Renewable energy technologies in the power sector have come down in cost 

significantly in Europe over the past three decades, especially in the case of 

wind and hiornass. The cost reductions and expanded market opportunities 

have generally NOT been the result of major technological breakthroughs, 

but rather the result of a more gradual learning process to encourage tech-

nological innovation not only in REtD, but in the continuous chain of events 

and feedback processes through which end-users communicate their require-

ments to suppliers, who in turn, move products into new and expanding 

markets. Co-operation between Asia and Europe in the implementation of 

energy efficiency measures and renewable energy technologies has special 

significance and importance with respect to both regional and global envi-

ronment and development goals. 
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TWh Terra Watt hour 
TWh/yr Terra Watt hour per year 
UNDP 	= United Nations Development Programme 
UNEP 	= United Nations Environment Programme 
UNIDO 	= UN Industrial Development Organisation 
UK United Kingdom 
UNFCCC 	= United Nations Framework Convention on Climate Change 
US 	= United States of America 
USG 	= United States Goverment 
WB 	= World Bank 
WEC 	= World Environment Centre 
WCED 	= World Commission on Environment and Development 
WSSD 	= World Summit on Sustainable Development 
WTO 	= World Trade Organisation 
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