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The International Panel for Sustainable Resource 1. 
Management aims to provide independent, 
coherent and authoritative scientific assessments 
of policy relevance on the sustainable use 
of natural resources and in particular their 
environmental impacts over the full life cycle. 

A fundamental question the Panel needs to 2. 
answer is how different economic activities 
currently influence the use of natural resources 
and the generation of pollution.

This Panel report answers this question via a 3. 
broad review of existing studies for countries, 
country groups, or the world as a whole. 

The report looks at the economy via three 4. 
perspectives:

Productiona. . What sectors have the highest 
impacts? This perspective helps identifying 
where clean and efficient technologies are 
most needed. 

Consumptionb. . What products and 
consumption clusters have the highest 
life cycle impacts? This perspective helps 
indicating where shifts to low impact 
products and sustainable life styles can 
most reduce impacts.

Resourcesc. . What materials have the highest 
impacts? This perspective is relevant for 
material choices and sustainability policies 
on resources.

The different studies, and different perspectives 5. 
points, paint a consistent overall picture: 

Agriculture and food consumptiona.  are 
identified as one of the most important drivers 
of environmental pressures, especially habitat 
change, climate change, fish depletion, water 
use and toxic emissions. 

The use of fossil fuelsb.  for heating, 
transportation, materials production 
and the production and use of electrical 
appliances is of comparable importance, 
causing the depletion of fossil energy 
resources, climate change, and a wide 
range of emissions-related impacts. 

The study shows further that per capita impacts 6. 
rise with higher wealth. Population and economic 
growth will hence lead to higher impacts, unless 
patterns of production and consumption can be 
changed. 

Impacts and resources embodied in trade are 7. 
already significant compared to national impacts 
and resource use, and rising.

There is a need for analysis to evaluate trends, 8. 
develop scenarios and identify sometimes 
complicated trade-offs and ‘linkages’ (e.g., 
between clean energy technologies and material 
consumption).

Improved insights could be highly facilitated 9. 
by aligning and harmonizing ongoing data 
gathering efforts and institutionalizing a 
monitoring and comparative analysis of the 
data. Intergovernmental Organizations are 
recommended to explore the potential of 
practical collaborative actions in this field.
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Today’s environmental debate highlights many priority 
issues. In the climate change discussions, energy 
production and mobility are in the spotlight, but when 
it comes to growing concerns about biodiversity, 
agriculture and urban development are the focus. 
Decision-makers could be forgiven for not knowing 
where to begin.

The solution to this dilemma begins with a scientific 
assessment of which environmental problems present 
the biggest challenges at the global level in the 21st 
century, and a scientific, systematic perspective that 
weighs up the impacts of various economic activities 
– not only looking at different industrial sectors, but 
also thinking in terms of consumer demand.  The 
purpose of this report, the latest from the International 
Panel for Sustainable Resource Management, a group 
of internationally recognized experts on sustainable 
resource management convened by UNEP, is to assess 
the best-available science from a global perspective to 
identify priorities among industry sectors, consumption 
categories and materials.  For the first time, this 
assessment was done at the global level, identifying 
priorities for developed and developing countries.  It 
supports international, national and sectoral efforts 
on sustainable consumption and production by 
highlighting where attention is really needed. 
 
We now know that food, mobility and housing 
must - as a priority - be made more sustainable 
if we are serious about tackling biodiversity loss 
and climate change.  In most countries, household 
consumption, over the life cycle of the products and 
services, accounts for more than 60% of impacts of all 
consumption.  We must start looking into our everyday 
activities if we truly want a green economy – for 
developed and developing countries. 
 
I congratulate the Resource Panel for taking on this 
difficult task and providing us with the scientific insights 
we all need to help us move towards a Green Economy.
 

Achim Steiner, UN Under-Secretary General 
and Executive Director UNEP

Environmental impacts are the unwanted byproduct 
of economic activities. Inadvertently, humans alter 
environmental conditions such as the acidity of soils, 
the nutrient content of surface water, the radiation 
balance of the atmosphere, and the concentrations of 
trace materials in food chains. Humans convert forest 
to pastureland and grassland to cropland or parking 
lots intentionally, but the resulting habitat change and 
biodiversity loss is still undesired.
 
What are the most important industries that cause 
climate change? How much energy do different 
consumption activities require when the production 
of the products is taken into account? What are the 
materials that contribute most to environmental 
problems?
 
This report investigates the causes of environmental 
pressure. Economic activities pursued to satisfy 
consumption require the extraction and transformation 
of materials and energy, or the occupation of land. 
This report investigates the production- consumption–
materials nexus.
 
Maybe not surprisingly, we identify fossil fuels use 
and agricultural production as major problem areas. 
The relative importance of industries, consumption 
categories and materials varies across the world – partly 
in a predictable fashion, as our assessment shows.
 
This assessment offers a detailed problem description 
and analysis of the causation of environmental 
pressures and hence provides knowledge required for 
reducing environmental impacts. It tells you where 
improvements are necessary.
 

Edgar Hertwich, Chair of the Working Group 
on the Environmental Impacts of Products 
and Materials
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About

The objectives of the UNEP International 
Panel for Sustainable Resource Manage-
ment (Resource Panel) are to:

provide independent, coherent and •	
authoritative scientific assessments of 
policy relevance on the sustainable use 
of natural resources and in particular 
their environmental impacts over the 
full life cycle;

contribute to a better understanding of •	
how to decouple economic growth from 
environmental degradation.

This report on environmental impacts of 
consumption and production is part of the 
first series of reports of the Panel, covering 
amongst others biofuels, decoupling, and 
other topics.

Objective and scope

All economic activities related to production 
and consumption occur in the natural, 
physical world. Most activities require 
resources such as energy, materials, and 
land. They also invariably generate material 
residuals, which enter the environment as 
waste or polluting emissions. The Earth is 
a finite planet, and therefore has a limited 
capability to supply resources and to absorb 

pollution. A fundamental question the 
Resource Panel hence has to answer is how 
different economic activities influence the 
use of natural resources and the generation 
of pollution. 

To answer this basic question, the report 
assesses economic activities and identifies 
priorities according to their environmental 
impact and resource demands. The 
assessment was based on a broad review 
and comparison of existing studies 
and literature that analyzes impacts of 
production, consumption, or resource use 
of countries, country groups, or the world 
as a whole. For this report no primary 
research was done.

Conceptually, the report takes the so-
called DPSIR (Driving force – Pressure 
– State – Impact – Response) framework 
as a starting point. This framework 
was developed by organizations such 
as the European Environment Agency 
(EEA), the Organization for Economic 
Co-operation and Development (OECD) 
and the UN Commission for Sustainable 
Development. The concept provides a 
step-wise description of the causal chain 
between economic activity (the Driver) 
and Impacts such as ecosystem losses, 
human health losses, and contribution 

aboutthe International Panel for Sustainable Resource Management
& objective and scope of the report. 

Contribute 
to a better 

understanding 
of how to 
decouple 

economic 
growth from 

environmental 
degradation.

Provide 
insight into 

the economic 
activities 

that cause 
the highest 

environmental 
pressures.



6

to resource scarcity. For this report, 
the economic ‘Driving force’ block was 
further detailed to reflect the full life cycle 
of economic activities: the extraction of 
resources, their processing into materials 
and products and the subsequent use and 
discarding of the products.

Figure 1 reflects this concept. The 
problem of identifying what economic 
activities cause the highest environmental 
impact can now be broken down in five 
clear questions (Figure 2): 

Identification of the most critical 1. 
uses of natural resources and 
impacts. Which key environmental 
and resource pressures need to be 
considered in the assessment of 
products and materials?

Assessment from an industrial 2. 
production perspective: what are 
the main industries contributing 
to environmental and resource 
pressures? This perspective is 
relevant for informing producers 

Figure 1: Extended DPSIR Framework

Society’s Economic 
System

Income & Job  
Satisfaction

Extraction & 
Processing

State

Response

Impact

Use

Well-being

Manufacturing

Waste 
Management

Earth’s Natural System

Pressure

The DPSIR 
Framework:

Driver
Economic Activities

Response - Measures mitigating and adapting to pressures and impacts

Pressure  
Emissions, Resource 

use, etc.

State 
Air quality, Water 

quality, etc.

Impact 
Ecosystem loss, Health 
loss, Resource scarcity

objective and scope

Source: Elaborated from EEA, 1999; OECD, 1994, and UN, 1997

Product and 
material 

life cycles 
describe  

driving 
forces for 

environmental 
pressures.
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and sustainability policies focusing 
on production.

Assessment from a final consumption 3. 
perspective: which consumption 
categories and product groups 
have the greatest environmental 
impacts across their life cycle? This 
perspective is relevant for informing 
consumers and sustainability 
policies focusing on products and 
consumption.

Assessment from a resource use 4. 
and material use perspective: 

which materials have the greatest 
environmental impact across their life 
cycles? This perspective is relevant 
for material choices and sustainability 
policies focusing on materials and 
resources.

Outlook and conclusions: will 5. 
expected socio-economic trends and 
developments make such priorities 
more relevant and critical or not? 
What are the overall conclusions with 
regard to the most relevant economic 
activities in view of their resource use 
and impacts?
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Figure 2: Overview of the structure of the present report (numbers refer to chapters)

Society’s Economic 
System

Income & Job  
Satisfaction

Extraction & 
Processing

Use

Well-being

Manufacturing

Waste 
Management

Earth’s Natural System
5: Material 
perspective

Which materials 
have the greatest 
impacts across 
their life cycle? 

State

Response

ImpactPressure

3: Production 
perspective

Which production 
processes contribute 
most to pressures 
and impacts? 

2: Relevant Impacts

What pressures and impacts on 
ecosystems, humans and resources 
are most relevant?

4: Consumption 
perspective

Which products and 
consumption catego-
ries have the greatest 
impacts across their 
life cycle?
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Ecosystem health: Insights from the 
Millennium Ecosystem Assessment

The 2005 Millennium Ecosystem Assessment 
(MA) is largely regarded as the most 
authoritative analysis with regard to the 
status of global ecosystems. Over 1,300 
scientists from all parts of the world 
contributed to the MA. The MA found that 
over the past 50 years humans have changed 
ecosystems more rapidly and extensively 
than in any comparable period of time in 
human history, largely to meet rapidly 
growing demand for food, fresh water, 
timber, fibre and fuel. This has resulted in a 
substantial and largely irreversible loss in the 
diversity of life on Earth. The MA identified 
five main factors that significantly degrade 
ecosystems: 

Habitat change •	
Pollution (with particularly Nitrogen and •	
Phosphorus)
Overexploitation of biotic resources such •	
as fisheries and forests

Invasive species •	
Climate change •	

Human health: insights from the 
WHO Burden of Disease analysis

The connection between environmental 
issues and human health is complex 
and sometimes difficult to measure. Our 
understanding, however, has evolved 
substantially in recent decades due to 
scientific progress in linking the burden 
of disease to individual risk factors. The 
Global Burden of Disease analysis of the 
World Health Organisation (WHO) provides 
an authoritative comprehensive and 
comparable assessment of mortality and 
loss of health due to diseases, injuries and 
risk factors for all regions of the world. 

The Burden of Disease review shows that 
many factors are related to environmental 
impacts. The single most important factor 
explaining 16% of the disease burden is a 
development issue: malnutrition (childhood 

which impacts are  most relevant?
The most critical pressures and impacts caused by economic 
activities are related to ecosystem health, human health and 
resource depletion. Of these, human health and environmental 
health impacts are best researched. Habitat change is the most 
important cause for ecosystem degradation, while air pollution 
and climate change impact human health. 

Human 
health is 

most affected 
by poverty: 

malnutrition, 
unsafe drinking 

water, and 
indoor air 
pollution
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which impacts are most relevant?

The collapse 
of several 

fish resource 
stocks is a 
clear sign 

that humans 
can over-

exploit the 
Earth’s natural 
resource base

and maternal underweight and the deficiency 
of iron, zinc and vitamin A). Behavioural 
factors such as unsafe sex, smoking and 
alcohol use explain another 12%. 

Environmental factors are still significant, 
but are mainly caused by unsafe drinking 
water, sanitation and hygiene (3.7%), and 
indoor air pollution from solid fuels used 
in households (2.7%). These environmental 
factors are mainly relevant in developing 
countries with high mortality rates. 
Environmental factors in strictest sense 
are lead exposure (0.9%), urban air 
pollution (0.4%), climate change (0.4%) and 
occupational exposure to particulates (0.3%) 
and carcinogens (0.06%).

Resource depletion: an 
underexplored territory

Authoritative global assessments in the 
area of resource depletion are lacking. The 
academic literature disagrees on whether 
resource scarcity, or competition for 
scarce resources, presents a fundamental 
problem or is easily solved by the market. 
Demand projections indicate, however, 
that the consumption of some metals and 
oil and gas will outstrip supply and may 
exhaust available reserves within the 
current century. A specific but not yet fully 

researched problem may be ‘linkages’ 
between issues such as declining ore 
grades, resulting in higher energy needs for 
mining and refining, whereas these same 
depleting resources are needed in much 
higher amount in future for sustainable 
energy production and storage systems 
(e.g. PV cells and batteries):  For biotic 
resources, the Millennium Ecosystem 
Assessment showed that overexploitation 
has lead to the collapse of resource 
stocks especially in the case of fisheries. 
In addition, competition over land and 
availability of fresh water is a serious 
concern. There is an urgent need for better 
data and analysis on the availability and 
quality of resources and the economic 
effects of scarcity. 

Conclusions: most relevant 
pressures and impacts 

These findings suggest strongly that the 
following pressures and/or impacts should 
be considered in the remainder of this 
report, since they affect one or more of the 
protection areas ecosystem health, human 
health and resources:

Impacts caused by emissions:•	

Climate change (caused by  »
Greenhouse gas (GHG) emissions)
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Eutrophication (overfertilization  »
caused by pollution with nitrogen and 
phosphorus)
Human and ecotoxic effects caused  »
by urban and regional air pollution, 
indoor air pollution and other toxic 
emissions. 

Impacts related to resource use:•	

Depletion of abiotic resources (fossil  »
energy carriers and metals)

Depletion of biotic resources (most  »
notably fish and wood)
Habitat change and resource  »
competition due to water and land use.

Ideally, issues like threats of invasive 
species should also be addressed, but for 
such topics there is little quantitative insight 
in the relation between drivers, pressures 
and impacts.
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How the assessment was done
Having identified the most important 
impacts, it is now possible to identify 
production processes or industry sectors 
that have the highest contributions. This 
perspective helps companies and policy 
makers to develop sustainability policies 
for production processes. Like all work 
in this report, this analysis was based 
on a comparative review of existing 
studies. Ideally, one would be able to use a 
harmonized data set for the total emissions 
and primary resource uses by industry 
sector at a global level. Harmonized data at 
global level is only available for greenhouse 
gases and some resources such as water.  

For some environmental problems analyses 
at country level were used. 

The number of substances emitted and 
to a lesser extent the number of types of 
resources used can be large. In order to 
reduce this complexity, emitted substances 
are usually grouped together according 
to impact mechanism, and expressed in a 
single indicator. A well known indicator in 
this respect is the Global Warming Potential 
(GWP). The GWP adds up the emissions of 
greenhouse gases such as CO2, CH4, and N2O 
according to their relative contributions to the 
global warming problem per kg of emission. 

The next section discusses the contribution 
of industry sectors to the impacts selected 
in Chapter 2. The analysis excludes invasive 

not all processes cause equal impacts
Processes using fossil fuels, agriculture and fisheries are critical 
processes given their contribution to global warming, freshwater 
use, land use, and fish stock depletion respectively.
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Figure 3: Major contributors to global GHG 
emissions, including land use and land cover 
change (measured in CO2 equivalents using a 
100 year global warming potential).

Figure 4: Contribution by direct emitters to 
acidification in the US

Forestry 
17% 

Energy supply 
26% 

Transport 
13% 

Agriculture 
14% 

Waste & waste 
water 

3% 

Residential & 
commercial 

buildings 
8% 

Industry 
19% 

Electric services 
(utilities) 

65% 

Blast furnaces & 
Steel mills 

3% 

Petroleum 
re�ning 

2% 

Crude petroleum & 
natural gas 

2% 

Paper &  
paperboard mills 

2% 

Trucking & courrier 
services (except air) 

2% The rest 
24% 

Priority production 
     sectors

Source: Guinée et al., 2002; Suh, 2005
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not all processes cause equal impacts

Fossil 
fuel-using 
processes 

are most 
important 

for climate 
change

Figure 5: Contribution by direct emitters to 
eutrophication in the US

Electric services 
(utilities) 

18% 
Trucking & courrier 
services (except air) 

3% 

Feed grains 
8% 

Food grains 
10% 

Miscellaneous crops 
10% 

Cotton 
11% 

Others 
40% 

Cotton 
40% 

Feed grains 
15% 

Tree nuts 
8% 

Miscellaneous crops 
7% 

Fruits 
7% 

Vegetables 
5% 

The rest 
18% 

Figure 6: Contribution by direct emitters to 
freshwater ecotoxicity in the US

species, habitat change (only partially 
reflected by land use), occupational health and 
photochemical ozone formation. This is mainly 
due to lack of data or the time and location 
specific nature of such pressures and impacts.

Results

Emissions of substances

Figure 3 to Figure 7 give the contributions by 
industry sector by emissions of substances. 

For Global Warming, use could be made •	
of a global data set gathered by the 
International Panel on Climate Change 
(IPCC). Figure 3 indicates that for this 
problem, energy production, industry, 
forestry (through deforestation), 
agriculture (through land use change, 
eutrophication and CH4 emissions from 

livestock), transport and residential 
buildings are most relevant. 
For other emission related problems, •	
no global data set was available. 
Country studies, most notably for the 
US, give however insight in the relative 
importance of industry sectors for other 
emission related problems. 

For acidification, Figure 4 highlights  »
the relevance of the same industrial 
sectors mentioned under global 
warming. This is logical since SO2 and 
NOx emissions – which contribute to 
acidification - are mainly related to 
combustion processes. 
For eutrophication and aquatic ecotox- »
icity, Figure 5 and Figure 6 indicate that 
these problems are caused almost 
fully by agricultural production, mainly 

Source: Guinée et al., 2002; Suh, 2005 Source: Based on Guinée et al., 2002; Suh, 2005
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Agriculture is 
responsible 

for 50% of 
land use and 
70% of water 

use

through emissions of phosphorus, 
nitrogen, and pesticide use. 
The emissions of substances relevant  »
for human toxicity come from a 
diverse set of sources (Figure 7).

Extraction & use of natural resources

Sectors contribute as follows to the 
extraction and use of natural resources. 
Agriculture is responsible for over 50% of 
the land use and over 70% of the water use 
globally. Agriculture and fisheries are also 
responsible for almost the total extraction 
of biotic natural resources – it is estimated 
35% of the net primary production of biotic 
materials on Earth is now used in economic 
processes. Whilst biotic materials could 
be produced sustainably, as indicated in 
Chapter 2, extraction of fish resources has 
lead to collapse of fish stocks in various 

fishing grounds. This is also true for 
some tree species, especially some slow 
growing hardwood species. Prioritization 
of the scarcity of abiotic resources is a 
complicated issue. Security of supply of 
fossil energy carriers (most notably oil) 
and some metals may become an issue in 
future, which again points at the relevance 
of energy systems.   

Conclusion: production sectors 
with the highest impacts 

Overall, one sees that for the impacts 
covered, the following production processes 
can be seen as most important:

Processes involving fossil fuel 1. 
combustion. Activities involving the 
combustion of fossil fuels, in electrical 
utilities, for residential heating, 
metal production, transportation 
and energy intensive industries, are 
amongst the top contributors to climate 
change, abiotic resources depletion, 
and sometimes to eutrophication, 
acidification and toxicity. 
Agricultural and activities using 2. 
biomass. Agricultural activities and 
biomass-using activities are significant 
contributors to climate change, eutrophi-
cation, land use, water use and toxicity. 
Fisheries3. . Overexploitation and collapse 
of fish stocks is clearly associated with 
this sector, as well as relatively high 
emissions from industrial fisheries.

Electric services 
(utilities) 

13% 

Paper & paperboard 
mills 
7% 

Industrial inorganic & 
organic chemicals 

6% 

Copper ore 
5% 

Photographic 
equipment & 

supplies 
5% 

Non-metallic mineral 
products (n.e.c.) 

5% 
Pulp mills 

6% 

Others 
53% 

Figure 7: Contribution by direct emitters to 
human toxicity in the US
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Source: Based on Guinée et al., 2002; Suh, 2005
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How the assessment was done

While understanding which industry sectors 
cause the highest environmental pressures 
is important, ultimately all production 
serves final consumption. Consumption 
of goods and services contributes to well-
being and quality of life, and it 
is hence interesting to analyse 
which products and services 
used for final consumption cause 
important impacts across their life 
cycles. This perspective helps 
consumers and policy makers 
to understand how changes 
of consumption patterns can 
reduce impacts, for instance 
by using cleaner products, or 
spending less on activities with 
high life cycle impacts. 

There are two basic approaches to 
a consumption-oriented analysis. The 
first is product life cycle assessment 
(LCA). For a specific product, all 
emissions of processes along the 
life cycle are inventoried, and then 
aggregated to impact indicators such as 
Global Warming Potential. The advantage 
is that a very specific emission inventory 
for a specific product can de developed. For 

assessments at generic level, however, this 
is a disadvantage. There are hundreds of 
thousands of products on the market, and 
it is impossible to do LCAs for all of them. 
Even using existing LCAs is problematic, 
since usually they are not fully consistent in 
data sources and system boundaries. 

consumption drives the impacts of production
Consumption is the driver of production. We know now that food 
consumption, mobility, the use of electrical appliances, and 
housing dominate the life cycle impacts of final consumption.

Figure 8: Greenhouse gas emissions arising from household 
consumption, government consumption and investment in 
different world regions in 2001. 
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consumption drives 

The production 
of goods and 
services for 

household 
consumption 

is the most 
important 
cause for 

greenhouse 
gas emissions

Therefore, a second approach has been 
developed, called Environmentally 
Extended Input Output Analysis (EE IOA). 
This approach uses economic input-output 
tables (IOTs) from National Statistical 
offices, and complements it with data on 
emissions and resource extraction by 
sector. Such data allow the calculation of 
the primary resource use and emissions 
per Dollar or Euro turnover in a sector. The 
IOT further indicates the amount of goods 
and services one industry sector buys from 
another industry sector in order to produce 
its output. This allows us to calculate 

how much different industry sectors have 
contributed to the added value of a product 
sold for final household or government 
consumption. When the emissions and 
resource use (ie ‘Pressure’) per unit of 
added value per sector known, we can 
estimate the impacts per final consumption 
category. Although it is less specific about 
individual products, this approach has the 
advantage that the majority of emissions 
and resource uses in a country are fully 
allocated to final consumption categories 
– the accounting system is inherently 
consistent and complete.
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Figure 9: Distribution of energy use across personal consumption categories, as identified in 
different studies, and total energy use measured in kW per capita.
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consumption drives 
An important limitation of consumption-
based analysis is that studies mostly 
have been done for CO2 and energy use 
only. Most studies also have been done 
at country rather than global level, since 
consistent EE IO datasets at global level, 
and that are harmonized across countries, 
are still lacking.

Results 

Not only households consume

Often, final consumption is understood as 
consumption by households. Indeed, in 
virtually all countries in the world household 
consumption forms the main part of the 

Gross Domestic Product (GDP). There 
are however two other final consumption 
categories that are also relevant. First, 
governments are responsible for final 
consumption as well. Second, a part of the 
production in a country is (re)invested as 
capital goods or infrastructure. 

Figure 8 provides insight in the CO2 
emissions from household consumption, 
government consumption and investment 
in various parts of the world. In line with 
its dominant share in GDP, household 
consumption is responsible for the majority 
of CO2 emissions. Government consumption 
and investment is less relevant, with 
the exception of China. China’s massive 
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Figure 10: Household CO2/greenhouse gas emissions for a set of countries, from about 10 different studies.
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investment in infrastructure and production 
capacity is reflected by a high share of 
investment to its CO2 emissions. 

Impacts of household consumption

By far most studies have been done for 
the environmental impacts of household 
consumption. Various review studies have 
been done of this work. Figure 9, Figure 10, 
Table 1 and Table 2 give results for energy 
consumption, CO2 emissions, water use 
and other environmental impacts according 
to consumption category. All this data gives 
a very consistent pattern, irrespective 
of the type of impact considered. The 
most important household consumption 
activities are food consumption, mobility/
transport, and housing (including energy 
use for heating and electrical appliances). 
On most environmental impacts or 
pressures these consumption clusters 

are each responsible for 20-30% of the 
problem. Exceptions are water use and 
eutrophication, where food consumption 
has a dominant share. 

Impacts of government consumption

Figure 8 showed that in most countries 
government consumption is responsible 
for a limited part of CO2 emissions from 
final consumption – typically 10 % of the 
total. Few studies have been performed 
into what specific government expenditure 
contributes to such impacts. Studies also 
mainly concentrated on CO2 emissions. 
Figure 11 gives the results of a comparative 
study for some European countries, 
indicating that public administration, 
education and health dominates. A 
significant part of this is probably related 
to energy use of public buildings, schools 
and hospitals.

Water footprint Water footprint by consumption category

Total Per capita Consumption of 
domestic water

Consumption of agricultural 
goods

Consumption of industrial goods

Internal water 
footprint

Internal water 
footprint

External water 
footprint

Internal water 
footprint

External water 
footprint

Gm3/year m3/cap/year m3/cap/year m3/cap/year m3/cap/year m3/cap/year m3/cap/year 

7452 1243 57 907 160 79 40

Table 1: Global water footprint, by agricultural goods and consumption of other goods 

consumption drives the impacts of production

Source:avv Hoekstra and Chapagain, 2008

Household 
consumption 

of agricultural 
goods has 

an average 
water footprint 

of over one 
million litres 
of water per 
person per 

year



21

Table 2: Contribution of different consumption categories to the impacts assessed in the EIPRO study

COICOP  
Category

Abiotic 
depletion

Global 
warm-

ing

Photo-
chemical 
oxidation

Acidifi-
cation

Eutrophi-
cation

Human 
Toxicity 

Potential

Eco- 
toxicity

Expendi-
ture 

CP01+CP02 
Food and bever-
ages, tobacco 
and narcotics

22% 31% 27% 31% 60% 26% 34% 19%

CP03 Clothing 
and footwear

2% 2% 3% 2% 5% 3% 6% 3%

CP04+CP05: 
Housing, furni-
ture, equipment 
and utility use

35% 24% 22% 26% 10% 21% 20% 25%

CP06 Health 2% 2% 2% 2% 1% 2% 1% 4%

CP07 Transport 20% 19% 20% 14% 6% 25% 15% 14%

CP08 Communi-
cations

2% 2% 2% 2% 1% 2% 2% 4%

CP09 Recreation 
and culture

5% 6% 7% 7% 4% 7% 7% 9%

CP10 Education 0% 1% 1% 1% 0% 1% 1% 1%

CP11 Restau-
rants and hotels

7% 9% 9% 10% 13% 8% 9% 10%

CP12 Miscel-
laneous goods 
and services

5% 5% 7% 6% 2% 6% 6% 10%

Impacts of capital investment

Also for capital investment, few studies 
have been performed into what specific 
investment expenditures contribute to 
impacts. Figure 12 gives the results of 
a comparative study for some European 

countries, indicating that construction, 
transport and machinery dominate. 

Relevance of imports and exports

Imports and exports do not form a 
final consumption category. They are 

consumption drives 
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22

however highly relevant in analyses 
shown here. The trend of globalization 
implies that for many countries trade is 
now important relative to GDP. Many of 
the studies presented before used data 
for one specific country only.  Significant 
errors in the estimations of impacts of 
final consumption can occur when goods 
and services are imported from countries 
with significantly different emission 
intensities. Another issue that could stay 
invisible is that countries may in fact 
‘export’ polluting production processes 
abroad. Simply said: countries that seem 
to reduce their CO2 emissions, but do so 
by shifting to a service economy and raise 
their imports of material goods, in fact 
may end up with higher CO2 emissions 
from final consumption as before. Figure 
13 shows how important such effects 
may be. For about 20 big economies in 
the world, emissions of CO2 embodied in 
imports or exports can easily be 20 to 40% 
of their domestic emissions. A global set 
of harmonized economic accounts with 
emission and resource use data would be 
needed to make more precise analyses of 
this phenomenon.

Relation between impacts of final 
consumption and income

Making use of the types of analyses 
shown before, researchers also have 

consumption drives the impacts of production
Figure 11: Greenhouse gas emissions in eight EU 
countries from the provision of public services 
(tonnes of CO2 equivalent (CO2e) per capita). 

* (incl. ex-GDR from 1991)

Figure 12: Greenhouse gas emissions from 
expenditure on capital goods (investments) in 
eight EU countries (in tonnes of CO2e per capita). 
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made comparative analyses of the impacts 
of final consumption between countries, 
in relation to income per capita. Figure 
14 gives this relation for a number of 
consumption categories. Again, such 
studies have been done mainly for CO2 
emissions. For all consumption categories, 
one sees that impacts rise with income, 
an effect that plays out least for food. The 
overall expenditure elasticity of CO2 is 0.81 
(i.e. a doubling of income leads to 81% 
more CO2 emissions).   

Conclusion: consumption clusters 
with the highest impacts 

The work reviewed in this chapter has 
certain limitations. Few studies are 
available for less developed countries and 
emerging economies. For industrialized 
countries, a wider range studies is available, 
however they focus mainly on energy or 
greenhouse gas emissions. Despite such 
limitations, conclusions can be drawn 
that are supported by virtually all studies 
reviewed, and which can be seen as robust.

23

CO2 emissions 
are highly 
related to 

income.

Some 
countries are 

reducing their 
CO2 emissions, 

but increase 
the embedded 

CO2 in their 
imported 

goods
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Figure 13: CO2 emissions associated with internationally traded goods  

Percentage of Domestic Emissions

0 10 20 30 40 50

Imports
Exports

United States

China

Russian Federation

Japan

India

Germany

United Kingdom

Canada

Italy

Korea

France

Australia

World



24

100 10000
0.01

0.1

1

10

to
n 

C
O

2 p
er

 c
ap

ita

 

 

100 10000
0.01

0.1

1

10

 

 

100 10000
0.01

0.1

1

10

 

 

100 10000
0.01

0.1

1

10

to
n 

C
O

2 p
er

 c
ap

ita

 

 

100 10000
0.01

0.1

1

10

 

 

100 10000
0.01

0.1

1

10

Expenditure ($ per capita)

 

 

100 10000
0.01

0.1

1

10

Expenditure ($ per capita)

to
n 

C
O

2 p
er

 c
ap

ita

 

 

100 10000
0.01

0.1

1

10

Expenditure ($ per capita)

 

 

OECD NW
East Asia
Europe
South Asia
South America
Middle East/North Africa
Sub-Saharan Africa
RoW

Construction Shelter Food

Clothing Manufactured Products

Service Trade

Mobility

Figure 14: Carbon footprint of different consumption categories (tonnes of CO2 equivalents per capita 
in 2001) in 87 countries/regions as a function of expenditure ($ per capita)

consumption drives the impacts of production
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Priority product groups and final 1. 
consumption categories

In most countries household a. 
consumption determines 60% or 
more of the life cycle impacts of 
final consumption. Within household 
consumption:

In 1. developing and emerging 
countries, food and housing 
dominate greenhouse gas 
emissions. 
For 2. industrialized countries, all 
studies indicate that housing, 
mobility, food and electrical 
appliances typically determine 
over 70% of the impacts of 
household consumption. 

Government consumption and b. 
investment in infrastructure and 
capital goods is less relevant than 
household consumption. Yet, for non-
Asian developing countries the public 
sector is often a relatively large part 
of the economy and hence also in 
terms of environmental pressure. 
Many emerging economies in Asia 
currently make large investments 
in building up their infrastructure, 
which makes this final expenditure 
category influential.

The role of imports and exports. 2. 
Emerging economies (particularly 
in Asia) have developed themselves 
as exporters of large amounts of 
products to developed countries. As 
a consequence, impacts driven by 
consumption in developed countries are 
in part translocated to countries where 
production takes place. 

We see further in general a rise of energy 
use and greenhouse gas emissions from 
final consumption with rising wealth. This is 
evident both from cross-country compari-
sons and from cross-sectional studies of 
households within individual countries. 
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Priority Materials

different materials have different impacts
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How the assessment was done

Materials are used as fundamental 
inputs to production and manufacturing. 
A material can be defined at different 
stages in the life cycle: unprocessed raw 
materials, intermediates and finished 
materials. The materials perspective 
helps companies and policy makers to 
understand which shifts in the materials 
base of production and consumption could 
help to reduce impacts. Like all work in 
this report, this analysis was based on a 
comparative review of existing studies. 

Materials can be assessed on impacts 
individually. Yet, in order to be able to 
define priorities, an approach is needed 
that brings the different materials together 
in one framework. Several integrative 
approaches exist that include materials of 
different types in a single framework.

A first approach is Material Flow 
Accounting (MFA). MFA offers a complete 
overview of all inputs and outputs of 
national economies in terms of material, 
or rather, mass flows. Inputs are imports 
and extractions from the domestic 
environment. Exports are outputs. The 
difference (import + extraction – exports) 

is the total accumulation within the 
economy and the domestic generation of 
waste and emissions. Indicators derived 
from MFA, such as Domestic Material 
Consumption (DMC) represent total 
material inputs or consumption. These 
accounts and indicators, all expressed in 
kg material use, can be broken down into 
different material categories (Figure 15).

Such mass-based indicators give useful 
and general insights into historical 
developments, especially when 
distinguished according to material 
classes. However, a priority setting based 
on such indicators would imply that the 
weight of the flows is the only relevant 
criterion. Yet, it is also known that both the 
flows and the impacts per kg appear to vary 
between materials by about 12 orders of 
magnitude. This suggests that both mass 
and impact per kg is relevant.

Therefore, a second approach has been 
developed to compare different materials 
in terms of their environmental impacts. 
It is called Environmentally weighted 
Material Consumption (EMC). This approach 
combines the information on flows of specific 
materials derived from e.g. MFA accounts, 
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different materials have different impacts
The use of biotic materials and fossil fuels are most critical. 
Metals have high impacts per kilogram but often are small 
mass flows. Building materials are high mass flows but have 
low impacts per kilogram.

Two main 
assessment 
routes exist: 

counting kg of 
material use, 
or weighting 
material use 
according to 

impact per kg



28

with information on environmental impacts 
per kilogram of material derived from LCA 
data. Emissions of all stages of a material’s 
life cycle are included, with the exception of 
emissions related to energy consumption 
during the use phase.

Results

For individual materials, the problems 
related to the various life cycle stages can 

differ significantly. The following examples 
reflect this.

For biotic materials harvested directly 
from nature, the first life cycle stage is 
growth, which can be relatively emission 
free. The main concern here is over-
exploitation. At the same time, in case of 
intensive agricultural processes, growing 
can also be very polluting due to the use 
of fertilizers and pesticides. Agriculture 

Figure 15: Domestic Material Consumption (tonnes per capita) in industrial and developing countries 
in the year 2000 

different materials have   different impacts
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also puts a high pressure on land and 
water use, as well as energy use (in case of 
production in greenhouses).

For fossil materials (fuels and chemicals) 
the extraction and refinery and to a lesser 
extent the production stages are relatively 
less important. The main impact of fossil 
fuels is related to their use in combustion 
processes. Chemicals can have large 
environmental impacts, depending on their 
composition, the nature of their use and 
their end-of-life management.

For metals, the mining and refinery stage 
is often very energy intensive, causing 
fossil-fuel-related emissions. Some 
metals like cadmium and lead have toxic 
properties, and hence can cause problems 
when emitted along their life cycle. 

Construction minerals (sand, gravel, 
clay) are used in very large quantities. Yet 
they are seldom associated with scarcity 
problems or large environmental impacts. 
An exception is cement production, 
which causes high CO2 emissions due to 
calcination and fossil fuel use.

Animal 
products and 

fossil fuels 
dominate 

contributions 
to global 

environmental 
problems

Figure 16: Normalized global warming potential of material flows and Environmentally weighted 
Material Consumption (EMC)  for the EU-27+1 region
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30

Figure 16 gives an integrative analysis 
for all materials by applying Material 
Flow Analysis. The first bar gives the 
Domestic Material Consumption (DMC) 
in 28 European countries. Construction 
minerals represent the largest flows, 
followed by fossil fuels and agricultural 
crops. The DMC varies considerably per 
country, and analyses have been done to 
explain this variation. Figure 15 gives an 
example, plotting DMC versus population 
density and level of industrialization. 
Agrarian societies rely primarily on 
biomass, while industrialization brings 
about new material flows related to fossil 
fuels and construction minerals. The DMC 
per capita of densely populated countries 
is generally much lower, showing the 
efficiency advantages of concentrated 
populations. Denser building patterns 
lowering the need for transport and 
related infrastructure are just a few 
examples explaining the lower DMC.

The first bar in Figure 16 shows the 
kilograms per capita of material use, 
while the second and third bar give an 
impression of the relevance of materials 
when they are weighted according to their 
environmental impacts over the life cycle 
(the so-called Environmentally weighted 
Material Consumption, EMC). Such 

analyses are only available for Europe. 
The second bar gives the EMC for the 
Global Warming Potential (GWP), whereas 
the third bar adds up a large number of 
environmental impact categories such as 
global warming, acidification, land use 
competition, etc. with equal weight. 

For global warming, as expected, fossil 
fuels are important. It is also noteworthy 
that agricultural materials contribute 
significantly to global warming, despite 
their CO2 capture during growth. This is 
due to the intensive nature of European 
agriculture. Fossil fuels and agricultural 
products also dominate the weighted 
impacts in Figure 16.

Conclusion: Materials with the 
highest impacts 

In summary, two main approaches can be 
used to prioritize materials. Material Flow 
Analysis only counts the mass of materials 
used. Impact based indicators such as the 
EMC include additionally a weighting factor 
reflecting the life-cycle impacts per kg of 
material. However, such studies only are 
available for Europe. 

Studies using mass-based and impact-
based indicators converge on the 
following priorities:

different materials have   different impacts

The per-capita 
material 

consumption is 
generally lower 

in densely 
populated 
countries
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Agricultural goods and biotic 1. 
materials. Studies converge on their 
importance. Particularly impact based 
studies further highlight the relative 
importance of animal products, 
due to their indirect consumption 
of  a large proportion of the world’s 
crops, resulting in high land use as a 
consequence.

Fossil fuels and materials2. . Studies 
converge on their importance. Fossil 
fuel combustion is the most important 
source of most emissions-related 
impact categories.  Plastics are 

important in terms of impacts among 
materials. 

Metals3. . Although many metals have 
high impacts per kg compared to other 
materials, in view of the comparative 
size of their flows, only iron, steel and 
aluminium enter the priority lists. 

The studies do not agree on the importance 
of construction materials. They show up 
as important in studies using mass based 
indicators such as the Domestic Material 
Consumption (DMC), but not in all studies 
that also include a measure for impact per 
kilogram of material.
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different materials have



Conclusions &
      Outlook

robust, science- based results
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Key priorities: fossil fuels and 
agriculture

A wealth of studies is available that 
helped to the most important causes of 
environmental impacts from a production, 
consumption and materials perspective. 
These different studies, and different 
perspectives points, paint a consistent 
overall picture. 

Agriculture and food consumption•	  are 
identified as one of the most important 
drivers of environmental pressures, 
especially habitat change, climate 
change, water use and toxic emissions. 
The use of•	  fossil energy carriers 
for heating, transportation and the 
production of manufactured goods is 
of comparable importance, causing the 
depletion of fossil energy resources, 
climate change, and a wide range of 
emissions-related impacts. 

Outlook: growth as usual will 
enhance pressures

The impacts related to these activities 
are unlikely to be reduced, but rather 
enhanced, in a business-as-usual 
scenario. By looking at the consumption 
perspective, the assessment showed that 
CO2 emissions are highly correlated with 

income. Population and economic growth 
will hence lead to higher impacts, unless 
patterns of production and consumption can 
be changed. Impact reduction strategies 
may include the shift to clean and efficient 
technologies (production perspective), shifts 
to less material-based, more sustainable 
life styles as well as the use of low impact 
products (consumption perspective), and 
the use of low impact materials (materials 
perspective).  We further see that pollution 
embodied in international trade is of growing 
importance, and for many countries already 
significant compared to national impacts.

Developing impact reduction strategies 
has its complications. There are certain 
interlinkages between problems that 
may further aggravate them in future. 
For example, many proposed sustainable 
technologies for energy supply and mobility 
rely for a large part on the use of metals. 
Examples are batteries in electric cars, 
and components of solar cells and fuel 
cells. Metal refining usually is energy 
intensive. The production of such novel 
‘clean-tech’ infrastructure may hence 
be energy-intensive, and create scarcity 
of certain materials, issues not yet 
investigated sufficiently. There is hence 
a need for analysis to evaluate trends, 
develop scenarios and identify sometimes C
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New technical 
infrastructure 

may cause new 
problems.

robust, science- based resultsThe studies and perspectives reviewed in this assessment come 
to converging conclusions. Agriculture and food consumption, and 
processes using energy and fossil fuels cause the highest impacts.
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Harmonizing 
existing data 

gathering efforts 
internationally 
will help policy 

making.

Box 1: Improving data situation and the basis for analytical capacity

An experience that occurred often in writing this report is that harmonized data across 
countries on emissions, resource extraction and economic activities are not available. 
This lack of harmonization is present across countries, but also for emission data, 
resource extraction data, and economic data within countries, that often are not given 
in the same sector classification. As a result, much of the analysis in Chapter 3 had 
to based on US data, and the most extensive analyses in Chapter 4 could only be done 
for Greenhouse Gases. Yet, the wealth of country studies that was reviewed shows 
there is a clear international interest into the type of analyses presented in this report, 
and indeed, that countries make resources available for such work.  Furthermore, 
there are various international, harmonized databases providing pieces of the overall 
picture, such as the IEA energy database, the FAO databases on land use, water use and 
agricultural production, the UNFCCC greenhouse gas emission inventories, and others. 
Next to this, there are various large research projects ongoing into data harmonization, 
but these lack a formal status. Overall there seems a clear window of opportunity to 
improve harmonized environmental and economic data sets, and the Resource Panel 
recommends UNEP and other Intergovernmental Organizations to explore practical 
collaborative efforts across countries on this.

robust, science-based results

complicated trade-offs between one type of 
environmental impacts and another. 

Harmonized data: essential for 
science-based improvement 
policies and monitoring

Most studies reviewed were done for 
individual countries or country blocks. 
They often applied somewhat different 
approaches and data classification systems. 
The fact that there is clear convergence in 
results despite such differences, indicates 
that the conclusions of the review in this 

report are likely to be robust. It should 
be noted that in all areas (industrial 
production, consumption, materials) there 
is a significant opportunity to improve 
insights by regularly providing more 
analysis and better data in an internationally 
consistent format. This makes it much 
easier to monitor progress, to make cross-
country and cross-sector analyses, and to 
identify in more detail the economic drivers 
that determine impacts, the factors that 
determine the success of policies, etc. A 
vision on improving this situation is provided 
in Box 1.





Abbreviations and acronyms

COICOP  Classification of Individual 
Consumption According to Purpose

DMC  Domestic Material Consumption
DPSIR  Driving force – Pressure – State – 

Impact – Response
EE IOA  Environmentally Extended Input 

Output analysis
EEA  European Environment Agency
EMC  Environmentally weighted Material 

Consumption
EU  European Union
FAO  Food and Agriculture Organisation 

of the United Nations
GDP  Gross Domestic Product
GHG  Greenhouse Gas
GWP  Global Warming Potential
IEA  International Energy Agency
IOT  input-output tables
IPCC  Intergovernmental Panel on 

Climate Change
LCA  Life Cycle Assessment
MA  Millennium Ecosystem Assessment
MFA  Material Flow Accounting
OECD  Organisation for Economic Co-

operation and Development
PV cells  Photovoltaic cells
UNEP  United Nations Environment 

Programme

Units

CO2eq  carbon dioxide equivalents
kW  kilowatt
m3/cap/year cubic meter per capita per year
p.a.  per annum
t  tonne

Chemical abbreviations

CO2  carbon dioxide
CH4  methane
N2O  nitrous oxide
NOx  nitrogen oxide
SO2  sulphur dioxide

abbreviations, acronyms and units
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