
Humankind has witnessed phenomenal economic and social development in the past century. However, there 
are increasing signs that it has come at a cost to the environment and to the availability of cheap resources. 
Despite progress, there is still great disparity between the rich and the poor.
 
The dilemma of expanding economic activities equitably while attempting to stabilize the rate of resource 
use and reduce environmental impacts poses an unprecedented opportunity and challenge to society. In this 
report, the International Resource Panel has sought to apply the concept of decoupling economic growth and 
human well-being from environmental impacts and resource use to address this challenge.
 
The report provides a solid foundation for the concept of decoupling, clearly defining key terms and providing 
empirical evidence of escalating resource use. It shows that decoupling is already taking place to some 
extent, but is lagging far behind its potential. The scenarios show that we are facing a historic choice about 
how we use resources and the report scopes the potential of innovation, rethinking economic growth and the 
role of cities in building more resource efficient economies. Four case studies at the country level show how 
policy makers are implementing decoupling strategies.
 
This report focuses on material resources, namely fossil fuels, minerals, metals and biomass and will be 
complemented by parallel reports of the IRP on land and soil, water, metals, cities and technologies to 
mitigate GHG emissions. These future reports will contribute to the International Resource Panel’s objective 
to build a better understanding of how to decouple environmental impacts from economic growth and 
improved human well-being.
 
It is hoped that policy makers aiming to green their economies will greatly benefit from the contributions 
that the International Resource Panel is making through its work on decoupling resource consumption from 
economic growth.
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climate and geological environment are 
subject to ever increasing pressures, which 
are pushing the limits of sustainability. This 
should make citizens and policymakers 
impatient to reverse the dangerous trends 
and improve the situation. 

The report’s Introduction lists some of the 
challenges that will be addressed in future 
reports of the IRP. Among the positive 
prospects are technologies that deliver 
more and better services using much less 
energy, water, or minerals; policies and 
appropriate market signals that make the 
transition to a clean and low resource 
intensity economy attractive and profitable; 
and the special role of urban areas in 
forging innovations towards a sustainable 
economy. Such opportunities for effective 
decoupling offer not only lifelines for the 
survival of human civilization but also serve 
as preconditions for reducing poverty and 
social inequalities. 

New reports in the decoupling agenda 
pipeline include ones on technologies and 
policies, and on how cities can accelerate 
or be impacted by decoupling interventions. 
We hope that the growing interest in Green 
Economy issues, particularly among policy-
makers, will be well served by this work.

We are very grateful to the team 
coordinated by professors Marina Fischer-
Kowalski and Mark Swilling for having 
collected the relevant data and presenting 
a rounded picture of resource intensities 
and the attempts to reduce them. We thank 
the authors of the four case studies on 
national decoupling policies, which give 
strong inputs and support to the 
conclusions of the report. We hope that 
other such case studies will be triggered by 
the publication and circulation of this 
report, particularly by national institutions.

We also wish to thank Jeff McNeely, 
member of the IRP, for serving as Peer 
Review Coordinator for the report, and the 
(anonymous) peer reviewers who have 
gone to the trouble of reading and 
commenting the draft report; their 
suggestions have certainly improved its 
quality. Finally, we would like to thank the 
Paris Office of UNEP, notably Ms. Janet 
Salem, for excellent support work 
throughout the preparation of the report.

Dr. Ernst Ulrich von Weizsäcker
Emmendingen, Germany
Dr. Ashok Khosla
New Delhi, India
Co-Chairs, International Resource Panel (IRP)
31 March 2011
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Canada for example, the figure is around 
25 tons.

The report points out that technological 
and systematic innovation, combined with 
rapid urbanization, offer an historic 
opportunity to turn the decoupling from 
theory into reality on the ground. The 
report spotlights the countries of China, 
German, Japan and South Africa where 
governments are making headway with 
conscious efforts to stimulate decoupling.

It underlines too how the complexities of the 
modern world, with globalized trade and 
exporting economies demand the kind of 
sophisticated analysis provided by the Panel 
if decoupling is to be fully understood and 
– more importantly – realized.

The sharp spikes in commodity prices have 
served to remind the international 
community of the risks we all run if a 
transition to a Green Economy is unfulfilled 
and postponed into an indefinite future. The 

evidence from preparations on the road to 
Rio+20 is that governments, the private 
sector and civil society realize this and are 
looking for the options that can scale-up 
and accelerate such a transition. 

Decoupling represents a strategic approach 
for moving forward a global Green Economy 
– one that “results in improved human 
well-being and social equity, while 
significantly reducing environmental risks 
and ecological scarcities”. 

I would like to thank the International 
Resource Panel under the leadership of 
Ashok Khosla and Ernst Ulrich von 
Weizsäcker as co-chairs for its pioneering 
work presented in this report. It not only 
inspires current generations but also 
protects the interest of future ones.

Achim Steiner
UN Under-Secretary General and Executive Director, UNEP
Nairobi, Kenya, March 2011
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Key findings

T
he 20th century was a time of 
remarkable progress for human 
civilization. Driven by technological 
advances as well as demographic 

and economic growth, the annual 
extraction of construction materials grew 
by a factor of 34, ores and minerals by a 
factor of 27, fossil fuels by a factor of 12, 
biomass by a factor of 3.6, and total 
material extraction by a factor of about 

eight, while GDP rose 23-fold (Figure 1). 
This expansion of material consumption 
was not equitably distributed and it had 
profound environmental impacts.

As earlier reports of the International 
Resource Panel (IRP) have concluded, 
overexploitation of resources, climate 
change, pollution, land-use change, and 
loss of biodiversity rose toward the top of 

Figure 1. Global material extraction in billion tons, 1900–2005

Source: Krausmann et al., 2009
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applied to sustainable development, 
namely resource decoupling and impact 
decoupling.
 
The IRP report on ‘Priority Products and 
Materials’ clarified how different economic 
activities influence the use of natural 
resources and the generation of wastes (an 
important negative environmental impact). 
This report focuses on the extraction of the 
four categories of primary raw materials 
depicted in Figure 1 – construction 
minerals, ores and industrial minerals, 
fossil fuels, and biomass – which together 
are estimated to be harvested at a rate of 
47 to 59 billion metric tons (47–59 Gt) per 
year globally (2005 data), with a clear 
tendency toward continued increases into 
the future. 

The steady increase in the use of these raw 
materials has been accompanied, or 
perhaps prompted, by continuously 
declining prices of most of these 
categories of resources. On the other hand, 
many critical resources are becoming more 
expensive to extract, with petroleum in the 
Arctic and in the open sea being 
outstanding examples. At least some of 
these resources are now showing greater 
price volatility, which may support a more 
rapid transition toward decoupling. 

Decoupling will require significant 
changes in government policies, corporate 
behaviour and consumption patterns by 
the public. These changes will not be 
easy, and this report will not attempt to 
chart the course toward their achievement 
or fully explore all of the challenges the 
concept poses. Rather, it will seek to build 
understanding of the concept of 
decoupling and clarify the most important 
decoupling challenges that the IRP should 
be addressing in its assessments in the 
coming years. Technology and policy 
options to facilitate decoupling will be 
assessed in a separate IRP report.

Drawing especially on case studies from 
South Africa, Germany, China and Japan, 
this report explores some of the ways in 
which decoupling relates to development. 
The rising economic costs of resource 
depletion and negative environmental 
impacts have led these countries to adopt 
policies that commit both governments and 
industries to reduce the amount of 
resources used for each unit of production 
(in other words, increase resource 
decoupling) and reduce negative impacts 
on the environment (in other words, 
implement impact decoupling). 
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Decoupling is highly relevant to trade and 
the distribution of resources. Many 
resources follow a complex path from the 
beginning to the end of their life cycle, 
involving many actors along the way 
(Figure 3), so allocating responsibility for 
consumption (and therefore decoupling) 
along this value chain remains a challenge. 
Internationally traded materials increased 
from 5.4 billion tons (5.4 Gt) in 1970 to 
19 billion tons (19 Gt) in 2005, complicating 
the application of decoupling by obscuring 
responsibility for it.

Decoupling potentially can also enhance 
equity among nations, drawing on the 
concept of ‘metabolic rates’ (resources 
used per capita) as an objective means of 
comparing resource consumption rates of 
different countries. Overcoming inequity 
needs particular attention. In some 
countries, metabolic rates are as low as 
four tons/capita/year, indicating a lack of 
satisfaction of basic needs. In other 
countries, metabolic rates amount to 

40 tons/capita/year and more, indicating a 
demand upon the planet’s resources that 
cannot be extended to all its inhabitants, let 
alone future generations.

This paper presents substantial evidence 
supporting the need for both resource 
decoupling and impact decoupling, and 
provides some examples of where such 
decoupling is actually occurring. While 
different categories of resources have very 
different kinds of environmental impacts, 
progress toward decoupling has been made 
in all four of the categories of resources 
being considered here. But this progress to 
date has been indicative rather than 
decisive, and a far greater effort will be 
required to convince key audiences of the 
critical importance of decoupling. The future 
work of the International Resource Panel is 
designed to support such efforts, in the 
hope that they will lead to a ‘green economy’ 
that enhances human welfare while 
sustaining environmental resources.
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production/manufacture, consumption/use, 
or post-consumption disposal (Figure 3). 

These impacts may be caused by deliberate 
interventions into natural systems such as 
land-cover change and resource extraction, 
or by unintended side effects, such as 
emissions and wastes. These impacts may 
lead to disruptions of at least some of the 
ecosystem services that are essential to 
human well-being. Thus a focus on 
decoupling requires attention both to the 
amount of resource use linked with 
economic activity, and to the environmental 
impacts associated with this resource use 
at all stages of the life cycle. 
 
Reducing both resource use and 
environmental impacts means reducing the 
material losses at each stage in the life 
cycle – losses that result from converting 
energy carriers into CO2 (and other) 
emissions, and other material resources 
into wastes, in the process of generating 
economic services and value. Decoupling is 
about generating economic services and 
value with declining amounts of resources, 
declining wastes and emissions, and 
declining other environmental impacts.

This report will indicate how meeting the 
challenges of decoupling resource use and 
negative environmental impacts from 
economic activity can contribute to the 

overall goals of meeting the needs of a 
growing world population, eradicating 
poverty, and supporting economic 
development, with a minimum of strain on 
the world’s resource base and without 
threatening future ecosystem services. 

The report seeks to establish a qualitative 
and quantitative foundation upon which 

Figure 3. The life cycle of resource extraction and use
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negative environmental impacts. Such 
impacts arise from the extraction of 
resources (such as groundwater pollution 
due to mining or agriculture), production 
(such as land degradation, wastes and 
emissions), the use phase of commodities 
(for example fuel combustion in transport 
resulting in CO2 emissions), and in the 
post-consumption phase (again wastes and 
emissions). Impacts are decoupled when 
negative environmental impacts decline 
while value is added in economic terms. 

Impact decoupling means using resources 
better, wiser or more cleanly. Reducing 
environmental impacts does not 
necessarily reduce resource scarcity or 
production costs, and may even increase 
them. An example of this is carbon capture 
and storage (CCS); since this impact 
decoupling technology currently requires 
more energy per unit of output, resource 
decoupling does not take place, but since 
CO2 is no longer released into the 

atmosphere, the environmental impact 
over the life cycle is reduced.

A distinction must be drawn between 
decoupling and absolute resource use 
reductions. Decoupling of resources or 
impacts means that the growth rate of the 
environmentally relevant parameter 
(resources used or some measure of 
environmental impact) is lower than the 
growth rate of a relevant economic 
indicator (for example GDP). Such 
decoupling seems to be fairly common, but 
does not necessarily lead to absolute 
reductions in resource use. Decoupling will 
lead to absolute reductions in resource 
use only when the growth rate of resource 
productivity exceeds the growth rate of the 
economy. This latter case is reflected in the 
‘environmental Kuznets curve’, where the 
environmental impact of production and 
consumption decreases as prosperity rises 
beyond a certain point.
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assessments (LCA) that refer to seven (or 
more) impact categories supported by 
statistical data: acidification; climate 
change and global warming; eco-toxicity; 
human toxicity; eutrophication/nutrient 
enrichment; photochemical ozone 
formation (summer smog); and 
stratospheric ozone depletion. 

2.1	 The global dynamics of 
material resource use

The global use of material resources 
equals the annual amount of raw materials 
extracted. On the level of individual 
countries, the amount of materials 
extracted domestically (termed DE, 
‘domestic extraction’) is not equivalent to 
materials use, as national material use 
(termed DMC, ‘domestic material 
consumption’) also depends upon imports 
and exports. 

At the beginning of the 21st century, 
estimates for the quantity of global raw 
materials extraction ranged between 47 and 
59 billion metric tons (47–59 Gt) per year. 
Global annual material extraction increased 
over the 20th century by a factor of eight. For 
much of that century, biomass dominated 
material extraction and use, accounting for 
almost three quarters of the total in 1900. A 
century later, more biomass resources were 

being harvested, but the percent 
contribution to total material extraction had 
declined to only one third, because the 
global socio-economic metabolism 
increasingly turned towards mineral 
resources, including fossil fuels which 
replaced biomass used for combustion. In 
other words, the composition of materials 
used has shifted from renewable to non-
renewable resources.

A major driver of the overall increase in 
raw material extraction and use is the 
expanding human population. Each 
country’s material use (domestic material 
consumption, DMC) is coupled to the 
number of inhabitants. This is plainly 
evident for food, for example, but it also 
holds for other material resources that 
have become part of the national material 
standard of living. Thus the metabolic rate 
(resource use per capita) provides a fairly 
robust overall measure of consumption. 
Metabolic rates vary widely among 
countries and change with development 
and economic patterns. For example, one 
person more in India means on average an 
additional 4 tons of resource use, while one 
person more in Canada means on average 
25 tons more resource use. 

While global per capita income has 
increased sevenfold during the course of 
the 20th century, average resource use per 
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recovered, see Figures 6 and 7), but it also 
changed the pattern of relations between 
material use and income in industrial 
countries. Globally, though, in recent years 
metabolic rates have started to rise again, 
driven by rapidly growing resource use in 
large emerging economies such as Brazil, 
China and India which now display a 
pattern similar to that of the industrial 
countries in the 1950s and 1960s.

These data indicate that global material 
resource use during the 20th century has 
been rising at about twice the rate of 
population growth, but still at a 
substantially lower pace than the world 
economy. This resource decoupling has 
taken place ‘spontaneously’ rather than as 
a result of policy intention and even though 
resource prices declined by about 30% in 
the course of the 20th century (Figure 6). It 

Figure 5. Gross Domestic Production and Domestic Material Consumption in OECD countries,
1980–2000 
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Figure 8. The global interrelation between resource use and income (175 countries in the year 2000)

Source: Steinberger et al., 2010
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other countries have very high resource 
consumption levels per capita without a 
correspondingly high income. Two key 
factors account for much of the variation in 
the metabolic rates of countries: the 
transformation from agriculture-based to 
fossil fuel-based economies 
(‘development’), and population density. 
Industrial countries with high population 
density (among them many European 
countries and Japan) have an average 
metabolic rate of about 13 tons/capita, 
while those with low population density (for 
example Finland, the USA and Australia) 
have a metabolic rate twice as high, 
although income and material comfort do 
not substantially differ. Also among the not 
yet fully industrialized countries, those with 
high population density (such as China and 
India) showed average metabolic rates of 
5 tons/capita in the year 2000, while the 
metabolic rates in comparable low-density 
developing countries (e.g. Brazil and South 
Africa) were more than twice as high 
(Figure 9). It appears that densely 
populated areas and regions need fewer 
resources per capita for the same standard 
of living and material comfort. 

The decrease in need for materials with 
rising population density is essentially good 
news in a rapidly urbanizing world. The 
doubling of metabolic rates due to the 
traditional resource and energy-intensive 

industrial transformation, on the other 
hand, is a major challenge for those 
high-density countries: the resource and 
environmental burden of each of their 
inhabitants’ is about to double. This is also 
a challenge for the rest of the world in 
terms of resource depletion and 
environmental impact, especially as almost 
two thirds of the world population live in 
these high density countries with – so far 
– very low metabolic rates. 

It is necessary, therefore, to relate 
strategies dealing with resource use to 

Figure 9. Average metabolic rates (resource 
use in tons/capita) by development status and 
population density 

High-density means a population density of 50 people/km2 or higher. 
Share in world population: 13% industrial, high density, 6% industrial, 
low density, 62% rest of the world, high density, 6% rest of the world, 
low density. 
Source: Krausmann et al., 2008
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dominated quantitatively by ferrous metals 
and mineral fertilizers. The most 
accessible impact information is from the 
extraction phase in the life cycle of those 
resources, where impacts often involve 
disturbance to land, air and water systems. 
The location of resource extraction is 
relevant from an environmental impact 
point of view because environmental 
regulations vary in different parts of the 
world. Those standards tend to be tighter 
in wealthy industrial countries than in 
poorer developing countries. Extraction of 
industrial ores and minerals has doubled in 
the past 25 years and shifted from 
industrial towards developing and newly-
industrializing countries (NIC); in 2006, 
more than half of all minerals and ores 
were extracted outside of industrial 
countries.

Fossil fuels are closely associated with CO2 
emissions in the use phase, as well as 
local impacts in the extraction phase. Over 
the past 100 years or so, while GDP rose by 
a factor of 22, fossil fuel use rose by a 
factor of 14 (and GHG emissions by a factor 
of 13). The increasing use of coal for energy 
may even raise the volume of GHG 
emissions per unit of fossil fuel use. 

An additional concern for non-biotic 
materials is the decline of ore grades and 
oil production capacity, and the increasing 

expense, energy and other environmental 
factors it will take to extract them. 

The use of biomass is strongly related to 
impacts on global sulphur and nutrient 
cycles, with human induced flows now 
equalling natural flows. Some studies have 
shown that biomass extraction may be 
somewhat decoupling from land use, but 
coupled with increasing amounts of 
fertilizer use per unit of agricultural yield 
(see Figure 10).

● Nitrogenous fertilizer consumption
● Cereals production
● Cereals, area harvested

Indexed 
1961=100

Figure 10. Global growth of cereals production 
and fertilizer consumption   

Note: Global growth in the production of cereals since 1961 almost 
exclusively depended on intensification (nitrogen input, tractors, 
yields and many other factors not shown on this graph), whereas the 
expansion of harvested area played an insignificant role.
Source: UNEP GEO Portal, as compiled from FAOSTAT database, Food 
and Agriculture Organization of the United Nations (FAO), 
http://geodata.grid.unep.ch 
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environmental burdens (such as dirty water 
or indoor pollution) decline with a rise in 
wealth, community-level burdens (such as 
urban air pollution) display a hump-shaped 
curve, and global environmental burdens 
(such as greenhouse gas emissions) rise. 
Over time, global impacts on the 
environment may become more important 
than local ones, and delayed impacts are 
becoming more important than immediate 
ones (see green arrows at the bottom of 
Figure 11). Those global, delayed impacts 
(such as climate change) may be less 
accessible to traditional, life cycle-oriented 
environmental policies. Nevertheless, 
changes in key technologies (such as, for 
example, in the technology of producing 
cement) may make a big difference to the 
environmental impact of resource use, also 
at the global level.

Strategy (c), reducing resource use, is the 
most powerful, as it reduces all 
environmental impacts associated with a 
certain resource use, and it is the most 
economical, as it also reduces production 
costs in the long run. It cannot be achieved 
by environmental policies alone: to be 
effective, it requires concerted strategies 
from a variety of political actors and from 
business. This strategy becomes more 
important when resource extraction and 
use is approaching certain limits: the 
closer the limits, the higher the likely 

environmental impact per unit of resource 
use. This holds for biotic resources like fish 
catch or logging, it also holds for fossil 
fuels with ‘unconventional’ fuels 
representing a larger environmental 
burden, and it can also be assumed for 
industrial minerals and ores. 
Internationally, for most metals, ore grades 
are declining, and thus need a higher input 
of energy and an increasing volume of 
extraction for the same output.

In conclusion, it appears that short-term 
and local environmental impacts of 
resource use across the resource life cycle 
have been mitigated in a way that allows 
for impact decoupling beyond resource 
decoupling. With global and far-reaching 
environmental impacts, this is less likely to 
be the case. Different strategies to reduce 
these impacts are available for 
policymakers. The IRP’s second report on 
decoupling will focus on assessing the 
technology and policy options that can 
make decoupling happen.

2.3	 Scenarios of future 
global materials use 

Can the growth in resource consumption 
and economic factors shown in Figures 1 
and 4 continue into the future? Or will 
societies face some limits to growth as 
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Wherever the future global consumption 
of a resource comes close to supply 
constraints, the threat of distributional 
conflicts will arise, as indicated by the 
many resource-based conflicts that 
already exist in the world today. 

Scenario 1: Business as usual
Freeze (industrial countries) and catching 
up (rest of the world) 

In this scenario, relative decoupling in 
industrial countries means their average 
metabolic rates remain stable at year 2000 
levels (freeze), while developing countries 
build up to the same metabolic rate by 2050 
(catching up). For some of the least 
developed countries, convergence implies at 
least a fivefold increase in their metabolic 
rates, which may significantly reduce 
poverty in the process. This scenario 
complies well with trends observed in the 
recent decades; for industrialized countries, 
metabolic rates had remained fairly stable 
since the mid-1970s while in many 
developing countries a steep increase could 
be observed. In short, for this scenario the 
long-term trend is a continuation of relative 
decoupling for developed economies, and 
effectively no decoupling for emerging and 
developing economies.

This scenario results in a global metabolic 
scale of 140 billion tons annually by 2050, and 

an average global metabolic rate of 16 tons/
capita/year. In relation to the year 2000, this 
would imply more than a tripling of annual 
global resource extraction, and establish 
global metabolic rates that correspond to the 
present European average. 

This scenario assumes no major system 
innovation or switch to renewable energy, 
and probably represents an unsustainable 
future in terms of both resource use and 
emissions, exceeding all measures of 
available resources and assessments of 
limits to the capacity to absorb impacts. 

Scenario 2: Moderate contraction and 
convergence
Reduction by a factor of 2 (industrial 
countries) and catching up (rest of the 
world)

Industrial countries commit to an absolute 
reduction of resource use and reduce their 
metabolic rates by a factor of 2 (i.e. from an 
average of 16 tons/capita to 8 tons/capita), 
while developing countries moderately 
increase their metabolic rates and catch up 
to these reduced rates by the year 2050. 
This scenario presupposes substantial 
structural change, requiring a new pattern 
of industrial production and consumption 
that would be quite different from the 
traditional industrial model. With resource 
productivity gains similar to past 
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Taken as a whole, this scenario would 
require unprecedented levels of innovation. 
Despite population growth to roughly 
9 billion people the pressure on the 
environment would remain roughly the 
same as it is now. Most politicians are 
likely to regard this scenario as too 
restrictive in terms of developmental goals 
such as reducing poverty and providing for 
the material comfort of a rapidly expanding 
middle class. Thus this scenario can hardly 
be addressed as a possible strategic goal, 
but is valuable insofar as it illuminates the 
implications of a hypothetical barrier to 

further global increase of resource 
extraction. It should, however, be noted 
that this scenario is consistent with the 
2.2 tons of carbon per capita recommended 
by the IPCC as the convergence point that 
could prevent warming by more than 
2 degrees centigrade.

The implications of these scenarios are 
far reaching. All demonstrate that 
without significant improvements in 
resource productivity, it will not be 
possible to meet the needs of 9 billion 
people by 2050. The policy implications 

Figure 12. Resource use according to three different scenarios up to 2050

Source: Krausmann et al., 2009 (Development 1900–2005) and own calculations (see text)

● Development 1900–2005
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● Freeze global material consumption
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3.1	 Rethinking growth

The logic of decoupling described here 
redefines growth from a sustainability 
perspective. The term ‘growth’ means 
different things to different audiences. 
Businesses and governments focus on 
economic growth, using indicators such as 
GDP. Environmentalists tend to focus on 
the growth of physical throughput in the 
economy, or physical/material growth. 
Such growth implies spreading over more 
physical area, expanding material and 
energy throughput, or increasing the stock 
of physical products, buildings and 
infrastructure. Physical growth is coupled 

to increased environmental pressures and 
resource depletion. 

Based on this understanding of these two 
types of growth, it becomes conceptually 
possible for economic growth (defined as 
money flow) to be decoupled from physical 
growth of the economy (resource consump-
tion) and associated environmental 
pressures. Some economists believe that it 
is possible to reduce the material intensity 
of GDP, so that GDP can grow indefinitely 
in a finite material world. 

Some development economists distinguish 
between development (improvements in 
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technologies that will make more 
sustainable development a viable option. 

In conclusion, decoupling can lead to a 
rethinking of assumptions about economic 
growth and, by implication, GDP as the key 
indicator of growth. The GDP indicator 
remains a good measure of economic 
activity. But it needs to be joined by 
indicators of growth that encourage 
decoupling and dematerialization, in order 
to generate a more balanced 
understanding of development. The next 
step would be to find an agreed indicator of 
development that reflects progress made 
in decoupling. 

3.2	 Innovation and 
decoupling 

Resource and impact decoupling will 
require radical changes in the global 
metabolism that will depend on innovations 
for more sustainable resource use. 
Knowledge and information are key drivers 
of economic growth, and the returns on 
investments in knowledge often outweigh 
the returns on investments in capital and 
un-/semi-skilled labour. Innovations 
include new knowledge and information 
processing capacities that are built into 
production processes as technologies, 
operating routines or managerial/

organization systems at the firm and/or 
macro-economy level. 

The problem with the national innovation 
systems that have been promoted by many 
governments over the past few decades is 
that they are aimed at promoting economic 
growth with insufficient attention paid to the 
various dimensions of decoupling (cleaner 
production being an obvious exception). In 
other words, innovation is not in and of itself 
a good thing from a sustainable resource 
management perspective. A new concept of 
innovation is required. 

‘Eco-innovation’ is such a new concept. It is 
defined by the OECD as “the creation or 
implementation of new, or significantly 
improved, products (goods and services), 
processes, marketing methods, 
organizational structures and institutional 
arrangements which – with or without 
intent – lead to environmental 
improvements compared to relevant 
alternatives”. Institutional innovations such 
as changes in values, beliefs, knowledge, 
norms, and administrative acts are 
included, along with changes in 
management, organization, laws and 
systems of governance that reduce 
environmental impacts. 

Whereas the first generation of innovation 
investments has focused on labour 
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social cohesion, solidarity, social learning 
and benefit sharing. 

Past innovation concerned with economic 
competitiveness and growth has 
contributed to an extraordinary increase in 
production, consumption and economic 
growth and therefore improvements in 
average human welfare. However, this has 
occurred along an unsustainable trajectory. 
Innovation now needs to be harnessed for 
environmental protection and restoration. 

Merging these seemingly disparate themes 
of sustainability and systems of innovation 
offers an opportunity to develop 
sustainability-oriented innovation systems 
that contribute to decoupling through 
reducing environmental pressure and 
contributing to sustainability during 
economic activities. 

Figure 16 is an idealized image that 
demonstrates the difference between 
incremental innovations and systems 
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Figure 16. System innovation 

a	 At time of publication
Source: Vollenbroek, 2002
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$4.2+ trillion global industry, is responsible 
for 10% of global GDP, employs over 100 
million people, and consumes around 50% 
of resources, 45% of global energy (5% 
during construction), 40% of water and 
70% of all timber products. 

Just as countries have metabolic rates, so 
do cities. They may seem to have a lower 
metabolic rate than the countryside, but 
they externalize many energy- and 
materially-intensive services to the 
peripheral areas. As a general rule, as the 
GDP per capita increases, the metabolic 
rate of the city increases. At the same time, 
cities concentrate large numbers of people 
into small places, and they also 
concentrate the knowledge, financial, 
social and institutional resources required 
for sustainability innovations. This captures 
the dilemma of cities for sustainability: 
they drive the global unsustainable use of 
resources, but they are also where the 
greatest potential exists for sustainability 
innovations. 

Judging from current trends, urban 
infrastructure could become a primary 
focus of innovations surrounding energy 
use, mobility and the water cycle (sources, 
uses and re-uses), mediated by a wide 
range of extremely complex ‘socio-
technical’ and ‘socio-ecological’ networks. 
Zero-carbon sustainable cities are being 

planned, for example in Dongtan near 
Shanghai, Masdar in Abu Dhabi, Treasure 
Island in San Francisco Bay and Songdo in 
South Korea. While these are capital-
intensive and have yet to meet their goals, 
they may be pioneers for future decoupling. 

A worldwide movement of urban leaders 
is seeking ways for cities to reduce their 
metabolic rates. The International Council 
for Local Environmental Initiatives (ICLEI) 
is the most significant global network 
promoting sustainable cities. It now 
includes 1000 cities and presents a global 
case for decoupling urban infrastructure 
to reduce dependence on resources 
located beyond the boundaries of the 
metropolitan areas. This may include a 
radical shift to public transportation for 
people and goods, reduced dependence on 
fossil fuels, increased dependence on 
locally grown food and localized supply of 
(recycled) water, much higher densities 
and the end of sprawl, integrated living 
and working neighbourhoods, zero waste 
systems, cleaner production, and 
responsible ecologically sustainable 
consumption (driven in part by the way big 
supermarkets are embracing the organic 
food revolution and by the growing 
popularity of fair trade brands).

In conclusion, innovations for more 
sustainable use of resources are already 
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(especially pollution) to responses to 
resource depletion that use economic 
instruments. This has taken place against 
a background of rapid global growth as 
economic globalization facilitated the 
relocation of key manufacturing sectors 
from developed to developing countries. 
The resulting increase in material flows 
from 40 to 59 billion tons (40–59 Gt) per 
annum over the two decades starting in 
1980 explains in part why resource 
depletion issues have become a concern of 
policymakers at national government level. 

The German National Strategy for 
Sustainable Development (NSSD) 
comprises strategic, mostly quantitative, 
trend objectives and a set of 21 indicators 
grouped under different headings. Indicator 
1 (‘resource conservation’) includes sub-
indicators 1a (‘energy productivity’) and 1b 
(‘resource productivity’). The NSSD goal is 
to double both energy productivity (base 
year 1990) and resource productivity (base 
year 1994) by 2020. These goals are the 
cornerstone of the government’s position 
on resource use. 

South Africa’s key macro-economic policy 
frameworks do not recognize resource 
constraints as an economic factor, 
although the South African scientific 
community considers resource depletion 
as an urgent priority for water and soil, 

while decoupling is needed with respect to 
energy and a wide range of environmental 
impacts. The 2008 National Framework for 
Sustainable Development (NFSD) proposed 
five strategies: enhancing systems for 
integrated planning and implementation; 
sustaining ecosystems and using resources 
sustainably; investing in sustainable 
economic development and infrastructure; 
creating sustainable human settlements; 
and responding appropriately to emerging 
human development, economic and 
environmental challenges. The NFSD 
referred specifically to the need for 
‘dematerialization’ which was defined in 
terms of decoupling.

Since the adoption of its Scientific Outlook 
of Development in 2003, the Chinese 
government has fundamentally altered its 
development philosophy, leading to the 
objective of building an ‘ecological 
civilization’. This approach made resource 
and environmental concerns top policy 
priorities. The 11th Five-Year Plan for 
Economic and Social Development (2006–
2010) marked a key turning point for the 
process of reconciling rapid 
industrialization with the ambition to build 
an ecological civilization. The plan sets 22 
quantitative indicators of which eight are 
mandatory targets, five of them related to 
environment and resources. China is, in 
many ways, the test case for the global 
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G
lobal trade of the resources 
being assessed here is a 
complicated process, with 
different influences at the various 

stages of the life cycle (Figure 3), from 
initial extraction of a resource to the 
ultimate disposal of the commodity 
produced from the resource (though many 
products contain large numbers of 
material resources, each of which may 
have come from a different part of the 
globe). Different actors, often from distant 
countries, may play a key role at the 
various stages, making it challenging to 
determine where responsibility for 
decoupling should be assigned. Further 

complicating the challenge, different 
policies may be required at different 
stages of the life cycle. Ideally, every stage 
of the life cycle should be accompanied by 
appropriate policies promoting 
decoupling, though this ideal remains far 
from reality. 

The geographic distribution of resource 
extraction seldom corresponds to the 
geographic distribution of manufacturing 
processes and consumption, and to the 
environmental impacts coupled to these 
parts of the life cycle. The largest material 
flows occur at the point of extraction, and 
there they add most to the indicator of 
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which two thirds originated from 
developing countries and one third from 
the former Comecon countries.

Current economic specialization and 
resulting physical trade patterns have had 
both positive and negative implications for 
economic development in developing 
countries, with the balance depending 
largely on the enabling and regulatory 
conditions and the specific conditions that 
are agreed. Factors cited for contributing to 
the negative impacts have included low 
prices for raw materials, limited domestic 
processing, rent-seeking, and many other 
factors. 

Despite these concerns, international trade 
can make an important contribution to 
global decoupling when guided by 
appropriate policies on environment and 
trade. These have hitherto been managed 
separately at country and global levels 
(with, for example, very limited connections 
between the work of the WTO and global 
environmental bodies such as the 
international environmental conventions 
and UNEP’s Governing Council). Improved 
policies to support decoupling include 
reducing global resource use through 
exploiting transport and physical or 
geological potentials in a way that 
minimizes negative environmental impacts; 
incorporating in trade negotiations the full 

Million tons 

Physical trade balances

Monetary trade balances

a Note that net imports and net exports do not balance out, as many 
developing countries do not fully report their international trade to the 
UN, which provides the basic data for these calculations (UN Comtrade 
data base).
Source: Dittrich, 2010

Billion US$ 

Figure 18. Physical and monetary trade balances 
of three country types, 1962 to 2005a

● Industrial countries
● Transformation countries
● Developing countries
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highly inefficient (Africa) or were building 
fast-growing economies that were 
increasingly dependent on construction 
minerals, ores and fossil fuels (Asia and 
Oceania). 

Is decoupling a realistic basis for further 
policy work to support the green economy? 
Will the solutions to the global economic 
recession depend on investments in ‘green 
growth’ rather than just be a return to 
business as usual? No definitive answers 
are available, but some evidence suggests 
cautiously positive answers. For example, 
the $2–$3 trillion that will be invested to 
revive the global economy has been 

inspired by more than a narrow economic 
recovery vision, as some countries have 
incorporated ‘green growth’ elements into 
their economic rescue packages 
(Figure 20). These include expanding public 
transport and freight rail services, 
constructing ‘smart’ electrical grid 
management systems, investing in 
renewable energy (wind, solar, bio-energy), 
greening of living spaces, restoring rivers 
and forests, and recycling wastes. Many of 
these investments are concentrated in new 
kinds of urban infrastructure, thus 
reinforcing the significance of cities in 
managing the transition to ‘green 
economies’.

Figure 20. Eco-friendly spending, total amount and percentage of total fiscal stimulus package

Source: HSBC, 2009
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between decoupling and absolute resource 
use reductions. Relative resource 
decoupling is happening on a global scale, 
but is more pronounced in the developed 
economies that are already consuming 
relatively large amounts of resources. Little 
contemporary evidence of impact 
decoupling is available, the historical 
achievements of environmental policies 
notwithstanding. To make the transition to 
a more sustainable global economy, 
sustainable resource management 
strategies will be required that promote 
resource and impact decoupling, with an 
emphasis on absolute resource use 
reductions in developed economies and 
relative decoupling in developing 
economies (up to a certain point after 
which they must also shift into an absolute 
reduction mode). 

Some of the major challenges of decoupling 
that remain to be addressed include:

•	 How can global resource flows and their 
associated environmental impacts be 
integrated with efforts to deal with 
problems such as climate change, 
degradation of ecosystem services, and 
pollution?

•	 How can policymakers (and the public) 
be convinced of the reality of physical 
limits to the quantity of natural 

resources available for human use and 
that the negative environmental impacts 
of economic activities also have limits?

•	 What are the economic factors driving 
the decoupling that is already taking 
place, and how can these be mobilized 
more effectively to enhance escalations 
in investments in innovations and 
technologies that can accelerate 
decoupling?

•	 How can market signals generate 
increases in innovation for resource 
productivity? How can international trade 
best incorporate the concepts of 
resource decoupling to support equitable 
conditions of trade in natural resources? 

•	 How can the current economic growth 
model be modified to realize the aims of 
‘non-material growth’ through 
sustainable resource management?

•	 Given that the multiple challenges of 
economic growth, sustainable resource 
management and ending poverty take 
place in the midst of the ‘second wave of 
urbanization’, how can cities become the 
spaces where ingenuity, resources and 
communities come together to generate 
in practice what decoupling means in the 
way cities produce and consume? 
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T
his Assessment Report has shown 
that both resource and impact 
decoupling are taking place, albeit 
at a modest pace. This might be 

taken to imply that any innovation that 
results in less inputs or impacts per unit of 
output will contribute to decoupling. 
However, the ‘rebound effect’, in which 
savings from efficiency are used to exploit 
other resources, suggests some caution is 
required. The size of rebound effects 
depends at least partly on the trajectory of 
prices. In a context of constant or sinking 
price levels, rebound effects tend to become 
larger. Figure 7 showed that the long-term 
historical trajectory of real resource prices 

has been downward in the 20th century, with 
some periods of soaring resource prices. 
Since the turn of the millennium, many have 
argued that now, finally, resource prices will 
continuously rise. The surge of oil, gas and 
other mineral resource prices until the 
economic crisis in 2008 was triggered by 
steeply rising demand from the rapidly 
developing Asian economies, following 
standard economic theory of supply and 
demand. But the economic interpretation 
that declining price levels are a correct 
market indicator for resources not 
becoming more scarce is risky: the opposite 
may transpire when it is already too late to 
take corrective measures. 
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CCS	 Carbon capture and storage
CO2	 Carbon Dioxide
DE	 Domestic Extraction
DMC	 Domestic Material Consumption
ECLAC	 UN Economic Commission for Latin America and the Caribbean
EU-27	 Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, 

France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, 
Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden and the United Kingdom

GDP	 Gross Domestic Product
Gt	 Gigatons 
ICLEI	 International Council for Local Environmental Initiatives
IRP	 International Resource Panel
LCA	 Life cycle assessment
MFA	 Material flow accounting
MTB	 Monetary trade balance
NFSD	 National Framework for Sustainable Development
NSSD	 National Strategy for Sustainable Development
OECD	 Organisation for Economic Co-operation and Development
PTB	 Physical trade balance 
TPES	 Total Primary Energy Supply
UN	 United Nations
UNEP	 United Nations Environment Programme
USA	 United States of America
WTO	 World Trade Organization
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