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Average material consumption in per capita terms varies greatly across the globe. 
As observed in countries with the lowest per capita consumption, the minimal 
consumption for survival is around two tonnes per person per year, which  
includes materials for the basic needs of food and shelter. The highest average  
per capita consumption is sixty times the lowest and is dominated by minerals  
for large construction activities and by the consumption of fossil fuels.

Consumption: from survival to affluence
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Global average = 10.2 tonnesGlobal average = 10.2 tonnes

Biomass Minerals Fossil fuels Metals Other

Globally, a person uses at least 1.5 tonnes of biomass and 
0.3 tonnes of minerals per year. Biomass is predominantly 
used for nutrition and as a source of energy; minerals  
are mainly used for shelter. In general, rising material  
consumption goes along with an increasing use of fossil 
fuels, of minerals and metals for public and private  
infrastructure and of metals for technical equipment. 
Biomass consumption increases only slightly with higher 
income. High amounts of biomass use are mainly due  
to large animal-stocks. Large and luxurious construction 
activities such as the Pearl-Qatar or Palm Islands in Dubai  
( United Arab Emirates ) are responsible for per capita  
material consumption  values beyond 50 tonnes per year. 
Often, small countries, islands and city-states import huge 

amounts of single commodities in one year, e.g. petroleum, 
minerals or ships, and hardly any of these commodities in 
the next year; sometimes, they  even export them ( partly  
further processed ) in the following years. Thus, their material  
consumption can fluctuate wildly, exceeding 100 tonnes 
per capita in some years, and falling below zero in some 
material categories in other years. Inequalities between 
countries with high and low average per capita consumption 
declined slightly over the past 30 years due to an increasing 
number of medium and high consuming countries. In 1980 
and 2008, the bottom 10 % of countries (in terms of per 
capita material consumption) maintained a constant share 
of 2.5 % of global consumption, whereas the share of the 
top 10 % declined from 33 % to 27 %.
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Relative decoupling at the global level
From 1980 to 2008, material intensity of the world 
economy decreased by about a third. This is refl ected 
by an increase in material productivity of 37 %, as GDP 
grew faster than material consumption ( 147 % vs. 79 % ). 
So far, however, there are no signs of dematerialisation 
( absolute decoupling ) at the global level. The achieved 
effi ciency improvements have therefore been 
over -compensated by economic growth.

Given that environmental pressures are already above 
sustainable levels on the global scale, absolute decoupling 
must be the objective, in particular for the high-consuming 
rich countries. This can be achieved when GDP grows 
while material use and associated environmental pressures 
decrease in absolute terms. On the other hand, growth in 
material consumption will be necessary for poor countries, 
in order for them to achieve at least minimum acceptable 
material standards. However, globally and in the medium 
term, an absolute decrease of material consumption should 
become the main benchmark for green growth. 

Relative versus absolute decoupling
Assessing the extent to which an economy has achieved 
green growth requires an understanding of so-called 
“ decoupling ”. Decoupling generally refers to the amount 
of materials used in relation to economic output. Relative 
decoupling means that material consumption is increasing 
at a pace slower than economic output. This is a good start 
towards sustainable development but not suffi cient in the 
long term, as environmental pressures continue to increase. 

Between 1980 and 2008, the world economy increased the amount of economic 
value created per unit of consumed material by about 40 %. Yet, despite this growth 
in material productivity, overall material consumption has been increasing at an 
unprecedented scale. Only very few countries increased economic output while 
decreasing absolute material consumption.

material productivity: suffi cient progress ?

Growth of GDP, material consumption, material productivity and intensity, and population
1980 – 2008

Worldwide trends in GDP and domestic material consumption ( DMC ) growth
1980 – 2008
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Green growth ? 
The fi gure above illustrates how far decoupling has already 
been achieved in the world economy. Countries which fi nd 
themselves directly on the diagonal line ( e.g. Chile ), have 
increased both GDP and DMC at the same rate between 
1980 and 2008. Below that line are all countries whose 
GDP increased faster than their DMC and who thus achie-
ved a relative decoupling. Altogether, relative decoupling 
was the dominant trend across countries worldwide over the 
period, including the world economy as a whole. Absolute 
decoupling, i.e. GDP growth and falling DMC, was less 
common. Among the 34 OECD countries, only Canada, 
Germany, Italy, Japan, and the UK achieved an absolute 
decoupling. It is important to emphasise that this does not 
necessarily signify green growth, but could also be the results 
of outsourcing material-intensive production to other parts of 
the world. However, those aspects of dislocated environmen-
tal pressures through trade are not covered by the DMC indi-
cator and would require more comprehensive data which 
refl ects materials embodied in trade. This is currently una-
vailable. It is also obvious that absolute decoupling was only 
possible in countries with relatively low economic growth. At 
higher growth rates, huge improvements in material produc-
tivity would be required to achieve absolute decoupling. In 
some countries, growth in material consumption outstripped 
even GDP growth ( e.g. Vietnam, the UAE and Kuwait ). 
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Does material consumption, which is  
linked to a variety of environmental  
pressures ( see next chapter for details ), 
grow with increasing income ? This most 
basic question about the link between 
environment and development has to be 
answered with a clear “yes”. However,  
the differences in direct material 
consumption levels up to a factor of 9 
between countries with similar income  
are surprising. What is even more 
astonishing is the differences in income  
of more than a factor 20 among  
countries with similar levels of  
per capita material consumption. 

Levels and dynamics of material 
consumption of all countries globally  
show some remarkable patterns which 
lead to the identification of typical groups: 
low income countries have rather highly 
fluctuating consumption dynamics which  
are not linked as much to income.  
Medium income and emerging economies, 
understood as those with high growth 
rates in income, can on the one hand, 
be grouped into industrializing or service-
oriented economies ( in both, value is 
created basically by human labour ) and 
on the other hand, in resource-based 
economies where wealth is generally  
gained by extracting resources. The first 
group has significant lower material 
consumption per capita and higher  
material productivity than the latter one. 
These differences remain even when  
a high income is reached. Further 
differences within the groups are driven  
by a variety of factors, such as the 
economic structure and the sectoral 
composition, political, financial or other 
external circumstances; all those aspects  
will be further explored on the following 
pages, which closely examine specific 
aspects of this main figure.

What looks like modern art in the illustration below is in fact what the  
real development paths of all countries worldwide look like, in terms of  
per capita income and material consumption between 1980 and 2008.  
The spread of income at similar levels of material consumption and vice-versa  
is remarkable. Furthermore, a number of factors influencing per capita income 
and material consumption are observed worldwide – these are explored  
further in the following pages. 

Material use and development at a glance
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Low income countries

Material consumption per capita and material productivity is generally low in  
low income countries, around an average of 3.7 tonnes per capita in 2008. 
Nevertheless, a multitude of factors governing material use can be observed, 
ranging from growth, stagnation and decrease in material consumption and 
income. These are driven by factors such as population growth, dominant  
land-use systems or even natural disasters such as droughts.

In low-income countries, humans consume 
predominantly biomass which includes 
food, feed and to some extent, products 
from forests such as charcoal. Furthermore, 
few minerals for housing and infrastructure 
are used, and consumption of fossil 
fuels or metals is negligible. Absolute 
resource consumption in all low income 
countries increased during the past 
30 years. However, in many of these 
countries, population size increased 
faster than material consumption, resulting 
in a decrease of per capita material 
consumption. Most of the low-income 
countries are nominally integrated in the 
world market in material terms, although 
food is increasingly imported.

In general, animal-based agriculture is less 
resource efficient than a crop-based one. 
Biomass consumption in countries with 
higher animal stocks is often three times or 
more higher than in crop-based agricultural 
systems while income is comparable, e.g. in 
the cases of Mali and Malawi. While crops 
are easier to cultivate in fertile regions, 
animals can transform plants which are not 
fit for consumption by humans into edible 
meat, which enables human settlement in 
regions where crop-based agriculture is 
barely possible. 

During the past thirty years, some low-
income countries have developed 
more efficient agricultural production or 
diversified into other economic sectors 
such as manufacturing, mining or tourism, 
while retaining low income levels and low 
material consumption. 3,000 3,500  4,000  
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Bangladesh is one of the few examples 
among low-income countries where a 
constant rise in material consumption goes 

Although absolute resource consumption 
increased over the past 30 years, population 
size increased faster than material 
consumption, resulting in a decrease of 36 %  

In countries with extensive and animal-
dominated agriculture, feed for animals has 
a share of 75 % or more in total resource 
use. In Mali, e.g., before extraction of 
metals ( mainly iron ores ) increased in the 
1990s, up to 89 % of consumed materials 
have been used for feed. Droughts often 

Development of per capita material consumption and income of low-income countries 
1980 – 2008

With around 2 tonnes per capita, low 
income countries with an intensive and  
crop ( rather than animal-based ) agriculture 
have the lowest resource consumption  
per capita. In Malawi, e.g., almost half  
of material consumption is composed  
of directly harvested and consumed food. 
Construction minerals are often poorly 
documented in statistics; low income 
countries with reliable data show a  
minimum of around 0.3 tonnes per person. 

Material consumption per capita in Mali

Material consumption per capita in Kenya

Material consumption per capita in Bangladesh
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Material consumption per capita in Malawi

result in large-scale perishing of animals, 
e.g. the Sahel drought in the 1980s 
which caused the death of almost 25 % 
of the animal stock in Mali, resulting in 
a significant drop in used feed stuff and 
biomass consumption. 

in per capita material consumption in Kenya.  
Two structural changes contextualise this 
immense decline: first, the share of rather 
inefficient feed-stuff extraction for animals 
declined in favour of more efficient crop- 
based food extraction. Second, Kenya 
increasingly imports finished food and  
feed which means that upstream flows 
of production are counted as material 
consumption in the exporting country and 
not in Kenya. In sum, biomass consumption 
per capita in Kenya declined by almost 30 %. 

along with constantly increasing income. 
Unlike the other examples, Bangladesh 
has been rapidly integrating into the world 
market during the past 30 years. It is a net 
importer not only of food but also of raw 
materials such as fibres and fossil fuels for 
further processing. Beginning in the 1990s, 
growth in material consumption was driven 
mainly by increasing construction activities.
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Economic development includes the 
construction of public and private 
infrastructure such as roads, ports or power 
plants, hospitals, schools, private dwellings 
or industrial plants. Bulk minerals, mainly 
sand and gravel, along with a variety  
of metals and fossil fuels for energy are  
required during the construction process, 
and later on, for maintenance and 
expansion. Durable and consumer  
goods which are usually associated with 
development such as cars, television sets,  
or meat-based diets become more common 
as average income increases and larger 
parts of society demand these goods. 

Developing countries differ in speed, scale 
and type of construction of infrastructure. 
While many Latin American countries built  
large parts of their infrastructure before 1980,  
during the period of import substitution or 
even before, many Asian countries started  
after 1980, resulting in higher growth 
rates of resource consumption. Demand 
and characteristics of material use differ 
depending on the specific composition of 
economic sectors. Large-scale construction 
activities and basic manufacturing require 
more bulk materials while the added 
economic value is minor, resulting in 
comparatively low or even stagnating 
resource efficiency. On the other hand, 
knowledge-based industries and service- 
oriented economies gain more economic 
value with a lower material input.

Many developing countries follow a strategy of industrialisation or foster service-
oriented sectors such as tourism. These countries are predominantly resource 
importers in physical terms with an average per capita material consumption  
below 18 tonnes in 2008. In spite of the many differences among these countries, 
one similarity is an increase in material consumption during construction of large 
infrastructure projects and an even higher increase of income thereafter. 

Industrialising and service-oriented economies
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Like many tropical and subtropical islands, 
the Seychelles developed a strong tourism 
sector. This went hand-in-hand with high 
imports of consumer goods, resulting in a 
rising use of biomass ( food and paper ) and 
metals ( durable goods ). 

The development of the Republic of Korea 
during the past 30 years is exemplary 
for many other industrialising countries. 
In 2008, material consumption and 
productivity were higher than in many 
Western European countries. The rising 
consumption of construction minerals 
followed by fossil fuels and metals is 
as typical as the decrease in material 
productivity during periods with high growth 
rates around 1990. The financial crisis in 
the second half of the 1990s led to a sharp 
decrease in material consumption. 

Material consumption per capita in China

Material consumption per capita in the Seychelles

Development of per capita material consumption and income of industrialising and service-oriented economies
1980 – 2008 China is one of the fastest-growing countries 

in terms of absolute and per capita 
material consumption. While the absolute 

Material consumption per capita  
in the Republic of Korea

dimension of material use is incredible, the 
basic processes in China are typical of the 
initial stages of development: construction 
of public and private infrastructure and an 
expansion of basic industries. In China, the 
magnitude of construction activities resulted 
in a stagnation of material productivity, 
despite strong economic growth. Due to 
its size and extended economic boom, 
China dominates nearly all global indicators 
of material use. It is worth noting that the 
comparatively low consumption of biomass 
has remained nearly constant since 1980.
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As already noted with regard to 
industrializing countries, the initial stages 
of development in resource-based 
emerging economies are also dominated 
by the building-up of public and private 
infrastructure.

In order to analyse the different dynamics 
of material use of net resource exporters 
and net importers, it is important to 
understand some basic rules of material fl ow 
accounting. Domestic Material Consumption 
( DMC ) includes only the directly used 
resources of an economy. Calculating DMC 
implies that only the physical volume of 
exports is subtracted while upstream fl ows to 
produce these exports, including production 
leftovers, remain in the exporting country as 
part of its material consumption.

Thus, the more material fl ows are necessary 
to extract the exportable good and the more 
that good is refi ned, the more upstream 
fl ows remain within the exporting economy, 
leading to a higher DMC value, even if 
the leftovers are not “ consumed ” in the 
literal sense of that term. In general, metal 
extracting countries have a higher DMC 
( due to excavation ) than countries with a 
large share of agrarian goods, whereas 
oil-exporting countries have a lower 
DMC because oil production requires 
comparatively minor upstream fl ows.

The particular share of upstream fl ows of 
the different products are as yet unknown 
in most countries. Nevertheless, to some 
extent, an abundance of resources goes 
along with squandering them ( oftentimes 
linked to subsidies for the consumption of 
the respective resources ), as shown by 
the relatively high values of per capita 
consumption of fossil fuels in oil-exporting 
countries.

Given that there is much to be gained by following the ongoing trend of rising 
resource prices, a development strategy based on exporting raw materials is 
increasingly attractive for resource exporting countries. However, the risk inherent 
in this are the down cycles in resource prices, as seen in recent decades. However, 
resource exporting countries have a signifi cantly higher per capita consumption of 
materials than resource importing countries at similar levels of income, and higher 
growth rates of material consumption per unit of generated income.

resource-based emerging economies
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Many exporters of biomass-based 
materials and products ( increasingly 
including biofuels ) export a growing share 
of biomass, while domestic per capita 
consumption of biomass is declining. This 
happens despite the fact that increasingly, 
biomass goods are further processed, 

Normally, no data is available during times 
of war. In the case of Kuwait, however, 
some data is obtainable, showing the sharp 
breakdown of extraction and consumption 
during and after the occupation. In Kuwait, 
as in most other small oil exporting countries, 
storage of extracted oil has an above-
average effect on per capita DMC, resulting 
in highly fl uctuating per capita values. 

In many cases, the concentration of metals 
in crude ores is very low. The concentration 
of copper in curde ores in Chile, for 
example, which is the most important 
exporter of copper, is less than 1 %. 
Nevertheless, metals are mainly exported as 
concentrates or in a refi ned form. 

Material consumption and 
selected extractions per capita in Kuwait

Material consumption and selected extractions per capita in Argentina

Material consumption and selected upstream fl ows per capita in Chile
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Development of per capita material consumption and income of resource-based emerging economies
1980 – 2008

The excavation is counted in the consumption 
of Chile, resulting in a remarkably high 
metal consumption, although around 95 % 
could be considered as upstream fl ows of 
copper production. 

and thus a higher share of upstream fl ows 
remains within the country. In Argentina, 
for example, per capita consumption of 
biomass declined by 40 % while absolute 
extraction remained constant. Furthermore, 
material consumption of minerals declined 
as a consequence of the fi nancial crisis. 
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The collapse of Communism resulted in 
many countries in Eastern Europe and 
Central Asia in a transition from centrally- 
planned to market economies. This 
phenomenon could also be observed in 
some developing countries, in particular 
in Africa. The typical transition patterns 
can best be seen in European and Asian 
countries, although data availability for 
the period before 1989 is limited. Central 
Asia and Eastern Europe show a clear drop 
of material consumption in absolute and 
per capita terms during the transformation 
process, while their population size 
remained relatively stable. The collapse 
of Communism and the transition towards 
market economies was initially ( between 
1989 and 1995 ) accompanied by high 
rates of inflation, a marked decline in 
output ( on average by 40 % ), a stagnation 
in material extraction and a decline in all 
categories of resource consumption, in some 
countries even until the year 2000.

In those transition countries that later 
joined the European Union, the decline 
in income and material consumption 
was comparatively lower than in their 
neighbouring countries, and the recovery 
was faster, kicking off already in the first 
half of the 1990s. In contrast, the drop in 
material consumption of eastern European 
countries, in particular in former Yugoslavia 
during the civil wars, was stronger, and the 
recovery started only in the second half of 
the 1990s. The non-EU former Soviet Union 
countries exhibit two different dynamics: 
the large and resource rich ones, such as 
Russia, Kazakhstan or Ukraine, suffered 
deep drops in resource consumption during 
the 1990s. Thereafter, they showed the 
typical characteristics of resource-based 
developing economies. The smaller 
countries, such as Uzbekistan or Kyrgyzstan, 
displayed basically the characteristics of 
low-income countries with more fluctuations 
and unclear trends.

Material use during transition processes
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In former Yugoslavia and its successor 
states ( the figure shows the average of all 
successor states and selected successor 
states independently after 1992 ) two 
breakdowns are visible. The first one is due 
to the transformations after the break-up of 
Yugoslavia. The second breakdown reflects 
the civil wars, visible in particular in Serbia 
and Montenegro. By contrast, Slovenia’s 
consumption increased rapidly after its 
integration into the EU in 2004

After the collapse of the former Soviet 
Union, income and resource consumption 
per capita decreased sharply in the Russian 
Federation. The decrease was caused 
by a decline in metal extraction, forestry, 
agriculture and construction activities. 
Economic recovery started in the second 
half of the 1990s, when exports, in 
particular of metals and fossil fuels ( oil, gas 
and coal ), increased. 

Estonia is a good example to illustrate two 
typical trends in new EU Member States: 
a slight drop in income and resource 
consumption in the early 1990s, followed 
by a fast recovery during the later 1990s. 
Estonia, which has no metal extracting 
industry, has net exports of metals in 

Material consumption and income per capita in Estonia

Material consumption and income per capita in Russian Federation

Material consumption and income per capita in former Yugoslavia
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Transitions of economic systems have a significant effect on material use. In Europe 
and Central Asia, the most important change has been the transformation of 
economies, from centrally-planned to market economies. The pattern and extent  
of the collapse and recovery differs across countries, based on their status in 1989, 
when the transition started.
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Development of per capita material consumption and income of transition countries
1980 – 2008

Dynamics of key indicators in transition countries  compared to rest of the world 
1980 – 2008

different years. To some extent, this is due 
to the dismantling of industries and/or 
insufficiently classified trade in machines or 
vehicles. Estonia’s high consumption of fossil 
fuels is due to the use of coal as the major 
source of energy . 
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Material consumption in economies with 
large agricultural and mining sectors is 
generally higher than in countries with large,
 less material-intensive sectors such 
as fi nancial services, knowledge-based 
and research intensive manufacturing, 
where mostly semi-processed commodities 
and fi nal goods are imported. 
Per capita resource consumption has 
stagnated over the past few years in 
various high income countries ( roughly 
defi ned here as countries with a per capita 
income of US $ 20,000 or more in 2008 ). 
Net imports have risen in some of these 
countries, which indicates that domestic 
extraction was reduced. Very few high 
income countries, such as Japan, show 
a stagnation in both consumption and 
net imports, which could be interpreted 
as a sign of material saturation. 

Another major difference among high 
income countries is their mix of energy 
sources. Coal ( the dominant source of 
energy e.g. in Australia and Germany ), 
for example, is generally more resource-
intensive than hydro power, which basically 
requires mineral resources during the 
construction phase. Subsidies on fossil fuels 
are one reason for their high consumption.

High income countries
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Development of per capita material consumption and income of high income countries
1980 – 2008

Material consumption per capita in Australia

Material consumption and 
net-imports per capita in Japan

Australia is one of the most important 
resource suppliers among the high income 
countries. It has a variety of different 
industrial resources. In material terms, the 
extensive production e.g. of wool and meat 

During the second oil crisis, Saudi Arabia 
sharply reduced extraction and exports of 
oil. In 1985, for example, Saudi Arabia, 
extracted less than half the oil it extracted 
in 1980 and its exports fell by 72 %. 
Per capita consumption of fossil fuels is 
generally higher in oil-extracting countries 
than elsewhere, up to 5 tonnes per capita 
per annum or more.

Material consumption and selected exports in Saudi Arabia

Material consumption and 
net-imports per capita in Switzerland

In 2008, a per capita income of US $ 35,000 was linked to material consumption 
levels of between 10 and 50 tonnes per capita in different countries. The material 
consumption of high income countries depends on various factors. Of particular 
importance is the share of material intensive agriculture and mining activities, 
in comparison to the share of less material intensive high-tech and fi nancial service 
sector activities. The composition of a country›s main primary energy sources 
is another factor that determines material consumption levels. 
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Among the high income countries, Japan 
has the lowest resource consumption per 
capita and the highest resource productivity. 
This good performance can be ascribed 
to various factors, amongst others, the 
promotion of resource productivity by t
he government through various programmes 
and policies. However, this is also because 
Japan is the highest net importer in 
absolute and in per capita terms amongst 
all countries globally, almost half of its 
resource consumption is imported. Thus, 

the upstream fl ows of resources required to 
produce Japan’s imports are not counted 
as Japanese consumption but as that of the 
exporting countries.

Countries with large shares of business-
related and fi nancial services, which are 
generally less material intensive, are amongst 
the most resource effi cient economies 
worldwide and also those with the highest 
material imports per capita. Switzerland, 
for example, net imports more than one-third 
of all its consumed materials. Many of the 
environmental pressures associated with Swiss 
consumption thus remain in the extracting 
and producing countries. Furthermore, since 
Switzerland’s main energy sources are nuclear 
and hydropower, its fossil consumption is 
comparably low but mineral consumption 
is high, partly attributable to construction 
activities in the mountainous area. 

 

 

 

and the extraction of metals and black 
coal are most dominant. A large part of 
Australia’s material consumption is due to 
the production of exported goods. 
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The material productivity of the majority 
of countries has improved over the past 
30 years. Nevertheless, there is a variety of 
levels and dynamics of change, depending 
on a number of factors, amongst others, 
on the composition and characteristics 
of the countries’ main economic activities, 
a country’s position in the global division 
of labour and also its specifi c resource 
endowment. 

High income countries with strong service 
and/or knowledge-based technology 
sectors are amongst those with the highest 
material-productivity. Their rates of increase 
in productivity were also higher during the 
observed time period. Examples include 
Japan, Switzerland and South Korea.

Countries specialising in resource exports, 
such as Chile, Australia or South Africa, 
have generally lower resource productivities, 
which also depends on the resource prices 
of the dominant raw material exports. 

Low income countries , e.g. Mali, usually 
have a huge primary sector ( agriculture 
and/or mining ) which is generally less 
productive and almost stagnant in terms of 
material productivity, whereas cattle-based 
agrarian systems are less productive than 
crop-based ones. 

Thus, benchmarking the resource productivity 
performance of different countries has to 
factor in the sectoral composition of the 
national economies. 

Development and material productivity

In contrast to the examples above, some 
improvements in material productivity also 
result from outsourcing. If, for exam ple, a 
country decreases its domestic resource-
intensive production and increasingly 
imports the respective semi-fi nished or 
fi nished goods, material productivity 
measured in terms of direct material fl ows, 
as done in this study, would increase – at 
the expense of the exporting country.
Increasing resource prices result in 
increasing income of resource exporting 
countries; thus, material productivity may 

increase without any changes in resource 
management. Vice versa, it may lower 
resource productivity of resource importing 
countries without any real changes in the 
effi ciency of resource use.
It is also worth noting that the main global 
or regional crises such as environmental, 
political, fi nancial or resource crises, often 
have an impact on material extraction, 
consumption and production systems. In 
the short term, they predominantly result 
in lowering amounts of extracted or 
consumed materials, while in the medium 

term, the effects vary from increases in 
resource effi ciency due to improvements of 
technologies during the crisis ( e.g. after the 
oil crisis ), no changes due to postponing 
consumption ( e.g. after a regional fi nancial 
crisis ) or even increases in extraction 
and consumption as a consequence of 
destruction during a civil war. 
Generally, material productivity can also 
increase if GDP grows faster than material 
consumption, without having a positive 
impact on the environment.

Increasing material productivity which means gaining more income per unit of material 
is one major strategy to reduce environmental pressure, but it is also a common strategy 
to stimulate economic growth and increase income. Thus, material productivity and 
increasing income are closely linked to each other. Levels and the dynamic of material 
productivity vary largely according to the dynamics of economic development and the 
sectoral composition of national economies. Furthermore, improvements in material 
productivity of a country also depend on factors which are not necessarily environmentally 
or economically favourable, such as outsourcing production to other world regions.

Material productivity of all countries globally
1980 – 2008

Infl uencing factors and mechanisms to improve material productivity 
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Some material productivity improvements 
are based on an absolute decrease of 
material extraction or consumption, e.g. the 
decrease in construction activities in the USA 
after 2005 or the decline in metal extracting 
activities in Zambia during the 1980s. 
As income and material extraction and 
production are linked to each other, those 
decreases often go along with stagnating or 
even decreasing income. 

There are various reasons why material productivity is in creas ing in different 
countries. It is important to distinguish between the underlying trends determining 
material productivity improvements.

Other improvements in material productivity 
are a result of stagnation or only minor 
changes in use of materials combined with 
increasing incom. This results in higher 
material productivity, as long as there is no 
strong rebound effect. This effect means that 
improvements due to increasing 
material productivity are overcompensated 
by increases of the overall consumption of 
the respective materials.

Other important factors contributing to 
improved material productivity are, for 
example, resource policies encouraging 
more effi cient use of materials by recycling 
and/or reuse ( e.g. in Japan ), the application 
of more effi cient technologies, the substitution 
of materials ( e.g. the substitution of brown 
coal for electricity generation in Germany 
by other energy sources ) or the shift in 
agricultural production systems from 
extensive cattle-based towards more effi cient 
crop- based food production systems 
( e.g. in Kenya ).
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Human Development Index19 and material consumption per capita
2008

Like the positive correlation between 
Domestic Material Consumption ( DMC ) 
and income, DMC and the HDI are 
positively related at first glance. Australia, 
for example, with the highest score on the 
HDI in 2008 has the second highest DMC. 
Countries with a low score on the HDI 
( typically low income countries such as  
the DR Congo or Niger ), by contrast,  

In general, material consumption is positively correlated with well-being, as measured 
by indicators of human development and quality of life. The bottom 30 % of countries 
with the lowest score on the Human Development Index ( HDI ) all consume less than  
10 tonnes of materials per capita. The 5 % of countries with the lowest life expectancy 
also consume less than 10 tonnes per capita. However, increased material consumption 
does not necessarily lead to higher levels of well-being. Some countries achieve  
high levels of well-being at relatively low levels of material consumption. 

Material use and well-being

Similar to the HDI-DMC relation, the spread 
of possible levels of DMC gets bigger  
with increasing happy life years. Ireland 
reaches 60 happy life years at a level of 
DMC of more than 50 tonnes/capita. 
Costa Rica, by contrast, reaches even  
more happy life years ( 67 ) with a DMC  
of only 9 tonnes/capita. Hence, there is no 
automatic relationship between HLY  

The HLY ( Happy Life Years ) Index aims at measuring 
the quality of life in a country with the help of subjective 
measures of happiness. A country’s average score on the 
happiness scale, that ranges from 0 to 1, is multiplied by 
the average life-expectancy in that country.

and DMC at high levels of happiness.  
High happy life years numbers can be 
achieved with high or low levels of  
material consumption. 
There is also no automatic relation between 
HLY and HDI. Latin American countries with 
medium levels of HDI and DMC reach higher 
levels of HLY than their Asian counterparts 
with similar HDI and DMC scores. 

Happy Life Expectancy20 and material consumption per capita
2008

generally also have a low DMC. Closer 
examination, however, reveals two groups 
of countries: those with a HDI below 0.53 
and low material consumption ( below 
10 tonnes/capita ) and those with a HDI 
above 0.53 and diverse levels of material 
consumption. Those in the first group are  
typically low income countries, while those 
in the second are medium or high  

income countries, emerging and transition 
economies. While some countries with a 
high level of HDI ( e.g. Ireland or Australia ), 
also have a high DMC, others ( e.g. Japan 
or Barbados ) reach similar levels of human 
development with a comparably low level  
of consumption. 

A high HDI can be achieved at low levels of consumption High subjective well-being at low levels of DMC

Measuring human development and happiness
The value of goods and services produced within a country ( GDP ) is a widely 
used indicator of economic development. To measure human development, or 
well-being, and happiness, however, other indicators are more useful. Well-being 
comprises both objective and subjective components and its main factors are 
good relations and health, which are not expressed by GDP.

The HDI ( Human Development Index ), is a standard means 
of measuring human development objectively. It ranks coun-
tries in terms of life expectancy, education and income. 
Thus, the HDI focuses largely on the objective components 
of development. The index ranges from 0 to 1.
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Of course, even these established indicators are only an attempt to objectively 
shed light on an issue as complex as development and well-being.  
Results should therefore be interpreted with caution. 
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Material use and the environment4 
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Industrial and construction minerals such as salt, sands, 
gravel and limestone are typical examples of bulk fl ows 
with low environmental impacts per tonne. However, global 
use of these minerals increased signifi cantly over the past 
three decades to meet the demand for creating and main-
taining infrastructure such as buildings and roads.
On the one hand, the environmental impact stems from the 
highly energy and CO2-intensive production of construction 
materials such as cement. On the other hand, construction 
can lead to a disruption of the landscape due to land 
sealing, urban sprawl and negative impacts on ecosystems 
and biodiversity. 

Biomass-based materials comprise products from agriculture, 
forestry and fi shery. Conventional monoculture production 
puts pressure on the environment in the form of soil 
degradation and ground and surface water pollution 
( e.g. eutrophication ) due to the use of pesticides and 
fertilizers. Furthermore, water scarcity due to high water 
exploitation for irrigation is a problem in an increasing 
number of countries. Clearing primary forests to expand 
agricultural areas or transforming them into forestry 
monocultures are another major pressure, with negative 
effects on ecosystems, leading to biodiversity loss and 
displacements of endangered species. 

The world economy uses around 250 different raw materials. The extraction and use 
of almost all of them increased over the past 30 years, in some cases by a factor of 5 
or more. While all of them have their own unique impact on nature per tonne, 
collectively, they contribute to the rising pressures on the planet’s belaboured 
ecosytems. Some materials such as heavy metals are consumed in lower quantities, 
but pollute soils, air and water. Other materials, such as construction minerals, 
are much less harmful per tonne, but their environmental impact stems from the 
huge absolute amounts being used in the global economy. 

material use and the environment at a glance

Mining and processing of metal ores as well as the use 
and disposal of refi ned metals have considerable impacts 
on the environment. In metal mining, large amounts of 
materials need to be removed in order to get access to 
the metal deposits. This so-called “ unused extraction ” contri-
butes to land use changes and ecosystem disruption. Large 
amounts of metal particles are discharged into soils and 
water bodies during the mining and refi ning processes. In 
addition, gases emitted during the various stages of 
refi ning metal have a severe impact. In particular, metal 
waste from discarded manufactured products are a main 
source of global metal soil pollution. 

Signifi cant impacts on the environment by using fossil fuels 
are not only a consequence of a high impact per tonne 
( e.g. oil spills ), but also stem from the rapidly increasing 
absolute levels of use. Bulky fl ows from coal and oil 
producing countries to industrialised countries and emerging 
economies lead to growing environmental problems during 
extraction. The environmental consequences of oil and gas 
extraction in river deltas, rain forests or the open sea are 
well known. The main consequence of fossil fuel combustion 
is the emission of greenhouse gases, the main driver for 
global climate change. 

Growth in global extraction and use of selected materials
1980 – 2008
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Trade in agricultural products is rapidly 
growing, along with trade of so-called 
“ virtual water ” embodied in traded goods. 
Consequently, with increasing globalisation, 
issues related to local water scarcity have 
become global in scale.

In the period 1980 – 2008, biomass 
harvest increased by 40 %. Related water 
requirements increased by as much as 60 %. 
Numbers were calculated using production 
volumes and world average water 
requirements per plant.

Water scarcity can be illustrated by the indicator  
“ Water Exploitation Index ” ( WEI ) 21 which compares total 
water abstraction in a country or region with the long term 
annual average availability of fresh water. Values higher 
than 20 % indicate water scarcity, with severe scarcity  
indicated by the WEI exceeding 40 %. Countries with 
values higher than 100 % also exploit their non-renewable 
water resources, such as groundwater bodies.
While countries like Brazil have a very low WEI due to the 
enormous reserves of renewable water, many Western  
countries like the US, France or Poland have already 
reached the scarcity threshold. In particular, countries of 
the Middle East are already above the 100 % threshold, 
indicating non-sustainable practices.
However, when applied to the national level, this index 
does not take into account regional differences in water 
availability; neither does it consider water return flows  
or indirect water flows incorporated in traded products  
( water which was needed for their production; so-called 
virtual water ). To examine water consumption related to 
human activities more comprehensively, these aspects  
have to be taken into consideration.
Some regions of the world do not grow all their food and 
feed within their own territories. The water needed for the 
production of traded goods is hence imported “ virtually ”. 
This creates pressures on local water resources and  
dependencies on other regions. 

The world’s population reached 7 billion in 2011 and is projected to hit the  
9 billion mark by 2050. As a consequence, the demand for food is increasing 
rapidly. In the period 1980 – 2008, harvest of biomass increased by 40 %.  
Enormous amounts of water are required to grow the crops needed for nourishment. 
Agriculture and other sectors like the energy sector are competing for and putting 
pressure on water resources. Additionally, the use of fertilizers, pesticides and 
herbicides has a significant impact on the environment. Due to increasing  
worldwide trade in agricultural products, the link between material consumption  
and water scarcity has gained a global dimension.

Agriculture and water scarcity
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Physical trade volume of  five selected agricultural products 
1980 and 2008

Water resources are unevenly distributed around the globe.  
Quantities of biomass production often do not go hand  
in hand with available quantities of water. Some countries, 
such as Israel, even specialise in agricultural exports despite 
water shortages within their own boundaries. 
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The basic raw materials which are being used for producing 
construction materials, such as cement and concret and 
for creating infrastructure such as buildings, roads or 
airports are limestone, sand and gravel. A multiple amount 
of aggregates such as sand and gravel are required to 
produce one tonne of construction materials, such as 
concrete. Built -up areas, especially in the emerging 
economies, are rapidly expanding. This led to a 133 % 
increase in the global use of construction minerals between 
1980 and 2008. However, growing consumption can 
also be observed in industrialised countries, such as 
Europe, where the consumption of sand and gravel grew 
by more than 20 % between 1980 and 2008. This 
increased consumption is linked to the growing land take 
of artifi cial areas, which expand at the expense of 
agricultural areas25. 

At almost 30 billion tonnes, minerals made up more than 40 % of the global 
material consumption in 2008. The largest fraction in this group are materials 
for construction purposes, such as limestone, gravel and sand. The specifi c 
environmental impacts of each tonne of construction mineral extracted are low, 
but the rapidly growing amounts being used around the globe lead to signifi cant 
environmental problems. The most important of them are the high CO2 emissions 
related to the production of cement and the increased loss of fertile land areas 
due to land sealing and the expansion of built-up areas. 

minerals, sealed land and Co2 emissions
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Limestone is the major ingredient used to 
produce cement. Around 1.4 tonnes of 
limestone are required to produce 1 tonne 
of cement.26 The process of cement 
production is very energy intensive and 
thus produces huge amounts of CO2 
emissions. Depending on the type, around 
400 kilograms of CO2 are emitted for 
each tonne of cement.

Countries in Asia observed a huge increase 
in cement production in the past decades. 
In 2008, almost 75 % of global cement 
production was located in Asia, with China 
alone accounting for almost 50 % of world 
production. Cement production grew by 
a factor of 22 since 1980, refl ecting the 
huge demand for construction minerals for 
building up infrastructure, such as roads 
and buildings.

In 2005, more than 1 billion tonnes of 
CO2 emissions were related to cement pro-
duction. This is around 4 % of total global 
CO2 emissions. If the emissions related 
to fossil fuel use for energy gene ration in 
the cement production process were also 
included, the cement industry globally 
accounts for about 8 % of global CO2 
emissions, a fi gure that has doubled since 
199027. As CO2 emiss ions are closely 
correlated with cement pro duction volumes, 
China also witnessed an exceptionally 
high growth rate. Signifi cant growth 
was also observed for other emerging 
economies, such as India, making Asia by 
far the biggest producer of cement-related 
CO2 emissions.
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Fossil fuel consumption is a major driver of global warming. More than two-thirds  
of all human greenhouse gas emissions stem from the combustion of coal, petroleum,  
and natural gas. Globally, fossil fuel consumption increased by 60 % between  
1980 and 2008, mostly driven by growth in Asian countries. High-income countries 
have generally higher per capita emissions of CO2 than low-income countries.  
A high share of coal in the energy-mix leads to exceptionally high CO2 emissions.

Fossil fuels use and climate change

CO2 emissions/kWh for fossil fuels, 200724

The structure of fossil fuel consumption  
has a significant impact on the  
CO2 emissions produced by combustion. 
Reaching the same heating value, oil  

emits 71 % more CO2 than gas, which is 
relatively the cleanest of the fossil fuels.  
Coal emits 36 % more CO2 than oil and 
133 % more than natural gas24. 
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Global consumption of fossil fuels increased by 60 %  
between 1980 and 2008, mostly driven by Asia, which 
almost doubled its consumption mainly because of its 
rapid industrialization accompanied by a high population 
growth ( +150 % ). Some countries such as China and  
India even increased their consumption by more than  
a factor of 4. Asia and Oceania have by far the highest 
share of coal in their consumption of fossil fuels with 88 % 
for Australia and 91 % for China in 2008 compared to 
global average of 52 % coal, 20 % gas and 28 % oil.  
The share of coal in overall consumption of fossil fuels for 
Germany is 94 % , mainly due to the large amount of coal 
used for electricity production. Argentina, on the other 
hand, has a completely different structure, with a share  
of 52 % for gas and 47 % for oil. Fossil fuel consumption  
of Brazil and Saudi Arabia is dominated by oil, at 83 % 
and 82 % respectively. 

With regard to CO2 emissions per capita due to fossil fuel 
consumption, Qatar tops the table with 58 tonnes of  
CO2 emissions per capita, followed by the United Arab 
Emirates with 30 tonnes per capita in 2007. The United 
States have CO2 emissions per capita of around 19 tonnes 
and Germany of around 10 tonnes. Emissions in the US  
are almost 500 times higher than the per capita emissions 
for the poorest countries. An average inhabitant of the  
Republic of Congo, for instance, emits only 0.04 tonnes24. 
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Iron and copper are by far the leaders in  
global extraction of crude ore. The related 
unused extraction is in the same order of 
magnitude as the economically-used metal 
containing ore. Precious metals on the other  
hand have a high ratio of unused extraction  
due to difficult accessibility to the metal- 
containing ores.

Mining and processing of metal ores as well as the use  
and the disposal of refined metals have considerable 
impacts on the environment. During the mining and refining 
processes large amounts of metal particles get emitted into 
the adjacent soil and ground or surface water. Gaseous 
emissions stemming from the different steps of metal refinery  
also have a severe impact. Finally, discarded manufactured 
products are a major source of global metal input into soils. 
Additionally, in many cases the content of metals in crude 
ores is very low and the usable ores are not readily acces-
sible. A certain amount of so-called “ overburden ” has to 
be removed in order to reach the metal-containing ore. This 
overburden is part of the so-called “ unused extraction ”15,22. 
The quantity of overburden depends on the type of extrac-
tion process chosen and the local properties of the metal 
deposit. The higher the ratio of used to unused extraction 
the more serious the impact on the surrounding environment.

In the period 1980 – 2008, global consumption of metals increased by 87 %.  
Some metals, such as aluminium or copper, are used in large quantities  
and for a large number of applications. Others, such as indium, are used in  
small quantities but in everyday high-tech products. With ever increasing demand, 
ever more metals are exploited, with the related environmental implications  
such the degradation of ecosystems through metal mining and pollution of  
water and soil.

Metal ores and unused material extraction

Metals are not evenly distributed among the 
different regions of the world ( see map ).  
Regions like the EU face high import 
dependencies of up to 100 % for domestic 
metal consumption ( for example in Cobalt, 

Platinum or Rare Earths ). In particular in  
periods of rising metal prices, import  
dependencies are closely linked to issues  
of supply security.  
In contrast, to satisfy worldwide demand 
for metals resource-rich countries increased 
their metal extraction considerably – often 
combined with even higher amounts of  
unused extraction, as in the case of  
copper extraction in Chile or precious metal 
extraction in Russia. 
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To illustrate the magnitude of changes humanity would face 
in a “ business as usual ” scenario, it is assumed that the 
current dominant model of economic development will  
be adopted across the developing and emerging world.  
As a consequence, it is further assumed that global average 
per capita consumption levels would equal the current level 
observed in the OECD countries from 2030 onwards. 
The rough estimation illustrates that humans would require 
around 180 billion tonnes of different materials in 2050, 
which is a growth by a factor of 2.7 compared to today’s 
levels. Restrictions in material supply and scarcities are not 
considered in this scenario. 

Dramatic changes have taken place in the last 30 years  
in the way humanity is using the planet’s material resources. 
Global material consumption increased by 80 % in absolute 
terms. Per capita consumption remained high in the rich, 
industrialised countries, and increased particulary in some 
of the fast-growing emerging economies such as China  
and Brazil. Yet, billions of people still live in material  
poverty and lack enough means to satisfy even their basic 
material needs. 

The last few decades saw rapidly rising levels of global material use. Industrialised  
countries maintained high consumption per capita, even as some emerging economies 
caught up. People still need to increase their material welfare to overcome poverty  
in many parts of the world. However, if by 2030, all countries around the world had 
the same levels of material consumption as rich countries have today, it would imply  
an increased environmental threat and aggravate material scarcities. 

Business as usual: not an option for the future

A doubling of global metal demand would entail increasing  
amounts of excavated earth and related landscape  
disruptions, even without taking into account the fact that 
metals will likely face continuously declining ore grades  
in the future. If demand for biomass would grow by 80 %, 
the requirement for water, fertile land areas, fertilizer  
minerals and other inputs would rise. The situation would  
be made worse by the fact that agriculture would need  
to expand to less productive and fertile areas. 

Environmental pressures from material consumption would 
increase significantly in all major categories under this 
scenario. This would exacerbate problems such as growing 
greenhouse gas emissions both from the increased use of 
fossil fuels and from energy use for producing products such 
as cement, as mineral use would almost triple compared  
to today’s levels. 

Population growth plays an important role 
in determining the overall levels of material 
use in 2050 and beyond. Following the 
medium growth assumption by the United 
Nations ( nine billion people by 2050 ), 
consumption levels in the scenario would 
reach around 180 billion tonnes in 2050. 
In the high population growth scenario  
( ten billion people ), consumption would 
surpass 200 billion tonnes, whereas  
in the low population growth scenario  
( eight billion people ), material consumption 
would level off at around 160 billion tonnes  
by 2050.
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If business as usual is not an option, what are the possible alternatives ? This section  
is an attempt to elaborate different scenarios for future material requirements, if 
humans agree to work together towards a common goal. Existing good practices  
in material use set the tone for the future. Setting international targets for resource use  
and resource efficiency could push efforts in the right direction. 

Setting a target

Good practices
To achieve a more sustainable resource use, 
one strategy could be to base development, 
as much as possible, on existing good 
practices in the use of different materials.

Good examples in terms of  
biomass consumption 
Biomass consumption varies between 
one and 22 tonnes per capita. Globally, 
food-related activities make up the highest 
share of biomass use. Less than two tonnes 
of biomass consumption per capita can 
be found in biomass-importing countries 
( with insufficient domestic agricultural 
production such as Kuwait ) and in countries 
with insufficient diets, while values above 
5 tonnes are usually linked to a material 
intensive rather cattle-based and/or export 
oriented agriculture. Between these – often 
ecologically limited extremes – are many 
countries with internationally renowned 
cuisines, low consumption values and a 
predominantly domestic production of 
around 2.2 tonnes of biomass per capita, 
such as China or Italy, which may be 
considered as good examples in terms of 
biomass use.

with regard to the environment, it could •	
be argued that nature has limited resour-
ces, and therefore, global resource ext-
raction should be frozen at the level of 
one base year, for example 1992, the 
year of the first Rio Summit at around 
50 billion tonnes. 

Good examples in terms of  
fossil fuels consumption 
Fossil fuel consumption varies between 
almost zero and more than 30 tonnes per 
person. Good examples are rare among 
countries with a secure supply of energy,  
as the amount of renewable energy is still 
low and most of the countries use oil, gas  
or coal as main energy sources. 
Switzerland, Sweden and Iceland have  
high shares of renewable energy and  
could be cited as positive examples.  
All these countries consume between  
2 and 2.5 tonnes of fossil fuels per capita. 

Good examples in terms of metal use 
Metal consumption varies between almost 
zero and more than 30 tonnes per capita. 
Low values are found in the least developed 
and metal importing countries, whereas 
high values can be observed in metal 
extracting and exporting countries. Both 
groups depend on each other. Nevertheless, 
ignoring the upstream flows of trade, Japan 
with its 3R-initiative ( reduce-reuse-recycle ) 
and its average of 0.8 tonnes per capita 
emerges as the best example that currently 
exists. 

Good examples in terms of mineral use
Mineral consumption varies between  
0.3 and 80 tonnes per capita. Minerals  
are used for public and private infrastructure. 
Consumption is high in countries currently 
investing in infrastructure, and in large 
countries with a greater infrastructural 
requirement. Countries with hardly any 
public infrastructure have low mineral 
consumption. In between these extremes, 
comparatively low values can be found in 
countries where maintenance dominates 
new construction such as United Kingdom 
or the Netherlands, where average 
consumption is around 4 to 5 tonnes  
per capita. 

Assuming ( 1 ) medium population growth, 
( 2 ) that all countries could follow these best 
examples of high development standards 
and comparatively low resource use without 
any constraints until 2030 ( including some 
exceptions in countries that are catching 
up ) and ( 3 ) that the reduction in the 
consumption of one material category does 
not require higher consumption of other 
materials, humans would need around  
10 tonnes per capita per year or  
93 billion tonnes of resources in 2050. 
Resource consumption would stabilize at 
a consumption level of around 100 billion 
tonnes annually by the end of the century. 
Of the total amount, 22 billion tonnes  
would be biomass, 23 billion tonnes of 
fossil fuels, 8 billion tonnes metals and  
45 billion tonnes minerals.

However, to achieve any or all of these 
would require massive improvements in 
resource productivity, possibly combined 
with a reduction in material consumption 
in high and medium material consuming 
countries ( currently classified as high-income 
countries and some emerging economies ). 

with regard to equality considerations, it •	
could be argued that a limit per capita 
has to be acknowledged, e.g. based 
on the current best practices, assuming 
the complete substitution of fossil fuels 
without increases of other materials 
( substituting are gained by further effici-
ency improvements ) resulting in a level 
of 8 tonnes per capita by 2030.

with regard to improvements in resource •	
productivity, e.g.by a factor of 2 or a 
factor of 5 until 2050 or a factor of 
about 4 or 10 until 2100. Due to lack 
of forward projections of income, one 
could promote the reduction of per 
capita consumption by a factor of  
2 and 5 respectively, compared to the 
current level of the OECD countries 
and assuming that developed countries 
would catch up by 2030. 

In the meanwhile, low consuming countries 
( currently predominantly low income 
countries ) could still increase their levels of 
resource consumption. 
Under the overarching goal, differentiated 
targets for re source exporting and importing 
countries would need to be set till the point 

where resources embodied in traded goods 
are charged against each other.

In any case, given the current situation 
and the rate of unequal growth versus 
environmental damage, it is imperative to 
set a target and start moving towards it. 

Targets

In principle, the following need to be considered when setting targets for sustainable material use

These could result in different scales of absolute and per capita resource use.

Biomass Minerals Fossil fuels Metals
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The potential of green economies

A key component of green economic strategies is improved  
resource management. Green economies thus have to  
improve resource productivity and reduce absolute levels  
of resource use. Such a transition could be achieved 
through concerted action by policy makers, setting the 
framework for increased resource efficiency, by companies 
exploiting the economic and environmental potentials of 
increased resource efficiency and by consumers making 
informed and active choices for resource efficient products 
and services. A few examples for such effective measures 
include:

a transition towards more sustainable •	 energy production 
by substantially increasing investments in renewable 
energy sources for power generation, while considering 
limits e.g. related to increased biomass use and  
environmental impacts;
a transition in •	 manufacturing industries towards closed 
material cycles and improvements in resource efficiency 
and productivity;
a transition towards eco-friendly housing by constructing •	
new green buildings and retrofitting the existing energy 
and material intensive buildings stock, and
a transformation of the •	 transport sector by promoting 
access instead of mobility, shifting to less harmful modes 
of transportation, and lowering carbon emissions by 
improving vehicles.

Key findings from this study

In general global dynamics during the past thirty years  
have shown that economic growth entailed increased  
material extraction and consumption. Although most  
countries made improvements in material productivity,  
the current amount of used materials and the continued 
unequal distribution of consumption between different  
world regions is far from being sustainable. 

Some current trends are extremely alarming. The  
development process itself and the perpetuation of highly 
material-intensive life-styles in rich countries and in an  
increasing number of emerging economies require large 
amounts of resources. The quantities are so huge that this 
model of development cannot realistically be provided  
for all humans. 

Many countries with a relatively higher performance of 
material use and resource productivity achieved this by  
outsourcing their material-intensive economic activities. 
Those countries which increased their activities in material-
intensive economic sectors had a worse performance. 
Nevertheless, both developments are two sides of the same 
coin in the interlinked system of international specialisation. 
From those findings arises the question “ What are the 
options that the green economy concept can provide ? ”

Green economies for sustainable resource use

Reducing our resource use, improving our quality of life

Independently of how those important questions are being 
addressed, two basic facts need to be taken into account 
when global strategies towards sustainable resource use  
are being discussed. 

First, the current level of global resource use is not  
sustainable. The significant growth of resource extraction, 
trade and consumption is the main driver for most global 
environmental problems. At least with regard to some  
environmental impacts, humanity already exceeds the  
ecological capacity of the Earth’s ecosystems. Climate 
change is the most prominent example, but biodiversity  
loss, desertification and soil erosion are also clearly linked 
to our use of natural resources. A sustainable system of 
global resource use must therefore operate on a level  
significantly below the current one; we need to reduce  
our resource consumption in absolute terms. 

At the same time, billions of people on the planet are still 
living in material poverty and rightly demand a substantial 
increase of their consumption and material welfare.  
A strategy of reducing global resource use therefore needs 
to fully address distributional aspects, both between  
different countries and regions and – to a growing extent – 
also within countries. Ultimately, the objective is to ensure  
a high quality of life for all people while keeping resource 
use within the ecological limits of our planet. 

Some fundamental questions

Based on the information presented in this study on green 
economies and its potential to increase resource efficiency 
and decrease the amounts of materials required for produc-
tion for production and consumption processes around the 
world, the fundamental questions humanity will face in the 
future are: 

Is the current model of material intensive lifestyles  •	
desirable as a future vision ? And if not, what is an 
attractive and sustainable alternative ? 

Are we willing to implement a limited and equal  •	
distribution of material consumption globally ? If yes,  
at what level ? The current OECD-level, which would 
mean accepting a doubling of environmental pressures ?  
The current global average, accepting global distribu-
tion and current levels of ecological pressure ? A level 
oriented on current best practices or maybe less ?  
If one of these options seems to be favourable, what 
kind of incentives and sanctions would humanity 
accept to enforce them ? 

If an equal distribution is not worthwhile, what would  •	
be an alternative approach to reach a globally  
sustainable level of resource use ? Should inequalities  
of more than a factor of 50, as we observe currently, 
be maintained or would a minimum or maximum level  
of material consumption for each person be more  
attractive ? What level of inequality could be acceptable 
in terms of global social justice ? 
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The global database on material extraction is based on 
international statistics including the International Energy 
Agency ( for fossil fuels ), the UN FAO ( for biomass ) and the 
US and British Geological Surveys ( for metals and industrial 
minerals ). This database is accessible in an aggregated 
form on the webpage www.materialflows.net, where a 
detailed technical report can be downloaded ( see below ). 
Data quality varies for the different types of materials.  
It is generally good for the extraction of fossil fuels and 
metal ores. However, in the case of a number of metals, 
estimations have to be applied regarding the concentration 
of metals in crude ore extraction. 
It can be assumed that parts of the biomass extraction for 
subsistence purposes are not covered in official statistics,  
so biomass values might be underestimated, particularly  
for poor countries. 
It is important to note that statistics about mineral use are 
poor in nearly all investigated countries. Thus, for the  
estimation of the extraction of construction minerals an 
estimation method was used, where the physical production 
of cement and bitumen was used to estimate overall levels 
of extracted construction minerals, in particular limestone, 
sand and gravel. Where no reliable data on cement and 
bitumen production was available the estimations were 
carried out using per capita income as proxy, assuming  
that demand for construction minerals per capita increases 
when countries become richer. The exact amounts of  
mineral extraction may therefore be over- or underestimated 
in some of the countries. 

This study is based on the methodological framework of 
material flow accounting and analysis ( MFA ). MFA builds 
on earlier concepts of material and energy balancing, as 
introduced in the 1970s. The MFA concept was developed 
as a reaction to the fact that many environmental problems 
result from a high material and energy consumption and 
related negative environmental consequences are determi-
ned by the overall scale of industrial metabolism rather than 
toxicities of specific substances. 
Today, the MFA methodology is internationally standardised, 
and methodological handbooks are available, for example 
from the European Statistical Office ( EUROSTAT, 2011 ) 
and the OECD ( 2007 ). 
For MFA on the national level, two main boundaries for 
resource flows can be defined. The first is the boundary 
between the economy and the domestic natural environment 
from which raw materials are extracted. The second is the 
frontier with other economies with imports and exports as 
accounted flows. 

The data and indicators presented in this study build on 
the integration of two existing data bases: ( 1 ) the global 
database on resource extraction developed and maintained 
by SERI, and ( 2 ) the global database on resource trade 
developed and maintained by M. Dittrich. 

Methodology and main data sources

For this study, both databases have been combined.  
In the first step the combination has been used to detect 
further outliers and unreliable data for all countries and 
years on different levels of aggregation. Main criteria 
applied were net exports of materials being higher than 
extraction for several years and consumption per capita 
being extraordinary higher or lower than the average range 
during that years or compared to other years. In a second 
step both databases were fully integrated in order to  
calculate the various material flow indicators.

Global data on material extraction, trade, consumption  
and productivity used in this study can be downloaded at 
an aggregated level from www.materialflows.net.
Material productivity was calculated using GDP in  
purchasing power parities and constant terms derived  
from the World Bank ( 2011 ). Population data are also 
used as provided by the World Bank ( 2011 ).

The global database on resource trade was developed  
by Monika Dittrich at the University of Cologne and  
the Wuppertal Institute in Germany. It is based on  
UN Comtrade data and includes global accounts of 
imports and exports in physical ( mass ) units. All missing 
mass values in UN Comtrade were filled using the global 
annual price for each commodity group, starting at the  
most differentiated level, then summed up according to 
the classification structure and repeated at the next higher 
differentiation level up to the total sum. 
Values of direct trade flows of major outliers were corrected 
by adjusting the concerned values with regard to global 
prices, amount of global imports and exports and – as far 
as available – bilateral trade data as well as with regard 
to national and international sector statistics such as FAO 
or IEA. A detailed methodological description is given by 
Dittrich ( 2010 ) and Dittrich and Bringezu ( 2010 ). 
In order to calculate aggregates on regional and global 
level, lacking original trade data reports of countries  
were estimated using as far as possible and available  
extrapolation, bilateral data of trade partners and/or  
further sectoral, national and international trade statistics.
In general, UN Comtrade trade statistics for the majority of 
OECD and Latin American countries are good with respect 
to differentiation and reliability while the others are of mixed 
quality. In general, trade statistics after 1995 are more 
differentiated and complete than before. 

EUROSTAT. 2001. Economy-wide material flow accounts and 
derived indicators. A methodological guide. Luxembourg: 
Statistical Office of the European Union. 

EUROSTAT. 2011. Economy-wide Material Flow Accounts  
( EW-MFA ) – Compilation Guidelines for EUROSTAT´s 2011 
EW-MFA questionnaire. ENV/MFA/06 ( 2007 ).  
Luxembourg: EUROSTAT. 

OECD. 2007. Measuring material flows and resource productivity. 
The OECD guide ENV/EPOC/SE ( 2006 )1/REV3. Paris:  
( OECD ) Organisation for Economic Cooperation and 
Development. 

SERI. 2011. Technical Report on the compilation of the material  
flow database for www.materialflows.net. Vienna: (SERI) 
Sustainable Europe Research Institute

Dittrich, M. 2010. Physische Handelsbilanzen. Verlagert der Norden 
Umweltbelastungen in den Süden ? Kölner Geographische 
Arbeiten, 91. Köln.

Dittrich, M. and S. Bringezu. 2010. The physical dimension of  
international trade. Part I: Direct global flows between  
1962 and 2005. Ecological Economics 69: 1838 –1847.

Sustainable Europe Research Institute ( SERI ) in cooperation with 
Wuppertal Institute and Monika Dittrich: Global Material Flows 
Database, 1980 – 2008. Available at  
http://www.materialflows.net/

Worldbank. http://databank.worldbank.org/
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Key indicators
DMC
[ Mio. t ]

DMC/cap
[ tonnes per capita ]

Material Productivity
[ US$ppp, const. 2005/tonne ]

1980 2008 % change 1980 2008 % change 1980 2008 % change 

World 37,966 68,119 79 8.5 10.2 19 691 952 38

Africa 2,573 4,876 89 5.7 5.3 -7 339 517 53
Asia** 14,146 36,029 155 5.1 8.7 69 577** 698 21
Australia & Oceania 871 1,269 46 38.1 36.0 -6 409 686 67
Europe 8,000 8,685 9 14.5 14.7 1 936 1,771 89
Latin America 4,173 7,587 82 11.6 13.3 15 635 730 15
North America 7,975 9,282 16 31.7 27.5 -13 799 1,547 94

Afghanistan 59 57 -4 3.9 1.9 -50 n.a. 506
Albania 20 23 19 7.3 7.4 1 577 982 70
Algeria 96 270 180 5.1 7.8 53 1,241 940 -24
American Samoa 0 0 117 n.a. 0,6 n.a. n.a.
Angola 23 61 160 3.0 3.4 13 n.a. 1,625
Antigua and Barbuda 0 1 246 3.7 10.7 189 1,625 1,756 8
Argentina 548 576 5 19.5 14.4 -26 517 915 77
Armenia .. 26 .. 8.3 .. 674
Australia 722 1,077 49 49.2 50.3 2 408 687 68
Austria 136 157 16 18.0 18.9 5 1,176 1,917 63
Azerbaijan .. 24 .. 2.8 .. 2,893
Bahamas, the 25 1 -96 121.2 3.0 -98 176 8,199 4,571
Bahrain 15 25 65 44.1 32.6 -26 495 989 100
Bangladesh 128 297 132 1.4 1.9 31 427 665 56
Barbados 3 3 -7 12.5 11.3 -9 1,199 1,756 46
Belarus .. 110 .. 11.3 .. 1,027
Belgium-Luxembourg 181 183 1 17.8 16.4 -8 1,185 2,156 82
Belize 2 4 49 17.0 11.4 -33 197 546 177
Benin 15 40 177 4.1 4.7 14 280 292 4
Bermuda 1 1 69 15.9 22.7 42 n.a. n.a.
Bhutan 5 9 83 11.5 13.0 13 86* 340 298
Bolivia 71 88 23 13.3 9.0 -32 284 458 62
Bosnia and Herzegovina .. 38 .. 10,0 .. 749
Botswana 20 35 77 19.9 18.1 -9 174 705 304
Brazil 1,374 2,759 101 11.3 14.4 28 670 665 -1
Brunei Darussalam 1 7 392 7.1 17.1 142 11,170 2,678 -76
Bulgaria 118 132 12 13.3 17.3 30 438 693 58
Burkina Faso 31 85 175 4.5 5.6 24 145 193 33
Burundi 11 18 55 2.7 2.2 -21 157 163 4
Cambodia 19 50 163 2.9 3.6 24 n.a. 527
Cameroon 42 76 81 4.6 4.0 -14 434 501 16
Canada 961 811 -16 39.1 24.3 -38 590 1,475 150
Cape Verde 0 2 455 1.3 4.1 222 928* 790 -15
Cayman Islands 0 1 192 10.7* 10.4 -2 n.a. n.a.
Central African Republic 13 28 108 5.9 6.4 9 163 107 -34
Chad 33 55 65 7.2 5,0 -30 90 247 175
Chile 192 735 282 17.2 43,8 154 312 306 -2
China 2,943 18,914 543 3.0 14,2 376 199 417 110
Colombia 223 342 54 8.3 7.6 -8 640 1,084 69
Comoros 1 1 47 2.1 1.6 -23 555 663 19
Congo, Dem. Rep. 121 268 122 4.4 4.2 -6 174 70 -60
Congo, Rep. 3 6 88 1.8 1.7 -6 1,644 2,172 32
Costa Rica 24 41 69 10.4 9.1 -12 612 1,135 85
Cote d'Ivoire 26 52 96 3.1 2.5 -20 845 610 -28
Croatia .. 51 .. 11.5 .. 1,504

DMC
[ Mio. t ]

DMC/cap
[ tonnes per capita ]

Material Productivity
[ US$ppp, const. 2005/tonne ]

1980 2008 % change 1980 2008 % change 1980 2008 % change 

Cuba 142 107 -25 14.5 9.6 -34 n.a. n.a.
Cyprus 7 23 224 11.6 26.6 129 808 907 12
Czech Republic .. 193 .. 18.5 .. 1253
Czechoslovakia 405 .. 26.6 .. n.a.
Denmark 112 139 24 21.8 25.3 16 955 1,345 41
Djibouti 2 3 73 5.6 3.9 -31 n.a. 529
Dominica 0 0 -12 5,6 5.0 -11 606 1,650 172
Dominican Republic 33 58 76 5.5 5.8 5 665 1,297 95
Ecuador 59 116 97 7,4 8,6 17 788 882 12
Egypt 157 564 258 3,5 6,9 95 686 724 6
El Salvador 17 31 81 3,7 5,1 38 1180 1228 4
Equatorial Guinea 1 22 2616 3,7 33,5 808 n.a. 928
Eritrea n.a. 19 .. 3,9 .. 127
Estonia .. 34 .. 25,0 .. 746
Ethiopia 235 386 64 6,7 4,8 -28 n.a. 167
Faroe Islands 0 1 85 n.a. 18,9 n.a. n.a.
Fiji Islands 7 9 38 10,3 10,7 4 333 398 19
Finland 158 205 30 33,0 38,6 17 541 871 61
France 901 933 4 16,3 14,5 -11 1241 2089 68
French Polynesia 2 3 86 11,2 11,8 6 n.a. n.a.
Gabon 6 20 225 9,2 14,1 53 1846 954 -48
Gambia, the 3 5 75 5,0 3,3 -35 247 363 47
Georgia .. 14 .. 3,3 .. 1369
Germany 1670 1217 -27 21,3 14,8 -31 970 2278 135
Ghana 31 132 322 2,8 5,6 99 348 244 -30
Gibraltar 0 0 59 6,9 9,8 41 n.a. n.a.
Greece 89 194 118 9,3 17,3 87 1859 1556 -16
Grenada 0 1 191 2,9 7,1 150 1123 1147 2
Guadeloupe 4 3 -25 38,6 17,6 -54 n.a. n.a.
Guatemala 31 87 184 4,4 6,4 45 887 685 -23
Guinea 25 66 168 5,3 6,7 26 n.a. 146
Guinea-Bissau 3 5 74 3,3 3,0 -8 275 316 15
Guyana 8 13 54 10,6 16,5 56 195 155 -20
Haiti 19 20 8 3,3 2,1 -38 n.a. 502
Honduras 25 48 92 6,9 6,6 -4 407 549 35
Hungary 126 104 -18 11,8 10,4 -12 903 1685 87
Iceland 6 8 34 24,7 23,8 -4 884 1540 74
India 1671 4555 173 2,4 4,0 64 368 696 89
Indonesia 576 1309 127 3,9 5,8 47 346 641 85
Iran 197 897 355 5,0 12,5 148 1408 838 -40
Iraq 105 128 22 7,5 4,2 -44 n.a. 762
Ireland 115 227 99 33,7 51,4 53 378 758 101
Israel 37 103 179 9,6 14,2 48 1571 1819 16
Italy 890 682 -23 15,8 11,4 -28 1194 2469 107
Jamaica 17 26 52 8,1 9,8 21 628 747 19
Japan 1410 1300 -8 12,1 10,2 -16 1455 3075 111
Jordan 17 53 206 7,9 9,1 15 497 560 13
Kazakhstan .. 356 .. 22,7 .. 461
Kenya 89 136 52 5,5 3,5 -36 250 406 63
Kiribati 0 0 169 2,3 3,7 62 920 614 -33
Korea, Rep. 204 767 276 5,3 15,8 195 1038 1618 56
Kuwait 44 96 117 32,3 35,4 10 1240 n.a.
Kyrgyzstan .. 34 .. 6,5 .. 314
Laos 13 25 98 3,9 4,1 3 n.a. 483

Key indicators
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DMC
[ Mio. t ]

DMC/cap
[ tonnes per capita ]

Material Productivity
[ US$ppp, const. 2005/tonne ]

1980 2008 % change 1980 2008 % change 1980 2008 % change 

Latvia .. 25 .. 11,1 .. 1411
Lebanon 19 40 111 6,9 9,6 40 n.a. 1137
Lesotho 7 8 11 5,5 3,9 -30 151 354 135
Liberia 7 9 26 3,7 2,3 -37 479 153 -68
Libya 59 91 55 19,2 14,4 -25 n.a. 1038
Liechtenstein 0 0 50 9,9 10,5 6 n.a. n.a.
Lithuania .. 39 .. 11.5 .. 1530
Macedonia, FYR .. 31 .. 15.3 .. 572
Madagascar 62 74 19 7.2 3.9 -47 178 252 41
Malawi 14 30 113 2.2 2.1 -5 308 343 12
Malaysia 80 291 261 5.8 10.8 84 836 1,224 46
Maldives 0 6 3,222 1.1 19.7 1,622 n.a. 263
Mali 48 93 95 6.6 6.4 -2 114 145 27
Malta 3 5 113 7.0 13.2 88 1,293 1,711 32
Mauritania 16 30 92 10.3 9.4 -9 166 192 16
Mauritius 6 13 110 6.5 10.4 60 575 1,112 93
Mexico 684 1045 53 10.1 9.8 -3 1030 1,369 33
Micronesia 0 0 8,858 0.0 1.4 5,822 n.a. 2,062
Moldova .. 19 .. 5.2 .. 534
Mongolia 46 88 89 27.9 33.2 19 n.a. 108
Morocco 104 234 125 5.3 7.4 39 442 540 22
Mozambique 27 46 70 2.2 2.1 -8 196 373 91
Myanmar 70 140 98 2.1 2.8 34 n.a. n.a.
Namibia 28 28 -2 27.8 13.0 -53 177 462 161
Nepal 45 70 55 3.0 2.4 -19 189 422 123
Netherlands 195 197 1 13.8 12.0 -13 1,615 3,183 97
New Caledonia 4 5 26 27.3 19.9 -27 n.a. n.a.
New Zealand 93 113 22 29.8 26.4 -11 577 965 67
Nicaragua 22 37 69 6.7 6.5 -3 410 383 -7
Niger 36 47 30 6.1 3.2 -48 152 200 31
Nigeria 210 450 114 2.8 3.0 5 591 652 10
North Korea 78 75 -4 4.5 3.1 -31 n.a. n.a.
Norway 85 103 20 20.8 21.5 3 1,248 2,257 81
Oman 10 106 914 8.8 38.0 332 1,112 614 -45
Pakistan 206 580 181 2.5 3.5 40 478 668 40
Panama 18 33 79 9.3 9.6 3 704 1,220 73
Papua New Guinea 41 54 33 12.8 8.3 -35 152 245 61
Paraguay 67 110 65 20.8 17.6 -15 194 246 27
Peru 250 760 204 14.5 26.4 82 420 298 -29
Philippines 217 285 31 4.5 3.2 -30 613 1,072 75
Poland 596 627 5 16.8 16.4 -2 n.a. 1,000
Portugal 86 214 148 8.9 20.1 128 1355 1090 -20
Puerto Rico 24 35 45 7.6 8.9 18 n.a. n.a.
Qatar 8 146 1,770 34.0 114.0 235 n.a. 737
Romania 411 243 -41 18.5 11.3 -39 413 1,043 153
Russian Federation 1,976 13.9 .. 1,061
Rwanda 14 26 83 2.7 2.6 -2 301 385 28
Samoa 1 1 34 4.6 5.4 16 n.a. 789
San Marino 0 0 165 9,9 n.a. n.a.
Sao Tome and Principe 0 0 125 1.8 2.4 33 n.a. 686
Saudi Arabia 195 415 112 20.3 16.7 -18 1,700 1,296 -24
Senegal 24 63 163 4.3 5.2 21 344 319 -7
Serbia and Montenegro .. 103 .. 12.9 .. 732
Seychelles 0 1 155 6.4 12.1 89 1706 1,606 -6

DMC
[ Mio. t ]

DMC/cap
[ tonnes per capita ]

Material Productivity
[ US$ppp, const. 2005/tonne ]

1980 2008 % change 1980 2008 % change 1980 2008 % change 

Sierra Leone 10 14 40 3.0 2.5 -18 260 290 12
Singapore 30 145 383 12.4 30.0 141 1163 1,602 38
Slovakia .. 63 .. 11.7 .. 1,756
Slovenia .. 55 .. 27.0 .. 1,006
Solomon Islands 1 3 262 3.6 5.9 62 n.a. 409
Somalia 57 65 15 8.8 7.3 -17 n.a. n.a.
South Africa 458 607 32 16.6 12.4 -25 527 772 46
Spain 390 912 134 10.4 20.0 92 1,475 1,416 -4
Sri Lanka 34 70 106 2.3 3.5 53 677 1,219 80
St. Kitts and Nevis 1 1 18 12.0 12.8 6 397 1,131 185
St. Lucia 1 1 68 4.4 5.1 14 943 1,814 92
St. Vincent and the Grenadines 0 1 161 3.1 7.4 140 860 1,158 35
Sudan 144 295 105 7.2 7.1 -1 148 276 86
Suriname 7 9 35 18.8 18.1 -4 351 376 7
Swaziland 9 11 29 14.1 9.4 -34 161 485 201
Sweden 174 200 15 20.9 21.7 4 973 1,579 62
Switzerland 97 98 1 15.4 12.9 -16 1,858 2,962 59
Syria 72 121 68 8.0 5.9 -27 416 734 77
Tajikistan .. 7 .. 1.1 .. 1,618
Tanzania 99 173 75 5.3 4.1 -23 n.a. 286
Thailand 327 468 43 6.9 7.0 0 322 1,075 234
Timor-Leste 1 2 162 1.4 2.0 41 n.a. 370
Togo 8 18 130 2.8 2.8 -1 389 282 -27
Tonga 0 0 -11 3.6 3.0 -17 692* 1,367 98
Trinidad and Tobago 11 21 104 9.7 16.1 65 1,568 1,493 -5
Tunisia 39 91 136 6.0 8.8 46 599 835 39
Turkey 249 749 201 5.4 10.1 88 1,055 1,174 11
Turkmenistan .. 64 .. 12.7 .. 487
Turks and Caicos Islands 0 0 456 8.1 10.3 28 n.a. n.a.
Tuvalu 0 0 26 1.5 1.5 3 n.a. n.a.
Uganda 62 113 82 4.9 3.6 -27 n.a. 300
Ukraine .. 405 .. 8,8 .. 767
United Arab Emirates 29 196 587 28.1 43.7 56 3,394 1,238 -64
United Kingdom 784 683 -13 13.9 11.1 -20 1,323 3,045 130
United States 7,014 8,470 21 30.9 27.8 -10 827 1554 88
Uruguay 96 152 58 33.0 45.5 38 237 256 8
US Virgin Islands 0 0 1 0.8 0.7 -11 n.a. n.a.
USSR 4,840 .. 18.5 .. n.a. ..
Uzbekistan .. 219 .. 8.0 .. 306
Vanuatu 1 2 81 8.0 7.3 -8 148 557 276
Venezuela 163 312 92 10.8 11.2 4 1,070 1,051 -2
Viet Nam 79 576 625 1.5 6.7 352 n.a. 386
West Bank and Gaza 1 10 652 2.5 n.a. n.a.
Yemen 15 84 453 1.8 3.6 102 n.a. 610
Yugoslavia SFR 246 8 -97 15.8 -100 n.a. ..
Zambia 102 101 -1 17.6 8.2 -54 87 156 80
Zimbabwe 52 53 2 7.2 4.3 -40 n.a. n.a.

*	 1981
**	 excluding Sovjet Union
n.a.	 not available
..	 country not existing

Population data and GDP data are taken from Worldbank, 2011
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AE United Arab Emirates
AF Afghanistan
AG Antigua and Barbuda
AI Anguilla
AL Albania
AM Armenia
AN Netherland Antilles and Aruba
AO Angola
AR Argentina
AS American Samoa
AT Austria
AU Australia
AZ Azerbaijan
BA Bosnia and Herzegovina
BB Barbados
BD Bangladesh
BEL Belgium and Luxembourg
BF Burkina Faso
BG Bulgaria
BH Bahrain
BI Burundi
BJ Benin
BM Bermuda
BN Brunei Darussalam
BO Bolivia
BR Brazil
BS Bahamas, The
BT Bhutan
BW Botswana
BY Belarus
BZ Belize
CA Canada
CD Congo, Dem. Rep.
CF Central African Republic
CG Congo, Rep.
CH Switzerland
CI Cote d’Ivoire 
CK Cook Islands
CL Chile
CM Cameroon
CN China, 
 incl. Hong Kong and Macao
CO Colombia
CR Costa Rica
CU Cuba
CV Cape Verde
CY Cyprus
CZ Czech Republic
DE Germany
DJ Djibouti
DK Denmark
DM Dominica
DO Dominican Republic
DZ Algeria
EC Ecuador
EE Estonia
EG Egypt
ER Eritrea
ES Spain
ET Ethiopia
FI Finland
FJ Fiji Islands
FM Micronesia
FO Faroe Islands
FR France
GA Gabon
GB United Kingdom
GD Grenada

GE Georgia
GF French Guiana
GH Ghana
GI Gibraltar
GM Gambia, The
GN Guinea
GP Guadeloupe
GQ Equatorial Guinea
GR Greece
GT Guatemala
GU Guam
GW Guinea-Bissau
GY Guyana
HN Honduras
HR Croatia
HT Haiti
HU Hungary
ID Indonesia
IE Ireland
IL Israel
IN India
IQ Iraq
IR Iran
IS Iceland
IT Italy
JM Jamaica
Jo Jordan
JP Japan
KE Kenya
KG Kyrgyzstan
KH Cambodia
KI Kiribati
KM Comoros
KN St. Kitts and Nevis
KR Korea, Rep.
KW Kuwait
KZ Kazakhstan
LA Laos
LB Lebanon
LC St. Lucia
LK Sri Lanka
LR Liberia
LS Lesotho
LT Lithuania
LV Latvia
LY Libya
MA Morocco
MD Moldova
MG Madagascar
MK Macedonia, FYR
ML Mali
MM Myanmar
MN Mongolia
MQ Martinique
MR Mauritania
MS Montserrat
MT Malta
MU Mauritius
MV Maldives
MW Malawi
MX Mexico
MY Malaysia
MZ Mozambique
NA Namibia
NC New Caledonia
NE Niger
NG Nigeria
NI Nicaragua

NL Netherlands
NO Norway
NP Nepal
NZ New Zealand
OM Oman
PA Panama
PE Peru
PG Papua New Guinea
PH Philippines
PK Pakistan
PL Poland
PM St. Pierre and Miquelon
PS West Bank and Gaza
PT Portugal
PW Palau
PY Paraguay
QA Qatar
RE Reunion
RO Romania
RS Serbia and Montenegro
RU Russian Federation
RW Rwanda
SA Saudi Arabia
SB Solomon Islands
SC Seychelles
SD Sudan
SE Sweden
SG Singapore
SH Saint Helena
SI Slovenia
SK Slovakia
SL Sierra Leone
SM San Marino
SN Senegal
SO Somalia
SR Suriname
ST Sao Tome and Principe
SV El Salvador
SY Syria
SZ Swaziland
TD Chad
TG Togo
TH Thailand
TJ Tajikistan
TK Tokelau
TL Timor-Leste
TM Turkmenistan
TN Tunisia
TO Tonga
TR Turkey
TT Trinidad and Tobago
TV Tuvalu
TZ Tanzania
UA Ukraine
UG Uganda
US United States
UY Uruguay
UZ Uzbekistan
VC St. Vincent and the Grenadines
VE Venezuela
VG British Virgin Islands
VN Viet Nam
VU Vanuatu
YE Yemen
YT Mayotte
ZA South Africa
ZM Zambia
ZW Zimbabwe
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