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Summary

Background

The EU sixth environm ent action program m e 
(6EAP) expressly calls for 'breaking the linkages 
between economic grow th and resource use'. This 
report, w hich contributes to the EEA's five-year 
report 'The European environm ent — State and 
outlook 2005', was prepared in recognition of the 
im portance of the sustainable use and m anagem ent 
of natural resources on the policy agenda.

Given the broad coverage of 'natural resources', 
it was decided to focus on a handful of natural 
resources: fisheries, forestry, water, fossil fuels, 
metals and construction minerals, and land use.

Global driving forces

The m ain driving forces of resource consum ption 
are population and economic growth, and the 
pattern  of developm ent, broadly defined to include 
technological level, economic structure, and the 
patterns of production and consum ption. The 
projected 50 % grow th in the global population over 
the next fifty years will p u t a significant pressure on 
the environm ent.

If, over the next fifty years, the population of the 
developing countries achieves levels of material 
w ealth similar to today's levels in industrialised 
countries, w orld consum ption of resources w ould 
increase by a factor ranging from  tw o to five.

W ithout dram atic technological im provem ents or 
changes in the patterns of consum ption, grow th 
in resource use and environm ental im pacts due 
to increased population and economic grow th 
in developing countries are likely to outw eigh 
technological efficiency gains in industrialised 
countries.

European patterns of resource use

In Europe, the relationship betw een the m ain 
driving forces that determ ine resource use differs

from  that at the global level. W ith population 
grow th limited, the m ain driving forces are 
economic grow th and  the pattern  of developm ent.

The European m odel of w ealth is based on a high 
level of resource consum ption, including energy 
and materials. C urrent m aterial consum ption in 
industrialised countries is betw een 31 and 74 tonnes/ 
person/year (total material consum ption), and 
environm entally m ost significant is the consum ption 
of materials for housing, food and mobility. The 
average material intensity in the EU-25 is slightly 
less than  in the U nited States, bu t twice as high as 
in Japan. The picture is similar for energy intensity, 
w here the efficiency of the Japanese economy is even 
m ore pronounced.

There are large differences between EU countries.
On average, resource and energy productivity in 
western Europe is several times higher than  in 
the new  EU M ember States in central and eastern 
Europe. M aterial intensity varies from  11.1 kg/EUR 
of GDP in Estonia to 0.7 kg/EUR in France.

Some relative decoupling of economic grow th 
from  materials and energy consum ption has been 
achieved in  m any EU countries during the past 
decade. This d id  not necessarily lead to an absolute 
decrease in environm ental pressures, because 
absolute resource use has generally rem ained steady 
over the past tw o decades. In part, this decoupling 
m ay be due to increased im ports of natural 
resources, substituting for their declining production 
or extraction in Europe.

Measuring the use of resources and its 
impact on the environment

H igh use of natural resources increases the pressure 
on these sources (e.g. m aintaining the availability 
of supplies and ensuring sustainable yields) and on 
sinks (e.g. m anaging the environm ental impacts of 
resource use, and w hether ecosystems can absorb 
discharges). It is generally accepted that there are 
physical limits to continuing economic grow th based 
on resource use.
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However, there are m any uncertainties in assessing 
reserves and the regeneration dynamics of natural 
resources. The overall consum ption of material 
resources is known only for a small num ber of 
countries. Eurostat's MFA indicators have been 
compiled for some countries, bu t the tools to measure 
resource use and the related environmental impacts is 
still at an early stage of development. However, while 
the w orld population is growing and industrialisation 
is increasing rapidly, the availability of natural 
resources is not likely to rise dramatically.

Pressure on natural sources

Few Europeans suffer from  perm anent water 
shortages or poor w ater quality, although the 
situation varies w ith  tim e and place — there still are 
m any locations under threat from  hum an activities, 
leading to overexploitation of aquifers and low 
quality of surface waters. Overall, there has recently 
been a slight decline (8-9 %) in w ater abstraction in 
the EU-15. There has been significant progress over 
the past two decades in reducing discharges from 
point sources such as big cities and industrial plants, 
bu t far less in  controlling those from  diffuse sources, 
in particular from  agriculture.

The case of fisheries is a prim e example of a 
policy effort w hich has not resulted in sustainable 
resource m anagem ent in practice. A bout one third 
of global fish stocks are already overexploited.
M ost fish stocks in European waters are overfished 
or fully exploited, m ainly due to overfishing, bu t 
also because of coastal and m arine pollution, and 
changes in ecosystems. D uring the 1990s, constant 
overfishing threatened fish populations and 
provoked conflicts affecting EU M em ber States.

Forest is a natural resource w ith  a very long 
tradition of sustainable use and m anagem ent.
The area covered by forests in Europe is around 
36 %, and on average, has been increasing by half 
a million hectares a year in recent years. However, 
European forests showed a continuing deterioration 
in crown condition betw een 1989 and 1995. Studies 
after 1995 show a stabilisation at high defoliation 
levels, w ith  alm ost a quarter of the sam ple trees 
rated  as dam aged in  2003. A lthough the pressure 
of acidification on forest ecosystems has decreased, 
evidence of impacts of climate change on forestry 
has appeared in recent years.

More than  90 % of prim ary energy supply in the EU 
is based on fossil energy carriers. Each year, almost 
4 tonnes of fossil fuels are consum ed per capita 
in the EU-15, and about half of that is im ported.

Energy consum ption is increasing, m ainly because 
of grow th in the transport sector, bu t also in the 
household and service sectors. At the same time, 
environm ental pressures are decoupling from 
energy use in the EU-15, w here fossil fuel-related 
emissions of air pollutants (SO0, N O x, NMVOC, 
particles) have declined significantly over the past 
decade, m ainly through the use of end-of-pipe 
technology measures. Emissions of CO0, however, 
rem ain unabated.

Growing global trade, and Europe's increasing 
dependence on im ports, m ay lead to problem s of 
security of supply. In the second half of the 20th 
century, the volum e of global trade grew  by a 
factor of 6 to 8 for raw  materials, and m ore than 
40 for sem i-m anufactured and finished goods. 
Supply disruptions and shortages could negatively 
affect the European economy. The likelihood of 
conflicts betw een countries as a result of shortages 
of resources m ay also increase, as dem onstrated by 
cases involving oil, w ater access, and fishing rights.

Pressure on sinks

The global increase in material consum ption will 
affect the atm osphere, w here capacities to absorb 
CO0 emissions w ithout a change in climate seem 
to have been surpassed. Growing volum es of 
m unicipal and industrial wastes have to be handled. 
M any metals, such as gold, nickel and copper, are 
extracted using environm entally-intensive m ining 
technologies, w hich result in large quantities of 
m ining waste, contam ination of soils and destruction 
of landscape, negative effects on biodiversity and 
natural water cycles, and high energy consum ption.

Extraction of construction minerals, including sand, 
gravel, clay, and limestone, and natural stones, 
causes noise and air pollution in addition to most 
of the problem s encountered in  the extraction of 
metals. One particular environm ental problem  
linked w ith the consum ption of construction 
m inerals is the transform ation of land into built- 
up  area, resulting in significant losses of the basic 
natural functions of the land.

Currently, 47 % of European land is used for 
agriculture, 36 % for forestry, and 17 % for other 
purposes, including settlem ents and infrastructure. 
Leaving aside the environm ental impacts of 
agriculture, which are beyond the scope of this 
report, the three m ost im portant threats to European 
soils are sealing, erosion, and  contamination. In 
Europe, around 26 million ha are subject to water 
erosion, and about 1 million to w ind erosion.
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The increase in the rate of sealing has far 
ou tstripped the grow th in  population. In Germany, 
for example, the am ount of land used for settlements 
and infrastructure grew  by 93 ha per day in 2003, 
w ith about half of that (equivalent to eighty football 
fields) being sealed every day. Soil fertility can 
decline very rapidly as a result of contamination, 
erosion, or sealing. The time for natural recovery 
is veiy long (in central Europe, the rate of soil 
generation is about 5 a n  in 500 years).

Policy fragmentation

Almost every C om m unity policy affects the use 
and m anagem ent of natural resources. Am ong the 
m ost im portant are the common agricultural policy, 
the common fisheries policy, regional developm ent 
policy, and transport and energy policies. A num ber 
of aoss-cu tting  environm ental strategies address 
the sustainable use and m anagem ent of resources, 
including the sustainable developm ent strategy, 
the 6th environm ent action program m e, and the 
p lanned them atic strategies on the prevention and 
recycling of waste and on the sustainable use of 
natural resources. However, in  the absence of a 
coherent resource policy, eveiy policy dom ain has 
tended to develop its ow n approach to using and 
m anaging natural resources.

So far, there is no single EU institution responsible 
for coordinating policies to achieve the sustainable 
m anagem ent of resources or for collecting the data 
necessary to understand  the situation and m onitor 
progress. No priority sectors or resources for 
policy intervention have been indicated, and few 
quantitative targets have been proposed.

Strategic responses

On the whole, EU environm ental policies have 
resulted in better m anagem ent of the environm ental 
impacts of resource use. There have been a num ber 
of successes of European environm ental policies 
since the 1970s, especially in  the areas of w ater and 
air quality.

However, a m ain focus of the legislation has been on 
industrial point sources of pollution, and the initial 
response from industry has been to resort to 'end-of- 
pipe' measures, which require substantial investment. 
According to the European Commission's estimates 
for 1990-2010, im plementation of seven directives in 
the area of water and air protection will cost some 
EUR 230 billion, w ith additional annual operating 
costs of around EUR 10 billion.

O ngoing policy debate show s the need  for better 
integration of environm ent- and  resource-related 
considerations into sectoral and  other policy areas. 
Recently, EU and  some national policies have 
increasingly focused on decoupling resource use 
and  environm ental im pacts from  econom ic grow th. 
It is generally agreed that the m ost effective 
approach will vary depending  on the specific 
resource.

D ue to the 'rebound effect,' (increm ental gains 
in  technical efficiency being offset by m ore 
w idespread  consum ption), it is unlikely that 
resource use can be reduced  by technological 
im provem ents alone. The sustainability of current 
lifestyles and  consum ption patterns m ay have to be 
critically review ed. The righ t price signals are an 
effective tool for im proving resource efficiency and 
influencing consum ption patterns. For example, the 
cost of environm ental im pacts should  be factored 
into the prices of products and  services. It m ay 
also be necessary to reduce subsidies that sustain 
practices w ith  negative environm ental impacts.

Implications for competition

While a itic s  argue that environm ental protection 
and sustainable m anagem ent of resources are costly 
and reduce competitiveness, a coherent policy 
response can bring about m any positive economic 
effects. Large investm ents in environm ental 
protection have helped to a e a te  around two million 
jobs in the European eco-industry. The industry, 
w hich accounts for about one-third of the global 
m arket, is already highly competitive, especially in 
the areas of efficient use of fossil fuel energy and 
technologies for renewable energy use.

Given the large differences in resource efficiency 
betw een EU countries, there are m any opportunities 
for im proving the efficiency of the m ore resource- 
dem anding economies. This could be achieved 
partly by transfers w ithin the EU of today's 
technologies. Increasing the efficiency of resource 
use in sectors w ith high m aterials and energy costs 
will directly in aea se  the global competitiveness of 
European industries.

Emphasis on material and energy efficiency can also 
help to reduce unem ploym ent, because economic 
restructuring and cost-saving strategies traditionally 
target the labour force first, despite the fact that 
labour productivity in Europe is already high, 
having increased by some 270 % between 1960 and 
2002, com pared w ith  100 % for materials and barely 
20 % for energy.
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Outstanding questions

There have been vigorous discussions among 
stakeholders about the priorities or the best 
approach to address the use of natural resources. 
Some of the outstanding questions in the policy 
debate revolve around the availability of m ethods 
to estim ate the environm ental impacts of resource

use; focus of policy on environm ental impacts or 
on scarcity of resources; choice between relative 
decoupling and dem aterialisation/absolute decrease 
of resource use as the m ain policy goal; w hat 
priority areas or specific resources should be the 
focus of policy intervention; and how  to set targets 
and m easure progress in sustainable use and 
m anagem ent of resources.
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1 Introduction

world. Given the broad coverage of the term  'natural 
resources (1)', a decision was m ade at the outset to 
focus the analysis on a selection of natural resources: 
fisheries, forestry, water, fossil fuels, metals and 
construction minerals, and land use. The factors 
behind this choice included ensuring a mix of 
renewable and non-renewable resources, the policy 
relevance and political importance of the resources, 
and the ability to illustrate the various policy 
approaches.

Development of a policy on resources is still at an 
early stage, and m any im portant questions remain 
open. The report aims to present how  the use of 
natural resources has been managed, including 
both successes and failures. W here there are 
controversies or disagreem ents about the best way 
forw ard — and there are m any — the points of 
view  and argum ents of various stakeholders are 
presented, w ithout advocating a certain approach

B ox 1 .1  6EAP and s u s ta in a b le  u s e  and m a n a g e m e n t  o f  n atural r e s o u r c e s

Objectives and priority a re a s  for action on th e  susta inab le  use and m a n a g e m e n t  of natural resources  and
w as te s  in the  6EAP are  as  follows:

• '...aiming a t  ensuring th a t  the  consum ption of resources  and the ir  associa ted  im pacts do not exceed the  
carrying capacity  of th e  env ironm ent and breaking the  linkages between  economic growth and resource 
use. In this con tex t the  indicative ta rg e t  to achieve a p e rcen tage  of 22 %  of the  electricity production 
from renewable energ ies  by 2010 in the  Com munity is recalled with a view to increasing drastically 
resource  and energy  efficiency;

• achieving a significant overall reduction in the  vo lum es of w aste  g ene ra ted  through  w aste  prevention 
initiatives, b e t te r  resource  efficiency and a shift tow ards  m ore sus ta inab le  production and consumption 
p a t te rns ;

• a significant reduction in the  quantity  of w aste  going to disposal and the  vo lum es of hazardous  w aste  
produced while avoiding an increase of em issions to air, w a te r  and soil;

• encouraging re -u se  and for w as tes  th a t  a re  still gen e ra te d :  th e  level of the ir  haz ard o u sn e ss  should be 
reduced and th e y  should p resen t  as  little risk as  possible; preference should be given to recovery and 
especially to recycling; the  quantity  of w aste  for disposal should be minimised and should be safely 
disposed of; w as te  in tended for disposal should be t re a te d  a s  closely as  possible to the  place of its 
generation ,  to th e  e x ten t  th a t  this does  not lead to a dec rease  in th e  efficiency in w aste  t r e a tm e n t  
operations. '

Source: 6EAP.

P) The European Commission (CEC, 2003) def ines natural resources  to  include: raw materials  (e.g. minerals,  fossil energy  carriers , 
b iom ass) ,  environmental  media (e.g. air, water , soil), flow resources  (wind, geo therm al ,  tidal and solar energy) ,  and space  (land 
use  for hum an se t t lem en ts ,  infrastructure, industry, mineral extraction, agriculture  and forestry).

H um an wealth is based on the use and consumption 
of natural resources, including materials, energy and 
land. Continued increase in resource use and the 
related environmental impacts can have a m ultitude 
of negative effects leading to ecological crises and 
security threats. The sustainable use and m anagem ent 
of natural resources have therefore come into focus 
and have been the subject of m any policy discussions 
over more than a decade, beginning w ith the summit 
in Rio de Janeiro in 1992.

The EU has been putting increasing emphasis on 
this topic, especially since the adoption in 2001 of the 
EU sustainable developm ent strategy and the sixth 
environm ent action program m e (6EAP). The 6EAP 
expressly calls for 'breaking the linkages between 
economic grow th and resource use' (Box 1.1).

This report focuses on our ability to continue to 
provide for our needs by drawing on the natural
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or prescribing a spedfic course of action. After all, 
there are no easy answers to such questions as: 'is 
further economic grow th really necessary?', 'should 
society focus on achieving a relative decoupling 
of im pacts from  resource use or rather strive for a 
general dem aterialisation and absolute reduction of 
use of resources?' and 'is resource scarcity a bigger 
problem  than  environm ental impacts?'

Following loosely the DPSIR analytical fram ework 
(Box 1.2), the report begins w ith  a study of the 
driving forces behind resource consum ption 
(drivers). This is followed by a review  of natural

resources and their use (state), covering a sam ple of 
renewable and non-renewable resources. Existing 
policies that influence the use and m anagem ent of 
resources are then presented (responses), and finally 
some questions w hich are the subject of ongoing 
policy debate are addressed.

Several issues relating to sustainable use of 
resources are covered in other reports which 
contribute to the EEA's five-year report 'The 
European environm ent — State and outlook 2005'.
In particular, they include EU consum ption patterns, 
biodiversity, agriculture, renewable energy, and 
scenarios and outlooks.

B ox 1 .2  The DPSIR fr a m e w o r k

DPSIR is a general framework for organising information abou t the  s ta te  of the  environm ent. Conceptually, 
the  framew ork a s su m es  cause-effect relationships between interacting com ponen ts  of social, economic, and 
environmental sy s tem s ,  which include:

Drivers — the  anthropogenic forces th a t  lead to p ressu res  on the  environment. The drivers include 
population growth, economic production and consumption activities,  and developm ents  in the  needs  and 
activities of individuals (e.g. leisure activities). In the  context of sustainable use of resources ,  exam ples of 
drivers include industrial production activities w here  resources are  ex tracted  and transform ed into goods and 
services (e.g. fossil fuels into electricity).

P r e s s u r e s  — pressu res  are  the  ways in which drivers are  expressed  physically, reflecting the  interlinkages 
between a hum an activity and the  surrounding natural environm ent. On the  'input' side, p ressu res  comprise 
extraction of materia ls  from natu re  for use in hum an activities (e.g. fossil fuels, minerals, and biomass, use 
of land), while on the  'ou tpu t side' p ressures  include of d ischarges of pollutants and generation  of w aste  (e.g, 
C 0 2 em issions, wastewater,  mining w aste)

S ta te  — the  properties of the  ecosystem  itself. Pressures  exerted  by hum an activities influence the  s ta te  
of ecosys tem s,  by altering the  natural bio-geo-chemical material cycles. S ta te  refers to the  condition 
of different environmental com par tm en ts  and sy s tem s  in physical (e.g. te m p era tu re ) ,  chemical (e.g. 
a tm ospheric  C 0 2 concentra tions) or biological (fish stocks) variables. Up to a certain threshold , the  natural 
ecosys tem s  can cope with and accom m odate  hum an-induced dis turbances; however, th e se  'carrying 
capacities' are  not very well known.

Im p a c t  — impacts on population, economy and ecosys tem s  caused  by the  changes  in s ta te .  Im pacts  can 
include ill health , biodiversity loss, or economic dam age .  For instance, higher a tm ospheric  concentra tions of 
C 0 2 cause  higher average te m p era tu re s  which again a lter  natural ecosystem s and m ay have an impact on 
hum an health (e.g. cardiac diseases).

R e s p o n s e  — actions taken  by society as  well as  governm ents  to prevent,  com pensa te ,  or ad a p t  to changes 
in the  s ta te  of the  environm ent. Responses tend  to aim to change drivers (i.e. hum an activities) so as  to 
avoid p ressures .  For instance, responses  can aim a t  raising the  efficiency of products and p rocesses ,  through 
stimulating the  developm ent and penetration of clean technologies.

Variations of DPSIR framework include PSR (e.g. OECD, 1994), DSR (e.g. UNCSD, 1996).
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2 Drivers of resource use

Over the past 50 years, hum ans have changed 
ecosystems m ore rapidly and extensively than  in 
any com parable period in hum an history, largely 
to m eet rapidly growing dem ands for food, fresh 
water, timber, fibre and fuel. This has resulted in 
substantial gains in hum an well-being and economic 
developm ent, bu t these gains have been achieved 
at grow ing costs in the form  of the degradation 
of m any ecosystems (M illennium  Ecosystem 
Assessment, 2005).

W hat is driving our material and energy use to the 
extent that it is becoming a global environm ental 
problem  and a threat to future generations? There 
is no simple answer to this question, because a 
num ber of interdependent socio-economic and 
environm ental factors are at play. Nevertheless, 
there are three basic factors w hich determ ine the 
grow th of resource consum ption, and the resulting 
environm ental impacts of hum an production and 
consum ption patterns.

The first is the size of the population. The more 
people w ho need to cover their material needs, the 
m ore resources are consumed. The second is how  
and to w hat extent we m eet our needs. The third 
is the pattern  of developm ent, broadly defined to

include technological level, economic structure, and 
the patterns of production and consumption.

In a globalised world, these factors need to 
be considered in  the global context, to better 
understand  the m agnitude and  urgency of the 
challenge to both  global and European production 
and consum ption patterns.

2.1 Demographic developments

Global dem ographic patterns have an im pact 
on the environm ent w hich follows a fairly basic 
relationship: m ore people m ean m ore pressure 
on the environm ent. The extent and nature of the 
pressure, however, also depends on the socio­
economic situation and technological developments.

According to the UN W orld population prospects 
(UN, 2003) the global population is expected to 
increase by almost 50 % in the first half of the 21st 
century, from  6.3 billion in mid-2003 to 8.9 billion 
by 2050 on the assum ption of m edium  fertility. 
Details are show n in Table 2.1, w here low  and high 
fertility variants as well as a continuation of current 
fertility rates are also shown. Most of the increase

Table 2.1 Estimated and projected population of the world by major developm ent groups, 
1950 , 2000  and 2050  according to different fertility variants

Estimated population (m illions)  Population in 2 0 5 0  (millions)
Major area 19 5 0  2 0 0 0  2 0 0 3  Low Medium High Constant
World 2 519 6 071 6 301 7 409 8 919 10 633 12 754
More developed regions 813 1 194 1 203 1 084 1 220 1 370 1.18
Less developed regions 1 706 4 877 5 098 6 325 7 699 9 263 11 568
Least developed regions 200 668 718 1 417 1 675 1 960 3 019
Other less developed 
countries

1 505 4 209 4 380 4 908 6 025 7 303 8 549

Note: Less developed regions: all countr ies in Africa, Asia (excluding Ja pan ) ,  and Latin America and th e  Caribbean, and th e  regions
of Melanesia, Micronesia, and Polynesia.
More developed regions: all countr ies in Europe, North America,  Australia, New Zealand, and Japan.

Source: UN, 2003.
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is projected to take place in the developing parts of 
the world, w here the needs are greatest, and will be 
particularly rap id  in the least developed countries.

The population of the developing countries is 
projected to nearly double over the next 50 years, 
bu t to stagnate or even decline in the industrialised 
countries. Population grow th is therefore a 
prom inent driver of resource consum ption in 
developing countries, bu t has ceased to be a main 
driving force in m ost European countries.

Nevertheless, the growing dem and of increasing 
populations in developing countries will have 
an im pact on the use of resources in  Europe. For 
resources which are consum ed or traded  w orld­
wide, such as oil, fish and tropical tim ber (and in 
cases of global environm ental problem s such as 
climate change), global population grow th is a 
driver of resource use w hich needs to be taken into 
consideration in European decision-making.

There is also a tendency for the num ber of 
households to increase, due to fewer people living 
in each household, an increasing num ber of single 
households, and longer life expectancy. This tends 
to increase overall resource consum ption as more 
households need to cover their needs, and the trend 
is especially pronounced in the m ost developed 
countries.

Figure 2 .1  Population and GDP per capita in 
OECD and developing countries, 
2002
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(2) Measured in purchasing power parity (PPP).
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2.2 Economic growth

Ensuring economic grow th is a central objective 
of policy-making. The key indicator of economic 
grow th is GDP, which is a m easure of the value of 
products and services created by an economy.

W orldwide, economic grow th over the past 30 
years has averaged about 3 % per year, m ore than 
doubling the size of the global economy over the 
period. However, there are significant disparities 
betw een developed and  developing countries. At 
the tu rn  of the century, per capita GDP in OECD 
countries was around USD (2) 25 000, com pared w ith 
USD 4 000 in  developing countries (Figure 2.1).

GDP grow th betw een 1986 and 2000 was faster in 
the developing than in the developed world. GDP in 
developing countries almost doubled, bu t increased 
by only about 40 % in the developed w orld 
(Figure 2.2). However, despite this fairly optimistic 
picture based on grow th rate, the actual gap 
betw een rich and the poor countries has increased. 
The near doubling of GDP in developing countries 
was from  a rather low  level, while the 40 % grow th 
was on top  of already high GDP in developed 
economies. The situation is further aggravated by 
the fact that wealth is m ore unevenly distributed 
in developing than  in developed countries — large 
parts of the population in developing countries live 
in poverty (UN, 2004).

Figure 2 .2  Growth of GDP in developed and 
developing countries
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Figure 2.3 Growth of world trade*
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W orld trade is another driving force of resource and 
energy consum ption. It is im portant for achieving 
economic growth, and  countries need to exchange 
raw  materials or sem i-products in order to produce 
final goods and  services which can then be sold on 
the w orld market.

The physical dim ension of economic grow th is 
especially visible in the context of globalisation 
(Figure 2.3). The expansion of global trade has been 
m uch faster than  the grow th of GDP. In the second 
half of the 20th century, global trade volumes grew  
by a factor of 6 to 8 for raw  m aterials, and as m uch 
as 40 for m anufactures (semi-finished and finished 
goods) (WTO, 2002). Today, it is w idely taken for 
granted that food, clothing or electronic devices, 
for instance, m ay come from  rem ote areas of the 
world. But in analysing the im pacts that they have 
on the environm ent, one should keep in m ind 
that products and commodities can cause impacts 
throughout their life-cycle: w hen they are produced, 
transported, used, and finally, w hen they become 
waste.

2.3 Patterns of development

The th ird  driving force of the consum ption of 
resources is the pattern  of developm ent. Broadly 
defined, the 'pattern of developm ent' encompasses 
the types of technology used to satisfy needs, the

structure of the economy, and patterns of production 
and consum ption.

The use of natural resources and the resulting 
impacts are obviously strongly influenced by 
the prevailing type and efficiency of available 
technologies (3). Major technological innovations, 
such as the steam  machine or electricity, m arked 
the era of industrialisation throughout the 19th and 
the 20th centuries. However, any revolutionary 
technological change is accom panied by 
fundam ental social, institutional and economic 
changes w hich create both opportunities and risks. 
For example, the introduction of fossil energy- 
based technologies to replace hum an and animal 
labour significantly im proved production efficiency, 
increased w ealth and changed lifestyles, bu t was 
also accom panied by an enorm ous increase in 
resource use, creating unprecedented environm ental 
pressures.

In recent years, it has been argued that technology 
is one of the m ain drivers for achieving decoupling 
of environm ental pressure from  economic growth. 
Technological change can be both  the driver 
and the result of socio-economic change, and it 
involves changes in the m eans by which goods are 
produced and in the characteristics of the products 
themselves (OECD, 2001). But the introduction of 
a new  technology can be a double-edged sword: it 
m ay create or m itigate environm ental pressure, and 
increase or reduce the use of natural resources.

In case of the industrialised economies, there have 
been significant im provem ents in energy and 
resource efficiency for m ost products and services, 
and technological progress has generally led to 
saving natural resources or labour (although some 
of the per-unit efficiency gains m ay have been 
offset by m ore w idespread consum ption). Research, 
developm ent and diffusion of new  technology 
are im portant elements in technological change.
Even though the proportion of environm entally- 
m otivated R&D is rather small, prelim inary studies 
show  that m ore than  half of R&D expenditure has 
had  environm entally positive side-effects (Kemp, 
2005). As show n in Figure 2.4, expenditure on R&D 
in the EU has been increasing since 1998. Overall 
EU research spending represented 1.93 % of GDP 
in 2002, com pared w ith  2.76 % in the U nited States, 
2.91 % in Korea, and 3.12 % in Japan. The EU policy 
objective is to increase public and  private investm ent

(3) The very te rm  'technology, ' when introduced by Johann Beckmann in 1769, w as defined as  ' the  science of th e  processing of 
natural products. '
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Figure 2 .4  Structural indicator, gross
dom estic expenditure on R&D
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in research to 3 % of GDP by 2010. In April 2005 the 
European Com mission set out plans to double the 
research budget to 70 billion Euro, in an effort to 
increase Europe's grow th and competitiveness. The 
Com mission estim ates that the doubling of R&D 
funds will lead to a 0.96 % increase in economic 
grow th by 2030, and  will create nearly 1 million jobs.

A nother im portant factor is the structure of the 
economy. All production activities involve the 
use and  transform ation of natural resources. By 
changing production patterns and especially by 
switching from  resource-intensive industries 
(such as the production of metals or extraction of 
resources) to less resource-intensive industries 
(such as m anufacturing), the resource efficiency of a 
national economy can increase.

Providing services also requires resource inputs 
(e.g. for heating and transportation), although the 
relationship w ith the use of resources is less evident.

Figure 2 .5  Structural indicator, energy intensity of the econom y
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B ox 2 .1  R e la t iv e  d e c o u p l in g  v e r s u s  re d u ct io n  o f  e n v ir o n m e n ta l  im p a c ts

In m any  EU countries,  th e  econom y in recen t yea rs  has  been growing a t  a fa s te r  ra te  than  resource  use. 
The EU econom y grew by a lm ost  50 %  since the  1980s, while the  use of ene rgy  and renewable and non­
renewable  resources  rem ained  fairly constan t .  This m e a n s  th a t  th e re  has  been a relative decoupling of 
resource  and ene rgy  consum ption from economic growth. However, som e environm ental sc ientists  argue  
th a t  it is not clear w h e th e r  such a relative decoupling has  led to any abso lu te  dec rease  in environm ental 
impacts,  given th a t  abso lu te  resource  use  has  not decreased .

Service-oriented economies tend  to m aintain a 
fairly stable use of basic resources com pared w ith 
economies based m ainly on the extraction and 
processing of basic natural resources. Generally 
speaking, the resource efficiency of an economy 
is expected to im prove as the share of services in 
the economy increases. However, w ith  growing 
affluence, the consum ption of some resources will 
increase, for example fuel for private transportation 
and w ater for household use.

Developed countries w ith  advanced technologies 
tend to need fewer natural resources per un it of 
economic grow th than  countries w hich are still 
in the early stages of industrialisation. M ost EU 
M ember States have already entered the stage of 
'post-industrial grow th', w ith a structural change 
tow ards a service-oriented and know ledge-based 
economy.

In the global context, however, m any developing 
countries have entered the phase of resource­
intensive industrialisation fairly recently, or will 
do so in the near future. They are expected to go 
through similar technological and  economic changes 
to those in developed countries some 50 or 100 years 
ago — although m ore rapidly. Industrialisation 
traditionally leads to an increase in resource use, 
because it involves the introduction of technologies 
which require high resource inputs (e.g. power 
plants, steel mills and metal foundries, cement 
plants). The industrialisation of large economies 
will therefore significantly increase resource 
consum ption and the pressure on the global 
environm ent. For example China, which is already 
developing the largest steel and coal industries in 
the world, is rapidly developing heavy industries 
that follow the traditional industrial developm ent 
pattern. Industrialisation and grow th m ay also 
ci eate opportunities for technological 'leapfrogging' 
through technology transfer, perhaps further 
strengthened by the im plem entation of emission- 
trading schemes.

There are also large differences betw een individual 
countries w ithin the EU (Figure 2.5). The 2004

Spring report to the European Council revealed a 
large east-west gap in both economic perform ance 
and the levels of energy and resource efficiency 
(CEC, 2004a). For example, the energy intensity of 
the Czech Republic, one of the m ost technologically- 
advanced new  M ember States, is about five times 
higher than the EU-15 average. This is not just a 
reflection of the efficiency of the technologies used, 
bu t results from  the structure of the economy, w ith 
a significant share of GDP coming from  production. 
The positive trend  is that several countries in central 
and eastern Europe are reducing their intensity of 
resource use. In the long-term, such a reduction 
could help decrease environm ental pressure, 
although the investm ent needs are significant.

Given these regional variations, a 'Factor 4' increase 
in energy efficiency as described by Weizsäcker and 
Lovins (1997) seems to be a necessary structural 
adjustm ent. The latest EEA findings (2003) suggest 
that there are differences in the EU of a factor of 
four to five in m aterial productivity as well as in 
energy efficiency. Given the expected grow th rates 
of the new  M ember States and regional spill-over 
of technologies in central and eastern Europe, 
the challenges and opportunities for eco-effident 
technological change is evident. There is also an 
im portant link betw een trade and technological 
developm ent, since increasing trade and foreign 
investm ent can provide opportunities for m ore rapid 
uptake of new, m ore efficient and environm entally- 
friendly technologies.

2.4 Growing resource use in the global 
context

The projected 50 % grow th of the global population 
over the next 50 years will p u t a significant pressure 
on the environm ent. M ost of the grow th will be in 
the developing countries, which will contain 85 % of 
the w orld's population w ithin a couple of decades.

M ost of the developing countries are in the phase 
of early industrialisation, w hen the building of 
infrastructure and  heavy industry results in high
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dem and for m aterials and energy and leads to 
environm ental degradation. Moreover, their rapidly 
grow ing population will require m ore goods and 
services to support their needs. H ow  will this trend 
affect the use of resources and environm ental 
pressures on a global scale?

The first estim ates of the overall use of materials 
show  that total material consum ption (TMC) of 
industrialised countries ranges between 31 and 
74 tonnes per capita. If the rest of the world's 
population were to adopt similar levels of material 
consum ption in the next 50 years, and assum ing a 
w orld population of 9 billion by then, w orldw ide 
consum ption of resources including 'h idden flows' 
could am ount to between 279 and 666 billion tonnes. 
This w ould increase global m aterial flows by a factor 
of tw o to five (Bringezu et al, 2003).

A similar conclusion comes from  using another 
indicator, dom estic m aterial consum ption (DMC). 
Global used dom estic extraction was estim ated 
at about 55 billion tonnes in 2002 (Behrends 
and Giljum, 2005). The DMC of industrialised 
countries ranges from  15 tonnes per capita in Japan 
to 26 tonnes in A ustralia (Bringezu et al, 2003).

Extrapolating those per capita DMC values to a 
w orld population of 9 billion in 2050 leads to a 
figure of global used dom estic extraction ranging 
from  135 to 234 billion tonnes (excluding 'hidden 
flows'). This corresponds to an increase by a factor 
of 2.5 to 4.3 from  2002. The projected trend  is clear. 
A lthough these indicators focus on the consum ption 
of resources, past experience shows that the 
associated environm ental impacts can also be 
expected to increase. Even if the exact relationship 
betw een the increase in resource use and the 
resulting environm ental impacts is not yet clear, 
the projected increase in resource use highlights 
the im portance of pursuing an effective decoupling 
policy, including in developing countries w here the 
grow th of resource use is expected to be highest.

It is sometimes argued that the increased use 
of resources in developing countries, fuelled by 
population grow th and economic development, 
m ay outw eigh any efficiency gains in industrialised 
countries, and that developing countries should 
therefore ensure that their developm ent does not 
come at the expense of the environm ent. However, 
it is interesting to examine the current patterns 
of resource use and com pare the situation in

Table 2.2 World population and energy use 1 9 7 1 -2 0 0 0

1971 2 0 0 0 Change in %
Population in millions 3 754.3 6 054.1 61 %
Energy u se Mt oil equivalent 5 450.0 9 938.0 82 %
Energy u se  per capita kg oil equivalent 1 451.7 1 641.5 13 %

Source: World Bank (World Development Indicators, 2003).

Table 2.3 Energy use and main socio-econom ic drivers in OECD and non-OECD countries, 
1971 and 2000

OECD 1971 2 0 0 0 Change in %
Population millions 885 1 132 28 %
Energy use Mt oil equivalent 3 386 5 317 57 %
Energy use per capita toe per capita 3.83 4.70 23 %
GDP billion constant '95 USD 11 804 27 733 135 %
GDP per capita constant '95 USD per capita 13 338 24 499 84 %
Energy intensity Kg oil eq./USD 0.29 0.19 -  34 %
Non-OECD 1971 2 0 0 0 Change in %
Population millions 2 869 4 922 72 %
Energy use Mt oil equivalent 2 064 4 631 124 %
Energy use per capita toe per capita 0.72 0.94 31 %
GDP billion constant '95 USD 2 186 6 379 192 %
GDP per capita constant '95 USD 762 1 296 70 %
Energy intensity Kg oil eq./USD 0.94 0.72 -  23 %

Source: ETC/RWM own calculations based on World Bank (World Development Indicators, 2003).

Sustainable use and management of natural resources



Drivers of resource use

developing and industrialised countries. It has 
long been argued that the industrialised countries 
are responsible for a disproportionally high share 
of global resource consum ption, leading to the 
north-south divide, and giving rise to concerns 
about global social equity. W hether these claims are 
justified can be illustrated by the example of energy 
use.

Fossil energy carriers as an illustration o f global 
resource consumption patterns

While there are sufficient data on the developm ent 
of population and economic perform ance 
w orldwide, overall consum ption of natural 
resources is only know n for a small, although 
increasing, num ber of countries. However, in 
the absence of sufficient data on global resource 
use, the consum ption of fossil energy carriers can 
provide insights into the global consum ption of 
resources, and help pu t European resource use 
into perspective. Because of the physical and 
socio-economic im plications of the energy sector, 
lessons can be learned about the use, geographic 
distribution and m anagem ent of natural resources in 
general.

There are several reasons w hy energy can be used 
as illustration for resource use patterns. First, fossil 
energy carriers are a key resource in industrialised 
societies, and m ake up  a significant part of total 
resource consum ption. Secondly, energy is always 
required to extract and  process other natural 
resources, such as steel or cement, and economic 
activities in these prim ary sectors are therefore 
reflected in energy use. Last bu t not least, good 
quality data on fossil energy carriers is available for 
m any countries.

As Table 2.2 shows, the w orld's population increased 
by 61 % betw een 1971 and 2000 and energy use 
by 82 %. Average per capita energy consum ption

therefore grew  by 13 %, and energy consum ption 
grew  m ore rapidly than the population.

Energy consum ption is not evenly distributed 
(Table 2.3). In 1971, about 885 million people lived 
in the OECD countries. This affluent quarter of the 
w orld's population consum ed around 62 % of the 
w orld's energy. In 2000, the share of population of 
the OECD countries decreased to around 19 % but 
they still consum ed 54 % of global energy supply. 
The rem aining 80 % of the w orld population 
consum ed less than half of w orld energy use. Put 
differently, the population of OECD countries 
consumes about five times m ore energy per capita 
than  the rest of the world, and in absolute figures, 
significantly m ore energy than  the developing 
world.

From Table 2.3 it can also be seen that the OECD 
countries m anaged to im prove their energy intensity 
by 33 % over three decades, m ainly through 
investm ent in  new  technologies and a shift tow ards 
service-based economies. They achieved a relative 
decoupling of economic grow th from  energy use 
(84 % economic grow th com pared w ith  57 % grow th 
in energy consum ption). The non-OECD countries 
reduced their energy intensity by 23 %, but their 
economic developm ent was accom panied by a 
steep increase in energy use (70 % economic grow th 
com pared w ith  124 % increase in energy use), which 
confirms that early industrialisation is generally 
accom panied by increasing resource use.

In general, there are some examples that the 
consum ption of m aterial and  energy in Europe 
has relatively decoupled from  economic grow th 
(although there are few cases of a docum ented 
decrease of environm ental impacts). Given the 
continued increase in resource use in absolute terms, 
Europe is still contributing to an increasing pressure 
on global resources (see Box 2.1 and C hapter 5 for 
m ore details).
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3 Natural resources and their use

A w ide range of activities of the w orld 's population  
— extraction of resources, industrial production, 
consum ption of goods and  services, mobility, 
leisure — results in  m assive flows of m aterials.
Raw m aterials are extracted, transform ed into 
products and  goods, transported  to o ther parts of 
the w orld  and, sooner or later, released back to the 
natura l environm ent as w aste or emissions.

The Earth is a closed m aterial system, and  this sets 
certain lim its to economic grow th. These are clearly 
related  to the availability of natu ra l resources, 
w here the environm ent plays the role of a 'source'. 
For som e non-renew able resources, including 
m any m etals and  construction m inerals, security of 
supply  does not currently  give cause for concern; 
for others, such as fossil fuels and  land, availability 
is already becom ing a problem  w hich is alm ost 
certain to grow. For m any renew able resources,

such as fish stocks, forests and  water, the key 
challenge is to ensure their sustainable regeneration 
by safeguarding the reproductive capacities of 
ecosystems (also know n as 'm aintenance of natural 
capital').

O ther lim its result from  the finite ability of the 
environm ent to act as a 'sink' to absorb discharges 
and  em issions of pollu tants and  wastes w ithout 
serious dam age. For example, hum an-induced  
carbon dioxide em issions are already causing 
clim ate change, and  the ozone layer is and 
continues to be dam aged by CFC em issions. The 
contam ination of groundw ater and soils by large 
quantities of w astew ater is another exam ple of how  
h um an activities can affect the environm ent.

This chapter begins w ith  a brief analysis of 
m aterial flows in  Europe, as this provides the

Figure 3 .1  Econom y-wide material balance schem e (excluding w ater and air)
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■ b io m a ss
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( n e t  addit ion to s to ck )

Material th r o u g h p u t  
(p er  y ea r )

To nature
■ e m is s io n s  to  air
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im ports  e x p o r ts

Note: Water flows a re  excluded because  th ey  rep re sen t  eno rm ous m ass  flows (one  order of m agni tude  more than  all o ther
materials) .  Accounts for w ate r  flows should there fore  be drawn up and presen ted  separa te ly  (Eurostat , 2001).  Air is omitted 
for th e  s a m e  reason.  Emissions to soils a re  included in th e  ca tegory  'dissipat ive use '.

Source: Eurostat,  2001.
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m ost aggregated indicator of resource use. We 
then  discuss the state and the trends regarding 
the use of selected non-renew able and renew able 
resources: fisheries, forestry, water, fossil fuels, 
m etals and  construction m inerals, and  land.
W hile these exam ples do not cover all the possible 
aspects of the sustainable use and  m anagem ent of 
natural resources, they w ere chosen on the basis 
of their policy relevance and  political im portance 
and  their ability to illustrate the various policy 
approaches, and  to ensure a mix of renew able and 
non-renew able resources. C hapter 4 presents some 
of the challenges to form ulating a policy response, 
using energy, fishery and  land  as examples.

3.1 Material flows and material 
intensity

The entire life cycle of m aterial resources, from 
extraction, through use in the production and 
consum ption of goods and services, to the end 
of their useful life as waste, can give rise to 
environm ental impacts. M aterial flow accounting 
(MFA) throughout an economy is a tool for 
systematically accounting for all m aterial input 
and ou tpu t flows that cross the functional border 
betw een the economy and the environm ent, 
including im ports and  exports. The concept of MFA 
is illustrated in Figure 3.1.

Box 3 .1  From p r e s s u r e s  to  im p a c ts

One of th e  main concerns related to the  increasing use of natural resources  is th e  environm ental impacts 
th a t  this causes.  For exam ple ,  environm ental p ressu res  result from d ischarges  of pollutants ,  re leases  of 
harmful su b s tan ce s ,  consum ption of resources  beyond reproductive capacities and conversion of natural 
land into urban zones. T hese  cause  environm ental im pacts a s  changes  in environm ental conditions affect 
hum an  beings, ec osys tem s  and m a n -m a d e  infrastructure.

There is considerable experience in quantifying th e  use of natural resources .  P ressu res  can be expressed  
in te rm s  of quantities of pollutants d ischarged , weights or volum es of resource  ex tracted  or material 
consum ed ,  vo lum es of fish or t im ber  harves ted ,  or, a t  the  m ost agg re g a te d  level, p resen ted  as  material 
flows in tonnes .  However, converting th e se  p ressu res ,  which are  so m e tim es  referred  to as  impact 
potentials ,  into environm ental im pacts is much m ore challenging.

With curren t  knowledge, it canno t be conclusively de term ined  w h e th e r  th e  relationship between  the  
consum ption of m ateria ls  or ene rgy  carriers and its environm ental im pacts is linear or non-linear. Som e 
expe r ts  a rgue  th a t  th e re  is little evidence of any link — for exam ple ,  th e  hydrological cycle will replenish 
abs trac ted  water, and new forests  will co m p en sa te  for t im ber  harves ted .  O thers  believe th a t  the  relationship 
is likely to be progressive ra the r  than  linear, because  ec osys tem s  can often to le ra te  som e p ressu re  without 
d am ag e ,  while fu rthe r  p ressu re  will lead to rapid d a m a g e  or collapse. Preliminary research  shows th a t ,  as 
a general rule of thum b, the  higher the  use of m ateria ls ,  energy  and land, the  h igher the  resulting impact 
potentia ls  on the  env ironm ent (Van der  Voet, 2004) (4).

To ad d re ss  this gap in knowledge, the  European Commission has  com missioned research  to develop 
an environm entally-weighted  indicator of material consum ption th a t  com bines m a ss  flows and impact 
potentia ls  based  on life-cycles. O ther research  on th e  life-cycle-wide environm ental impact potentia ls  of 
product g roups is carried out using input-ou tput analysis.

(4) More detailed discussion of th e  relation between resource  use  and environmental  impacts  can be found in a recent  joint s tudy  by 
CML Leiden, CE Delft and th e  Wuppertal Inst i tu te  'Policy review on decoupling: deve lopm ent  of indicators to a s se s s  decoupling 
of economic deve lopm ent  and environm enta l  p ressure  in the  EU-25 and AC-3 countr ies ' which can be downloaded from th e  CML 
w ebsite  : www.leiden un iv. n l/cml/ssp/.
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Figure 3 .2  Composition of aggregated  resource use (DMC), 2001
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Figure 3 .3  Relative decoupling of resource use and econom ic growth in the EU-15
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Figure 3 .4  Material intensity of European econom ies
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In order to m onitor economy-wide material 
flows, Eurostat (2001) has developed a num ber 
of indicators, w hich characterise the throughput 
of material resources in a national economy.
While MFA-based indicators are considered to be 
'pressure indicators,' they have proved to correlate 
highly w ith  environm ental im pact potentials at 
the aggregated system  level (van der Voet et al, 
2004), and can thus be used as a proxy for the total 
environm ental im pact potential of an economy 
(Box 3.1).

For the EU-15 as a whole, aggregated m aterial use 
(e.g. dom estic m aterial consum ption (DMC)) has 
changed little over the past two decades, at about 
15-16 tonnes per capita per year (Moll, Bringezu 
and Schütz, 2003). However, m aterial consum ption 
per capita varies considerably, from  some 12 tonnes/ 
capita in Italy to 38 tonnes/capita in Finland (see 
Figure 3.2).

Over the past decade, relative decoupling of 
economic grow th from  m aterial and  energy 
consum ption has occurred in m any EU countries 
(see Figure 3.3 for the EU-15 as a whole). This 
m eans that the increase in resource consum ption

(materials and energy) was no longer proportional 
to the rate of economic growth. Two proxy 
indicators for environm ental impacts (emissions of 
greenhouse gases, and environm entally-w eighted 
m aterial consum ption) also show  a similar relative 
decoupling. However, even though Europeans tend 
to use resources m ore efficiently, we do not use 
fewer resources in absolute terms. There are few, 
if any, indications of absolute decoupling, that is a 
decrease in actual consum ption of materials, and of 
energy in  particular.

M aterial intensity, which is a m easure of the 
efficiency of an economy, can be expressed by the 
am ount of m aterials consum ed (DMC) per unit of 
GDP (5). Several factors determ ine m aterial intensity, 
including the structure of the economy (basic 
industry  and raw  material processing versus hi- 
tech m anufacturing), share of the service sector in 
GDP, consum ption patterns, construction activities, 
and the m ain sources of energy (e.g. high share of 
nuclear energy in France, use of oil shale for energy 
production in Estonia). The material intensity of EU 
M ember States varies considerably, from  11.1 kg/ 
EUR in Estonia to 0.7 kg/EUR in France (Figure 3.4). 
For the EU-25, the average m aterial intensity is

(5) A d e b a te  continues am ong  exper ts  w h e th e r  DMC, DMI or an o th e r  mater ial  indicator should be used to  m eas u re  mater ial
intensity. While DMC/GDP is most  commonly used,  som e expe r ts  point out th a t  since DMC excludes export ,  this approach is 
methodologically inaccurate since export  — excluded in DMC — does  contr ibute  to GDP.
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Figure 3 .5  Dom estic extraction (u sed ) versu s imports of m aterials, EU-15 1 9 7 0 -2 0 0 1
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1992-2000. However, there are large differences 
betw een countries. While the figures for the EU-15 
range from  0.7 kg/Euro in France to 1.8 kg/Euro 
in Greece, material intensity in m ost of the ten 
new  EU M embers States is several times higher 
than  the EU average (6). This m ay indicate a 
considerable potential for im provem ent, although 
it should also be kept in m ind that m any earlier

B ox  3 .2  Virtual w a te r

The a m o u n t  of w a te r  consum ed in th e  production of goods is th e  'virtual w ater ' it 'contains'.  International 
t rad e  allows w ate r-scarce  countries to import high w ater-consum ing  products,  th u s  making w ate r  available 
for o the r  purposes.  The total 'water  footprint' of a country  is a useful indicator of its call on global w ater  
resources.

Showing the  'virtual water ' con ten t of various goods can help increase w a te r -aw areness .  For exam ple ,  the  
choice of diet has  a m ajor  impact on 'virtual w ater ' consum ption. If the  entire global population were  to 
adop t a w estern -s ty le  diet, ab o u t  75 %  m ore w ate r  would be needed  for food production.

Som e exam ples  of 'virtual w ater ' con ten t include:
• approxim ate ly  1 000 litres of w a te r  to produce 1 kg of w hea t
• som e 2 700 litres of w a te r  to produce 1 kg of eggs
• abou t 13 500 litres of w a te r  to produce 1 kg of beef.

Source: World Water  Council, 2004 , h t tp : / /w w w .w orldw atercounc il .o rg /v ir tua l_w a te r/syn thesis .sh tm l .

(6) The m agni tude  of this difference will also depend on th e  choice of method for th e  calculation of GDP. The g raphs  used in this
report a re  based on GDP in cons tan t  1995 prices, in order  to be consistent  with th e  Eurostat  approach .  However, if th e  purchasing 
power parity approach had been used to  calculate th e  GDP, th e  differences between old and new Member  S ta te s  would be much 
lower (it is es t im ated  th a t  th e  material intensity figures of new Member S ta te s  could dec rease  by som e 50 %).
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approxim ately 1 kg DMC/Euro. For comparison, this 
is slightly lower than  in the US, bu t twice as high as 
in Japan. The picture is similar for energy intensity 
(as show n in Figure 2.5), w here the efficiency of the 
Japanese economy is even m ore pronounced.

With tw o exceptions, there is a clear trend  of 
material intensity im proving over the period
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economy-wide m aterial efficiency im provem ents 
have been accom panied by an absolute increase in 
m aterial use (growth of GDP was just faster than 
m aterial consum ption, so m aterial intensity was 
im proving). This situation m ay also occur in the 
new  EU M ember States, as their integration into 
the economic area of the EU m ay require absolute 
increases in  m aterial use.

While the relative decoupling show n in Figure 3.3 is 
undoubtedly good news, some of it m ay have been 
achieved as a result of increased im ports. In absolute 
terms, Europe as a w hole is not using fewer material 
resources, bu t relies increasingly on those extracted 
abroad. In m ost European countries, dom estic 
extraction of material resources has decreased 
while im ports have increased, as a result of macro- 
economic restructuring, rising dom estic costs of 
production, availability of cheaper products from 
abroad, and removal of trade barriers. This applies 
in particular to fossil fuels and  metals, as show n in 
Figure 3.5.

The substitution of dom estic production w ith 
im ports takes some strain off the European 
environm ent, and results in a relative decoupling 
in term s of m ass balance. However, some 
environm ental experts point out that this m eans 
that environm ental pressures associated w ith 
resource extraction occur in the country of origin of 
the commodity. Those pressures can be significant 
— for example, each tonne of im ported metal can 
'leave behind' as m uch as an equivalent of 20 tonnes 
of h idden  flows (so-called 'ecological rucksacks'). 
Thus, as im ported material resources are used 
to produce goods and services in Europe, the 
environm ental burden  of extraction m ay be 'shifted' 
abroad. Dam age m ay be further aggravated by the 
fact that such countries often have lower social and 
environm ental standards than the EU.

One interesting example of global burden-shifting is 
the em erging issue of consum ption of 'virtual water' 
as a result of global trade in agricultural products 
(Box 3.2).

3.2 Renewable resources

Renewable resources are characterised by their 
ability to regenerate w ithin a relatively short period. 
For their use to be sustainable, their consum ption 
or extraction rate needs to be m aintained w ithin 
the reproductive capacity of the natural systems, 
w hich should also take into account the fact that for 
m any renewable resources, extraction rates m ust 
leave enough of these resources in  the ecosystem

in order to m aintain its resilience and biodiversity. 
The following sections review  the examples of water 
resources, fisheries and forests.

3.2.1 Water resources

A lthough indestructible, freshwater is a finite 
and precious resource essential for sustaining 
life, supporting economic activities, and for the 
environm ent itself.

Water resources in Europe are, in m any locations, 
under threat from  a range of hum an activities, which 
lead to problem s of overexploitation and low  quality 
of inland waters. There are m any reasons w hy water 
resources are coming under pressure: increasing 
populations, economic growth, intensive agriculture, 
rap id  urbanisation, grow ing tourism  and leisure 
activities, as well as the lack of proper supply and 
treatm ent facilities or institutional arrangem ents for 
w ater m anagem ent.

N ot all w ater uses pu t equal stress on water 
resources. To reach the goal of sustainable water 
m anagem ent a balance has to be achieved between 
the abstractive uses of w ater (e.g. abstraction for 
public water supply, irrigation and industrial 
use), in-stream  uses (e.g. recreation, ecosystem 
maintenance), discharges of effluents and  the 
impacts of diffuse sources. This requires that 
quantity, quality, and ecological effects are all taken 
into account.

Water quantity

Water and populations are unevenly distributed, 
so countries and regions experience differing 
degrees of w ater stress. Precipitation is highest in 
the western part of Europe and in regions w ith 
m ountains. A nnual average run-off from  rainfall 
varies from  m ore than 3 000 m m  in w estern N orw ay 
to less than 25 m m  in southern and central Spain, 
and is about 100 m m  over large areas of eastern 
Europe. In absolute terms, the total renewable 
freshwater resource in  Europe is around 3 500 km 3/ 
year.

Thirteen countries have less than 5 000 m 3/capita/ 
year while the northern  countries generally have 
the highest w ater resources per capita. However, 
few Europeans suffer from  the devastating water 
shortages and poor w ater quality experienced by 
people in m any areas of the world. Overall, Europe 
abstracts a relatively small portion of its total water 
resources each year. Total w ater abstraction in 
Europe is about 292 km 3 per year, about 8 % of the 
total freshw ater resource. Total abstraction fell by
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10 % betw een 1990 and 2001. Nonetheless, figures at 
such a high level of aggregation do not fully reflect 
region-specific factors (Box 3.4). Moreover, the water 
balance fluctuates continuously, not only from  one 
year to another, bu t also over the course of the year. 
For example, agriculture places a major dem and on 
water resources, particularly w hen the resources are 
least able to cope.

The m ain source of abstracted freshw ater in 
Europe is surface water, which typically accounts 
for betw een 70 % and 90 % of total freshwater 
abstraction. The rem ainder comes from  groundw ater 
sources, w ith m inim al additional contributions from 
desalination of seaw ater (in Spain). While southern 
European countries suffer m ost frequently from 
w ater shortages and  quality problems, the situation 
in Europe varies considerably from  place to place, 
and time to time. Water availability per capita and 
w ater exploitation index are show n in Figure 3.6.

In the period 1990 to 2001, the m ost m arked change 
in total w ater abstraction occurred in  the south­
eastern European countries (Turkey, C yprus and 
Malta) w here total abstractions increased by 40 %, 
while abstraction decreased by 40 % in the northern,

central and  eastern countries. Total water abstraction 
in the EU-15 M ember States fell by 8 to 9 % both in 
the northern and in the southern countries.

W hen the water w ithdraw al ratio is less than 10 %, 
w ater stress is considered low  (7). A ratio in the 
range of 10 to 20 % indicates that w ater availability 
is becoming a constraint on developm ent and 
that significant investm ent is needed to provide 
adequate supplies. W hen the ratio exceeds 20 %, 
both  supply and dem and will need to be m anaged 
and conflicts betw een com peting uses will need 
to be resolved. Four countries (Cyprus, Malta,
Spain and Italy) already w ithdraw  m ore than  20 % 
of the available w ater resources, and a further 
seven w ithdraw  betw een 10 and 20 %. Moreover, 
some countries which are relatively water-rich on 
a national scale have extensive arid or semi-arid 
regions. For example, there are big differences in 
w ater availability betw een the north  and south of 
Spain, Portugal and Italy.

Different sectors have different dem and for water. 
The m ain drivers of w ater use are agriculture 
(irrigation), urbanisation, population growth, 
lifestyles, including tourism , and the need for

B ox  3 .3  W ater  p ro tec t io n  g o a l s  in EU p o l ic ie s

Water resources  need to be m anaged  carefully to en su re  th a t  people have access  to affordable and 
safe  drinking w ate r  and sanita tion , w ithout depleting w ate r  rese rves  or dam aging  ecosys tem s.  The 6th 
env ironm ent action p rog ram m e and the  w a te r  fram ew ork directive recognised th a t  the  m ajor  challenges in 
th e  a rea  of f re shw ate r  are:

• to en su re  th a t  ra te s  of extraction from w ate r  resources  a re  susta inab le  over the  long te rm ,  and to 
prom ote  susta inab le  w a te r  use  based  on a long-term protection of available w a te r  resources;

• to protect,  en hance  and preven t fu rthe r  deterioration of the  s ta tu s  of aquatic  ecosys tem s;
• to en su re  th e  progressive reduction of pollution of g roundw a te r  and to preven t its fu rthe r  pollution;
• to achieve levels of w a te r  quality th a t  do not give rise to unacceptab le  im pacts or risks to hum an health 

and th e  environm ent.

B ox  3 .4  E con om ic  tra n s it io n  and w a t e r  c o n s u m p t io n  in cen tra l  and e a s t e r n  Europe

Economic transition in central and ea s te rn  European countries during th e  1990s had a t r em en d o u s  impact 
on w ate r  consum ption in the  region. The d ec rease  in industrial activity, especially in w ater-in tensive  heavy 
industries such a s  steel and mining, led to d e c reases  of up to 70 %  in w ate r  abstraction  for industrial use. 
The a m o u n t  of w a te r  abs trac ted  for agriculture also d ec reased  by a similar percen tage .  Abstraction for 
public w a te r  supply declined by 30 %  afte r  the  fees  for w a te r  supply w ere  increased to reflect w ate r  costs 
and w ate r  m e te rs  were  installed in houses.

(7) Som e exper ts  point out th a t  reducing w ate r  use  is reasonab le  even in countr ies with no overall w a te r  scarcity, given th a t  long­
te rm  natural variations in rainfall can cause  droughts  lasting severa l years ,  and high w a te r  use  may cause  regional and seasonal  
w a te r  scarcity 'hot spots ' which may result  in w a te r  pollution.
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Figure 3.6 Water availability and exploitation in Europe
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Figure 3.7 Trends in European water use
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water for industrial processes and  cooling at 
pow er plants. As show n in Figure 3.7, on average,
37 % of total w ater use is for agriculture, 33 % 
for energy production (including cooling), 18 % 
for urban  use, and 12 % for industry  (excluding 
cooling). Abstractions for agriculture rem ained 
almost unchanged over the period, w hile those for 
urban use and energy decreased by 11 % and for 
industry  by 33 %. Irrigation is the m ost significant 
use of w ater in agriculture in southern countries, 
accounting for 50 to 80 % of w ater use. In central 
Europe energy production (including cooling water), 
followed by urban use are generally the m ain users. 
In particular, Belgium, Germ any and Estonia use 
m ore than  half of their abstracted w ater for energy 
production. Tourism, one of the fastest increasing 
socio-economic activities in  Europe, places severe, 
often seasonal, pressures on w ater resources, and 
the increase in  dem and is often associated w ith 
recreational uses such as swim m ing pools, golf 
courses, and aquatic parks as well as by a m uch 
increased population during holiday seasons.

Water availability problem s occur w hen the dem and 
exceeds the am ount available during a certain 
period. This happens frequently in areas w ith  low 
rainfall and high population density, and in areas 
w ith intensive agricultural or industrial activity.

Overexploitation of groundw ater occurs w hen 
groundw ater abstraction exceeds recharge rates. 
A part from  causing problem s of w ater supply, 
overexploitation causes deterioration of water 
quality, and leads to the drying out of w ater courses, 
loss of habitats and w etland areas, and salt-water 
intrusion into aquifers.

Large areas of the M editerranean coastline in  Italy, 
Spain and Turkey, as well as some parts of Denmark, 
are affected by saltwater intrusion (Figure 3.8).
The m ain cause is groundw ater over-abstraction 
for public w ater supply, including tourism . 
G roundw ater over-abstraction is also a recurring 
problem  in several countries in  Central Europe.

Climatic conditions also influence w ater resources 
and thus w ater availability. In the 21st century, a 
tem perature increase of between 0.1 and 0.4 °C per 
decade is expected in  Europe. Even though there 
are still some uncertainties about climate change 
predictions, the m axim um  of this tem perature 
increase is expected to occur in southern Europe in 
the sum m er and in eastern Europe in the winter.
The predicted pattern  of future changes in annual 
precipitation includes w idespread increases in 
precipitation in  northern  Europe, rather small 
decreases across southern Europe, and small or
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Figure 3.8 Groundwater exploitation and saltwater intrusion in Europe
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uncertain changes in central Europe. M ost of Europe 
will become wetter in the winter, bu t southern 
Europe m ay get dryer winters.

The effects of climate change on w ater resources will 
vaiy depending on the region. Climate change will 
affect both dem and and availability, and  m ay have 
impacts on w ater-dependent ecosystems. Changes 
in climate m ay increase dem and, in particular for 
agriculture and  public w ater supply. W arming will 
lead to an increase in evaporation, w hich m ay have

harm ful effects on w etlands and aquatic ecosystems. 
It m ay also result in  changes in the chemical and 
biological condition of waters and soils. H igher 
w inter tem peratures and  less precipitation as snow 
will have a direct im pact on the seasonal flow 
regim e of m any rivers.

Water quality

The three prerequisites for good ecological quality of 
w ater resources are that w ater should be clean (good

B ox 3 .5  W ater  u s e  and agricu lture

The scale and importance of irrigation is m ost  significant in the  m e m b er  countries or regions th a t  have arid 
climates, but far from negligible in m ost  o the r  m em ber  countries. In arid countries such as  Cyprus, Malta, 
Greece, parts  of Spain, Portugal,  Italy and Turkey, irrigation accounts for more than  60 %  of w ater  use. In the 
more humid and te m p era te  m em ber  countries irrigation is carried out mainly to com plem ent natural rainfall, 
and its share  of total w ater  use is generally less than  10 %.

In the  EU-15, 85 %  of irrigated land is in the  Mediterranean area  (France, Spain, Italy, Portugal,  and Greece). 
In the  acceding and the  new 10 countries, the  m ajor  part (93 %) is in Romania and Turkey. Traditionally, 
much of the  irrigation in Europe has  consisted of gravity-fed system s. However, in an increasing num ber  of 
regions in the  north and south, irrigation by sprinklers using pressure ,  often drawing w ater  from groundwater, 
is the  m ost  com mon practice. It is often in th e se  a reas  th a t  the  quantities of w ate r  used, and thus  the 
impacts on the  environm ent, are  the  largest (IEEP, 2000).

The environmental impacts of irrigation vary considerably between countries and regions. Irrigation can affect 
the  environm ent through impacts on w ate r  quantity  (e.g. lowering the  g roundw ater  table and affecting river 
flow), w ate r  quality through increased conten t of salts and pollutants, and soil, biodiversity and landscapes. 
Secondary  impacts such as  increased fertiliser and pesticide use also result from irrigated agriculture.
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Figure 3 .9  Concentrations of total
am monium , BOD, nitrate, and 
orthophosphates in European 
rivers betw een  1992 and 2001
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water quality), there should be sufficient am ount of 
water, and the physical conditions in and  around the 
water body should be favourable.

Good quality of surface waters is defined in terms 
of the quality of the biological community, the 
hydrological characteristics, and the chemical 
param eters. G roundw ater status is determ ined by 
the chemical quality and quantitative condition 
(am ount of g round water). Pollutants can have a 
detrim ental affect on w ater quality in  several ways:

• they can gradually degrade the ecological 
quality of the water (e.g. high levels of nutrients 
or sedim ent run-off can alter the types of flora 
and fauna that the w ater will support);

• they can im pair the economic and aesthetic 
value of the w ater (e.g. the presence of pesticides 
and other chemicals can reduce its value as 
drinking water, and high levels of faecal micro­
organism s can render the w ater unsuitable for 
recreational activities;

• they can be directly toxic to flora and fauna, 
or have endocrine-disrupting effects. Many 
chemicals that are released can have such

impacts, such as dissolved ammonia, heavy 
metals, pesticides and  some veterinary 
medicines.

The availability of w ater of good quality is 
determ ined by the pollution of groundw ater and 
surface waters. Pollutants from  industry and 
urban  areas (point sources) to surface waters have 
historically been the m ain cause of w ater quality 
problems. Increased industrial production, coupled 
w ith  m ore of the population being connected to 
sewerage, m eant that discharges of pollutants to 
surface w ater increased in m ost European countries 
from  the 1940s onwards.

There has been considerable progress in Europe 
over the past tw o decades in reducing discharges 
from  point sources, and problem s related to 
oxygen-dem anding substances, microbiological 
contam ination of drinking w ater and bathing water 
quality are now  largely under control. N utrients 
and heavy m etal discharges have been m arkedly 
reduced in some countries.

Reductions in point source discharges are reflected 
in m arkedly im proved river conditions and  less 
eutrophication effects in lakes. The concentrations 
of orthophosphate, total am m onium  and organic 
m atter have been steadily decreasing in European 
rivers in general over the past 10 years (Figure 3.9). 
D uring the 1990s the biochemical oxygen dem and 
levels im proved by around 20-30 %. The reduction 
in am m onium  in the 1990s was even greater.
Average phosphorus concentrations in European 
rivers were reduced by one th ird  during the 1990s.

However, there has been far less success in 
controlling discharges from  diffuse sources, in 
particular from  agriculture (Box 3.5). The use of 
commercial inorganic fertilisers, in conjunction w ith 
increased livestock densities and concentration of 
livestock production, has resulted in the application 
of large loads of nutrients to cultivated land.
M any of these find their way into watercourses, 
w here they m ay cause eutrophication, and into 
groundw ater w here they contam inate w ater supply 
systems. Elevated concentrations of hazardous 
substances, including pesticides and  heavy metals, 
can still be found in m any European waters.

The am ounts of m any hazardous substances 
discharged into w ater have been reduced m arkedly 
since the late 1980s — m ainly because of the effective 
im plem entation of environm ental legislation, 
the substitution of hazardous substances w ith 
harmless or less hazardous ones, and technological 
im provem ents. O ther chemicals in the environm ent
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Figure 3 .10  Total European capture production (land ings), 1 9 9 0 -2 0 0 0
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Sources: FAO Fishstat Plus.

are also of potential concern, bu t relatively little 
inform ation is available about their presence and 
effects on the w ater environm ent. One emerging 
issue is the presence of endocrine-disrupting 
substances in water, w ith sexual disruption in 
aquatic animals being reported  by several European 
countries.

3.2.2 Fish stocks

W orld production of fish am ounted to 
approxim ately 124 million tonnes in 2000, w ith 
Europe accounting for 15 %. The seas around 
Europe provide about 10 % of w orld fish catches 
(FAO). European fish production increased by 25 % 
during the first half of the 1990s (see Figure 3.10), 
then, after peaking at m ore than 12 million tonnes 
in 1997, declined to about 11 million tonnes in 2000. 
This corresponds well w ith the global trend  over the 
same period.

Europe is one of the world's largest m arkets for 
processed fish and aquaculture products, w ith 
the value of the whole production chain (fishing, 
aquaculture and processing) exceeding 20 
billion Euro for the EU-15 in 1998. Europe is also

increasingly a net im porter of fish — im ports into 
the EU-15 increased from  6.9 million tonnes in 1990, 
to 9.4 million tonnes in 2003.

O ur understanding of fish population dynam ics and 
the im pact hum an activities have on them  is limited. 
Catch statistics are not a very precise indicator 
of the success of m anagem ent. A decrease in the 
catch of a stock can be a sign of a m ore responsible 
quota policy, or that the stock is being overfished. 
Similarly, in economic terms, increased catches 
m ay be a sign that the stock is healthy and giving 
m ore harvest, or that the spaw ning stock is being 
depleted at the cost of future catches. Moreover, 
the nature of the ecosystems, current knowledge 
of stock dynamics, and the availability of fishery 
statistics allow only a lim ited insight into the issue. 
The key factor affecting the status of fish resources 
is overfishing, bu t natural environm ental change 
and fluctuation, anthropogenic effects on the 
environm ent, and changes in ecosystems also have 
an effect.

It is estim ated that globally, about one th ird  of 
fish stocks are already overexploited. In European 
coastal seas, the eastern Atlantic, the M editerranean
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B ox  3 .6  OSPAR and te n  e c o lo g ic a l  q u a li ty  i s s u e s  for t h e  m a r in e  e n v ir o n m e n t

Under th e  ausp ices  of th e  OSPAR Convention for the  protection of the  m arine env ironm ent of the  North- 
East Atlantic, North Sea s ta te s  and the  European Com munity are  developing a cohe ren t  and in tegrated  se t 
of ecological quality objectives as  part of an ecosystem  approach . The se t  should help provide a practical,  
scientifically-based and consis ten t m ethod  for implementing the  ecosystem  approach  to the  m a n a g e m e n t  of 
hum an  activities th a t  affect the  m arine environm ent.

The aim is to m a n ag e  '. . .human activities in such a way th a t  the  m arine ecosystem  will continue to sustain 
th e  legitimate u ses  of th e  sea  ( th a t  is, the  ecosystem  is healthy) and will continue to m e e t  the  n eeds  of 
p re se n t  and fu ture  genera tions  ( th a t  is, the  ecosystem  is susta inab le) . '

The ongoing work focuses on developing ecological quality objectives for ten  issues:

commercial fish species 
th re a te n e d  and declining species 
marine m am m als  
seab irds
fish com m unities 
benthic com m unities 
plankton com m unities 
hab i ta ts
oxygen consumption
nutr ient budgets  and production.

T hese ten  issues cover the  ecological quality objectives needed  a t  the  species, com m unity  and ecosystem  
level, and largely cover the  range from structural (diversity) to functional (p rocesses)  a sp ec ts  of the  
ecosys tem .

and Black Seas, m any stocks are now  considered to 
be outside safe biological limits, and some are in a 
cri ti co I state, either fully or overexploited.

The International Council for the Exploration of 
the Sea (ICES) considers all European stocks of 
Atlantic cod and Atlantic mackerel to be at risk, 
either because the spaw ning stock biomass is too 
low, or because fishing m ortality is too high. Stocks 
of eastern N orth Atlantic blue-fin tuna are also 
a cause of concern. In the case of N orth  Atlantic 
and the Baltic, m ost of the dem ersal fish stocks are 
overexploited. Of the total of 78 stocks assessed by 
ICES in 2004, 25 were already outside safe biological 
limits and 13 were harvested outside safe biological 
limits (8). Eighteen stocks were regarded as 
sustainably exploited, the situation for the rest was 
uncertain or unknow n. The deep-sea fish stocks in 
the N orth East Atlantic are generally also overfished.

Less inform ation on the state of stocks is available 
for species in the M editerranean and Black Seas, 
and fishery landings trends often provide the only

indication of changes that have occurred in  the 
past. Of 36 assessments of the hake stock in  the 
M editerranean, 28 concluded that it is overfished 
and 7 that it is fully exploited. Of 32 red  mullet 
assessments, 18 found it overfished. M ost of the 
targeted dem ersal fish stocks and  the large pelagics 
stocks are considered either fully exploited or even 
overfished. For the sm aller pelagics the picture 
was m ore diverse, w ith  only 2 of 14 assessments of 
the anchovy stock rating it as overfished, and the 
sardine stock rated as w ithin safe limits.

In recent years, the Black Sea has faced a crisis. 
Several pelagic resources, including the critically 
im portant anchovy fishery, collapsed in  1989-1992. 
A lthough some recovery has since been seen for 
several pelagic stocks, fishing capacity continues 
to rise unchecked. Bonito, mackerel and bluefish 
were already depleted in the 1970s and 1980s, and 
landings of m igratory pelagics, and anadrom ous 
species rem ain substantially below  earlier levels, 
w ith  a serious risk of commercial extinction for some 
sturgeon stocks. The decline of commercial stocks is

(8) 'Outside safe biological limits' m e a n s  th a t  th e  spawning stock is smaller  than  th e  recom m ended  precautionary  level. 'Harvested 
outside sa fe biological limits' m ean s  tha t  th e  fishing p ressu re  is higher  than  th e  recom m ended  precautionary  level.
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such that in the 1980s only five stocks were exploited 
com pared w ith 26 in the 1960s and  1970s (Black Sea 
Commission, 2002).

Region-specific data on highly m igratory species 
such as tuna are scarce. The stock of blue-fin 
tuna (the only tuna species for which relatively 
com prehensive data were available), is considered 
overexploited to fully exploited in European seas, 
and catches exceed the sustainable level by 25 %. 
Swordfish are also considered overexploited, except 
for the albacore species in Atlantic waters.

In addition to exceeding sustainable yield rates 
and the ensuing overfishing, fisheiy resources 
have also been affected by adverse environm ental 
conditions (coastal and m arine pollution, land run­
off, and climate change). For example, the existence 
of some species as commercially exploitable was in 
question during the second half of the 1990s due to 
eutrophication.

The consequences of overfishing are difficult to 
quantify. The complex interactions between stocks, 
and the effects of fishing activity on non-target 
species like the sea-bottom  ecosystems, have 
been poorly studied, com pared w ith  research on 
economically-important species. There is, however, 
growing concern over the long-term  effects of 
fisheries on the ecosystem.

The direct effects include removal of the target 
species such as cod and haddock resulting in 
changes in the size and age structure of their 
populations; reduction of biodiversity through 
killing non-target populations of fish (discards), 
and seabirds, m arine mam m als, turtles and benthic 
m arine life; and structural alterations to the seabed 
habitat by fishing and other hum an activities. The 
indirect effects include changes in the food web 
im pacting the predators and prey of the species 
affected; environm ental effects of dum ping discards 
and organic detritus (e.g. offal); and mortality 
caused by lost fishing gear ('ghost fishing').

The grow ing concern over the long-term  effects 
of fisheries on the ecosystem is reflected in the 
recent em phasis on ecosystem m anagem ent. One 
interesting example of how  the issue of ecological 
quality of the m arine environm ent is addressed 
is the w ork of OSPAR based on the ecosystems 
approach (Box 3.6).

The case of fisheries is a prim e example of a policy 
effort that has not resulted in sustainable resource

m anagem ent in practice. All countries of the EU 
subscribe to the FAO code of conduct for responsible 
fisheries, w hich defines a responsible policy as one 
w hich ensures 'effective conservation, m anagem ent 
and developm ent of living aquatic resources w ith 
due respect for the ecosystem and biodiversity 
in order to provide, both  for present and future 
generations, a vital source of food, employm ent, 
recreation, trade, and economic well-being for 
people.' Ho we vei', the catch quotas set by the 
Fisheries Council in the past often have not reflected 
the opinion of ICES and other scientific bodies as to 
stock status. Poor enforcement of the quotas agreed, 
and illegal or 'black' catches have also contributed to 
overfishing.

Therefore, even though a range of alternative 
m anagem ent regimes has been introduced in the 
European seas, m ost of them  have failed to achieve 
the policy objectives, m ainly because the forces 
driving overexploitation have not been addressed. 
The greatest current environm ental concerns 
are the persistent chronic overexploitation and 
the fact that declining catches have not reduced 
fishing pressures. M uch w ork is currently going 
on to address the problems: a code of conduct for 
responsible fisheries in Europe has been proposed 
by the Commission, and a num ber of action plans

Figure 3.11 Spawning stock  biom ass and 
fishing pressure for North Sea 
cod 1 9 6 3 -2 0 0 2
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Sustainable use and management of natural resources



Natural resources and their use

and strategies have been adopted by the Com m unity 
as part of the reform  process, such as m easures 
to counter the socio-economic and regional 
consequences of fleet restructuring, reprogram m ing 
of structural aid, and including social measures.

In the following section, the use and m anagem ent 
of fish as a renewable resource is illustrated by the 
example of the cod. Exploitation of cod stocks has 
attracted considerable public attention in recent 
years. It is an example of a m arine fish resource 
under pressure, and it is one of the best-studied 
stocks, w ith relatively good data on population 
dynam ics and hum an exploitation.

For cod in the N orth Sea (Figure 3.11) the spaw ning 
stock biomass (SSB — shaded area) has been below 
the recom m ended level for m ore than  20 years. 
Fishing pressure (the fluctuating line) has been 
above the precautionary level (horizontal line) since 
1971. For the cod stocks in the N orth Sea, Skagerrak, 
the Irish Sea and the areas west of Scotland, the 
International Council for the Exploration of the Seas 
(ICES) has recom m ended a total stop to the fisheries. 
The same applies to the coastal cod off Norway.

Overfishing of the stock for so m any years has 
resulted in a small and young spawning stock and 
poor recruitment. In the periods w here spawning 
stock biomass was above the precautionary level 
of 150 000 tonnes, the average num ber of recruits 
(measured as one-year-old fish the year after) was 
390 million. D uring the period 1988-2002, w hen the 
spawning stock biomass was below the precautionary 
level, recruitm ent was less than 250 million.

For N orth Sea cod, the optim al catch age/size is 6-7 
years w hen the fish weigh about 8 kg. Up to this 
age, individual grow th outweighs natural mortality. 
Included in these calculations is the fact that larger 
fish are m ore expensive per kg than small fish (9). 
Projections show  that a shift of fishing pressure 
w ould give a higher spaw ning stock biomass and 
the annual value of the yield could double from 
around EUR 200 to 400 million.

One example of the inter-relationships of the m arine 
eco-web is the issue of the food requirem ents of an 
increased stock of N orth Sea cod, and its impacts 
on other fisheries. The present N orth  Sea fishery is 
dom inated by the industrial fishery for sprat, sand- 
eels, blue whiting and other small pelagics, which 
is the basis for fishmeal and oil. Increased stocks 
of larger fish w ould probably reduce this fishery,

w hich in tu rn  m ay result in a need to reduce fish 
farm ing of predatory  fish like salm on and trout. 
Further consequences of industrial fishery (e.g. on 
sand eels) could be a decrease of food supply for sea 
birds such as black-legged kittiwakes.

The case of the N orth  Sea cod provides an im portant 
lesson about the sustainable use and m anagem ent 
of fish stocks: there is an economic benefit in  letting 
stocks and fish grow, instead of keeping them  
at today's low  levels. In the long run, m anaging 
renewable resources sustainably can bring about 
positive synergies between ecological, social and 
economic factors.

There does not need to be a trade-off between 
the economy and ecology, and the tw o can be 
reconciled. The sustainable use and m anagem ent of 
fish stocks can lead to obvious economic and social 
benefits, by creating larger yields and allowing a 
stable developm ent of local fishing communities. 
Ensuring the natural regeneration of its biological 
base is the physical prerequisite for the future of 
European fisheries.

3.2.3 Forests

Forests are a natural resource for w hich the 
notion of sustainable m anagem ent has a very long 
tradition. A lready in the fifth century BC Plato 
w rote about the effects of unsustainable practices 
regarding forests, referring to the deforestation of 
the hills around Athens as a result of logging for 
shipbuilding and to clear agricultural land. In fact, 
the very term  'sustainable' was first used to refer to 
the sustainable yield of forest resources in the 18th 
century by von Carlowitz, w ho stressed that forest 
resources should be used w ith  caution to achieve 
continuity betw een increm ent and felling.

Forests, w hich account for 36 % of Europe's territory, 
provide a w ide range of functions. Ecological 
functions include m aintaining the physical 
and chemical stability of the soil, protection of 
groundw ater and local climate, and conserving 
biological diversity. Economic functions include the 
production of w ood and non-w ood products, and 
generating em ploym ent in forest-related industry 
chains. Social functions include supporting tourism  
and leisure, eco-education and the landscape.

Forest area in most European countries is increasing 
by an average for the EEA-31 of about 0.5 million ha/ 
year, w ith the M editerranean countries, particularly

(9) Prices for Barents  Sea cod a re  used. North Sea auction prices a re  considerably higher. With be t te r  m a n a g e m e n t  and m ore  normal 
ca tches  prices will probably decrease ,  al though they  may be higher  than  Barents Sea prices due to closeness  to  th e  market.
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Figure 3 .12  Economic yield per recruit
(1-year olds) for North Sea cod
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Spain, southern France, Portugal, Turkey, Greece 
and Italy reporting the largest increases. Several 
countries (Finland, Bulgaria, Latvia, Poland,
Romania, Sweden and Turkey) showed a decrease 
in 'forest area available for w ood supply' which 
indicates an increasing focus of their national policies 
towards non-wood goods and services such as nature 
protection and conservation. As the growth rate is 
above the felling rate, the timber stock is increasing.

However, the vitality of a tree is reflected mainly by 
the condition of its crown, and crown condition in 
European forests is strongly affected by atmospheric 
pollution. During recent decades, European 
forests have been under considerable pressure 
from industrial emissions, showing a continuous 
deterioration in crown condition between 1989 and 
1995. Results since 1995 show a stabilisation at a high 
defoliation level, w ith almost a quarter of the sample 
trees rated as dam aged in 2003 (UNECE, 2004).

Industrial emissions of sulphur dioxide and nitrogen 
oxide decreased substantially in the 1990s, as a result 
of the installation of desulphurisation systems, the

switch from  coal as a fossil fuel, and the contraction 
of energy-intensive sectors, especially in  central and 
eastern European countries. This brought about 
positive effects for forests and forest soils.

W hile the pressure on forest ecosystems from  
acidification has decreased, m ore evidence of 
clim ate change and  its im pacts on forestry has 
appeared  over recent years. Clim ate change is 
expected to lead to increased abiotic and biotic 
disturbances, including drought, salinisation, 
increased spring and  au tum n frost risk, and 
insect and  pathogen  dam age. O n the o ther hand, 
it has been observed that changes in  average 
air tem perature, precipitation, elevated CO, 
concentrations and  changes in  nitrogen deposition 
can result in  increased forest grow th.

Over tw o thirds of Europeans live in urban  areas, 
w here forests have an im portant function as a 
green buffer betw een expanding urban  areas. In 
m any rural areas, populations are declining and 
agricultural land is being abandoned for social 
and economic reasons. As forestry offers a good 
alternative land use option, financial support is 
granted for the conversion of agricultural land 
into forestry (it is a strategy of the EU common 
agricultural policy to set aside agricultural land 
to counter over-production). However, in regions 
w here open space is scarce, land use com petition 
and resulting forest fragm entation can have a 
negative im pact on forest stability and biodiversity. 
Forest fragm entation, leading to smaller 
m anagem ent units, can negatively affect the cost- 
effectiveness of forest operations.

The largest forest-related industry  chains include 
forestry, production of w ood and non-wood 
products, and  pu lp  and paper industries. In 2000, 
about 2.2 million people were em ployed in the forest 
sector (including: 'forestry' and 'wood and pulp  
and paper industries') in the EEA countries, w ith 
the w ood industries accounting for 43 %, pu lp  and 
paper for 35 % and forestry for 22 % of the total.

Box 3 .7  Criteria and in d ica to rs  for  s u s ta in a b le  f o r e s t  m a n a g e m e n t

Criteria and indicators are  needed  to monitor the  multiple roles th a t  fo res ts  play in society. Six 
pan-European  criteria developed by the  conference on the  protection of fo res ts  in Europe cover:

• global carbon cycles
• fo rest ecosystem  health and vitality
• productive functions of fo res ts  (wood and non-wood)
• biological diversity
• protective functions in forest m a n a g e m e n t  (notably soil and water)
• socio-economic functions and conditions.
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B o x  3 .8  A gr icu ltu re ,  b io m a s s ,  and r e n e w a b le  e n e r g y

Biomass from agricultural harves t  consti tu tes  the  la rgest par t  of b iom ass resource  use. It is determ ined  
mainly by the  dem and  for food, and particularly by food consumption p a t te rn s  (e.g. m e a t  versus  vege ta rian  
food) and by the  way biom ass is processed  into food products.  In general,  Europe 's relatively cons tan t  
population m e a n s  th a t  b iom ass use th a t  is driven by food dem and  is expec ted  to remain fairly stable. A 
significant sh a re  of the  b iom ass consum ed  in the  EU is imported. In particular, the  import of so ybeans  for 
fodder is increasing, which exe r ts  certain p re ssu res  on the  global env ironm ent and the reby  significantly 
contribu tes  to the  global land use  requ irem en ts  caused  by the  EU. European agriculture policies (CAP) and 
co nsum er  consum ption p a t te rn s  a re  key drivers of th e  vo lum es of different agricultural products.

Recently, energy-re la ted  policies have provided incentives to encourage  the  use of b iom ass,  especially 
biofuels,  for the  production of renewable energy. Environmental and cos t-effectiveness  considerations 
need  to guide th e  use of b iom ass for ene rgy  purposes.  First, the  use of b iom ass for t r anspo r t  fuels is 
ra th e r  inefficient, and a l ternative u ses  of biom ass,  e .g . for heating ,  m ay result in a g re a te r  reduction in the  
environm ental burden caused  by fossil fuel use. Second , th e re  is limited a m o u n t  of land available within 
th e  EU and also a t  th e  global level to be used for this purpose. Given the  growth in global food dem and ,  
large a re a s  of land are  unlikely to be available for non-food b iom ass production w ithout th e  need  for a large 
increase in production intensity which is likely to have significant negative  environm ental effects.

In several European countries, the contribution 
of forest-related m anufacturing sectors to GDP is 
considerable, as show n in Figure 3.13.

In most EEA m ember countries, the growing stock has 
allowed a steady increase in the consumption of all 
forest products and thus an expansion of forest-based 
industry. Between 1992 and 2002, the consumption 
of forest products in the EEA countries increased 
by between 15 and 45 %, depending on the product 
categoiy. The consumption of durable products 
like 'sawn wood' showed the lowest increases and 
'wood-based panels' the highest. The consumption of 
products w ith a short life-span more than doubled.

On the other hand, although the value of forest 
products has increased in absolute terms, the share 
of GDP represented by forest-based industries 
has decreased from  2 to 1.3 % over the past 20 
years. One of the reasons is the general decrease in 
unit prices, in particular for solid w ood products. 
Declining prices for forest products are a serious 
problem  for sustaining forestry operations at a level 
that guarantees optim al forest stand developm ent, 
and em ploym ent in forestry has been decreasing 
steadily. On the positive side, intensified competition 
and technological innovations which have changed 
the w ood industry  allow low  quality tim ber and 
tim ber of small dim ensions to be processed into high 
quality and valuable products. This has led to an 
increase in the share of panel consum ption relative 
to that of o ther forest products like saw n wood, thus 
protecting old-grow th forest resources.

In 1997, the EU adopted a forest strategy for the 
period 1998-2003, w hich is now  under revision.

M any of its objectives have been achieved bu t a 
few im portant issues rem ain open. Some experts 
argue that there has been lim ited integration of the 
strategy into existing national forest program m es, 
and w ork needs to be done to achieve a more 
integrated approach to forest policy. Ecological and 
sustainability concerns will need to be taken into 
account in forest managem ent.

Sustainable m anagem ent of the expanding forests 
will have to include growing ecologically-adapted 
species, and addressing the acidification of soils 
and climate change (Box 3.7). Biodiversity loss and 
habitat change will be of concern if the increase in 
forest area is the result of conversion of native bush 
and scrubland to plantations based on the use of 
in troduced tree species not suitable for local soil and 
habitat conditions.

3.3 Non-renewable resources

The term  'non-renew able' refers to resources whose 
natural regeneration cycle is extremely long. For 
example, fossil fuels and soils do regenerate, bu t this 
takes thousands of years. As a result, non-renewable 
resources are generally regarded as finite, and their 
consum ption as 'irreversible'.

There are various ways of reducing the use and 
im pacts of the consum ption of non-renewable 
resources. One option is to decrease the pressures 
arising over the whole life-cycle of a resource, from 
extraction to waste. This includes m ore efficient 
p roduction or im proved efficiency of use, as w ith 
m ore fuel-efficient cars, or alum inium  cans w ith
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thinner walls. A nother possibility is to extend their 
life-cycle, by maintenance, reuse, and  recycling. The 
substitution of some non-renewables by renewable 
resources can also be an option (e.g. increased use 
of w ood in some construction, or substitution of 
petroleum  by biofuels), although this m ay be lim ited 
by the reproductive capacities of nature and the 
space available to produce renewable resources, 
and should be carefully assessed to avoid problem  
shifting (Box 3.8).

The recent direction of policies related to the use of 
non-renewable resources is based on the premise 
that '... there is little evidence that scarcity of non­
renewable resources is a serious threat to sustainable 
developm ent.. .(10)' This m ay be true for m any 
resources, such as iron ore or bauxites and most 
construction minerals. However, for other resources, 
such as fossil fuels and land, scarcity is a m ore real 
threat. W ith this 'irreversibility' of consum ption of 
a finite resource, some participants in the policy 
debate argue that scarcity should be considered on

Figure 3 .13  Share of forest-related
manufacturing activ ities in total 
gross value added, se lected  
European countries 2000
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Source: Euros ta t  NewCronos online d a ta b a s e .

a par w ith  negative environm ental impacts. As the 
availability of future supplies of non-renewables 
will depend on the rate of consum ption, they go on 
to recom m end that their sustainable m anagem ent 
should be based on the precautionary principle and 
prevention: reduction, recycling and substitution.

There also rem ains the question of justice and 
intergenerational equity. The W orld commission on 
environm ent and developm ent (Brundtland, 1987) 
report suggested that the use of resources should 
be m anaged in such a way that future generations 
should neither be burdened  w ith  the negative 
environm ental im pacts of our consum ption of 
resources nor be unable to cover their needs using 
existing natural resources.

The following sections discuss four non-renewable 
resources: metals, construction minerals, fossil fuels 
and land.

3.3.1 Metals

The consum ption of metals, and the resources 
used in their production, is a good example of 
how  international trade flows determ ine the extent 
and location of environm ental pressures. Most of 
the metal ores used in Europe are im ported. Total 
m etal ore consum ption was about 220 million

Figure 3 .14  Metal ores: dom estic extraction, 
imports, exports, and dom estic  
consum ption, EU-15, 1 9 7 0 -2 0 0 1
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<10> Page 13, COM (2003) 572.
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Table 3.1 Production and consumption of selected metal resources, 2001

World European
Union

(EU -15)

United
S ta tes

Japan Africa Latin-
am erica

China

Iron and s tee l
P roduc t ion  of  iron million t o n n e s 1051 22 63 0 46 249 224
ore share in world 100 % 2 % 6 % 0 % 4 % 24 % 21 %

production
A p p a r e n t million t o n n e s 765 142 103 73 15 40 170
c o n s u m p t io n  of share In world 100 % 19 % 13 % 10 % 2 % 5 % 22 %

consumption
kg p e r  cap i ta 125 376 362 576 19 11 134

B auxite and
alum inium
P roduc t ion  of million t o n n e s 146 0 0 0 18 36 8
b a u x i te share in world 100 % 0 % 0 % 0 % 12 % 25 % 5 %

production
A p p a r e n t million t o n n e s 24 5 5 2 0 1 3
c o n s u m p t io n  of share in world 100 % 20 % 23 % 8 % 2 % 4 % 15 %
p r im a ry  a lu m in iu m consumption

kg p e r  cap i ta 3.9 12.6 19.1 15.8 0.5 1.6 2.7
Copper
Mine p ro d u c t io n  of million t o n n e s 13.63 0.18 1.34 0 0.52 6.05 0.56
c o p p e r share in world 100 % 1 % 10 % 0 % 4  % 4 4  % 4  %

production
A p p a r e n t million t o n n e s 15.52 1.84 1.8 1.43 0.41 4.03 1.43
c o n s u m p t io n  of share in world 100 % 12 % 12 % 9 % 3 % 26 % 9 %
c o p p e r consumption

kg p e r  cap i ta 2.5 4.9 6.3 11.2 0.5 7.7 1.1
Zinc
P roduc t ion  of  zinc million t o n n e s 8.96 0.67 0.84 0.04 0.23 1.85 1.57

share in world 100 % 7 % 9 % 0 % 3 % 21 % IS %
production

A p p a r e n t million t o n n e s 8.65 2.16 1.11 0.63 0.16 0.58 1.46
c o n s u m p t io n  of share in world 100 % 25 % 13 % 7 % 2 % 7 % 17 %

consumption
kg p e r  cap i ta 1.4 5.7 3.9 5 0.2 1.1 1.1

Lead
Mine p ro d u c t io n  of million t o n n e s 3.00 0.19 0.47 0.01 0.15 0.47 0.60
lead share in world 100 % 6 % 16 % 0 % 5  % 16 % 20 %

production
A p p a re n t million t o n n e s 6.43 1.74 1.69 0.28 0.13 0.41 0.65
c o n s u m p t io n  of share in world 100 % 27 % 26 % 4  % 2 % 6 % 10 %

consumption
kg p e r  cap i ta 1.1 4.6 5.9 2.2 0.2 0.8 0.5

Nickel
Mine p ro d u c t io n  of million t o n n e s 1.23 0.02 0 0 0.07 0.22 0.05
nickel share in world 100 % 2 % 0 % 0 % 5  % 17 % 4  %

production
A p p a r e n t million t o n n e s 1.11 0.41 0.13 0.16 0.03 0.02 0.09
c o n s u m p t io n  of share in world 100 % 37 % 12 % 15 % 3 % 2 % S %

consumption
kg p e r  cap i ta 0.2 1.1 0.5 1.3 0.0 0.1 0.1

S o u r c e s :  ETC/RWM calculations based on Natural Resources C anada,  2002;  International  Iron and Steel Inst i tu te ,  2002; and World 
Bank, 2003.
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tonnes in  2001, bu t only 20 % of this was produced 
domestically. Domestic extraction of metal ores 
declined from  150 million tonnes in 1971 to 43 
m illion tonnes in 2001 (Figure 3.14).

The metals w ith  the highest consum ption in the EU- 
15 include steel and iron, alum inium , zinc, copper 
and lead, as show n in Table 3.1. The EU-15's share of 
the total global consum ption of metals ranged from 
12 % for copper to 37 % for nickel.

Trends in  use, and the related environm ental 
impacts, vary from  one metal to another. The m ain 
problem s for steel and alum inium  are the volumes 
used and energy consum ption, for lead and 
cadm ium  it is eco-toxicity and health impacts, while 
for copper and precious metals the am ounts of waste 
generated during production are of m ain concern.

All phases of the life-cycle of metals, from  m ining 
through production and m anufacturing to use 
and final disposal, are environm entally relevant. 
Extraction processes are often very dam aging to 
landscapes, and m ining wastes are the largest 
waste stream  in Europe. A num ber of metals, such 
as gold, nickel and copper, are extracted w ith 
environm entally-intensive m ining technologies, 
resulting in  large quantities of waste, contam ination 
of soils, landscape destruction and negative effects 
on natural w ater cycles (see e.g. Kippenberger,
1999; IIED/WBCSD, 2002; Ayres, 2003; M iranda 
et al, 2003). The further stages of processing, 
i.e. concentrating and refining crude metal ore, 
smelting, forming, etc. are veiy energy-intensive. 
This uses other non-renewable resources (e.g. fossil 
fuels) and leads to air emissions, w hich contribute to 
environm ental problem s such as climate change, air 
pollution and acidification.

The environm ental impacts of the use phase are 
determ ined mainly by the final p roduct in which 
the m etal is em bodied, and have less to do w ith 
the nature of the metal itself. Here, the energy used 
by the end  product is relevant, for example for 
heating buildings, fuelling transport vehicles, or 
providing electricity for refrigerators, electric and 
electronic equipm ent. However, there are inherent 
methodological difficulties in setting up  clear 
system  boundaries to account for the environm ental 
impacts of metals over the entire life cycle.

M etals generally have a long life-cycle and only a 
small fraction of the m etal inpu t per year ends up 
im m ediately in the waste stream, like metals in 
short-life products such as packaging m aterial (e.g. 
alum inium  cans). Otherwise, m ost of the metals in

Figure 3 .15  Apparent stee l consum ption,
imports of iron and stee l, and C02 
em ission s from m etal production, 
EU-15, 1 9 9 5 -2 0 0 1
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Source: International  Iron and Steel  Inst i tu te ,  2003; Eurostat.

final products are stocked w ithin the economy for 
several years, as they are used m ainly in durable 
consum er goods (including private buildings) 
and infrastructures, including the capital stock of 
industries (i.e. m achinery equipm ent and  industry 
buildings). For some metals, such as copper, 
zinc and tin (heavy metals) dissipative losses 
and corrosion during use m ay be of concern. For 
example, high concentrations of some heavy metals 
in sewage sludge stem  from  diffuse sources such as 
zinc-coated steel products and copper-based roofs, 
gutters and water pipes.

Steel is a very im portant metal resource because of 
the high quantities in  use and  the environm ental 
impacts caused by energy-intensive processing.
In the EU, m ost of the iron ore needed to produce 
steel is im ported. Significant am ounts of iron 
ore are still m ined only in Sweden (International 
Iron and Steel Institute, 2003). However, Europe 
is am ong the world's top  steel producers and 
consumers, accounting for about 20 % of the world's 
crude steel production. This is another example 
of increasing im ports of sem i-m anufactured and 
finished products. While driven m ainly by economic 
factors, such substitution m ay help reduce dom estic 
environm ental pressures, w ith  environm entally- 
intensive processing 'outsourced' to the rest of the 
world, while net consum ption has not decreased.
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Figure 3 .16  Recycling flow s of aluminium
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Figure 3.15 shows that the apparent (11) consum ption 
of steel in the EU-15 increased by about 10 % 
between 1995 and 2001 while estim ated CO, 
emissions from  metal production decreased slightly. 
At first sight, this m ay indicate a decoupling 
of environm ental pressures from  resource use. 
However, im ports of steel products have been 
increasing, replacing dom estically-produced 
products, and the CO, emissions related to the 
im ported steel are em itted and accounted for in the 
exporting country.

Recycling is the m ost common way of extending 
the life-cycle of metals. It saves prim ary raw  
material inputs, and reduces the extraction of 
crude m etal ores and the associated environm ental 
impacts. Processing secondary raw  metals is also 
in m any cases less environm entally intensive 
than  producing prim ary raw  metals, particularly 
in the case of alum inium . For some metals, high 
recycling rates have already been achieved — the 
share of the secondary fraction (the share of scrap

in the total input to production/sm elting) for 
silver, copper and lead exceeds 50 % and is about 
35-50 % for steel, alum inium  and zinc. However, 
the am ounts of metals currently being recycled 
cannot substitute for all prim ary metals because 
of the continuing increase in dem and. In this 
context, the large am ounts of metals stocked in 
buildings, infrastructure and durable goods m ay 
be seen as future m etal sources, rather than  future 
wastes. However, increasing the recycling of metals 
requires adequate product design that facilitates 
the dism antling of products after their useful life 
(e.g. end-of-life vehicles, electrical and electronic 
equipm ent, machinery), and economic feasibility 
and environm ental benefits need to be carefully 
analysed.

M onitoring of recycling is not as straightforw ard 
as one m ay expect. There are several ways of 
m easuring recycling rates (see Figure 3.16). Many 
indicators are used, including the com position of 
scrap reused in secondary smelters, the fraction of

I11) Apparent  consumption = production + imports -  exports.  The sta tistical te rm  'appa ren t '  indicates th a t  a given figure is a result
of calculation including various factors  and es t im ates .  For instance, 'ap p a ren t  consumption of steel ' is calculated as  domestic  
production of steel  plus imports,  minus exports.  Estimates a re  used to convert processed goods containing steel  (e.g . ships, cars) 
into steel weight equivalent.
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reused material per total am ount of waste produced, 
the recycling rate of old scrap, and the am ount of 
old scrap used for the production of alum inium .

Recycling of scrap and processing of secondary 
alum inium  is also interlinked w ith  additional energy 
and material flows, and evaluations should take 
account of the overall environm ental im pact of these 
flows. In some cases, recycling m ay be associated 
w ith a higher burden  on the environm ent than  the 
route of prim ary processing. In such cases high 
recycling rates are counterproductive. Recycling 
rates per se m ay therefore not be an indicator of 
progress tow ards sustainability, and  additional 
inform ation m ay be necessary to m ake an inform ed 
judgm ent.

3.3.2 Construction minerals

C onstruction m inerals include sand, gravel, natural 
stones, clay, limestone, and other less-used minerals, 
such as quartz, chalk, anhydrite and gypsum . Sand 
and gravel, followed by natural stone, account for by 
far the largest share of use of construction minerals, 
as dem onstrated by the example of Germ any in 
Figure 3.17.

In the EU-15, dom estic m aterial consum ption of 
construction m inerals increased som ewhat during 
the 1990s, to around 2.6 billion tonnes (about 7.0

Figure 3 .17  Use of construction m inerals in 
Germany, 2001
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tonnes per capita) per year. Construction m inerals 
are m ainly extracted and used domestically, and 
trade is less significant.

Construction m inerals have a rather long life. The 
specific environm ental impacts per tonne m ay be 
relatively m oderate but the volum es are very high, 
m aking construction m inerals environm entally 
significant.

As w ith metals, environm ental pressures arise 
during the entire life-cycle. Extraction processes tend 
to be veiy dam aging to landscapes, generate noise, 
and have negative im pacts on biodiversity, although 
they are less dam aging than  the extraction of fossil 
fuels or metals. The subsequent processing stages, 
such as the m anufacture of cement, glass, ceramics, 
bricks and  tiles, are of high environm ental relevance. 
They are veiy energy-intensive and result in large 
am ounts of air emissions. In Germany, for example, 
about 5 % of total CO, emissions are directly em itted 
by this m anufacturing sector (12), not including 
indirect emissions, for example from  the electricity 
used (FSOG, 2003).

Construction m aterials are then used in buildings 
and infrastructures, w ith a life expectancy of 30 
years or more, whose use is characterised by high 
environm ental m aintenance costs. As w ith  metals, 
the environm ental impacts of the use phase are 
determ ined m ainly by the structures in w hich they 
are em bodied rather than by the material itself. In 
fact, m any experts argue that the environm ental

Figure 3 .18  Annual dom estic consum ption  
of construction m inerals, EU-15 
1 9 7 0 -2 0 0 1
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(12) NACE code 26, manufacturing of cem en t ,  glass,  ceramics, tiles, etc.
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impacts of the use and disposal of construction 
minerals are m uch higher than  those of extraction. 
Buildings have high energy requirem ents for 
heating, cooling and lighting. The larger the stock 
of buildings, the higher the m aintenance costs. 
Increasing transport infrastructures m ay induce 
additional traffic, w hich is one of the m ost im portant 
driving forces of climate change. Similarly to metals, 
the accounting of life-cycle im pacts here is hindered 
by difficulties in  setting up  system  boundaries, to 
avoid the problem  of double counting.

After the use phase, construction m inerals become 
dem olition wastes, w hich constitute about one th ird  
of total waste generated in Europe (EEA, 2003). 
Recycling of construction m inerals m ay reduce 
the need for the extraction of virgin raw  materials. 
However, the am ount of dem olition waste that can 
potentially be recycled is only about 0.8 tonne per 
capita annually, com pared w ith  7 to 8 tonnes per 
capita of excavated virgin raw  m aterials. This m eans 
that secondary construction m inerals can only 
substitute for prim ary resource requirem ents to a 
lim ited degree. An alternative approach w ould be 
to substitute m inerals w ith  renewable construction 
m aterials (e.g. wood, bio-fibre).

The sustainable use of construction minerals 
requires a reduction of environm ental impacts 
throughout their life-cycle. Emissions and waste 
arising from  the energy-intensive m anufacturing 
processes (e.g. production of cement, glass 
and ceramics) m ay be reduced by the use of 
cleaner and m ore efficient process technologies.

Figure 3 .19  Dom estic consum ption of fossil 
fuels, EU-15, 1 9 7 0 -2 0 0 1
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Land requirem ents for buildings could be 
reduced through construction on brownfield 
sites (abandoned industrial areas) or a higher 
concentration of buildings in urban areas. Finally, 
the construction of buildings and infrastructures 
could move to designs w here less construction 
m aterials are required. Innovations in design and 
planning are also needed to reduce the energy 
requirem ents of buildings and infrastructures.

Finally, an im portant issue related to the 
increasing consum ption of construction m inerals 
is the transform ation of land  into built-up area, 
accom panied by significant losses of its basic natural 
functions (Section 3.3.4).

3.3.3 Fossil fuels

Fossil fuels are one of the m ost im portant and 
strategic natural resources in m odern societies. Since 
the invention of the steam  engine, fossil fuels have 
been the prim ary natural resource for satisfying the 
grow ing energy needs of industrialised countries.

Every year, alm ost 4 tonnes of fossil fuels are 
consum ed per capita in the EU-15. Dom estic

Figure 3 .20  Dom estic extraction and imports 
of fossil fuels, and C02 em issions, 
EU-25
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S o u r c e :  Eurostat, Wuppertal Inst i tu te ,  2005.
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consum ption of fossil fuels has been decreasing 
steadily since the 1980s, m ainly as a result 
of reduced  consum ption of coal. C rude oil 
consum ption has rem ained fairly constant, and 
the use of natural gas has increased (Figure 3.19). 
However, this is consum ption based on the w eight 
of the energy carriers consum ed, and  energy use in 
energy units, e.g. Joules, has not declined. Indeed, 
total energy consum ption in the EU has been rising 
since the mid-1990s, and this trend  is projected to 
continue. Burning fossil fuels, the m ain source of 
greenhouse gas em issions, is expected to rem ain 
the largest energy source in  Europe for the next 30 
years (EEA, 2004).

Roughly half of the fossil energy carrier inpu t to 
the EU econom y is im ported. The share of im ports 
increased steadily th roughou t the 1990s, and  for 
the EU-15, the increase betw een 1992 and  2000 
was m ore than  10 %, w hile dom estic extraction 
decreased by a sim ilar am ount (see Figure 3.20). 
This dependency on im ported  fossil energy carriers 
is expected to continue to rise, due to the depletion 
of dom estic resources (e.g. the N orth  Sea oil fields).

The com bustion of fossil energy carriers leads to 
a num ber of environm ental pressures, the m ost 
im portan t being em issions of greenhouse gases, 
air pollu tants such as SO,, N O x and  non-m ethane 
volatile com pounds (NMVOCs), and  particles. 
O ther pressures related  to fossil fuels are pollution 
by oil from  coastal refineries, off-shore installations 
and  tanker spills, landscape destruction and 
g roundw ater table reductions from  coal mining, 
and  spills (oil) and  leakages (gas) from  pipelines.

The consum ption of fossil fuels is increasing, 
m ainly because of g row th  in the transport sector, 
b u t also in  the household  and  service sectors.
At the sam e time, environm ental pressures are 
decoupling from  energy carrier use, except for 
carbon dioxide. In the EU-15, fossil fuel-related 
em issions of air pollu tants (SO,, N O x, NMVOC, 
particles) were significantly reduced  during  the 
1980s and 1990s, m ainly through  the use of end-of- 
pipe-technologies. Total energy-related greenhouse 
gas em issions decreased slightly over the past 
decade, bu t CO, em issions increased slightly.

Fossil fuels are non-renew able and  global reserves 
are finite. The question is therefore not w hether, 
b u t w hen the reserves will be exhausted. In the 
case of crude oil in  particular, scarcity is an  issue. 
A lthough the search for and  docum entation of 
new  oil reserves is difficult and  controversial, 
some estim ates show  that the m id-depletion point 
of w orldw ide crude oil reserves could be reached

w ithin  the next 10-20 years (e.g. Cam pbell, 2003; 
IEA, 2004; Federal M inistry of Economics and 
Labour, 2002). M oreover, proven  reserves of oil 
are unevenly d istribu ted  in  the w orld. The Persian 
Gulf holds about 60 % of docum ented w orld 
reserves. Political and  econom ic stability in  the 
oil-producer regions affects security of supply, 
and  this is especially relevant for the EU w hich 
is im porting  oil on a larger and  larger scale. It is 
expected that dependency on im ported  energies 
will increase substantially  in  the com ing decades 
(CEC, 2000a). R ecord-high oil prices last year, and 
their dam ping im pact on economic grow th, give a 
foretaste of the possible consequences of shortages 
of oil.

Oil, as a strategic resource essential for any 
industrialised  economy, is a good exam ple of a 
resource w hose sustainable use has to be analysed 
in  a global context. The fu ture security of supply 
will be determ ined  not only by the available 
reserves, bu t also by consum ption in all w orld 
regions. Increasing per-capita dem and in less- 
developed countries, w hich until now  consum ed 
far less energy than  the industrialised  countries, 
will have a strong im pact. Some policy-m akers 
indicate that in the w ider context of sustainable 
developm ent, a strategy on sustainable use also 
needs to consider scarcity issues and  security of 
supply  in order to take inform ed decisions, develop 
strategies and  focus research activities.

3.3.4 Land use

The term  'land ' is quite broad  and  includes several 
elem ents: the soil, land  (the earth 's crust) and  the 
concept of 'landscape'. Land perform s a variety 
of environm ental, economic, social and  cultural 
functions. A bout 47 % of European land  is used 
for agriculture, 36 % for forestry, 17 % for other 
uses, including settlem ents and  infrastructure (see 
Figure 3.21).

Land is a resource that cannot be 'consum ed' like 
o ther natu ral resources. W hile the use of other 
resources (e.g. timber, fuels or m inerals) m eans 
that they are rem oved and processed into o ther 
physical states, land  as such tends to rem ain in 
place (only in extrem e cases of erosion, large-scale 
excavations, and  natu ral disasters m ay land  be 
totally rem oved). The physical m anifestation of the 
use of land  ranges from  altering the properties of 
the soil, changing the land  cover (e.g. land  can be 
built on and  natu ral habitats structurally  altered) 
to transform ing the landscape (e.g. construction of 
dam s, or developm ent of large urban  or industrial 
centres).
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Figure 3 .21  Land use in the EU-15
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Source: FAO, 2004.

Soil is the upper layer of w hat is usually referred 
to as 'land'. The fertility of the soil can decline veiy 
rapidly as a result of contamination, erosion, or 
sealing, and the time for natural recovery m ay be 
centuries. As a rule of thum b for central Europe, 
the rate of soil generation is about 5 cm in 500 years 
(Grafii, 1998). As a result, policies for protecting 
land often choose soil protection as a starting point. 
The European Commission's Com m unication on 
the them atic strategy for soil protection (COM 
(2002) 179) considers soil as 'essentially non­

renewable w ith potentially rap id  degradation rates 
and extremely slow form ation and regeneration 
processes'.

The m ultiple functions of land  are threatened by 
various pressures related to hum an activities. The 
physical, chemical and biotic changes in soils and 
the ecosystems near the surface can result in land 
degradation, loss of its natural properties, and thus a 
decreasing functionality. Soil degradation is already 
a recognised policy issue in Europe, w here the three 
m ost im portant threats to soils are:

• sealing
• erosion
• contamination.

Sealing refers to a partial or complete isolation of 
the soil from  the atm osphere by an im perm eable 
cover (e.g. asphalt pavem ents) or buildings.
Sealing usually leads to a partial removal of abiotic 
functions and an almost complete destruction of the 
biotic functions of the original ecosystems. Sealing 
increases w ater run-off by decreasing percolation 
and evaporation. In cities, w ater run-off is usually 
canalised in  the public sewer systems. All this 
reduces the storage, buffering and transform ation 
functions of the soil, and has a strong im pact 
on groundw ater recharge and the quality and 
availability of surface water. The change in évapo­
transpiration is also a m ain contributor to the change 
of microclimatic conditions in cities.

Figure 3 .22  Built-up land in relation to 
population
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Figure 3 .23  Area affected by erosion
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Box 3 .9  Soil s e a l in g  and fo o tb a l l  f ie ld s

In 2000, th e  ra te  of increase in a re as  for s e t t le m en ts  and infrastructure in G erm any w as a s taggering 
130 ha per  day. This fell to 93 ha per  day in 2003 due  to economic conditions. S e t t lem e n ts  account for 
abou t 80 %  of this growth and t ranspo r t  infrastructure for the  remaining 20 %. About half of this a rea ,  
equivalent to eighty football fields per  day, is effectively sealed . In the  2002 Sustainability S tra tegy, 
the  Germ an go v ern m en t  se t  th e  ta rg e t  of reducing th e  increase of a re a s  for new se t t le m en ts  and infra­
s truc tu re  to a maxim um  of 30 ha a day by 2020.

Source: Federal G overnm ent  of Germany, 2003.

Sealing is prevalent in and around all major 
European dties and industrial centres (Box 3.9). 
A lthough the projected increase in urbanisation is 
fairly small in relative terms, the absolute am ount of 
additional built-up area is substantial (EEA, 2000). 
Traditionally, the urban  concentration of population 
took place in areas w ith  the m ost fertile soils (e.g. 
valleys, estuaries), at the expense of productive 
agricultural land. Today, in addition to urbanisation, 
tourism  and transport are major driving forces of 
soil sealing. Transport infrastructure, as well as 
leading to negative effects of sealing, is also the 
m ain contributor to increasing fragm entation of the 
landscape.

Between 1975 and 1990 the relative increase in 
urbanisation was highest on the Atlantic coast of 
France and around the M editerranean Sea (southern 
Spain, the M editerranean islands, southern France 
and Italy) (EEA/UNEP, 2000). The projected relative 
increase of settlements is highest in areas w ith low 
population density (Portugal, Sweden, Finland 
and Ireland). Moreover, the increase in built-up 
areas has far ou tstripped the grow th in population 
(Figure 3.22). In Europe, built-up area expanded by 
20 % during the past two decades, m uch faster than 
the population increase of 6 % (CEC, 2003).

Soil erosion is the removal of soil by w ind and 
water. This natural process is intensified by hum an 
activities, such as deforestation for agricultural 
purposes, changes in hydrological conditions, 
overgrazing and other inappropriate agricultural 
activities (see Box 3.10). Erosion can lead to soil 
degradation and eventually complete destruction. 
W ith a grow ing w orld population, increased 
pressures lead to a loss of an estim ated 10 million ha 
of fertile land per year. In Europe, around 26 million 
ha are subject to w ater erosion and about 1 million 
to w ind erosion (CEC, 2002).

The m ost severe w ater-related erosion occurs in 
southern Europe and central and eastern Europe

(Figure 3.23), due m ainly to intense seasonal 
rainfall, overgrazing and the use of inappropriate 
crops. The typical barren  lime hills of the 
M editerranean landscapes are in  m ost cases not a 
natural phenom enon, bu t a sign of hum an-induced 
degradation w hich was already reported  3 000 
years ago. The combination of climatic factors, steep 
slopes, thin vegetation cover and poor agricultural 
practice has led to constant soil thinning and 
decreasing soil productivity. In central and  eastern 
Europe, large state-ow ned farms have created huge 
areas of cropland w hich are often insufficiently 
protected against w ind and w ater erosion.

Soil contam ination is the hum an-induced deposition 
of harm ful substances w hich are not a product 
of natural accum ulation or soil formation. Many 
hum an activities, ranging from  m ining activities, 
industrial and agricultural production to road 
transport, result in pollution that can accum ulate in 
the soil or result in biological and chemical reactions 
in the soil. Soil contam ination can be localised (e.g. 
related to industrial sites) or diffuse (the result of 
deposition of a pollutant over a w ide area). The most 
com m on sources of local soil contam ination are:

• mines (e.g. disposal of tailings, acid mine 
drainage, catalytic reagents)

• industrial facilities (e.g. chemicals, heavy metals)
• military sites (e.g. fuels, m ilitary chemicals)
• waste landfills (e.g. leachate).

There is uncertainty about the risks posed by 
locally-contam inated sites (Figure 3.24). According 
to early investigations, the num ber of contam inated 
sites in  the EU-15 m ay range from  300 000 to 
1.5 m illion (EEA, 1999a). The accession of the 
new  M em ber States has further increased the 
uncertainty. C ontam ination from  point sources m ay 
lead to high risks to hum an  health  and  ecological 
functions. Toxic and  often persistent substances can 
enter w ater bodies, accum ulate in  the food chain or 
m ay be directly ingested  by anim als and  people.
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Figure 3 .24  Probable problem areas of local contam ination in Europe
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B ox  3 . 1 0  Land u s e  for agr icu ltu re

Agriculture u ses  soils and w ate r  as  a resource  for food production, and a t  the  sa m e  t im e im pacts th e se  
resources.  The impact of agriculture is d em o n s tra ted  by the  fact th a t  m ore land has  been converted  to 
cropland since 1945 than  in the  e igh teen th  and n ine teen th  cen turies  combined. The ex ten t  and causes  
of the  environm ental im pacts of agriculture, notably by farm and crop type ,  vary  significantly across  
Europe. N evertheless ,  th e  continuing search for efficiency, lower cos ts  and increased scale of production 
is resulting in substantia l p ressu res  on th e  environm ent,  landscapes  and biodiversity, particularly in the  
m os t  intensively farm ed areas .  At the  s a m e  tim e, agriculture rem ains essential to th e  m ain tenance  of many 
cultural landscapes.

Agricultural production th roughou t  th e  continen t continues to rely on non-farm resources  such as  inorganic 
fertilisers and pesticides. However, th e re  has  been a decline in the  use of th e se  resources  and, particularly 
in ea s te rn  Europe, a reduction in th e  p ressu re  on the  environm ent.  Recent shifts to environmentally-friendly 
production sy s tem s  are  a p p a ren t ,  for exam ple  to organic production or conservation tillage system s.
Organic farming covered abou t 4 %  of the  total agricultural a rea  of the  EU-15 in 2003. The deve lopm ent of 
certified organic farming in o the r  European regions still lags significantly behind this figure.

In te rm s  of resource  conservation , th e  m os t  im portan t im pacts of arable and livestock production are  
th o se  relating to soil erosion and nutr ient leaching, respectively. Soil erosion is particularly severe  in the  
M editerranean region and p ar ts  of ea s te rn  Europe, and increases  with th e  sh a re  of arable land of total land 
use , mitigated by physical background factors (slope, soil type, rainfall p a t te rn s)  and farming practices. 
Nutrient leaching is caused  w here  the  application of livestock m a n u re  and mineral fertilisers exceeds  
th e  nutr ient dem and  of crops. The highest nutr ient surp luses  are  found in a re as  of intensive livestock 
production, particularly in nor th -w este rn  Europe.

While agriculture can exer t  significant p ressu re  on th e  env ironm ent,  it is itself sub ject  to negative 
environm ental im pacts linked to air pollution and urban developm ent.  Soil sealing by t ranspo r t  or housing 
infrastructure elim inates m any thousand  hec ta re s  of agricultural land every  year, particularly in w estern  
Europe.
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Figure 3 .25  Soil contam ination by heavy m etals
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The energy sector is the m ain source of diffuse 
contam ination of European soil. The use of fossil 
fuels results in massive emissions of SO, and N O x, 
w hich was the m ain driving force behind the 
w idespread acidification of soil and w ater bodies in 
central and northern European countries. A lthough 
there has been considerable progress in combating 
SO, emissions, further emissions of NOx continue to 
cause acidification and eutrophication.

One specific example of soil contam ination occurs 
through the application of sewage sludge from

w astew ater treatm ent works handling effluent from 
industrial facilities.

Currently, less than  5 % of the EU farm land is 
treated w ith  sewage sludge, and m ost sludge 
contains only tiny am ounts of heavy metals.
While the nutrients in this sludge can im prove soil 
fertility in  the short term, the heavy metals m ay 
accumulate, potentially dam aging long-term  fertility 
(Figure 3.25). The im pacts will generally depend 
on the extent of heavy metal contam ination of the 
sludge.
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4 Policy responses

The sustainable use and m anagem ent of natural 
resources is a relatively new  issue on the policy 
agenda, w hich is clearly reflected in current policy 
responses. This chapter presents some of the m ain 
strategies and policies that have a major influence on 
the use of resources, and illustrates some challenges 
to policy integration. The role of resource economics 
and implications for competitiveness are also 
reviewed.

M anaging resources in a sustainable way has three 
different points of intervention: resource extraction 
or im ports, production and consum ption, and 
m anagem ent of wastes and  emissions, as illustrated 
in Figure 4.1 (Bringezu, 2002). Existing policy 
responses, such as the regulatory framework, 
economic instrum ents and various strategies, 
already target these intervention points, although 
a debate continues about which of the three points 
offers the best potential for im provem ent. There

is an em erging consensus that the m ost effective 
approach will vary depending on the particular 
resource and impacts being addressed.

A variety of policy instrum ents are used to 
m anage the use of resources. Some countries have 
in troduced raw  material taxes on the extraction of 
m inerals (sand, gravel, limestone, etc). Taxes on raw  
m aterials should provide an incentive to optimise 
the use of such resources. O ther policy instrum ents 
used to influence extraction include licences for the 
extraction of certain raw  materials and limits to the 
quantities extracted.

The integrated product policy (IPP) is an example 
of an instrum ent targeting the production and 
consum ption phase. The IPP aims to stimulate 
p roduct designs w ith  efficient use of raw  
m aterials in production, and perhaps increased 
recycleability of products. The directive on the

Figure 4 .1  Intervention points for sustainable resource m anagem ent
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S o u r c e :  Bringezu, 2002.
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energy perform ance of buildings focuses on 
energy efficiency. A nother example is the economic 
instrum ents used to m anage dem and for resources, 
w ith w ater pricing being a prim e example.

Examples of policy responses aim ed at the waste 
phase are em ission standards for waste treatm ent 
facilities, for example the landfill and incineration 
directives. O ther instrum ents are bans on the 
landfilling of certain wastes, and taxes on landfilling, 
both of which provide an incentive to recycle more 
waste.

A policy that targets the sustainable use and 
m anagem ent of natural resources should connect 
all three intervention points. Imports and exports 
of resources and goods are also im portant in this 
respect. In a globalised economy, resource inputs and 
waste outputs have global effects, which can result in 
shifting the burden from one region to another.

4.1 Examples of individual policies

The EU Strategy for sustainable developm ent 
and the 6EAP aim  to provide strategic guidance 
and ensure policy coherence, affecting all policy­
m aking in the EU. O n a m ore detailed level, various 
policy initiatives influence resource consum ption.
In general, one m ay distinguish betw een policies 
for tackling specific environm ental problem s 
(environmental policies), and policies w hich are 
not targeted specifically at environm ental issues 
(non-environm ental policies). The latter can often 
influence resource use m ore than  the former (e.g. 
common agricultural policy or transport policy).

Table 4.1 presents an overview  of a selection of 
environm entally-driven policy responses. The list 
is not exhaustive; rather, it is intended to present 
the broad array of policy instrum ents that affect 
resource use. In particular, it omits the large variety 
of non-environm ent al policy responses.

National strategies for sustainable developm ent 
have been developed in  m ost European countries.

However, the use of the term s 'resources' and 
'decoupling' is not consistent, and varies from  one 
country to another. Most countries form ulate their 
objectives in term s of resource efficiency, bu t only 
a few relate their objectives to various formulations 
of the 'carrying capacity' concept (NERI et al, 2004). 
Table 4.2 presents a selection of national objectives 
dealing w ith  the concepts of decoupling and Factor 4 
in EU M ember States.

The examples illustrate the disparity betw een the 
strategies, in term s of objectives, tim e-horizon and 
the level of specification. Targets are related to a 
baseline year, different in each case.

4.2 The challenges of policy integration

M any non-environm ental policies have an 
im m ediate or m edium -term  effect on resource use 
and its environm ental implications. Some examples 
include (CEC, 2003b):

• economic policy, w here the drive for economic 
grow th results in the use of resources;

• fiscal policy, w here the traditional approach of 
taxing hum an resources rather than  resource 
use has favoured increasing labour productivity 
over resource productivity;

• agricultural policy, w here the objectives of the 
com m on agricultural policy (CAP) are extending 
beyond agricultural productivity to integrate 
environm ental concerns for the sustainable use 
of w ater and soil;

• fisheries policy, w here the com m on fisheries 
policy (CFP) aims to provide coherent 
m easures for the conservation, m anagem ent 
and exploitation of living aquatic resources, 
including limiting the environm ental im pact 
of fishing in ways consistent w ith  other 
Com m unity policies;

• energy policy, w here one aim  is to ensure safe 
energy supply;

• transport policy, w here the use of land for 
transport infrastructure can, for example, lead to 
habitat fragm entation.
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Table 4.1 Policy responses, sustainable use of natural resources

Title Year o f  adoption Overall purpose Tools and m ea su re s
EU S t r a te g y  
for  s u s ta in a b le  
d e v e lo p m e n t

2 0 0 1 With r e s p e c t  to  s u s t a in a b le  u se  
of  r e s o u r c e s ,  to  'b r e a k  th e  links 
b e tw e e n  e c o n o m ic  g ro w th ,  t h e  u se  
of  r e s o u r c e s  an d  th e  g e n e r a t io n  of 
w a s t e '

I n t e g r a t e d  P ro d u c t  Policy to  r e d u c e  r e so u rc e  
u se  an d  th e  e n v i r o n m e n ta l  im p a c t s  of  w a s t e ;  
ins t i tu t ing  a s y s t e m  of r e so u rc e  p roduc t iv ity  
m e a s u r e m e n t ;  r ev iew  of su b s id ie s  in CAP and  
CFP

Sixth  e n v i r o n m e n t  
a c t ion  p r o g r a m m e

A d o p ted  2 0 0 2 :  
c o v e r s  2 0 0 1 - 2 0 1 0

S u s t a in a b l e  u se  of  na tu ra l  
r e s o u r c e s  an d  m a n a g e m e n t  of 
w a s t e .  C o n s u m p t io n  of  r e n e w a b le  
a n d  n o n - r e n e w a b le  r e s o u r c e s  
sh o u ld  n o t  e x c e e d  th e  carry ing  
c a p a c i ty  of  t h e  e n v i r o n m e n t .  
Decoupl ing  of  r e s o u rc e  u se  f rom  
e c o n o m ic  g ro w th

R e so u rce  efficiency 
D e m a te r ia l i sa t io n  of  t h e  e c o n o m y  
W a s te  p re v e n t io n
Delivery th r o u g h  th e m a t i c  s t r a t e g i e s  ( s e e  
below)

T h e m a t ic  s t r a t e g y  
on th e  s u s ta in a b le  
u se  of  r e s o u r c e s

E x p ec ted  a u t u m n  
2 0 0 5

Decoupl ing  of  e n v i r o n m e n ta l  
im p a c t s  of  r e s o u r c e  u se  f rom  
e c o n o m ic  g ro w th

( e x p e c te d )
G a th e r in g  k n o w le d g e  a n d  a c c e s s  to 
k n o w le d g e ;  dev e lo p in g  in d ica to r s  for  r e s o u rc e  
u s e ;  in te rn a t io n a l  p an e l  on d e co u p l in g ;  
na t io n a l  ac t ion  p lan s ;  s e c to ra l  ac t ion  p lan s

T h e m a t ic  s t r a t e g y  
on th e  p re v e n t io n  
a n d  recycling of 
w a s t e

E x p ec ted  a u t u m n  
2 0 0 5

Pro m o t io n  of  w a s t e  p r e v e n t io n  
P ro m o t io n  of  w a s t e  recycling 
Closing th e  w a s t e  recycling 
s t a n d a r d s  g ap

( e x p e c t e d / c o n s id e r e d )
REACH (c h e m ic a l s ) ;  w a s t e  m a n a g e m e n t  
p la n s ;  b e s t  ava i lab le  te c h n o lo g y ;  m a rk e t -  
b a s e d  in s t r u m e n t s ;  p r o d u c e r  r espons ib i l i ty ;  
p re sc r ip t ive  i n s t r u m e n t s  ( b a n s ,  o rd e r s )

Cardiff  p r o c e s s  
(Art.  6  of  t h e  EC 
T rea ty )

1 9 9 8 In te g ra t io n  of  e n v i r o n m e n ta l  
c o n c e r n s  into all C o m m u n i ty  
policies

E nergy :  e n e r g y  efficiency a n d  in c r e a se d  use  
of  r e n e w a b le  e n e r g y
A gr icu l tu re :  s u s t a in a b le  cu lt iva tion  p ra c t ic e s  
I n d u s t r y  ( n o n - e n e r g y  e x t r a c t iv e ) :  BAT 
d o c u m e n t ;  i n c r e a se d  u se  of  v o lu n ta ry  
in i t ia t ives

I n t e g ra t e d  
pollution 
p r e v e n t io n  an d  
con tro l  d irec tive  
(IPPC)

1 9 9 6 H a rm o n isa t io n  of  ru le s  for 
p e rm i t t in g  (h ighly  polluting) 
industr ia l  in s ta l la t ions ,  i.e. to  avoid 
e n v i r o n m e n ta l  d u m p in g

Technical  r e q u i r e m e n t s ;  p e r m i ts ;  BAT 
d o c u m e n t s ;  public a c c e s s  to  in fo rm ation

I n t e g ra t e d  
p ro d u c t  policy 
(IPP)

2 0 0 3
(C o m m u n ic a t io n )

Reduc t ion  of  t h e  n e g a t iv e  
e n v i r o n m e n ta l  im p a c t s  of  p r o d u c t s  
t h r o u g h o u t  t h e i r  l ife-cycle

( e x p e c t e d )
Life-cycle a s s e s s m e n t s ;  e n h a n c e d  
c o o rd in a t io n  an d  c o h e r e n c e  b e tw e e n  ex is t ing  
a n d  fu tu re  e n v i r o n m e n t - r e l a t e d  p ro d u c t  
policy i n s t r u m e n t s ;  fo cu s  on p ro d u c t s  with 
t h e  g r e a t e s t  p o ten t ia l  for  e n v i r o n m e n ta l  
i m p ro v e m e n t

E n v iro n m e n ta l  
te c h n o lo g y  
p la t fo rm s  (within  
ETAP)

2 0 0 4
(C o m m u n ic a t io n )

P ro m o t io n  of  t h e  d e v e l o p m e n t  an d  
in t ro d u c t io n  into se rv ice  of  new  
s u s t a in a b le  t e c h n o lo g ie s

R e s e a rc h ;  e s t a b l i s h m e n t  of  te c h n o lo g y  
p la t fo rm s ;  n e tw o rk in g  a n d  k n o w le d g e -  
s h a r in g ;  f u n d in g / f in a n c in g ;  a w a r e n e s s - r a i s in g

W a s te  f r a m e w o rk  
d irec t ive  (*)

1 9 7 5 P ro tec t ion  of  h u m a n  h e a l th  and  
th e  e n v i r o n m e n t  a g a in s t  harm fu l  
e f fe c ts  c a u s e d  bv w a s t e

W a s te  h ie ra rc h y ;  n e tw o r k  of  d isposa l  
ins ta l la t ions ;  w a s t e  m a n a g e m e n t  p lann ing ;  
p e rm i t t in g ,  r e g is t r a t io n ,  in spec t ion

Mining w a s t e  
d irec t ive

Proposa l  of  2 0 0 3 ,  
n o t  y e t  a d o p te d

I m p r o v e m e n t  of  s a f e ty  in mining 
w a s t e  m a n a g e m e n t  
P re v en t io n  of  soil an d  w a t e r  
pollution
Stab i l i ty  of  w a s t e  m a n a g e m e n t  
faci li ties

Minimum r e q u i r e m e n t s ;  o p e ra t in g  p e rm i ts ;  
w a s t e  c h a ra c t e r i s a t i o n ;  c lo s u re  p lans ;  
financial  s e cu r i ty

W a te r  f ra m e w o rk  
d irec t ive

2 0 0 0 P ro tec t ion  of  inland s u r f a c e  w a te r s ,  
t r a n s i t io n a l  w a t e r s  ( e s tu a r i e s ) ,  
c o a s ta l  w a t e r s  an d  g r o u n d w a t e r

M apping,  a n a ly s i s  an d  re g is t r a t io n  of  w a t e r s ;  
r iver  bas in  m a n a g e m e n t  p la n s ;  m o n ito r ing  
p r o g r a m m e s ;  r e c o v e ry  of  c o s t s  for  w a te r  
s e rv ic e s ;  p r o g r a m m e  of m e a s u r e s

C o m m o n  F isher ies 2 0 0 1  (G ree n Fishing th e  r igh t  a m o u n t ,  t h e  r ight R e g u la t io n s  on th e  a m o u n t  of  fish t a k e n
Policy (CFP) p a p e r )

2 0 0 2  (S t r a t e g y  
— a q u a c u l tu r e )  
2 0 0 2

(C o m m u n ic a t io n )

size a n d  th e  r ight  w ay  
S u s t a in a b l e  f isher ies

f rom  th e  s e a ;  s t r u c tu r a l  a d a p t a t i o n s  of  th e  
fishing a n d  a q u a c u l tu r e  in d u s t r i e s ;  c o m m o n  
o rg a n is a t io n  of  t h e  m a r k e t ;  f i sh e r ie s  
a g r e e m e n t s

F o re s t ry  s t r a t e g y A d o p ted  199 8  
C o v e rs  1 9 9 8 - 2 0 0 3  
Revis ion in 2 0 0 5

S u s t a in a b l e  f o re s t  m a n a g e m e n t C o m b a t in g  illegal an d  u n a u th o r i s e d  logging; 
cer t if ica t ion  of  s u s t a in a b l e  m a n a g e m e n t ;  
m o n i to r in g ,  EU ac t ion  plan  for  s u s ta in a b le  
f o re s t  m a n a g e m e n t

(*) In addition to  th e  w as te  fram ew ork directive, a n um ber  of directives add ress  specific w as te  s t r e a m s  or specific t r e a tm e n t  op ­
tions. Som e of th e s e  directives may be regarded as having a (direct/indirect) influence on th e  sus ta inable  use and m a n a g e ­
m en t  of natural resources :  directive on th e  restr ict ion of th e  use  of certain hazardous  su b s tan ces  in electrical and electronic 
equ ipm ent;  packaging w as te  directive;  ba t te ry  directive;  end-of-life vehicle directive; landfill directive.
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M any incentives built into those non-environmental 
policies have an impact on the life-cycle of individual 
resources. Construction minerals, land use and energy 
may serve as illustrative examples.

The environmental effects associated w ith the life­
cycle of construction minerals include the loss and 
fragmentation of natural areas and the subsequent 
loss of biodiversity, the emission of CO, due to the 
maintenance of buildings (heating), and the large 
am ount of construction and demolition waste. The 
m ain drivers of the use of construction minerals are 
the dem and for houses and infrastructure, and the 
prevailing material-intensive type of engineering.
Both are influenced mainly by non-environmental 
policies: economic (e.g. investment programmes), 
fiscal (e.g. tax reduction schemes for homeowners), 
social (e.g. rent subsidies), educational (e.g. curricula 
for engineers and architects), and transport policies 
(e.g. infrastructure planning). A study by the German 
Federal Environmental Agency (Buchert et al, 2003) 
showed that policy intervention to limit urban 
sprawl inciease the density of urban housing, and a 
preference for reconstruction of existing buildings 
rather than building new  houses on virgin land, had 
strong positive results for a variety of environmental

pressures, including reduced land use for houses 
and roads, decreasing energy use for heating and 
transport, and less consum ption of building materials.

Land is another resource for which policy incentives 
are scattered over a num ber of non-environmental 
policies, including the Trans-European Networks, 
the common agricultural policy (CAP), the N atura 
2000 network the Structural Funds (regional policy). 
However, there is no co-ordinated land use or spatial 
planning in the EU. Instead, Europe has a m ultitude 
of different spatial planning regimes at the national 
and regional levels. In Germany, for example, there 
are 16 different spatial planning regimes in the 
individual Länder.

Concerning the CAP and CFP measures, some 
experts argue that they have often contributed to 
overexploiting renewable resources and loss of 
biodiversity, rather than to safeguarding these. Finally, 
the use and m anagem ent of fossil-energy carriers are 
also affected by non-environmental policies, such 
as subsidies to coal mining. The role of subsidies 
has recently been gaining increasing attention in the 
context of stimulating certain patterns of resource use 
(Box 4.1).

Table 4 .2  National ob jectives concerning decoupling in Europe

Country Target Docum ent Date
Austria Increasing resource productivity 

by Factor 4
Austrian strategy for sustainable 
development

Endorsed by Austrian 
Council of Ministers 
on 30 April 2002

Belgium Decoupling natural resource use 
from economic growth

Federal plan for sustainable 
development 2004-2008

September 2004

Denmark Limit resource consumption to 
25 % of current consumption

Denmark's national strategy for 
sustainable development: A shared 
future — balanced development, the 
Danish government

August 2002

Germany Double energy and raw material 
productivity by 2020.

In the long term, achieve Factor 
4 improvement

German strategy for sustainable 
development

Passed by the Federal 
cabinet on 17 April 
2002

Ireland Progressive decoupling 
of economic activity from 
environmental degradation

Ireland's strategy for sustainable 
development: Department of the 
environment and local government

2002

Italy Reduce TMR by 25 % by 2010, 
75 % by 2030, and 90 % by 
2050

Environmental strategy action plan for 
sustainable
development, Ministry of
the environment and land protection

Approved by the 
Inter-ministerial 
Committee for 
Economic Planning on 
2 August 2002

Netherlands Dematerialisation by a factor 2 
to 4 in year 2030

Fourth national environmental policy 
plan

October 2001

Poland Reduce material intensity by 
40 % between 1990 and 2010

National environmental policy for 
2003-2006

December 2002

Portugal Reduce resource consumption 
by a factor of 1.5 in industrial 
companies

National strategy for sustainable 
development 2005-2015

July 2004
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The integration of environm ental concerns into 
non-environm ental policies is already a guiding 
principle of Com m unity policy. The Cardiff process 
aims to better reflect environm ental concerns in 
prom inent policy sectors such as agriculture, energy, 
transport and industry. The resource strategy will 
further em phasise the im portance of the integration 
of environm ental concerns into other policies that 
affect the environm ental impacts of natural resource 
use.

In addition, in 2001, the EU adopted the directive 
on the assessm ent on certain plans and program m es 
on the environm ent ('Strategic Environm ental 
Assessment') to ensure that the environm ental 
consequences of certain plans and program m es are 
identified and assessed during their preparation and 
before their adoption.

Below, three examples of challenges for policy 
integration are presented: energy, fisheries and 
land. The objective is to illustrate the considerable 
variation in the complexity of policy integration 
in these different areas rather than to review 
the complete range of policies that affect these 
resources.

Energy

The global and  environm ental dim ensions of 
resource use are both already reflected in the EU 
energy policy objectives.

The EU is strongly dependent on the supply of 
fossil energy carriers from  abroad: about half of the 
energy requirem ents are currently im ported. If no 
action is taken, external energy dependency and the 
related vulnerability is expected rise to m ore than 
70 %. The Com mission proposes to decrease energy

dem and and  harm onise energy taxation in a Green 
Paper (CEC 2000a). A num ber of m easures have 
been pu t in place, some successful, other less so. On 
the supply side, m ore efforts are needed to utilise 
the potential of renewable energy sources. O ther 
proposals include directives on electricity from 
renewable sources and  biofuels, an EU action plan 
on energy efficiency, and other measures.

A lthough the reduction of atm ospheric pollution 
from  energy use is one of the major success stories 
of European environm ental policy, it is due mainly 
to fuel substitution and the use of end-of-pipe 
technologies to abate selected pollutants, prim arily 
particulates and SO0. However, in the case of 
greenhouse gases, further efforts are necessary 
to decrease resource use in absolute term s (i.e. 
consum ption of fossil energy carriers) to reduce the 
environm ental impacts.

In the case of transport, it seems difficult to decouple 
CCf emissions from  transport, w hich are expected 
to rise (EEA, 2001) if no further action is taken. First 
experiences in Germ any (Kloas et al, 2004) indicate 
that higher transport costs through eco-taxation can 
help to dim inish transport growth.

The EU is switching from  coal to the relatively 
cleaner natural gas, bu t after 2010 no further 
switching is expected. Furtherm ore, some nuclear 
installations will retire. If this is not com pensated by 
energy saving m easures and a switch to renewable 
energy sources, their share will be sim ply replaced 
by fossil fuel plants, and increases in carbon dioxide 
emissions. Projections of future energy dem and 
im ply that the grow th rate of prim ary energy from 
renewable sources needs to m ore than  double to 
attain the EU indicative target of 12 % by 2010 (EEA,
2002). A major barrier to the introduction of clean

B o x  4 .1  ' P e r v e r s e ' s u b s id ie s

Many non-environm ental subsidies have a significant influence on th e  use  and consum ption of resources. 
The scale of subsidies can be s taggering : for exam ple ,  governm en t  subsidies paid to the  agricultural sectors  
of OECD countries between  2001 and 2003 averaged  m ore than  USD 324 billion annually, or one third of 
th e  global value of agricultural products in 2000. Annual subsidies to conventional energy, which encourage  
g re a te r  use of fossil fuels and consequen tly  em issions of g ree n h o u se  g ases ,  are  es t im a ted  to have been 
USD 2 5 0 -3 0 0  billion in th e  m id-1990s.  O ther  sec to rs  w here  subsidies are  com m on include water, fisheries, 
and forestry  (Millennium A ssessm en t  Report 2005).

Som e econom is ts  and policy ana lys ts  argue  th a t  subsidies in a re as  such as  agriculture, regional 
deve lopm ent,  ene rgy  supply and t ran sp o r t  have an inadver ten t  negative (hence 'perverse ')  effect on 
resource  consum ption and the  related environm ental effects. Som e participants in the  policy d e b a te  argue  
th a t ,  in the  f ram ework of a general review of subsidies,  only subsidies th a t  lead to negative environm ental 
im pacts should be ta rg e ted ,  ra the r  than  those  leading to an increased consum ption of resources .  Further 
work is needed  to ana lyse  th e se  'perverse  subsidies ' in m ore detail.
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energy is the inertia of energy infrastructure, which 
has a veiy long life-span.

The common fisheries policy

A lthough the m ain objective of the current reform  
of the CFP is sustainable resource m anagem ent, 
sustainable use and m anagem ent of fish stocks have 
not yet been achieved. In coastal fisheries, only a 
few stocks are m anaged in a sustainable way and 
even fewer are m anaged in a way that gives their 
m axim um  sustainable yield — the guiding principle 
of the United Nations Law of the Sea Convention.
As a result, European fish stocks and  m arine 
ecosystems are overexploited, and the economic 
value of the industry is far less than  w hat it could be.

Since fisheiy is based on natural resources w ith 
their ow n limits, continuous grow th of ou tput from 
the industry is not possible. However, sustainable 
resource m anagem ent and changes in the structure 
of the fishing fleet could result in an industry 
w hich is competitive, less polluting, and offers vital 
em ploym ent for coastal communities.

M anaging fish stocks sustainably implies that as 
fish stocks fluctuate, the capacity of the fishing 
fleet should be adapted  to the changing size of fish 
stocks. In lean periods, catches should be reduced in 
order to avoid irreversible harm  to fish populations. 
It appears that a major obstacle to a transition 
tow ards m ore sustainable m anagem ent of fish 
stocks is often the micro-economic situation of the 
European fisheries. Large, capital-intensive fishing 
vessels tend  to be less flexible as there is often a 
constant economic pressure to pay interest on bank 
loans, and yet it is these large ships that have the 
highest capacity for catching and processing fish. As 
a result, waiting for stocks to grow  is m ost expensive 
for the large, efficient bu t capital-intensive fishing 
fleets. Hence they continue to overfish even though, 
for m ost stocks in European waters, there w ould be 
a long-term  economic gain in letting stocks and fish 
grow.

Since 1 January 2003, the EU has had  a reform ed 
common fisheries policy, w hich partly takes the 
above factors into consideration. The m ain changes 
are:

• A long-term  approach: until now  measures 
concerning fishing opportunities and related 
m easures have been taken annually. U nder the 
new  CFP, the objectives and m easures will be set 
w ith  a long-term  perspective.

(13) CEC, 1999.

• A new  policy for the fleets:
- a fleet policy that places the responsibility for 
m atching fishing capacity to fishing possibilities 
w ith the M ember States;
- a phasing-out of public aid to private investors 
for m odernising fishing vessels, while upholding 
aid to im prove security and working conditions 
on board.

• H arm onisation of national control systems and 
sanctions throughout the EU, and an extension 
of the Com mission inspectors' powers.

• Stakeholder involvement: Regional advisoiy 
councils (RACs) will be created, in which 
fisherm en and scientists will be joined by other 
stakeholders.

Land use

In the current institutional setting of the EU, there 
is little or no prospect of a coordinated transition 
tow ards sustainable use and m anagem ent of land. 
Competences are scattered across local, regional, 
national or European levels, and am ong different 
sectors. Examples of C om m unity policies which 
im pact land  use include the Trans-European 
Networks, the com m on agricultural policy (CAP), 
the N atura 2000-network and Structural Fund 
interventions.

There is no coordinated land use or spatial 
planning in the EU. A lthough the European Spatial 
Observatory N etw ork (ESPON) was created to 
ensure a degree of coordinated m onitoring of spatial 
developm ent, the planning and im plem entation 
of land use policies are still largely dom inated by 
sectoral policies. A bout 80 % of European land is 
used either for forests (36 %) or agriculture (44 %). 
This m eans that sectoral policies related to forestry 
and agriculture are m ost im portant for a sustainable 
use and m anagem ent of land.

Agriculture is strongly influenced by direct 
C om m unity interventions in the fram ework of 
the CAP. Agriculture can be an im portant factor 
behind land degradation. For example, it can 
contribute to land contamination, soil compacting, 
nutrient leaching and  erosion. While agriculture has 
historically contributed to increasing biodiversity, 
the intensification of production has p u t substantial 
pressure on habitats. Since the 1992 CAP reform, 
the EU has gradually m oved away from  supporting 
productivity increases tow ards direct paym ents for 
farmers w ho provide different kinds of services (13) 
including sustainable rural developm ent and the 
protection and  im provem ent of agricultural land
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and biodiversity. By decoupling m ost of the direct 
paym ents from  production, the pressure resulting 
from  intensive agriculture is expected to decrease.

Mobility and urbanisation are other powerful 
drivers of changing land use patterns, bu t the 
EU has no direct policy competence in urban 
developm ent or infrastructure planning, w here the 
onus is on national authorities. The Com m unity 
policy m ost relevant to the developm ent of 
settlements and infrastructure is the regional policy, 
bu t there is currently little prospect for changing 
cohesion policies so as to dramatically decrease 
further sealing and fragm entation of European 
landscapes. Better integration of land use issues in 
the EU regional policy is a challenge which is still far 
from  being m et w ith appropriate measures.

4.3 Resource economics and the role of 
prices

The 5th environm ent action program m e (Council 
Regulation 93/C 138/01) coined the phrase 'getting 
the prices right'. The economics-driven approach 
em phasised the role of prices:

'Economic valuation can help economic agents to 
take environmental impacts into account when 
they take investment or consumption decisions.
Where market forces are relevant, prices shotdd 
reflect thefidl cost to society of production and 
consumption, including the environmental costs.
. ..In  order to get the prices right and to create 
market-based incentives for environmentally 
friendly behaviour, the use of economic and fiscal 
instruments will have to constitute an increasingly 
important part of the overall approach. The 
fundamental aim of these instruments will be to 
internalise all external environmental costs during 
the whole life-cycle of products from source through 
production, distribution, use and disposal, so that 
environmentally friendly products will not be at a 
competitive disadvantage in the market place vis-à-vis 
products which cause pollution and waste. '

In the case of natural resource use, this general 
economic approach reflects findings in resource 
economics to some degree. Hotelling (1931) 
and El Serafy (1989) form ulated fundam ental 
principles im plying that the price of an exhaustible 
resource should cover extraction costs (including a 
reasonable re tu rn  for em ployed capital as income) 
as well as a com ponent that can be re-invested in 
renewable resources, in order to generate a steady 
flow of income in the long term. The income

from  non-renewable resource exploitation w ould 
then gradually be replaced by income from  the 
use of renewable resources (see also Daly and 
Townsend, 1993), while their reduced stock w ould 
be com pensated for by increases in the use of 
renewable resources. The higher prices w ould 
give an incentive to substitute a non-renewable 
resource w ith other alternatives, and to develop 
new  technologies, just as it makes recycling of waste 
m ore worthwhile.

Resource economics theories suggest that the 
functioning of the m arket should be the most 
im portant determ inant of sustainable resource 
m anagem ent. According to theory, resource use 
w ould be sustainable if:

• correct prices are applied to resources;
• an economic rent is im posed on privately- 

operated extractions;
• the external costs of all stages of resource use are 

internalised;
• sufficient competitiveness is ensured;
• all 'perverse' subsidies are removed.

Ideal theoretical conditions, however, hardly  apply 
to real markets. The 'Hotelling/El Serafy rule' 
assum es fully competitive markets, w here prices 
respond swiftly to any scarcity of natural resources. 
In reality, real m arket prices are often distorted by 
subsidies and taxes. Exploitation and  extraction 
of natural resources is one of the m ost heavily 
subsidised sectors w orld-w ide (Box 4.4), and under 
those conditions, prices and price changes do not 
necessarily signal scarcity as the theoiy w ould 
assume.

Furtherm ore, analysing the economics of m ineral 
extraction, Reynolds (1999) pointed out that 
im proved extraction technologies and processes 
lead to lower prices, despite increasing resource 
scarcity. This m ight lead to m arket participants' 
expectation of continuing low  prices for natural 
resources. Actors expect low  prices because they 
are used to them, and because prices are shaped by 
different factors, not just physical scarcity of supply 
(Box 4.2). However, after a long period of fairly 
stable prices, price increases m ay rapidly become 
very steep or even come as a shock resulting from 
delayed adaptation of markets. M arket actors w ould 
need interpretative devices to form ulate appropriate 
strategies.

Technological change in resource-transform ing 
industries is another explanatory factor in 
resource markets, w hich are usually characterised 
by high capital intensity, and require long and
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expensive R&D for any change to take place.
M arket coordination is often undertaken through 
contracts am ong firms, rather than  by free 
com petition (see e.g. iron and steel markets). 
Generally, an increm ental change is preferred, 
m aking substitution of one material by another 
rather difficult. Moreover, due to already-m ade 
investm ents in a technology, inertia exists in 
the choice of resource use. Hence, firms m ay be 
'trapped ' and find it difficult, if not impossible, to 
shift tow ard other resources (Arthur, 1989; and 
Walker, 2000). An example of this m echanism  is the 
choice of videocassette standards. The Beta system  is 
believed to have been a better system, bu t VHS were 
m ore successful in their licensing practices, and the 
VHS is now  the m ost w idespread system  (Margolis, 
2005). Thus, w ith  the video cassettes at hom e of the 
VHS type, the consum er is likely to choose VHS 
again w hen buying a new  video recorder.

Further dow n the resource chain, diffusion of 
innovation processes and  changing patterns of 
consum ption require time to take effect. Quite 
often, radical change requires a transform ation of 
infrastructures. M arket diffusion of new  m otor fuels, 
for instance, depends on filling stations. Alternative 
vehicle technologies (such as fuel cells based on 
hydrogen) need some tw enty years of R&D before 
they can m eet consum er dem ands. While these 
characteristics do not prevent m arkets from  slowing 
extraction of know n reserves, w hen scarcity of 
supply becomes serious, they m ay prevent m arkets 
from  switching to another technology (Bleischwitz,
2003).

A possible approach w ould be to create incentives 
for innovation and change tow ards sustainable 
resource m anagem ent. This is well in line w ith the 
Environm ental technology action plan, ETAP (CEC,

2004b), bu t w ould need to be accom panied by other 
incentives and a broader view  of natural resources 
as a whole.

4.4 Implications for competition

Critics of strong environm ental protection and 
the sustainable use of resources argue that the 
im plem entation of environm ental policies is costly, 
complicated, and harm s competitiveness. If the 
m ain response to policy requirem ents is to resort 
to end-of-pipe m easures, this will indeed increase 
costs. However, a coherent policy response can also 
have positive economic effects. Im proving resource 
efficiency is a w in-w in opportunity  (14), w hich 
can help to im prove competitiveness and increase 
em ploym ent at the same time.

This is not to suggest that there will not be some 
difficult decisions to make, or that environm ental 
protection should be seen as an engine for jobs. 
However, there is evidence that environm ental 
policies, if properly form ulated, need not have 
overall negative impacts on em ploym ent. 
M eanwhile, the integrated 'greening' of commonly- 
used products and services, such as fuel-efficient 
cars or household appliances, zero-emission 
buildings, renewable energy technologies, or other 
innovations as yet unknow n, should im prove 
resource efficiency, decrease environm ental impacts, 
and still provide the services required.

4.4.1 The Lisbon Strategy

At the sum m it in Lisbon in M arch 2000, the 
European Council declared the new  strategic goal 
for 2010: the European U nion should become 'the 
m ost competitive knowledge-based economy in the

Box 4 . 2  R e so u r c e  pric ing and w a t e r  c o n s u m p t io n

The right price signals, including ta x es ,  tradab le  perm its,  or subsidy reform, can be a very  effective tool for 
improving resource  efficiency and influencing consum ption pat te rns .  The basic prem ise  is th a t  the  costs  of 
environm ental im pacts should be factored into th e  price of products and services , and th a t  this will quickly 
and strongly influence consum ption. For exam ple ,  th e  introduction of full-cost w ate r  pricing in a n u m b e r  of 
EU countries has  significantly reduced w ate r  use  per  capita , particularly in th e  household sector. However, 
few countries have m a n ag e d  to im plem ent full cos t-recovery  pricing for irrigation w ate r  because  of political 
obstacles.  The use  of incentive pricing in the  m a n a g e m e n t  of resources  is even less com m on, although it is 
a fairly w idespread tool for dem and  m a n a g e m e n t  in electricity supply.

(14) Som e exper ts  warn tha t  in most  cases,  th e  easy  win-win opportunit ies  have a lready been realised, and th e  ones  tha t  have not are  
th o se  w here  the re  would be so m e  losers (e.g . with subsidy reform, th e  env ironm ent and th e  economy overall may win, but a t  the  
ex p en se  of em ploym ent  in th e  agriculture  or mining sectors).
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w orld w ith  sustainable economic grow th and more 
and better em ploym ent opportunities and greater 
social cohesion'.

The new  vision presented at the Lisbon sum m it 
was com plem ented by quantitative targets and 
timetables. The structural indicators chosen to 
m onitor socio-economic progress have become a 
central instrum ent of political control in the EU. 
According to the Feira European Council in June 
2000, the European Com mission is to table a so- 
called 'Synthesis Report' for each Spring Council, 
based on the structural indicators and benchm arks 
(Box 4.3). The Commission and the Council have 
also established a central indicator-based m onitoring 
and reporting tool for political decision-making and 
assessment (CEC, 2004a).

In February 2005, a m id-term  review  of the Lisbon 
Strategy was published (15), concluding that 
'... Europe is far from  achieving the potential for 
change that the Lisbon Strategy offers'. The key 
approach of the renew ed Lisbon Strategy, spelled 
out in the docum ent 'Working together for grow th

and jobs — a new  start for the Lisbon Strategy' is to 
focus efforts around two principal tasks: delivering 
stronger, lasting grow th and creating m ore and 
better jobs.

Critics of the revised Lisbon agenda note that 
the im portance of the environm ent has declined, 
and argue that the sustainable use of resources 
is of value in  its ow n right. However, the revised 
proposal clearly recognises that:

'. ..lasting success for the Union depends on 
addressing a range of resource and environmental 
challenges which if left unchecked will act as a 
brake on future growth. This goes to the heart of 
sustainable development. ... Europe must rise to this 
challenge and take the lead in shifting towards more 
sustainable patterns of production and consumption.
... Moreover, by getting more output from given 
inputs, innovation leading to productivity growth 
can also make a significant contribution to ensuring 
that economic growth is increasingly environmentally 
sustainable. This is why eco-innovations need to be 
strongly promoted, notably in transport and energy. '

B ox  4 . 3  Spring r e p o r ts  and s tru ctura l in d ica tors

In Novem ber 2000, th e  Commission and th e  Council ag reed  on a preliminary list of 35 indicators, based 
on a Council decision of March 2000 (CEC, 2000). The result p resen ted  to the  2002 Council in Nice is, 
according to the  Commission, a com prehensive  su m m ary  of th e  m os t  im portan t perform ance indicators.

The structural indicators will be used to:

• m onitor p rogress  in achieving the  identified ta rg e ts  and implementing policies;
• a s s e s s  the  effectiveness of the  policies.

In March 2001, th e  Stockholm European Council expanded  the  scope of the  structural indicator se t 
from purely socio-economic objectives to also cover sustainability. In particular, the  h ead s  of s ta te  and 
go v ern m e n ts  were  in terested  in the  possible contribution th a t  the  environm ent technology sec to r  could 
m ake  to promoting growth and em ploym ent.

Since the  Stockholm m eeting ,  the  a re a s  of in te rest for th e  syn thes is  repor ts  are:

• em ploym ent
• innovation
• economic reform
• social cohesion
• environm ental a sp ec ts  of susta inab le  developm ent.

On the  whole, the  Spring reporting highlights the  different d im ensions of European integration and can 
th u s  help to increase policy coherence. A com prehensive  overview is also necessa ry  given the  considerable 
expansion of th e  EU into very  h e te ro g en e o u s  regions. Also within this framework, the  susta inab le  use  and 
m a n a g e m e n t  of natural resources  could be m onitored by the  Lisbon S tra tegy, using indicators based  on 
material flows. This view is supported  by a recen t OECD Council recom m enda tion  on material flows and 
resource  productivity (OECD, 2004).

(15) h t tp : / /e u ro p a .e u . in t /g ro w th a n d jo b s / in d e x _ e n .h tm .
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G iven the Lisbon Strategy's objectives of 
im proving com petitiveness, ensuring  grow th, 
and  creating jobs, it is crucial to dem onstrate 
how  sustainable m anagem ent of resources can 
contribute to the revised  objectives of the Lisbon 
Strategy.

There are tw o obvious areas w here the Lisbon 
Strategy and  the em erging resource strategy 
'intersect': em ploym ent in eco-industries and 
increased com petitiveness th rough  cost-saving.

4.4.2 Employment in eco-industries

E uropean eco-industry is already highly 
com petitive on the global m arket, and  it is one of 
the few  sectors w here the original Lisbon objective 
of becom ing globally com petitive and  ensuring 
high em ploym ent seem  to have been achieved.

Eco-industries are defined as (16) '...activities w hich 
produce goods and  services to m easure, prevent, 
limit, m inim ise or correct environm ental dam age 
to water, air and  soil, as well as problem s related  
to waste, noise and  eco-systems. This includes 
cleaner technologies, products and  services that 
reduce environm ental risk and  m inim ise pollution 
and  resource use'. Broadly, eco-industries can be 
d iv ided  into three categories:

• Pollution m anagem ent: air-pollution control, 
w astew ater treatm ent, w aste m anagem ent, 
rem ediation and  clean u p  of contam inated 
land  and  water, noise and vibration control, 
environm ental analysis and  assessm ent, 
environm ental research and  developm ent, 
environm ental adm inistration  (public sector), 
and  environm ental m anagem ent (private 
sector);

• C leaner technologies and  products: cleaner or 
m ore resource-efficient technologies, processes 
and  products;

• Resource m anagem ent: potable w ater treatm ent 
and  distribution, recycled m aterials, renew able 
energy plants, and  nature protection.

Direct em ploym ent in  EU-15 eco-industries already 
exceeds 2 m illion, including around  1.5 m illion 
jobs in  pollu tion m anagem ent and  some 650 000 
in resource m anagem ent. The eco-industry 's share 
of total em ploym ent in  the EU-15 is about 1.3 %. A 
high-end estim ate of total em ploym ent generated  
by the dem and  for environm ental goods and 
services is a round  4 m illion jobs (Ecotec, 2002).

In 1999, the estimated value added by eco-industries, 
based on direct labour costs, was about EUR 100 
billion, an increase from EUR 35 billion in 1994. 
Investment in eco-industries in the EU-15 each year 
total some EUR 54 billion, with subsequent benefits 
for construction, capital goods industries and 
associated services (Ecotec, 2002).

Growth rates in EU-15 eco-industries are high. 
According to the US Departm ent of Commerce 
(Ecotec, 2002), the annual growth rate of eco-industries 
in western industrialised countries in 1998/1999 was 
between 7 % and 9 %. Moreover, the growth of this 
sector seems to continue even at times of economic 
stagnation. In Germany, for example, the Federal 
Statistical Agency has confirmed an eco-industry 
grow th of 3.7 % during 2001, while overall economic 
grow th was only 0.8 %. Exports by German eco- 
industry  in that year grew  by an impressive 19.3 %.

The EU, along with the US and Japan, is among the 
global market leaders for eco-products and services, a 
fast-growing global market of about EUR 550 billion 
per year (Ecotec, 2002). 85 % of the world market 
for eco-products and services is dom inated by the 
USA, the EU and Japan, and the EU-15's share of eco- 
products and services accounts for about one third of 
the still growing w orld market.

Overall, global dem and for European environmental 
products and services is increasing. Europe could 
profit from the transfer of technology and know­
how, by exporting both traditional end-of-pipe 
environmental technologies and eco-effident p roduds 
and services. The dem and for resource-effident 
p roduds and services is likely to increase due to the 
global growth of resource use, and will be strongest 
in the areas of fossil energy resources and renewable 
energy technologies. Due to the long-term scardty 
of crude oil, resource-effident p roduds, such as 
fuel-effident m otor vehides, and renewable energy 
technologies such as w ind turbines, are also well 
positioned to gain importance on global markets. 
Weizsäcker et al. (1997) and Schmidt-Bleek (2004) 
have shown m any examples of p roduds and services 
where resource savings of up to a Fador 10 are 
attainable.

Finally, it is expeded that the expansion of the EU 
eastwards, which extended the environmental acquis 
communautaire to ten new  countries with a combined 
population of 110 million, will stimulate growth in the 
now  'domestic' EU eco-industry sedor. Subsequent 
expansion of the EU will further support this trend.

(“ ) According to th e  OECD/Eurostat (1999),  The Environmental Goods and Services Industry  — Manual for Data Collection and 
Analysis, ECOTEC, 2002.
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4.4.3 Increased competitiveness through cost savings

Better m anagem ent of m aterials and energy 
conservation can offer significant potential for cost 
savings. In m any m anufacturing sectors the cost of 
m aterials and energy is m uch higher than  labour 
costs. Increasing the efficiency of resource use will 
directly im prove competitiveness.

In order to rem ain competitive, industry 
continuously strives to increase its energy and 
m aterial efficiency. M ethods of increasing m aterial 
efficiency include 'design for competitiveness' which 
aims at reducing customers' costs by m odifying 
design specifications, and 'zero-loss m anagem ent' 
which is a budgeting approach aim ed at reducing 
m aterial and energy losses. These have been 
effectively applied in a variety of industries. The 
two m ethods together are estim ated to be able to 
increase m aterial efficiency by 20 % (Fischer, 2003).
In general, opportunities for cost savings are largest 
for w ater and non-renewable resources for w hich 
prices are already relatively high.

A lthough there is little systematic research in 
this field, some statistical evidence shows that 
im proving resource and energy productivity can be 
a better way of increasing overall macro-economic 
competitiveness than  focussing on labour costs.
For example, the cost structure of m anufacturing 
industry  in Germ any (Table 4.3) shows that 
materials and energy m ake up  some 35-50 % of total 
costs for companies, w ith labour costs constituting 
only about 20 %, and other costs (including 
depreciation) m ake up  another third. While the 
situation will vary from  sector to sector and country 
to country, data from  Eurostat's NewCronos for the 
EU-25 confirm that labour costs in m anufacturing 
constitute some 20 % (or even less) of total costs.

Table 4 .3  Cost structure in se lected  econom ic sectors, Germany

Economic sector Material c o s t s  Labour c o s ts Other c o s ts
Share of gross output (%)

Manufacturing industry 
including:

41.5 21.4 37.1

- Food production 49.9 15.0 35.1

- Chemical industry 35.1 19.5 45.4

- Metal production and processing 52.3 19.9 29.8

- Car manufacturing 52.0 18.6 29.4
Construction 26.5 32.9 40.6

Note: Material costs include th e  cost of m aterials  and energy. Labour costs include costs involving tem porary  em ployees .  Other
costs  include industrial services e.g . w as te  m a n a g e m e n t ,  depreciation, data  processing, consultancy and m em bersh ip  fees. 
Data for 2000.

Source: G erman Federal Statistical Agency, 2003.

Figure 4 .2  Labour productivity, material 
productivity, and energy  
productivity, EU-15, 1 9 6 0 -2 0 0 2
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Note: Labour productivity: GDP per  annual  working hours
(1999 USD (converted a t  EKS PPPs) per  hour);  
material productivity: GDP per  domestic  mater ial  
consumption (DMC) (EUR per kg); energy productivity: 
GDP per  total  primary energy  supply (TPES) ( thousand 
1995 USD per toe) .

Sources: Groningen Growth and Development Centre  and The 
Conference Board, Total Economy D atabase ,  2004; 
EUROSTAT/IFF, 2004; IE A, 2001; Federal Statistical  
Office, 2003.

As a result, im proving m aterial efficiency clearly 
deserves m ore attention as a key to reducing costs 
and increasing competitiveness.

Despite the potential for im proving material 
and energy productivity, m ost macro-economic
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B ox 4 . 4  S u s ta in a b i l i ty  and a n e w  e c o n o m ic  d e v e l o p m e n t  m o d e l

The curren t  model of deve lopm ent s e e m s  to be ex trem ely  inefficient in using the  primary production 
factors ,  labour and na tu re :  'The serious economic and social problem s the  Com munity currently  faces 
a re  the  result of som e fundam enta l  inefficiencies: an 'under-use '  of th e  quality and quantity  of the  labour 
force, com bined with an 'over-use '  of natural and environm ental resources .  ...The basic challenge of a 
new economic deve lopm ent model is to reverse  the  p re se n t  negative relationship between  environm ental 
conditions and the  quality of life...'

Source: CEC, 1993.

restructuring and  fiscal reform  program m es tend 
to focus on reducing labour costs. However, labour 
productivity is already high, having im proved by 
m ore than  270 % over the past four decades as a 
result of social security and tax schemes, which 
have concentrated m ainly on income taxes, m aking 
labour relatively m ore expensive than  resources. In 
the same period, the productivity of energy and raw  
m aterials increased by m uch less, 100 % and 20 % 
respectively (Figure 4.2).

While this m ay be partly explained by the high share 
of services in developed economies, it is mainly 
the m anufacturing sector w hich is under pressure 
to im prove competitiveness, since m anufactured 
products (machinery, m otor vehicles, chemicals, etc) 
are traded  on global markets. Services, in contrast, 
are traded  m ainly on dom estic m arkets (public 
adm inistration, health services, public transport, 
etc.) and are therefore less exposed to global 
competition.

Figure 4.2 dem onstrates that one way of achieving 
the competitiveness target of the Lisbon Strategy 
could be to focus not only on im proving labour

productivity, bu t also strongly on resource and 
energy productivity, as suggested in the revised 
Lisbon Strategy.

A recent study  set ou t to m odel the effects of 
dem aterialisation on economic grow th  and  the 
state budget in  Germany. It concluded that if 
m aterial and  energy savings w ere re-invested 
in  research and  developm ent and  engineering 
strategies, 2.3 % GDP grow th, an  additional 750 
thousand  jobs, and  decreased public spending  on 
social welfare could be achieved (Fischer et al,
2004). This is a pow erful conclusion in  support of 
the sustainable use of resources, and  m ore w ork 
should  be undertaken  to test and  verify these 
findings in  o ther countries.

In sum m ary, economic policies could be designed 
to give m ore incentives to increasing the 
productiv ity  of m aterials and  energy, ra ther than  
focusing on  increasing labour productivity, w hich 
usually  results in less em ploym ent. This conclusion 
is not new; it had  already been recognised in  the 
early 1990s in  the 'Delors w hite paper on grow th, 
com petitiveness and  em ploym ent' (Box 4.4).
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5 Outstanding questions

While the need to develop a coherent and efficient 
policy for ensuring a m ore sustainable use of 
resources is accepted by all those involved, 
stakeholders have not always agreed about priorities 
and the best way to address the problems. This 
chapter presents some of the issues w hich have 
proved both im portant and controversial during the 
policy debate in recent years.

Relative decoupling versus 
dematerialisation

This is one area w here there has been m uch 
discussion about the very basics of the policy 
approach. Should the policy focus on achieving 
relative decoupling of economic grow th from 
the environm ental impacts of resource use, 
following the 'knowledge-based approach'? After 
all, material use is not an evil per se, and some 
stakeholders argue that there m ay be cases w here 
total m aterial use has gone up  w ithout an increase 
in environm ental im pacts (e.g. the use of certified 
tropical timber, w here overall consum ption has gone 
up, bu t the impacts have decreased).

O ther experts believe that society should strive for 
a general dematerialisation, and that a sustainable 
resource policy ought to prom ote an absolute 
reduction in  the use of resources. The advocates 
of this approach argue that it w ould be m ore 
in line w ith the precautionary principle and 
intergenerational equity.

There is already some evidence that an absolute 
reduction in  resource use is likely to be accom panied 
by less impact. A recent study prepared for the 
Commission concluded that the higher the resource 
use, the higher the associated im pact potentials, and 
this has been observed at the aggregate level for 
European countries over the past decade (van der 
Voet et al, 2004).

There is no easy or 'correct' answer to this 
dilemma. There is indeed a distinction between 
relative decoupling and absolute reduction of

impacts. Absolute decoupling can be achieved: one 
example is the phase-out of lead from  gasoline, 
w ith  dram atically reduced lead emissions despite 
increases in transport. However, a m uch more 
com m on situation is that emissions of pollutants 
(pressures) continue to grow.

It has been suggested that such a preventive 
'dem aterialisation approach' is a good addition to 
the focus on impacts. The two approaches are not 
contradictory, and can com plem ent each other.

Focus on environmental impacts or 
scarcity of resources

The European Com mission has em phasised that 
the policy focus of the resource strategy should 
be on decreasing environm ental impacts rather 
than  on the scarcity issue (COM (2003) 572). The 
Com mission presented several reasons w hy the 
scarcity of non-renewable resources m ay not be of 
im m ediate concern: in recent years, the increase in 
the docum ented reserves of resources has outpaced 
their consum ption; reliably confirmed reserves are 
only a fraction of total physical reserves w hich could 
be m ade available; and there is a large potential 
for im proving resource efficiency and recycling 
of m aterials. Moreover, substitution of resources 
could make scarcity less im portant, at least for 
certain m aterials. In theoiy even the scarcity of oil 
m ay not be a problem  in the long term, if other 
energy sources are developed that produce energy 
at a competitive price and w ith less environm ental 
impact.

A nother argum ent is that the focus on 
environm ental impacts rather than resource 
consum ption will enable growing economies to 
expand. The use of resources w ould continue to 
grow, bu t w ould be m ore efficient from  both  an 
economic and an environm ental point of view 
(for example through technology transfers and 
'leap-frogging'). This probably can be achieved, 
even though it will require considerable efforts to 
decouple im pacts from  resource use.
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However, some stakeholders do not fully agree w ith 
the idea of putting the issue of scarcity of resources to 
one side, because of concerns for inter-generational 
equity or their preference for the precautionary 
principle. They also note that there are no 'one size 
fits ali' solutions — for some resources, such as fossil 
fuels, fisheries and land, scarcity m ay be a m uch 
bigger issue than for materials such as iron, water, 
or timber. For instance, oil and gas, and indeed coal, 
are vital raw  materials for the chemical and other 
industries and it m ay be far harder to substitute for 
this than for their energy use.

Measuring environmental impacts

Focusing policy on the environm ental impacts 
of resource use m ay well be the best and most 
pragm atic approach. However, some participants in 
the policy debate stress that there are m any practical 
limitations that should be kept in m ind w hen 
choosing such an approach. Few reliable or well- 
tested m ethods and tools are currently available for

m onitoring the decoupling of economic grow th from 
the environm ental impacts of resource use, or even 
for reliably m easuring the environm ental impacts of 
resource use (Box 5.1).

First, there is the question of how  to estim ate the 
environm ental im pacts of resource use. Most 
resources are used to produce m any kinds of 
products, w ith  different life cycles and impacts 
at different stages of their life. For example, how  
can one com pare the environm ental impacts 
of extraction of construction materials (e.g. air 
pollution, waste generation) w ith  those of the roads 
w hich are constructed from  them  (e.g. air pollution, 
soil sealing, noise, or landscape fragmentation)? 
Work to develop tools for calculating im pacts is 
already going on under the auspices of the European 
Commission, OECD, and national program m es, but 
there are still m any open questions regarding the 
choice of methodology.

Second, w hatever results are produced, there will 
always be uncertainties associated w ith them. Most

Box 5 .1  R e so u r c e  u s e  and e n v ir o n m e n ta l  im p a c ts

Environmental im pacts a re  typically g rouped  into several impact ca tegories ,  including:

• acidification
• climate change  and global warming
• ecotoxicity
• hum an toxicity
• eutrophication
• photochemical ozone formation ( su m m e r  sm og)
• s tra tospheric  ozone depletion.

The relationship between  resource  use  and environm ental im pacts is not well unders tood  and docum ented .  
A recen t Commission s tudy  (CEC, 2004d) noted th a t  consolidated advice on priorities for policy 
deve lopm ent are  limited by the  'persisting w ea k n esse s  in environm ental impact a s s e s s m e n t  models'.

Except for the  impacts directly related to resource  extraction, th e re  are  only a few instances w here  a 
causal relationship between  a specific resource  use and its environm ental im pacts can be dem ons tra ted .  
They include global warming and th e  acidifying effect of the  consum ption of fossil fuels, and hea lth -re la ted  
im pacts of metal refining.

Concerning indicators, no single ag g re g a te  m e asu re  or index is ye t  available for ' im pacts  of use of natural 
resources . '  CEC 2004d no tes  th a t  ' the im m edia te  possibilities th e  (currently  available) s tud ies  offer to 
es tablish direct links betw een  indicators of resource  use  and indicators of environm ental im pacts are  more 
limited and additional research  is required to explore such links.'
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environmental pressures have long-term impacts, and 
current knowledge of how  the release of substances 
affects the environm ent may not be sufficient to assess 
the impacts in fifty or a hundred  years, and new 
impacts m ay be discovered. For example, the damage 
caused by CFCs to the ozone layer was completely 
unknow n barely thirty years ago. Some experts 
therefore argue that, in the absence of universally- 
agreed scientific conclusions, the precautionary 
principle should be applied (see Box 5.2).

Third, the am ount of time needed to examine and 
measure, or estimate, the environmental impacts 
of resource use can be considerable. For example, 
depending on the m ethodology used and the 
resources being studied, it m ay take a long time 
to analyse all the impacts and reach conclusions 
on which resources lead to the highest impacts.
Such 'paralysis by analysis' can hinder effective 
policy intervention. It is im portant, and a major 
challenge, to achieve a broad level of acceptance 
and consensus among authorities, industry and 
consumers regarding the methodology and the 
conclusions. Some of these stakeholders have 
different interests, goals and incentives. For example,

w hen a resource or a product is identified as having 
high environm ental impacts, it should become 
a target for policy intervention which will have 
consequences for the industries and m anufacturers 
that use or produce it. The ongoing debate about 
the environm ental advantages of recycling paper, 
com pared w ith incinerating it or producing paper 
from  virgin material dem onstrates how  conflicting 
interests can lead to a protracted discussion about 
the 'optimal' approach.

In this context it is sometimes pointed out that 
reducing resource use in absolute term s will 
autom atically lead to fewer impacts, even if we 
do not know  precisely how  m uch a change in 
resource consum ption will change the resulting 
environm ental impacts.

Priority areas

Despite the m ethodological problem s presented 
above, the inform ation that already exists on the 
environm ental impacts of resource use can provide 
a starting point. Some experts (17) have suggested

B ox  5 .2  Late l e s s o n s  from  ea r ly  w a r n in g s

An EEA study  exam ined  fourteen  ca se s  w here  enough w as now known abou t the ir  im pacts to enable 
conclusions to be drawn ab o u t  how well th e y  were  dealt  with by go v ern m e n ts  and civil society. The aim was 
to se e  if anything could be learnt from th e se  cases  to help prevent,  or a t  least minimise, fu ture im pacts of 
o the r  ag e n ts  th a t  m ay turn out to be harmful, w ithout stifling innovation or compromising science. Twelve 
lessons em erged :

1. Acknowledge and respond  to ignorance, as  well a s  uncerta in ty  and risk, in technology appraisal and public 
policymaking.

2. Provide ad e q u a te  long-term environm ental and health  monitoring and research  into early warnings.
3. Identify and work to reduce 'blind spots ' and gaps  in scientific knowledge.
4. Identify and reduce interdisciplinary obstacles  to learning.
5. Ensure th a t  real-world conditions are  adequa te ly  accounted  for in regulatory  appraisals.
6. System atically  scrutinise the  claimed justifications and benefits  alongside the  potential risks.
7. Evaluate a range of a l ternative options for m eeting needs  alongside the  option under  appraisal,  and 

prom ote  m ore robust,  diverse and adap tab le  technologies so a s  to minimise the  costs  of surprises  and 
maximise the  benefits  of innovation.

8. Use 'lay' and local knowledge, as  well as  relevant specialist expertise  in the  appraisal.
9. Take full accoun t of the  as sum ptions  and values  of different social groups.
10. Maintain th e  regula tory  independence  of in te rested  parties  while retaining an inclusive approach  to 

information and opinion gathering.
11. Identify and reduce institutional obstacles  to learning and action.
12. Avoid 'paralysis by analysis' by acting to reduce potential harm when th e re  are  reasonab le  grounds  for 

concern.

Source: EEA, 2001.

(17) See  e.g . CEC, 2004d; Moll et al., 2004; van der  Voet et al., 2003 ;  Tukker et al., 2004.
(van der  Voet, E.; van  Oers,  L.; Nikolic, I., 2003: Weighting materials:  not ju s t  a m a t te r  of weight.  CML Report No. 160, Leiden: 
Leiden University, Centre  of Environmental Science).
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that the broad  production and consum ption areas 
of housing, mobility and nutrition are the ones m ost 
relevant from  an environm ental perspective. Other 
research, carried out as a pilot study for Germ any 
(Moll et al, 2004), identified eight 'final-dem and' 
product groups w ith large life-cycle-wide resource 
use and environm ental im pact potentials:

1. Construction
2. Food products and beverages
3. M otor vehicles, trailers and semi-trailers
4. Electricity, gas, steam, and  hot w ater supply
5. Basic metals
6. A gricultural products
7. Chemicals and chemical products
8. M achinery equipm ent.

Concerning m aterials, prelim inary research for the 
EU-25 and  the rem aining three accession countries 
(Bulgaria, Rom ania and Turkey) as a whole 
listed the ten m aterial categories w ith the highest 
environm ental impacts (van der Voet et al, 2004a). 
Both mass flows and impacts per unit w eight were 
taken into account by combining inform ation on 
m aterial flows and life cycle im pact assessment.

1. Anim al products
2. Crops
3. Plastics
4. Oil for heating and transport
5. Concrete
6. H ard  coal for electricity
7. Brown coal for eledricity
8. Iron and steel
9. Gas for heating
10. Paper and board.

The next m aterial categories on the priority list were: 
glass; oil for electricity; alum inium ; ceramics; gas for 
electricity; clay; lead; nickel; hard  coal for heating; 
and zinc.

The 2004 report on the environm ental im pact of 
resource use by the Joint Research Centre (CEC, 
2004d) identified eight 'core activities' as the cause of 
the largest share of major environm ental pressures 
from  hum an activities:

• C om bustion processes
• Solvent use
• Agriculture
• Metal extraction and refining
• Dissipative uses of heavy metals
• H ousing and infrastructure
• M arine activities
• Chemical industry.

Thus, some stakeholders argue that while 
recognising the need for a scientifically-proven input 
into the policy-making process, a general indication 
of priorities for action is already available.

The European Com mission recognises that m uch 
w ork in this field is under way in the research 
community, although the inform ation and results 
are w idely spread. In order to obtain adequate 
inform ation on environm ental impacts, the 
Commission has suggested that access to existing 
inform ation should be im proved by m aking it 
available from  a single place, a 'one-stop shop'.

Setting targets and measuring progress

The sustainable use and m anagem ent of natural 
resources is a relatively new  policy field. In the 
policy cycle, the first steps involve identifying and 
understanding the issues, problem s or concerns that 
are com m anding the attention of the Community, 
and then developing a policy response. The next 
steps involve analysing alternative options and 
setting targets.

Form ulation of a resource policy is at an early 
stage. G uiding principles such as decoupling, eco- 
effidency and resource p rodud iv ity  have already 
been introduced by the Johannesburg p lan of 
im plem entation, the EU sustainable developm ent 
strategy, and the 6th EAR However, those prindp les 
are fairly general in nature, and in addition to 
declaring strategic preferences, it m ay be necessary 
to form ulate concrete objedives and set m easurable 
targets.

A discussion is under way about how  to set 
appropriate targets and w hat they should be, and 
how  to m easure progress. Some stakeholders argue 
that we need to establish m easurable quantitative 
goals (e.g. based on aggregated indicators for energy 
use, raw  m aterial consum ption, or land use). Others 
feei that m ature and m ethodologically-sound irnpad  
indicators are needed before any targets can be set.

Indicators are needed to 'translate' the general 
guiding p rindp les into quantitative targets. No 
consensus has yet been reached on w hat such 
indicators should be, and different partidpan ts  in 
the policy process have different views. A set of 
aggregate material flow indicators (see Sedion 3.1) 
is available w hich could be used to m onitor 
overall resource use in the EU and M ember States. 
Aggregate indicators w hich m easure the potential 
irnpads of resource use rather than  the material 
flows are under developm ent, bu t not yet available
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(van der Voet et al, 2004). Ecological footprints and 
input/output-based NAMEAs (national account 
m atrix including environm ental accounts) are other 
examples of tools w hich have been proposed by 
the stakeholders. Some experts suggest that rather 
than  focusing on aggregated macro-level indicators, 
w hat is needed is a fram ew ork of indicators for 
specific sectors or resources (e.g. w ater abstraction), 
or a 'basket' of decoupling indicators, such as the 18 
indicators published by the UK in April 2005 (18).

It seems clear that the developm ent of indicators for 
resource use and m easuring decoupling of economic 
grow th from  environm ental im pacts of resource use 
should be high on the priority list in the fram ework 
of a future resource policy.

Shifting o f  environmental burdens abroad as a 
result o f global trade

On the global scale, resource use is set to increase. 
Some developing countries, such as China, will soon 
reach per capita resource use levels similar to those 
in industrialised w estern countries. The associated 
environm ental impacts of this increased resource 
use will also increase globally (e.g. emissions of 
greenhouse gases).

Countries possess different natural resources.
Some specialise in m anufacturing highly-processed 
products, even if their resource base is poor.
Such differences are the basis of global trade in 
commodities and the generation of income. However, 
they also m ean that m any resources are transported 
to other parts of the w orld w here they are consum ed 
or used as an input for the production of goods.
After consumption, wastes m ay be transported to 
yet other parts of the world, where they are disposed 
of or managed. As a result of this global trade, the 
environmental impacts of a particular product or 
resource m ay occur in several countries.

In m ost EU countries, the tren d  has been to reduce 
dom estic extraction of raw  m aterials and  m eet

the dem and  th ro u g h  increased im ports. At first 
glance, it m ay appear as th ough  consum ption  of 
resources in  the EU has decreased, and  indeed  
m any indicators do  show  such a 'relative' 
decoupling. H ow ever, the extraction of resources 
generates large am ounts of w aste and  causes 
environm ental im pacts w hich 'rem ain ' in  the 
exporting  countries. This m eans that, even if 
national statistics on consum ption  of resources 
show  declining figures, environm ental bu rdens 
m ay just have been shifted  to developing 
countries, w here labour m ay be cheaper and 
environm ental s tandards less strict.

Some stakeholders assert that this is a healthy 
example of m arket forces in action. If it is cheaper 
to im port steel than  to produce it domestically, 
im ported steel should replace national production. 
O n the other hand, environm entalists w arn that 
'relative decoupling' should not be achieved by 
'exporting' pressure abroad.

Perhaps the m ost succinct sum m ary of the open 
environm ental issues relevant to the Thematic 
strategy on resources was presented in the recent 
JRC-IPTS report on the environm ental im pact of the 
use of natural resources (CEC, 2004d). The report 
concludes that for effective policy developm ent, 
scientific inpu t to the resources strategy '.. .should 
be provided in close relation to parallel research and 
dialogue on:

• a precaution-based approach to a resources 
strategy building on existing knowledge;

• an approach based on the scarcity of resources in 
Europe and globally;

• an approach building on equality am ong the 
different parts of the world;

• the requirem ents of different m ethods of 
linking the state of the environm ent to resource 
consum ption (through m aterials, product 
groups, consum ption areas, etc);

• the abatem ent strategies used in cases of 
resources w here policies are already in place.'

(18) h t tp : / /w w w .d e f ra .gov .uk /env ironm en t/s ta t is t ic s /scp / index .h tm .
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Abbreviations and definitions

Apparent consumption

Decoupling (relative and 
absolute)

Dematerialisation

Direct material input (DMI) and 
domestic material consumption 
(DMC)

Eco-efficient products and

Eco-industry

Energy or material intensity

Environmental impacts 

Environmental pressures

Factor 4

Gross domestic product (GDP) 

Material (resource) use

Statistical term, with 'apparent' indicating that a given figure is a result of 
calculation including various factors and estimates. For instance, 'apparent 
consumption of steel' is calculated as domestic production of steel plus imports, 
minus exports. Estimates are used to convert processed goods containing steel 
(e.g. ships, cars) into steel weight equivalent.

Decoupling occurs if the growth rate of an environmental pressure is less than 
that of a given economic driving force (e.g. GDP) over a certain period. Relative 
decoupling occurs when an environmental pressure grows, but more slowly than 
the underlying economic driver. Absolute decoupling is when an environmental 
pressure decreases while the economy grows.

Defined by UNEP as 'the reduction of total material and energy throughput of 
any product and service, and thus the limitation of its environmental impact.
This includes reduction of raw materials at the production stage, of energy and 
material inputs at the use stage, and of waste at the disposal stage.'

Indicators that measure the input of materials (excluding water and air) which are 
directly used in the economy. DMI includes used domestic extraction and physical 
imports (mass weight of imported goods); DMC is DMI minus exports (mass 
weight of exported goods).

Products and services that prevent, limit, minimise or correct environmental 
damage to water, air and soil, as well as problems related to waste, noise and 
eco-systems. This includes cleaner technologies, products and services that 
reduce environmental risk and minimise pollution and resource use.

Defined by OECD/Eurostat (1999) as 'activities which produce goods and services 
to measure, prevent, limit, minimise or correct environmental damage to water, 
air and soil, as well as problems related to waste, noise and eco-systems. This 
includes cleaner technologies, products and services that reduce environmental 
risk and minimise pollution and resource use'.

Ratio of energy or material consumption to economic or physical output. At the 
national level, energy intensity is the ratio of total domestic, primary energy 
consumption or final energy consumption to gross domestic product or physical 
output.

Impacts on humans, ecosystems and economies resulting from changes in 
environmental quality.

The release of substances (emissions), physical and biological agents, the use of 
resources and the use of land. The pressures exerted by society are transported 
and transformed in a variety of natural processes to manifest themselves in 
changes in environmental conditions.

Refers to a hypothetical fourfold increase in resource productivity, brought about 
by simultaneously doubling wealth and halving resource consumption.

The total output of goods and services produced by an economy in a given period, 
usually a year, valued at market prices.

The use of raw materials by humans. Raw materials comprise renewables (e.g. 
agricultural biomass, fish, timber, etc.) and non-renewables (e.g. fossil fuels, 
industrial minerals, metal ores, construction minerals).
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Natural resources

Precautionary principle

Resource (material) productivity

Structural indicator

Total material requirement (TMR) 
and total material consumption 
(TMC)

The European Commission defines natural resources to include: raw materials 
(e.g. minerals, fossil energy carriers, biomass), environmental media (e.g. air, 
water, soil), flow resources (wind, geothermal, tidal and solar energy), and space 
(land use for human settlements, infrastructure, industry, mineral extraction, 
agriculture and forestry).

In this report, the term natural resources broadly covers raw materials, water, 
energy, and land.

Defined in EEA (1999) to permit a lower level of proof of harm to be used in 
policy-making whenever the consequences of waiting for higher levels of proof 
may be very costly and/or irreversible.

Defined as the efficiency with which energy and materials are used throughout 
the economy, i.e. the value added per unit of resource input, e.g. GDP divided by 
total energy consumption.

Structural indicators are used in the Commission's annual synthesis report to the 
European Council to show progress towards the Lisbon objectives. They cover the 
five domains of employment, innovation and research, economic reform, social 
cohesion and environment as well as the general economic background.

Indicators of resource use that take into account domestic material extraction and 
indirect flows associated with domestic extraction and imports (so-called 'hidden 
flows' tha t do not directly enter the domestic economy). TMR includes used and 
unused domestic extraction, imports, and indirect flows associated with imports; 
TMC subtracts exports and indirect flows associated with exports from TMR.
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