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Preface

Eurostat is actively developing environmental accounts linked to national accounts. In many areas of
environmental accounting we have already developed frameworks and statistical manuals and published
numerical results (see overleaf for a list of Eurostat publications in the field of environmental accounting).

Eurostat is working on economy-wide material flow accounts and balances as part of the work to develop
environmental accounts. Economy-wide material flow accounts provide aggregate descriptions of the
material flows through economies. Important indicators of material use and material efficiency can be derived
from these accounts. The Statistical Offices of several Member States have already started to compile
economy-wide material flow accounts and balances.

In March 2001, Eurostat published a guidebook entitled ‘Economy-wide Material Flow Accounts and
derived Indicators — A Methodological Guide’ (Office for Official Publication of the European
Communities, Luxembourg). This Guide provides a framework and practical recommendations for
establishing material flow accounts and balances and for deriving a set of physical indicators for a whole
economy. It offers harmonised terminology, concepts and a set of accounts and tables for implementation.

This Guide also offers help to compilers on the types of accounts to be implemented first, on data sources
and methods and on the interpretation of the derived indicators. Compilers are encouraged to base their
work on the concepts and classifications presented in the Guide.

This Working Paper presents the results of work undertaken by the Department of Social Ecology of the
Institute for interdisciplinary studies of Austrian Universities (IFF) for the European Commission’s Directorate
General for the Environment and Eurostat. The Working Paper provides estimates of a set of material-related
indicators for the EU-15 and per Member State for the period 1980-2000. The Working paper also
documents the data sources and methods used for establishing the data set from which the indicators were
derived.

The data set presented in this Working Paper is based on an initial estimate for 1980-1997 produced by the
Wuppertal Institute for the Directorate General for the Environment and for Eurostat. Eurostat published this
initial estimate in 2001 (‘Material use indicators for the European Union, 1980-1997’, Working Paper No.
2/2001/B/2). The new 1980-2000 data set is a revision, update and expansion of this initial estimate.

The work on economy-wide material flow accounts is continuing at Eurostat. The focus is on refining and
regularly producing material flow data sets and indicators of resource use for EU-15 as well as advancing the
interpretation of the indicators and the analytical uses of the accounts.

Brian Newson
Head of Unit B1
National accounts methodology,
statistics of own resources
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Material Use in the European Union, 1980-2000 Part | — Results and Analysis

PART | - RESULTS AND ANALYSIS

1. Introduction

Since the notion of sustainability began to gain influence in the environmental discourse a decade ago, the
features of this discourse have changed remarkably. The focus moved from the output side of the production
system to a complete understanding of the physical dimension of the economy. In this view, the economy
was conceptualised as an activity, as a process of extracting materials from nature, transforming them,
keeping them as society’s stock for a certain amount of time and, at the end of the production-consumption
chain, disposing of them again in nature. It has been recognised that environmental problems can arise at
every step in this process. Furthermore, it has been understood that not only problematic substances but
also problematic amounts of matter set in motion by society’s activities result in environmental problems.

These insights have induced new approaches to environmental accounting, in particular material flow
accounting, which focuses on the ,physical economy* in a comprehensive and integrative manner. Economy-
wide material flow accounts (MFAs) are consistent compilations of the overall material throughput of
economies. MFAs cover their focal subject completely and allow for extensive and flexible secondary
analysis as well as for the compilation of aggregate summary indicators.

For some years now, Eurostat and the Member States have been developing economy-wide material flow
accounts (German Federal Statistical Office 1995, 2000, Schandl at al. 2000, Gerhold et al. 2000,
Muukkonen 2000, Isacsson et al. 2000, DETR/ONS/WI 2001). Two international co-operations on material
flow accounting under the leadership of the World Resources Institute (Adriaanse et al. 1997, Matthews et al.
2000) and the publication in 2001 of ,Economy-wide material flow accounts and derived indicators - a
methodological guide* (Eurostat 2001b) were major steps towards methodological harmonisation.

The European Environmental Agency (EEA) published first estimates of aggregate material indicators (TMR
and DMI) for the EU in its indicator report ,Environmental signals 2000" (EEA 1999). The Wuppertal Institute
produced a first estimate of aggregate material use in the EU covering the period 1980-1997 for Eurostat
and DG Environment (Eurostat 2001a). The report ,Environmental signals 2002 - Benchmarking the
millennium* (EEA 2002) includes data on TMR for 1980-1997. An indicator for material consumption is
included in the 2001 UN CSD List of Sustainable Development Indicators.

The objectives of this report are:

(1) to present the results of the revised and updated 1980-2000 version of the initial 1980-1997 economy-
wide material flow account for the European Union compiled by the Wuppertal Institute (Eurostat
2001a).

(2) to take a first step towards identifying factors that explain the differences and changes in material use
at an aggregate as well as detailed level, cross-country and cross-time.
(3) to describe the data sources and procedures applied, and to explain and justify the revisions made.

The indicators for material use that were compiled include:

. Domestic extraction (DE): all materials (biomass, fossil fuels, minerals) extracted
for use in a country,

" Direct material input (DMI): DE plus imported materials,

" Domestic material consumption (DMC): DMI less exported materials

" Physical trade balance (PTB): materials imported less materials exported

(synonymous with net imports or net trade).

The key goal of this revision and update was to improve data quality and comparability for the indicators
considered most important and most developed in terms of data quality and meaningfulness for policy at
present. These are DMC, DMI, and PTB (see Eurostat 2001b). TMR (Total material requirement), DPO
(domestic processed output), and NAS (net additions to stock) were not compiled for the new estimate.
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2. Accounting methods and revisions

The initial 1980-1997 data set (Eurostat 2001a) has been updated to the year 2000 and partly revised or
newly compiled, including some revisions of the historical time series®. The applied methods are compatible
with the Eurostat methodological guide for economy-wide MFA (Eurostat 2001b). In the following we briefly
summarise the accounting methods applied. For a detailed report of the data problems identified, the
procedures applied, the revisions made and a detailed comparison between the revised and the initial
estimate, please see Part Il — Sources and methods.

Domestic extraction (DE)

Domestic extraction of biomass from arable land and permanent crops, including by-products and ,grazing,"
was newly compiled for all countries except for the following countries, where comparable data from national
material flow accounts (nMFAs) were already available: Austria (Schandl et al 2000, Gerhold and Petrovic
2000), UK (DETR/ONS/WI 2001, revised and updated by ONS 2002), and Finland (Muukkonen, 2000,
updated 2000 by llmo Méaenpaa, Mika Pirneskoski). In comparison to the initial data set, the main changes
refer to an updated and revised primary data set from FAO (FAOSTAT 2001), new protocols to correct
statistical breaks in the fodder categories of the primary FAO data set, new protocols to calculate ,grazing“,
new coefficients to calculate used by-products not covered by FAO statistics, and revisions of national MFAs
from Sweden (Isacsson et al. 2000) and Germany (German Federal Statistical Office 1995, 2000). Biomass
DE from forestry and fishery was updated using the same protocol as in Eurostat 2001a. The main data
source was the FAOSTAT 2001 CD-ROM.

For calculating DE of fossil fuels we used data from nMFAs for all countries and years available and data
from the previous data set (Eurostat 2001a) for all other countries and all years available. Data for those
years not covered by nMFAs and by the previous data set (Eurostat 2001a) were estimated according to the
same protocol as in Eurostat 2001a, using the IEA-OECD Energy Statistics of OECD Countries CD-ROM,
except for Austria, where we used national data sources.

DE minerals were updated according to the same protocol as in Eurostat 2001a, with USGS (United States
Geological Survey; www.usgs.gov) and UN-ICSY (UN 1999) as data source. A number of specific revisions
of the historical time series were made to correct for double counting (Spain), lack of data (Greece), and
flaws in the primary data sets (wrong dimension, implausible estimates by USGS, and revisions by USGS).
The latter correction for flaws in primary data sets applies to Italy, Ireland, Denmark, and Portugal. Data from
nMFAs were used for all countries and years available. For those years not covered by nMFAs we estimated
DE of minerals according to the above mentioned protocol and data sources and adjusted the level to the
nMFAs.

Foreign trade

The compilation of imports and exports is based on data from the Eurostat database COMEXT (Eurostat
1992, 2001c), which contains all intra- and extra-EU trade data for each EU Member State following the HS-
CN classification.

COMEXT covers only EU Member States. National foreign trade data from nMFAs were used as far as
possible to cover the years prior to accession. As national data are not subdivided into intra- and extra-EU
trade, we used the ratio of intra/extra EU trade of the year of accession to the EU for all years prior to
accession. For Portugal and Spain 1980-1985, Greece 1980, Sweden 1980-1986, and the former GDR
1980-1990 we estimated foreign trade data using the ratio between the trade volume of the Member State
and that of the EU as a whole in the year of accession. (The foreign trade estimate for the former GDR was
not actually included in the data set due to the high uncertainties surrounding this estimate. For detail see
Part Il — Sources and methods.)

! An extension of the time series backwards was postponed, mainly due to the workload and costs associated with the compilation of
physical import and export data for the years prior to accession (see Part Il — Sources and methods, section 7).
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Checks of the compiled data set for statistical breaks resulted in a number of specific corrections using
alternative data sources. The breaks have been investigated and corrected on a four-digit level. Corrections
of COMEXT data apply to the Netherlands for 1997-2000 based on information from the national statistical
agency and the IEA-OECD, to Denmark for 1980-1990 based on IEA-OECD data, and to Ireland for 1991
and 1996 based on monetary trade data.

Aggregation

In contrast to the previous data set in the revised version, a disaggregation of the material flows into four
categories (namely biomass, industrial minerals and ores, construction minerals, fossil fuels) had to be kept
at the highest level of aggregation (i.e. DE, imports, exports, DMI, DMC, PTB). A consistent allocation of
material flow data to either construction minerals or to industrial minerals and ores could be applied for DE,
using the distinction proposed in Eurostat 2001a. For foreign trade however, a consistent allocation to either
construction minerals or industrial minerals/ores was not possible on a two-digit level (i.e. 99 categories). As
construction minerals have very low monetary values per unit of weight, they are usually extracted locally to
minimise transport costs. Assuming that construction minerals in foreign trade flows are small, we allocated
all mineral trade flows to the category industrial minerals and ores. This means that DMC and DMI values for
industrial minerals and construction minerals taken separately are somewhat less reliable than DMC and
DMI for the whole minerals category.

Integration of national MFAs

Major efforts were made to achieve a consistent integration of national MFAs into the data set: With the help
of the Member States available MFAs from national statistical offices were checked for compatibility with the
Eurostat guide and comparability with our estimates based on international databases. We discussed
biomass accounting with the UK ONS, the German Federal Statistical Office, and the Swedish statistical
office. The ONS updated and revised the UK MFA accounts including the grazing estimates. In the case of
Germany we established a protocol to consistently attribute FAO categories to the corresponding categories
in the German national statistics (BMELF 1993, 2000) and compiled an account of DE of biomass from FAO
and BMLF (1993, 2000) for the years 1990-1999 in accordance with the German statistical office. This
account is compatible to the nMFA of the German Federal Statistical Office (1995, 2000) and the Eurostat
(2001b) guide. In addition we estimated 1980-1989 and 2000, based on UN, USGS, IEA/OECD, FAOSTAT
2001, COMEXT, and Eurostat 2001a. As the Swedish national MFA was compiled using a different method
for the biomass account, we calculated DE of biomass for Sweden for the whole period of time according to
a protocol consistent with that of other EU countries, based on data from FAOSTAT 2001. We extended all
other categories for the time periods not covered by the Swedish national MFA, using the same procedures
as the Swedish statistical office. For Finland we estimated only the year 2000, using UN, USGS, IEA/OECD
etc. as data sources. We updated the Austrian nMFA for the years 1998-2000 using the same protocols and
data sources as Statistics Austria.

Impacts of the revisions

These revisions had a substantial impact on the levels of key indicators and a minor impact on the trends.
The differences between the revised and initial data set are summarised in Table 1 for the year 1997 (the
last year of the initial estimate — see Eurostat 2001a). The most substantial revisions refer to Ireland, Spain,
and Sweden, three countries with large fractions of biomass extraction compared to overall resource use.
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Table 1: Comparison of DMC for 1997 according to the initial and the revised estimate

Initial estimate (WI) Revised estimate (IFF) Difference
million tonnes million tonnes in DMC
tonnes ECUkg per capita | tonnes ECUkg per capita in %

EU 15 7 025 0.98 18.82 5810 1.18 15.56 -17%
Austria 158 1.18 19.58 154 1.21 19.05 -3%
Belgium, Luxembourg 193 1.23 18.23 182 1.30 17.20 -6%
Denmark 145 1.00 27.49 130 1.12 24.66 -10%
Finland 182 0.60 35.46 173 0.63 33.63 -5%
France 1062 1.15 18.27 881 1.39 15.16 -17%
Germany 1696 1.13 20.68 1518 1.27 18.52 -10%
Greece 191 0.50 18.21 144 0.66 13.70 -25%
Ireland 147 0.41 40.25 85 0.71 23.32 -42%
Italy 791 1.09 13.77 695 1.25 12.09 -12%
Netherlands 240 1.41 15.42 225 151 14.47 -6%
Portugal 124 0.72 12.48 141 0.63 14.19 14%
Spain 868 0.55 22.08 577 0.83 14.68 -34%
Sweden 242 0.78 27.36 165 1.15 18.64 -32%
United Kingdom 925 1.00 15.70 712 1.29 12.10 -23%

3. Main results of the 1980-2000 estimate

3.1. Structural Features of the European Union

The European Union currently comprises 15 Member States?, 9 of which were already members of the Union
in 1980. The past two decades have seen three phases of accession: 1981 (Greece), 1986 (Portugal,
Spain), and 1995 (Austria, Finland, Sweden). With the German reunification in 1990 the former GDR also
became a part of the European Union. Table 2 and Figure 1 summarise main structural features of the EU
and its Member States and compares them to Japan and the US. All figures refer to the year 2000.

% For data reasons, Luxembourg and Belgium are treated as one entity. Our analysis therefore considers only 14 separate countries. In
the following analysis EU-15 refers to the aggregate of all current 15 Member States, regardless of the actual composition of the EU in
the year in question.
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Table 2: Structural parameters of EU-15, EU Member States, Japan and US, 2000

Population GDP per GDP/capita

Population Area GDP* TPES** density capita 1980-2000
[1000] [km?2] [billion euro] [ktoe] [capita per [euro per [% increase]
km?] capita]

EU 15 376 462 3242601 7502 1444 116.1 19 928 47%
Austria 8 103 83 858 204 28 96.6 25202 48%
Belgium, Luxembourg 10 675 33114 262 62 3224 24 540 49%
Denmark 5330 43 094 157 20 123.7 29 475 41%
Finland 5171 338 145 127 33 15.3 24 591 56%
France 58 749 551 500 1 356 255 106.5 23078 40%
Germany 82 163 356 978 2 056 337 230.2 25021 44%
Greece 10 554 131 957 106 27 80.0 10 069 22%
Ireland 3777 70273 82 14 53.7 21593 169%
Italy 57 680 301 318 921 169 191.4 15961 43%
Netherlands 15 864 41526 380 74 382.0 23964 48%
Portugal 10178 91982 100 24 110.7 9786 72%
Spain 39 733 505 992 539 118 78.5 13555 63%
Sweden 8 861 449 964 212 51 19.7 23976 38%
United Kingdom 59 623 242 900 1001 230 245.5 16 787 55%
Japan 126 919 377 829 4342 335.9 34212 58%
us 275423 9363520 6 894 29.4 25029 55%

*GDP is at constant 1995 prices
*TPES: Total Primary Energy Supply according to IEA Energy Balances refers to 1999
Sources: Eurostat New Cronos (Population EU, GDP, Area), OECD 2002a (Population JP, US); OECD 2002b (TPES),

In terms of area France is the largest country in the EU (551 500 kmg?), followed by Spain (505 992 km2) and
Sweden (449 964 km?), Belgium is the smallest (30 528 km2). In 2000 Germany was the largest country in
terms of population (82.2 mio), followed by the UK (59.6 mio), and France (58.7 mio). Ireland with a
population of 3.8 mio is the smallest country. The most densely populated country in the EU is the
Netherlands (382 capita/km?). With 15.3 capita/lkm? Finland is on the other end of the scale with respect to
population density.

The volume of economic activity in absolute terms (measured as GDP) is largest in Germany (2 056 billion
euro), followed by France (1 356 billion euro) and Italy (1 001 billion euro), and is smallest in Ireland (82
billion euro). Denmark was the Member State with the highest per capita GDP (29 475 euro per capita in
2000). Portugal is the country with the lowest per capita income (9 786 euro per capita in 2000).

The highest growth of per capita GDP from 1980 to 2000 could be observed in Ireland (169%). Greece had
the lowest GDP/capita growth over the whole period (22%). In the same period total growth of population
ranged from 2% in Italy to 13% in the Netherlands.

Japan and the US are, besides the EU, two of the largest and most influential economies at the global scale.
A comparison of main structural parameters between the EU and Japan and the US reveals that in terms of
total area the US is by far the largest of the three socio-economic systems. It is almost 3 times the size of the
EU and 25 times the size of Japan, which covers about the territory of Germany. In terms of population,
though, the EU is largest, its population being 1.3 times the size of the US and 3 times the size of Japan.
Japan is therefore by far the most densely populated country (336 cap/km3), followed by the EU (116
cap/km?), while the US is rather sparsely populated (30 cap/km32). In terms of the volume of economic
activity, the EU equals the US and is 1.7 times larger than Japan. Japan, with a per capita GDP of 34 212
euro, is significantly wealthier than both the US (24 496 euro per capita) and the EU (19 928 euro per
capita). From 1980 to 2000 the United States had the fastest growing economy (real GDP growth of 88%),
followed by Japan (72%) and the EU (56%).
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The EU, the US, and Japan together cover an area of 13 mio km?, have a population of 784 million

inhabitants and produce a GDP of 18 738 bhillion euro.

Figure 1: Structural parameters of EU-15, EU Member States, Japan and the US, 2000
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3.2. Main results: the European Union's resource use

Domestic Material Consumption (DMC) amounted to 5.9 billion tonnes and Domestic Material Input (DMI) to
6.3 billion tonnes in 2000 (see Table 3). In 2000 Germany had by far the largest share of total DMCgy.15
(25%), followed by France (15.3%), Italy (12.3%), the UK (11.7%) and Spain (11.3%). All other countries had
a share of between 1.5% and 3%.

Table 3: Material flow parameters and indicators of the EU-15 countries, 2000.

GDP DE Imports DMI Exports DMC PTB

[billion

euro] [1000 t]
EU 15 7502 4892338 1415845 6308183 419241 5888942 996 604
Austria 204 119 145 65 394 184 539 38 143 146 396 27 251
Belgium, Luxembourg 262 118 049 253301 371350 193 637 177713 59 664
Denmark 157 119 234 44 959 164 194 43 238 120 955 1721
Finland 127 164 995 53 856 218 851 34984 183867 18871
France 1356 761 731 338973 1100 704 199 873 900831 139100
Germany 2056 1231254 506 130 1737 384 273524 1463860 232606
Greece 106 137 936 52 985 190 921 23 309 167 612 29 676
Ireland 82 69 892 30 856 100 748 11 492 89256 19364
Italy 921 514 618 328 877 843 495 118 309 725185 210568
Netherlands 380 135 540 282 804 418 344 212 528 205817 70276
Portugal 100 109 725 50 639 160 365 15 452 144 913 35 188
Spain 539 538 580 221 005 759 585 94 870 664 716 126 136
Sweden 212 190 723 59 853 250 576 61 409 189 168 -1 556
United Kingdom 1001 680 915 208 875 889 790 197 012 692 778 11862

Source: New Cronos (GDP is in constant 1995 prices)

In terms of material consumption, the three most important countries of the EU-15 (Germany, France and
Italy) together have a share of 52% of DMCgy.15 While they cover 37% of the territory of the EU, are inhabited
by 53% of the population and produce 58% of the GDP of the EU.

Figures 2a and b compare the development of GDP and population with the development of DMC, DMI and
material efficiency. The EU-15 showed a steady growth in population and GDP between 1980 and 2000:
population grew by 6% from 355 to 376 million and GDPgy._15 grew by 55% from 4 808 to 7 502 billion euro
(at constant 1995 prices). Negative growth in GDP occurred only from 1992 to 1993.
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Figure 2a: Development of population and GDP, DMC, DMC per capita
and material efficiency of DMCgy.15, 1980 = 100%
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Figure 2b: Development of population and GDP, DMI, DMI per capita
and material efficiency of DMIgy_15, 1980 = 100%
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DMCgy.15 (Figure 2a) and DMIgy.15 (Figure 2b) show a rather modest increase (of 2.7% and 5.0%
respectively) between 1980 and 2000. Over the whole period the development of material use indicators
does not show a homogenous trend. Using DMC trend as leading indicator®, four phases can be
distinguished: Phase 1: (1980-1983) characterised by constant decrease of DMC (total change —6.8%,
average annual change rate: -2.1%), phase 2 (1983-1989): constant increase of DMC (total growth 11.2%
average annual growth rate 2%), phase 3 (1989-1993): constant decrease of DMC (total change —8.2%,
average annual change rate: -1.9%), phase 4 (1993-2000): decreases and increases alternate (total growth
5.1%, average annual change rate 0.7%). As a result DMCgy.15 in 2000 was similar to DMCgy.35 in 1980.

® Development trends and annual growth rates of DMI are very similar to those of DMC.
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Table 4: Phases of development of DMC and GDP in the EU-15

Phase 1 Phase 2 Phase 3 Phase 4

1980-1983 1983-1989 1989-1993 1993-2000
DMC
total change in % -6.8 11.2 -8.2 5.1
average annual change in % 2.1 2.0 -1.9 0.75
range of annual change rate -39to-1.1 09to4.5 -0.6t0 -3.6 -1.0t0 4.0
GDP
total change in % 2.7 16.2 5.9 16.5
average annual change 0.9 2.8 1.9 2.2
range of annual change rate 0.12t0 1.8 241t04.2 -0.4t0 3.2 16to 3.4

This pattern of DMC development seems to be closely linked to GDP development. Phase 1 covers a period
of recovery from the late 1970ies recession and average annual GDP growth rate was beyond 1% in the
period 1980-1983. From 1983 to 1989 annual GDP growth rate was constantly above 2.4%, average annual
growth rate was at 2.8%. After 1989 annual GDP growth rates constantly declined from 3.4% in 1990 to
—0.4% in 1993, the recession year. On average annual growth rate was below 2% in the period 1989-1993.
The forth phase (1993-2000) was marked by a recovery from the 1993 recession and again a period of
higher economic growth (average annual growth rate 1993-2000 above 2%).

Constant annual decrease in material consumption (i.e. exclusively negative annual growth rates over the
whole period) only occurred in periods of average annual GDP growth rates below 2%, as in phase 1, a
period of economic recovery and in phase 2, a period of economic downturn leading to the 1993 recession.

Increase in DMC only occurred in periods of higher economic growth. In phases 2 and 4 annual GDP growth
rate never was below 1.6% and on average annual growth rate was above 2%. DMC constantly increased in
phase 2 (annual growth rates between 0.9 and 4.5). Phase 4, which was marked by less pronounced
economic growth rates as compared to phase 2, showed alternating negative and positive annual DMC
growth rates and a total increase in DMC over the whole period of 5.1%.

Summarising, the data in Table 4 suggest a pattern of alternating periods of decreasing and increasing
material consumption which mirror periods of slow economic growth or economic downturn and periods of
higher economic growth respectively.

Overall, growth rates are much higher for GDP (average annual growth rate is 2.2% p.a.) than for DMC
(average annual growth rate is 0.1% p.a.), resulting in a significant increase in material efficiency (ME)* at
growth rates (average growth rate of MEpyc of 2.1% p.a.) similar to the growth rates of GDP (cf. Figure 2).
Over the whole period MEpyc (Figure 2a) increased by 51.9% and MEpy, (Figure 2b) by 48.6%. An absolute
decrease in MEpyc occurred only between 1984 and 1985 and between 1993 and 1994.

A comparison with the development of crude oil prices reveals that the phases of recession of DMC and DMI
follow periods of surges in oil prices: Crude oil prices increased dramatically from 1979 to 1981 (lranian
revolution, Iran-lraq War) and again from 1988 to 1990 (Gulf War).

Total domestic extraction of resources in the EU-15 (DEgy.15) remained more or less constant between 1980
and 2000, varying slightly around the figure of 5 billion tonnes (Figure 3a). In 2000, construction minerals
accounted for around 53% of total DEg.15, biomass for 29%, fossil fuels for 15%, and industrial minerals and
ores for 3%. The respective share of these four main material categories in total DMC changed slightly

* Material efficiency is defined as GDP per unit of material use: ME pyc=GDP/DMC or MEpy=GDP/DMI. The inverse value of material
efficiency is referred to as material intensity (Mlpye = DMC/GDP and Mlpy = DMI/GDP).

15



INDEX

Material Use in the European Union, 1980-2000 Part | — Results and Analysis

between 1980 and 2000 (in 1980 the share of construction minerals of total DE was 51%, the respective
numbers for biomass, industrial minerals/ores and fossil fuels were: 27%, 5%, and 17% respectively).

Over the whole period DE of fossils and industrial minerals decreased by 16 and 37% respectively. DE of
biomass and DE of construction minerals increased in the same period by 8 and 4% respectively.

Table 5: Relative change of MFA parameters and indicators in EU-15 Member States, 1980-2000

DE Imports DMI Exports DMC DMC per DMIper DMC/euro DMl/euro
capita capita

EU 15 0% 28% 5% 53% 3% -3% -1% -34% -33%
Austria -2% 78%  17%  153% 2% -5% 9% -36% -27%
Belgium, 13% 60% 41% 124% 1% -4% 35% -35% -9%
Luxembourg

Denmark 35% 12% 28%  237% 5% 1% 23% -29% -13%
Finland 7% 46%  14% 68% 8% -1% 5% -36% -32%
France -3% 19% 3% 51% -4% -12% -6% -38% -33%
Germany -14% 53% -1% 75% -9% -13% -6% -40% -35%
Greece 27%  223%  52% 80% 49% 35% 38% 11% 13%
Ireland 15% 92% 31%  124% 25% 12% 18% -58% -56%
Italy -6% 45% 9% 119% 1% -2% 6% -31% -26%
Netherlands -20% 47%  16% 49% -6% -17% 3% -43% -30%
Portugal 23% 136% 45%  153% 39% 32% 38% -23% -20%
Spain 38% 117% 54%  112% 48% 39% 44% -14% -11%
Sweden 3% 33% 8% 85% -4% -10% 2% -35% -27%
United Kingdom 3% 50%  11% 96% -1% -7% 5% -40% -32%

Figure 3b shows that DMCgy.15 amounted to 5.9 billion tonnes in 2000. Construction minerals accounted for
the largest share (44%), followed by biomass (26%), fossils (24%) and industrial minerals (6%). DMI
exceeded DMC hy 5-7% (trend increasing) and material composition of DMI was similar to DMC (Figures 3b
and c).

While the level and structure of DE, DMC and DMI of the EU-15 has not changed dramatically from 1980 to
2000, physical foreign trade has increased significantly (see Figure 3d, 4a, and 4b). Although imports, and
above all fossil fuel imports, decreased from 1980-1983 by 16%, they grew by 52% from 1983-2000 (Figure
4b). Currently imports amount to about 1.4 hillion tonnes (Figure 4c), which corresponds to roughly 30% of
the materials extracted domestically in the EU-15.

Exports grew by 53% from 1980 to 2000 (Figure 4b), but they amounted to 0.4 billion tonnes in 2000 and are
thus considerably less than imports, which increased by 28%. Over the whole period imported materials
exceeded exports by factors of four to five. Total growth of net imports over the period 1980 to 2000 was
19%. We see that the physical economy of the EU-15 is significantly dependent on net imports.
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Figure 3: Development of material use indicators by material categories
in the EU-15, 1980-2000: a) DE, b) DMC, c) DMI, d) PTB
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Physical Trade Balances (PTBs) measure the physical net trade. PTB is defined as imports minus exports.
.Hence, a physical trade surplus (or net import of materials) occurs when imports exceed exports, and a
physical trade deficit (or net export of materials) when exports exceed imports* (Eurostat 2001b, p58).

The physical trade balance shows that the EU-15 is a net importer with respect to all three main material
categories (see Figure 3d). In total, net imports amount to roughly 1 billion tonnes. Fossils account for the
largest fraction of net imports (70% of total PTB), followed by industrial minerals (23%, trend increasing) and
biomass (7%). Net imports decreased by 24% between 1980 and 1983 and have increased steadily since
then by 58% (see Figure 4a), only interrupted by the 1993 recession.

Currently net imports account for 17% of total DMCgy.15. Import dependency of DMC is largest for industrial
minerals (61%) and fossil fuels (49%) while with respect to biomass it is only 5% (i.e., biomass ,self
sufficiency” amounts to 95%). In general, the dependency of material consumption in the EU-15 on net
imports is increasing; DE remains more or less constant (-0.2% from 1980-2000) while net imports increased
by 19% during the whole period.
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Figure 4: Trends in a) MFA-indicators (DMI, DMC, PTB) and b) parameters (DE, Import, Export),
indexed (1980=100%). c) Development of trade within the EU-15 (intra-EU trade) and with non-EU-15
countries (extra-EU trade) and d) trends in trade (indexed, 1980=100%)

a) Trends of DMI, DMC, PTB b) Trends of DE, Imports, Exports
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The Eurostat trade statistics allow us to differentiate between goods traded within EU-15 countries (intra-EU
trade) and goods traded with non-EU countries (extra-EU trade). Figure 5d shows that intra-EU trade is
growing significantly faster than trade with non-EU countries. Intra-EU trade has roughly doubled since 1980
and amounts to slightly over one billion tonnes,” while imports from non-EU countries have increased by
28% reaching the level of 1.4 billion tonnes in 2000 and exports by 53%, amounting to 0.4 billion tonnes in
2000 (see Figure 4c and 4d).

3.3. Comparing the EU-15 material use with that of Japan and the US

Only few consistent data sets are available for comparison with non-European countries. In the following
section we compare the results for the EU-15 to material flow accounts for the US and Japan which were
derived from two studies published by the World Resource Institute (Adriaanse et al., 1997; Matthews et al.,
2000). Figure 5 compares the development (in absolute amounts) and the trends (indexed to 1980) of the
indicators DMl/capita and material intensity of DMI (DMI/GDP) between the EU-15, Japan and the US.

® For trade within the EU-15 the amount of imports is equal to the amount of exports.
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Figure 5: Comparison of material flow indicators in Japan, US and EU-15: a) DMI per capita, b) Trends
in DMI per capita, ¢) Material intensity (DMI/GDP), d) Trends in material intensity
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Figure 6 shows a similar comparison for the indicators DMC/capita and DMC/GDP between the EU-15 and
Japan (DMC data for the US are not available).
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Figure 6: Comparison of material flow indicators in Japan and EU-15: a) DMC per capita, b) Trends of
DMC per capita, ¢) Material intensity (DMC/GDP) d) Trends of material intensity
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Per capita values of DMI and DMC are of the same order of magnitude in the EU-15 and Japan while the US
are characterised by significantly higher values. DMIlys per capita is 30-50% above the respective values for
Japan and the EU-15. Interestingly, trends in the development of DMI (and DMC) show similar patterns in all
three (or, two) countries. While the material use indicators for Japan and the US show a significant increase
from 1975 to 1980, this upward trend came to an abrupt halt coinciding with the surge in oil prices in 1979.
From 1980 to 1984 DMI and DMC decreased in all three countries at similar rates while in the mid-1980s this
trend reversed and DMI and DMC increased until the beginning of the 1990s (again, this coincided with a
significant increase in oil prices due to the Gulf War). Material intensity (Ml, see Footnote 4) decreased
significantly and at similar rates during the observed periods. Mipyc decreased at annual rates of 2.1% in
EU-15 and 2.5% in Japan while Mlpy, decreased by 2.0% in EU-15, 2.5% in Japan and 1.5% in the US.
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4. Trends and patterns of resource use across Member States

The following section presents results in a comparative and more disaggregated way with the aim of gaining
a first understanding of the factors that determine the level, the composition, and the trends in material use in
the EU-15 countries. We begin with cross-country comparisons of the main aggregates which make up the
MFA-derived indicators, i.e. domestic extraction, imports and exports. We then present and discuss levels
and trends of DMC, DMI and PTB across the EU Member States. Finally, we will relate MFA-derived
parameters and indicators to other biophysical parameters, in particular area and energy.

4.1. Domestic extraction

Figure 7 shows the domestic extraction per capita (7a) and the share of the main material categories (7b) of
in the EU-15 countries in 2000. Per capita domestic extraction of the four main groups of materials (biomass,
construction minerals, industrial minerals/ores, and fossil fuels) is summarised in Table 6. For the
development of per capita DE in the Member States since 1980 see Figure 10.

Table 6: Domestic extraction per capita: main flows, 2000

Domestic DE DE DE DE DE
Extraction biomass per construction industrial fossil fuels per capita
(DE) per capita minerals per minerals, per capita change 1980-
capita capita ores per 2000
capita

[tonnes] [tonnes] [tonnes] [tonnes] [tonnes] [%0]
EU-15 13.0 3.8 6.9 0.4 1.9 -6.0%
Austria 14.7 4.3 9.4 0.6 0.5 -8.7%
Belgium, 11.1 3.3 7.7 0.05 0.0 8.4%
Luxembourg
Denmark 22.4 6.4 11.1 0.2 4.6 29.7%
Finland 31.9 12.9 16.6 1.2 1.2 -1.5%
France 13.0 6.3 6.3 0.2 0.1 -11.3%
Germany 15.0 3.3 8.6 0.3 2.8 -18.2%
Greece 131 3.1 3.2 0.8 6.0 15.0%
Ireland 185 9.3 6.6 1.0 1.6 3.3%
Italy 8.9 2.4 6.1 0.2 0.3 -8.1%
Netherlands 8.5 2.5 1.7 0.3 4.0 -28.8%
Portugal 10.8 3.6 7.0 0.2 0.0 17.6%
Spain 13.6 3.8 8.6 0.5 0.6 29.1%
Sweden 215 8.8 9.5 3.1 0.2 -3.9%
United Kingdom 11.4 2.0 4.5 0.4 4.5 -2.8%

DE varies between 8.5 tonnes/capita in the Netherlands and 31.9 tonnes/capita in Finland. DE of biomass
ranges from 2 to 13 tonnes/capita and contributes 18-30% to total DE in most countries except for Finland,
France, Ireland, and Sweden, where the share of biomass is significantly higher (40-50%). While the high
levels and shares of DEy, in Finland and Sweden are due to wood harvest (8.0 and 5.3 tonnes/capita of
wood), they are a result of grassland agriculture in Ireland (6.4 tonnes/capita hay etc.) and of cropland
agriculture in Denmark and France (4.4 and 3.8 tonnes/capita of primary crops). The DE of industrial
minerals and fossil fuels is small, ranging in most countries from 0.05 to 1.2 tonnes/capita and 0 to 3
tonnes/capita, respectively. Exceptions are Sweden, (iron mining, DE;,q of 3.1 tonnes/capita), Denmark
(exploitation of North Sea oil and gas DE;jygis Of 4.6 tonnes/capita), Greece (lignite mining, DEjsgis Of 6.0
tonnes/capita), Netherlands (exploitation of North Sea oil and gas, DE;.sjs Of 4.0 tonnes/capita) and the UK

21



INDEX

Material Use in the European Union, 1980-2000 Part | — Results and Analysis

(exploitation of North Sea oil and gas, DEsssis Of 4.5 tonnes/capita). Construction minerals contribute the
largest part of total DE (more than 40% in most countries). Countries where construction minerals contribute
less than 40% to DE are Greece (24%), Ireland (36%), the Netherlands (20%) and the UK (39%).

Figure 7: Domestic Extraction by material categories in tonnes/capita (7a) and share of material
categories in total DE (7b), 2000
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Only few countries show significant increases in total amounts of DE (see Table 5). Besides Denmark, where
DE increased by 35% because of the growing exploitation of North Sea oil, the highest increases can be
found in the low-income countries®. Greece increased DE by 27% mostly due to lignite mining, while rising
DE in Ireland, Portugal and Spain (increases of 15%, 23%, and 38%, respectively) can be attributed mostly
to growth in the DE of construction materials and biomass. Most of the other countries show a very modest
increase (e.g., Sweden 3%, UK 3%) or even a reduction in DE. For example, Germany reduced its DE by
14% as a result of abandoning coal mines. Another example: the decreasing DE of construction materials
resulted in a reduction of total DE by 20% in the Netherlands. Table 6 shows total change over the period
1980 to 2000 on a per capita level. Due to population growth decreases are more pronounced and increases
less pronounced if measured on a per capita basis (compare Table 6 to Table 3).

These results indicate that domestic extraction is a variable, which with respect to its absolute level and
structure is highly dependent upon the spatial distribution and regional availability of resources.” The regional
availability of resources again depends with respect to biomass on factors like climate conditions and area
(e.g., wood as is the case in Finland and Sweden), and with respect to fossils and minerals on geological
preconditions (e.g., the UK'’s fossil fuels, Sweden’s iron ores, or Greece's lignite and bauxite mines). In
general, the interpretation and prediction of the level and structure of DE requires both an economic and a
region-bound geomorphologic interpretation. The growth in DE in low-income countries and the rather
modest increases or decreases of DE in many high-income countries indicate, however, that a) earlier
stages of economic development are more closely linked to the extraction of domestic resources and that b)
with rising income development occurs increasingly independently of DE.

® Within the EU we regard countries with a GDP per capita of less than 75% of the EU average as “low-income countries”. This includes
Greece, Spain and Portugal. Ireland also belongs to this group throughout the 1980s but changes its position in the 90s.

7 Although, whether, to what extent and how these resources are exploited is, of course, influenced by economic and political decisions.
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4.2. Imports, exports, and physical trade balances

Figure 8 shows that imports (8a) ranged from 3.5 to 10.4 tonnes/capita and that exports (8b) were below 5
tonnes/capita in most countries (see also Figure 10). Exports were, therefore, considerably lower than
imports in all countries except Sweden, which exports large quantities of wood and minerals (iron ores).
Belgium and the Netherlands were the only countries with both imports and exports significantly above
average (23.7 tonnes/capita and 18.1 tonnes/capita, respectively, in Belgium and 17.8 tonnes/capita and
13.4 tonnes/capita in the Netherlands). The UK had the lowest level of imports (3.5 tonnes/capita) and
Portugal had the lowest level of exports (1.5 tonnes/capita). In all EU countries imports and exports were
significantly below DE values with the noteworthy exceptions of Belgium and the Netherlands, where imports
were twice and exports 1.6 times the size of DE. This exceptional (compared to all other EU Member States)
structure is due to the huge harbours Antwerp and Rotterdam which are the entry points of foreign trade not
only for Belgium and the Netherlands but also for many other European Member States (the
Rotterdam/Antwerp effect - see Eurostat 2001b). Table 7 shows that in most other countries the size of
imports ranged from 31 to 64% and exports from 14 to 36% of DE in 2000. In 1980 the importance of DE
was significantly higher compared to imports and exports: imports ranged from 15 to 45% and exports from 7
to 18% of DE. Figure 9 shows imports (9a) and exports (19b) by main material categories. The largest
fraction of imports in most countries was fossil fuels, which accounted for 40 to 60% of total imports. The
share of minerals ranged from 20-40% and that of biomass from 15-30%. All countries also exported
significant quantities of all main material categories, but the shares of the various material categories differed
for exports considerably more than they did for imports. The share of biomass in total exports ranged from
10% in the UK to 60% in Finland, while minerals ranged from 25-64% (Finland and Belgium) and fossil fuels
from 8-61% (Austria and the UK).

Figure 8: Per capita imports (8a) and exports (8b), 2000
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Figure 9: Share of material categories in total imports (9a) and exports (9b), 2000
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Table 7: Size of imports and exports in relation to domestic extraction (expressed as ratio to DE), EU-

15 countries in 1980 and 2000

1980 2000
Imports/DE Exports/DE Imports/DE Exports/DE

EU-15 23% 6% 29% 9%

Austria 30% 12% 55% 32%
Belgium, Luxembourg 152% 83% 215% 164%
Denmark 45% 15% 38% 36%
Finland 24% 13% 33% 21%
France 36% 17% 45% 26%
Germany 23% 11% 41% 22%
Greece 15% 12% 38% 17%
Ireland 26% 8% 44% 16%
Italy 42% 10% 64% 23%
Netherlands 114% 84% 209% 157%
Portugal 45% 7% 46% 14%
Spain 26% 11% 41% 18%
Sweden 24% 18% 31% 32%
United Kingdom 21% 15% 31% 29%
Mean 43% 23% 66% 43%

In contrast to DE both imports and exports are highly dynamic variables (see Table 5 and Figure 10). They
are increasing in all EU-15 countries by between 12% and 223% for imports and between 49% and 237% for
exports. Imports more than doubled in countries with low per capita GDP in 1980 — Greece (223%), Portugal
(136%), and Spain (117%) - but high-income countries also showed increases in imports of 50% and more
(e.g. Austria 78% or Belgium 60%). Exports, however, increased fastest in high-income countries like
Denmark (237%), Austria (153%), and Belgium (124%).
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Figure 10: Development of MFA parameters per capita: Domestic Extraction (DE), Imports and

Material Use in the European Union, 1980-2000
Exports in EU-15 countries, 1980-2000
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Figure 11: Physical Trade Balance by material categories, 2000
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Figure 11 shows that all EU countries — except Sweden — have a positive physical trade balance, i.e. they
are net importing countries in physical terms (see also Table 3 and Figure 12). Sweden is the only net
exporting country (0.2 tonnes/capita) in the EU, which is due to its high exports of wood and minerals (iron
ores) compared to its imports. Net imports per capita (Figure 11) are by far highest in Belgium (5.6
tonnes/capita), Ireland (5.1 tonnes/capita), and the Netherlands (4.4 tonnes/capita) and lowest in the UK (0.2
tonnes/capita) and Denmark (0.3 tonnes/capita).

Most countries are net importers with regard to all main material categories (Figure 10). Important exceptions
are Finland (net exports of 1-2 tonnes/capita of biomass, especially wood), France (net exports of 0.5
tonnes/capita biomass), Greece (net exports of industrial minerals until 1998), Sweden (net exports of 1
tonne/capita of biomass and 1-2 tonnes/capita of industrial minerals), and the UK, which is the only net
exporter (0.5 tonnes/capita) of fossil fuels in the EU.

Fossil fuels account for the largest share of net imports (50-90% of net imports) in most EU-15 countries,
followed by industrial minerals (10-50%) and biomass.

4.3. Domestic material consumption and direct material input

In many EU countries (e.g. Austria, Germany, France, UK) trends in DMC and DMI follow a pattern quite
similar to the development on the EU-15 level (cf. Figures 2 and 13, and Table 4 with Figure 13b): DMC
decreased in the early eighties by 10-20%, increased until the early 1990s and, after a short period of
increase, has remained relatively stable since the mid-1990s. As a result values of DMC in 2000 were similar
to DMC values of 1980 (within a range of +/-10%). Notable exceptions are the countries with the lowest
income in 1980: Their DMC has grown more or less continuously since 1984. Since 1980 the DMC of
Greece grew by 49%, of Ireland by 25%, of Portugal by 39%, and of Spain by 48% (see Figure 13a).
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Figure 12: Development of material use indicators (DMC, DMI and PTB)

Material Use in the European Union, 1980-2000
in EU-15 countries, 1980-2000
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In general, DMI has grown at higher rates than DMC (Table 5) and shown an absolute increase in all
countries except Germany since 1980. In many countries, but most clearly in the low-income countries the
trend in DMI follows the development of DMC (e.g. Greece, Portugal, Spain, and Ireland). In most of the
high-income countries DMI grew significantly faster than DMC reflecting increases in imports - e.g., in
Belgium, where DMI grew by 41% while DMC hardly changed between 1980 and 2000.
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Figure 13a: Development of DMC in countries with lowest GDP per capitain 1980
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Figure 13b: Development of DMC in countries with high GDP per capitain 1980
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Although the general trend in the development of the material use indicators DMC and DMI is quite similar in
many of the EU-15 countries, these indicators vary significantly across the Member States with respect to
both their per capita level and material composition as shown in Figures 14 and 15 for the year 2000.

Figure 14a and Table 8 show that an average of 15.6 tonnes of materials were consumed per capita in the
EU-15 in 2000. The highest level of material consumption was found in Finland (35.6 tonnes/capita), Ireland
(23.6 tonnes/capita) and Denmark (22.7 tonnes/capita), while the UK, Italy and the Netherlands showed the
lowest values (11.6; 12.6 and 13.0 tonnes/capita) in 2000.
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Figure 14: Domestic Material Consumption (DMC) by material categories in tonnes/capita (14a) and
shares of material categories (14b), 2000

a) DMC per capita b) Share of material categories
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While the level of per capita DMC varies by a factor of 3.1, DMC of the main material categories is even
more diverse across countries: DMCy, ranges from 2.5 tonnes/capita in the UK to 11.1 tonnes/capita in
Finland; DMC,s ranges from 1.7 tonnes/capita in the Netherlands to 16.6 tonnes/capita in Finland; DMCiq
ranges from 0.6 tonnes/capita in Denmark to 3.1 tonnes/capita in Finland; and DMCi.sg ranges from 2.2
tonnes/capita in Portugal) to 7.8 tonnes/capita in Greece.

Table 8: Domestic Material Consumption (DMC) per capita and its main components, 2000

Total DMC DMC DMC DMC DMC DMC
per capita biomass construction industrial fossil fuels per capita
per capita minerals minerals and per capita change 1980-

per capita ores 2000
per capita
[tonnes] [tonnes] [tonnes] [tonnes] [tonnes] [%0]
EU-15 15.6 4.0 6.9 1.0 3.8 -3.3%
Austria 18.1 4.5 9.4 1.3 3.0 -4.8%
Belgium, 16.6 4.6 7.7 0.6 3.7 -3.7%
Luxembourg
Denmark 22.7 6.9 11.1 0.5 4.1 0.5%
Finland 35.6 111 16.6 3.0 4.8 -0.6%
France 15.3 5.8 6.3 0.8 25 -12.3%
Germany 17.8 3.2 8.6 0.7 5.2 -13.3%
Greece 15.9 3.5 3.2 14 7.8 35.4%
Ireland 23.6 9.9 6.6 2.7 4.4 11.9%
Italy 12.6 2.8 6.1 14 2.3 -1.6%
Netherlands 13.0 3.2 1.7 2.7 54 -16.6%
Portugal 14.2 4.2 7.0 0.9 2.2 32.4%
Spain 16.7 4.2 8.6 1.0 3.0 39.0%
Sweden 21.3 8.1 9.5 14 24 -10.4%
United Kingdom 11.6 25 4.5 0.6 4.0 -6.6%

On average, biomass contributes 26% to DMC, construction minerals 44%, industrial minerals 6%, and fossil
fuels 24% to the DMC of the EU-15. Figure 14b shows that the composition of DMC in the EU-15 countries is
extremely variable: Biomass, for instance, contributes only 18% to the DMC of Germany but 42% to the DMC
of Ireland and fossils contribute only 11% to the DMC of Sweden but 49% to that of Greece.

31



INDEX

Material Use in the European Union, 1980-2000 Part | — Results and Analysis

Figure 15: Direct Material Input (DMI) by material categories in tonnes/capita (15a) and shares of
material categories (15b), 2000

a) DMI per capita b) Shares of material categories
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The level of DMI is slightly above that of DMC and in most countries DMC is at the level of 80-90% of DMI
(cf. Figure 14a and 15a). The only remarkable exceptions are the extremely ,external trade-dependent
economies” of Belgium and the Netherlands, where DMI is about double the value of DMC.

Table 9: Import dependency (ID) of DMC and DMI 2000 and change since 1980

*IDpmi **|Dpmc IDpm 1980-2000 IDpmc 1980-2000
EU-15 22% 17% 22% 16%
Austria 35% 19% 52% 23%
Belgium, Luxembourg 68% 34% 13% -18%
Denmark 27% 1% -12% -94%
Finland 25% 10% 28% 9%
France 31% 15% 15% -5%
Germany 29% 16% 56% 47%
Greece 28% 18% 112% 473%
Ireland 31% 22% 47% 43%
Italy 39% 29% 33% 21%
Netherlands 68% 34% 27% 50%
Portugal 32% 24% 62% 65%
Spain 29% 19% 41% 48%
Sweden 24% -1% 23% -114%
United Kingdom 23% 2% 35% -69%

* |Dpwi = Imports/DMI
**|Dpmc = Net imports/DMC (net imports = Physical Trade Balance (PTB) = imports less exports)

Table 9 compares the relative importance of the foreign trade aggregates in the indicators DMI and DMC
cross-country and cross time. In 2000 EU-15 imports amounted to 22% of DMI, PTB amounted to 17% of
DMC. This means DE is the most important parameter determining the level of DMC and DMI. The rate of
change, however, is much higher for the foreign trade flows than for DE. In the EU-15 imports increased by
28%, exports by 53% and DE did not change over the whole period of time (1980-2000).

The contribution of net imports to DMC (IDpyc) ranges from 1% in Denmark to 34% in Belgium and the
Netherlands and the contribution of gross imports to DMI (IDpy) ranges from 23% in the UK to 68% in
Belgium and the Netherlands (see Table 5). In most Member States the contribution of net imports to DMC is
increasing (total growth of IDpyc over the period 1980 to 2000 varied between 473% in Greece and 9% in
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Finland). In Belgium/Luxembourg, Denmark, France, Sweden and UK IDpyc decreased over the same
period. The most remarkable decrease was in Denmark, which reduced IDpyc from 24% to 1% by
substituting imports of fossil fuels by domestic extraction. In 2000 Denmark even became a net exporter of
fossil fuels.

This indicates that the interconnectedness of the EU-15 with other economies is increasing both at the global
level and within the EU-15 not only in monetary but also in physical terms.

4.4. Material use, area and population density

Figure 16 shows that DE and DMC per area (area intensity) in the Member States vary by a factor 10: DMC
per area is highest in densely populated countries such as Belgium, Germany, and the Netherlands with
values ranging from 41 to 58 tonnes/ha, reaching levels as low as 4 to 5 tonnes/ha in Sweden and Finland.
Interestingly, the countries with the highest per capita material consumption and domestic extraction have
the lowest material extraction and throughput per area (see Figure 17a and 17b). This suggests a relation
between area, national abundance of resources and the amount of resource use.

To further analyse this hypothesis we correlated population density with DE/cap and DMC/cap. For countries
with low population densities a strong inverse relation to per capita material consumption seems to exist.
This applies to countries such as Finland, Sweden or Ireland (with 15.3, 19.7 and 53.7 cap/km? respectively,
as compared to 116.2 cap/km? for EU-15 — see Table 2), which are characterised by high DE/capita and
DMC/capita of biomass, which is an extremely area dependent material. In particular it is extraction of wood
in Finland and Sweden, and extensive grasslands which provide fodder for a livestock twice the size the
population in Ireland, which contribute to the high DE and DMC/cap consumption. Furthermore, low
population densities may lead to a higher demand for infrastructure/capita and therefore higher DE and DMC
of construction minerals.

Medium and highly densely populated countries however, do not show a strong relation between population
density and per capita material consumption or domestic extraction.

Summarising, a plausible explanation for the observed pattern would be to assume that beyond a certain

population density abundance of some materials, above all area dependent resources such as biomass, is
so high compared to demand, that resource use is less or not restricted by scarcity.
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Figure 16: Area intensity of EU-15 countries, 2000
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Figure 17: Correlation of population density (capita/km?) with DE per capita (a)
and DMC per capita (b) in EU-15 countries, 2000
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4.5. Energy consumption and material use

Energy consumption is one of the few (bio)physical parameters which is accounted for by national and
international statistics in a consistent way and over long periods in time. The significance of energy
availability and energy consumption for economic development has long been recognised and intensively
discussed (Georgescu-Roegen 1980, Suri and Chapman 1998, Cleveland et al. 2000, Hall et al. 2000). This
makes it all the more interesting to have a closer look at the relation between energy and material use in the

EU-15 countries.

In analysing the energy intensity (and efficiency) of material use and the relation between energy use and
material use, we used statistical data on energy consumption in the EU-15 countries compiled by the
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International Energy Agency (e.g. IEA 1992) and available from the OECD database (OECD 2002b). We
used the indicator Total Final Energy Consumption (FEC)® as reported in the IEA-Energy balances.
Indicators for energy use and material use overlap to some extent but nevertheless measure significantly
different things. The material use indicators DMI and DMC include fossil fuels and firewood — which are
energy carriers also included in Total Primary Energy Supply (TPES) and in FEC. However, while MFA
aggregate materials (incl. energy carriers) by weight, energy balances aggregate by energy content - usually
net calorific values expressed as Joules or tonnes of oil equivalent (toe). The ratio oil equivalent to weight
(toe/t) may differ by a factor of 3-4 among the most important energy carriers.

Furthermore, energy use indicators also include ,immaterial” forms of energy9 (e.g. electricity) which are not
directly measured by MFA, while a large fraction of the materials accounted for in MFA are not considered by
energy statistics (e.g., minerals, and a large fraction of the biomass compartment). To analyse the relation
between energy and material use we calculated energy intensity™ (figure 18) and related per capita energy
consumption to per capita material use (Figure 19 a and b).

Figure 18: Energy intensity of EU-15 countries, 2000
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With respect to DMI energy intensity (El) varies between 0.10 and 0.18 kilograms of oil equivalent (kgoe) of
final energy per kg of DMI. With respect to DMC the El varies between 0.11 and 0.28 kgoe of final energy
per kg of DMC.

Energy intensity for primary energy consumption is 30-50% above the respective values for final energy,
depending mainly on the structure of the electricity supply and the energy conversion sector in the respective
country. In general energy intensity varies considerably less (e.g., by a factor 1.8 for FEC/DMI) across
countries than the per capita levels of material throughput (e.g., by a factor of 2.8 for DMl/capita) and other
material use indicators.

® Final energy consumption (FEC) is the sum of consumption by the different end-use sectors (IEA 2002).

° FEC includes any form of electricity whereas TPES includes only primary electricity from e.g. hydropower, wind, nuclear power and
imported electricity — (not electricity from burning fossil fuels).

% various forms of energy intensity can be analysed: Total primary energy supply (TPES) is made up of indigenous production +
imports - exports - international marine bunkers + stock changes. It includes only primary electricity from e.g. hydropower, wind, nuclear
power and imported electricity — (not electricity from burning fossil fuels) per DMI, FEC per DMI, TPES per DMC, FEC per DMC. Our
discussion focuses on the energy intensity of DMC and DMI with respect to final energy consumption (FEC). Considering both TPES
and FEC would allow us to include the efficiency of the energy conversion sector in the analysis.
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Among the countries with the lowest energy intensity is Denmark (less than 0.1 kgoe FEC/kg DMI), which
has reduced energy intensity considerably since 1980 (e.g. FEC/DMI by 17%). Greece, Portugal, Ireland,
and Spain also have very low levels of energy intensity (0.1-0.3 kgoe FEC per kg DMC and DMI). However,
increases of El were considerable in these countries (17-43% since 1980). High energy intensities of DMI
can be found in the UK, Sweden, and France (0.16-0.18 kgoe FEC/kg DMI) and of DMC in Netherlands,
Belgium, and the UK (0.23-0.31 kgoe FEC/kg DMC).

Figure 19: Correlation of Final Energy Consumption (FEC) per capita
with DMI per capita (a) and DMC per capita (b), 2000
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Figures 19a and b indicate that there is a positive correlation between final energy consumption (FEC) and
DMI. In contrast correlation between FEC and DMC seems to be weaker, which is partly due to Belgium and
Netherlands as DMI and DMC differ a lot for these two countries (see Figure 18). These two countries are
characterised by high levels of energy consumption but rather low values of material consumption. At a very
general level it appears that high levels of material input into a national economy are likely to be connected
with high levels of energy consumption™*.

™ An analysis of the correlation of TPES with DMC and DMI has shown similar results.
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Table 10: Final energy consumption (FEC) per capita and per unit DMC and DMI, 1999

FEC FEC per DMC FEC per DMI
[toe per capita] [toe/tonne] [toe/tonne]
EU-15 2.75 0.18 0.16
Austria 2.99 0.17 0.13
Belgium, Luxembourg 4.19 0.25 0.12
Denmark 2.93 0.13 0.10
Finland 4.88 0.14 0.12
France 2.89 0.19 0.15
Germany 2.92 0.16 0.14
Greece 1.80 0.11 0.10
Ireland 2.80 0.12 0.11
Italy 2.28 0.18 0.16
Netherlands 3.65 0.28 0.14
Portugal 1.75 0.12 0.11
Spain 2.09 0.13 0.11
Sweden 4.00 0.19 0.14
United Kingdom 2.68 0.23 0.18

5. Resource use and economic development: Dematerialization analysis

In the whole body of empirical work on dematerialization only a limited number of studies so far have used
MFA-derived indicators (for a review see Cleveland and Ruth 1999). Given the long and rich history of
dematerialization studies, dating back to the publication in 1952 of the study by the US President’s Materials
Policy Commission (Paley Report 1952), one may be inclined to ask what exactly the added value of MFA
indicators in such analyses can be?

Economy-wide MFAs are aggregate accounts of the total material use of an economy, compiled according to
the conceptual standards of the system of national accounts and applying the law of conservation of mass.
This has two consequences: First, MFAs cover their subject completely and consistently, second, they
conceptually allow us to calculate a physical GDP equivalent.

Thus, in comparison to what analyses of single substances or material fractions can achieve, MFAs are
considered to provide better information for an understanding of dematerialization in relation to long term
macro-economic processes (such as substitution processes, structural change, and the international division
of labour). For example, the environmental Kuznets curve (EKC) hypothesis, which states that environmental
pressure increases in early stages of economic development but then falls as incomes rises, was originally
tested using single substance emissions as indicator for environmental pressure (e.g. Malenbaum 1978).
Later the EKC hypothesis was challenged by analyses using aggregate material indicators (e.g. Rogich
1993, Berkhout 1998, Matthews et al. 2000). Likewise, with increasing methodological standardisation and
the growing number of available MFAs, it is gradually becoming possible to base cross-country studies on
sufficient data samples so as to allow for more sophisticated statistical analysis.

Various methodological approaches have been used for dematerialization studies, including: environmental
Kuznets curves; material use and long wave theory; material decomposition analysis; statistical regression
analysis; and input/output analysis (Cleveland and Ruth 1999). The use of MFA indicators in such
frameworks requires considerable development in conceptual and methodological terms, as well as
considerable data re-organisation. Although such developments are clearly beyond the scope of this report,
we nevertheless attempt here to take the first step towards conceptual and methodological refinement.
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We begin our analysis by comparing highly aggregated DMC to GDP values in various ways. This first step
does not move beyond the customary ,visual inspection mode” (Cleveland and Ruth 1999). After the first
step we gradually refine the analysis asking more specific questions in terms of three approaches. These are
the EKC, IPAT, and PTB approaches. The EKC approach asks if and how per capita income and per capita
material use are related. Cross—country, IPAT asks how the three factors of population, affluence, and
technology contribute to resource use; PTB analysis makes a first attempt to test the hypotheses that
industrialised economies are dematerialising at the cost of developing countries. The latter two are carried
out only at an aggregated EU level.

5.1. Material efficiency in the European Union

A customary way to compare material efficiency is to relate material use indicators to GDP. DMC (or DMI)
per unit GDP is a measure for material intensity (Mlpyc; Mlpw), while the inverse value (GDP per unit of DMC
or DMI) is a measure of the material efficiency (MEpuc; MEpy) of economic processes.

Figure 20: Comparison of material intensity of EU15 countries, 2000
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MI expressed as DMC/GDP for the year 2000 for the EU and its Member States is presented in figure 20. Ml
is expressed as kilograms per unit of GDP in current (year 2000) prices as well as per unit of GDP expressed
in Purchasing Power Standards (PPS). PPS eliminate price differences between countries and are better
indicators of the volume of goods and services generated by economic activities. PPS are therefore better
for comparing material intensity across countries. PPS are standardised on the EU-average so that GDP in
euro is identical to GDP in PPS for the EU-15, whereas individual Member States may change position.

Mlpmc in kg per euro ranged from 0.44 kg/euro in the UK to 1.4 kg/euro in Finland (EU average 0.69
kg/euro). Mlpyc in kg per PPS ranged from 0.51 kg/PPS in the Netherlands to 1.51 kg/PPS in Finland (EU
average remains at 0.69 kg/PPS). The largest differences of Ml in kg/euro compared to Ml in kg/PPS
occurred for Sweden (Ml increased by 23%) and Portugal (MI decreased by 31%).

In order to extend the cross-country comparison and also to assess the performance of individual member
countries we relate per capita material consumption (DMC/capita) to per capita GDP. We start by comparing
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relative per capita material consumption at different GDP levels for each of the Member States for the years
1980 and 2000 (see Figure 21). For this analysis we use again GDP at constant (1