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Preface
About the MATISSE project

The MATISSE (Methods and Tools for Integrated Sustaility Assessment) project is funded by

the European Commission, DG Research, within thes@gmework Programme. The project is

interested in the role that Integrated Sustairtgbfissessment (ISA) could play in the process of
developing and implementing policies capable ofraslsing persistent problems of unsustainable
development and supporting transitions to a mostagable future in Europe. The core activity of

MATISSE is to develop, test and demonstrate newirapdoved methods and tools for conducting

ISA.

This work is carried out through developing andlgipg a conceptual framework for ISA, looking
at the linkages to other sustainability assessrpemtesses, linking existing tools to make them
more useable for ISA, developing new tools to asllteansitions to sustainable development and
applying the new and improved tools within an ISAqess through a series of case studies.

The extent to which the case studies are carryintgaacomplete ISA for their area of focus varies
between attempts to cover all phases of an ISAgz®¢o partial implementation of the process.
Equally, different case studies are oriented tcetigping and testing tools and approaches to some,
but not all, of the methodological challenges dklSFhe case studies are complementary, however,
and the set of cases offers the opportunity toestda wide range of methodological challenges and
to explore linkages between cases. An evaluatiquraxdtical experiences with ISA implementation
in the case studies will provide guidance on thih&r improvement of methods and tools. Results
will also contribute to more informed policy advice

What is ISA?

Within the MATISSE project, Integrated SustaindpilAssessment (ISA) has been defined as a
cyclical, participatory process of scoping, envigng, experimenting, and learning through which a
shared interpretation of sustainability for a sfieciontext is developed and applied in an intezptat
manner, in order to explore solutions to persisggoblems of unsustainable development. ISA is
conceptualised as a complement to other forms stegability assessment, such as Sustainability
Impact Assessment, Integrated Assessment and Regulapact Assessment. Whereas these other
forms of assessment fulfil the pragmatic needefoantescreening of incremental sectoral policies
that are developed within the prevailing policyineg, ISA is conceptualised as a support to longer-
term and more strategic policy processes, wherebfective is to explore persistent problems of
unsustainable development that have a systemiolpgthand possible solutions to these. ISA is
therefore oriented toward supporting the developgnoéncross-sectoral policies that specifically
address sustainable development and at explorirabliag policy regimes and institutional
arrangements.

MATISSE Working Papers

Matisse Working Papers are interim reports of mtojctivities that are published in order to
illustrate ongoing work and some provisional coemus, as well as providing the opportunity for
discussion of the approaches taken by the projetirderim results. This discussion should be both
within the project and between project membersthadroader scientific and policy communities.
Readers are encouraged to contact the authorsdosdi the content of MATISSE Working Papers.

Jill Jager and Paul Weaver
Editors of the MATISSE Working Paper Series
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Abstract

This paper compares the material and resourcefube €zech Republic, Germany and the EU-15
over the period 1991-2000. The comparison is denghe basis of direct material input (DMI), total
material requirement (TMR) and their individual quonents. In addition, material and resource
intensities are examined. Both the Czech Republit Germany show much higher levels of DMI
per capita and TMR per capita than the EU-averbtyavever, while the level of material and
resource use is similar in Germany and the CzegulRe, there are important differences in the
structure of the different components of DMI and RM his is mainly due to differences in the use
of fossil fuels and minerals. For the TMR, diffeces are also notable for metals. Over the period
studied there seems to be a tendency towards l@seurce use and higher resource efficiency in
the Czech Republic. The degree to which future ldgwment of the Czech economy will continue
towards lower natural resource use and furtheeams® of resource efficiency will critically depend
on whether the major trends will follow the histali German path or orientate more towards the
average EU-15 performance.

Keywords: material flow analysis, input materidbvwi indicators, material/intensity analysis,
driving forces, comparative analysis, sustainabé®urce management
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COMPARISON OF MATERIAL USE AND RESOURCE
INTENSITY OF THE CZECH REPUBLIC, GERMANY, EU-15
Analysis of the input structure and major trends of
the physical economy between 1991 and 2000

1 Introduction

Issues of resource use, resource scarcity and roes@ifficiency are currently gaining renewed
political momentum both at the national as welltzes international level. In order to strive for a
more sustainable use of natural resources in Eutdperital to understand current as well as past
patterns of resource use within as well as acrogatoes. This is especially true with regard te th
European enlargement, as level of material anduresouse of the hew member states might be
expected to undergo further changes following tlaeiression. The notion of industrial or socio-
industrial metabolism (Ayres and Simonis 1994) basn introduced as a concept to describe the
use and transformation of resources and the fldwsaterials induced by economic activities. A
rapidly expanding field of research has emerged $eaves to measure and analyse the socio-
industrial metabolism of national economies usingtdvial Flow Analyses and related indicators
(Bringezu et al., 2003). Material flows cross thedtional boundary between the environment and
the economy and can be regarded as indirect peesslicators for environmental degradation (e.g.
van der Voet et al 2004; Schmidt-Bleek, 1993; Aymad Simonis, 1994; Weizséacker et al., 1997;
Bringezu, 2002). The extraction of primary materighich stands at the start of the production-
consumption chain, for example, is associated withironmental pressures such as landscape
disruption and subsequent impacts on the watee@mdl biodiversity. In addition, since matter can
neither be created nor destroyed, the higher theuamof material input into the economy the
higher will be the ultimate output in the form ahissions and waste. In a broad sense, the old
saying of “the less the better” thus still hold$heg aggregate level.

International comparative analysis has revealedtgii#gferences between the level and structure of
resource use between countries (Bringezu et d@4)2@However, while aggregated indicators, such
as DMI and TMR can be used to highlight differencesthe level of resource use between
countries, the underlying reasons for this patstithneed to be explained. For this purpose a more
disaggregated analysis is necessary. This paper tairshed further light on the reasons for these
differences by taking a closer look at the undadymaterial categories of the different indicators.
Instead of drawing on a wide range of countriegjase in Bringezu et al. (2004), we focus on three
economies: Germany, as a representative of an d@dhber state, the Czech Republic as a
representative of a new member state and the Ebks1® benchmark representing the established
Western European part of the EU. Germany was dissen for comparison since it has similar
climatic conditions and natural characteristicstihe Czech Republic. In addition, due to the
proximity of the two countries, both also sharenailar cultural/historical background. This means
that the potential convergence of metabolic peroroe should not be excessively influenced by
these external factors, but only by changes irettmomic structure and technology. In the light of
European enlargement it is important to understhifierences as well as commonalities of resource
use in old and new member states in order to draplications for a more sustainable use and
economy-wide management of natural resources,fboihdividual countries as well as for Europe
as a whole.

The paper starts by providing a short overviewhefmethodology of Economy-wide Material Flow
Accounting and Analysis (EW-MFA) and the approablosen for the present comparison. This is
followed by a brief characterization of the threeomomies in terms of key economic and
demographic variables. The main section of the pdiseusses the driving forces behind the trends
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as well as different per capita values of input ifroy-wide Material Flow Indicators (EW-MFI)
compiled for the Czech Republic, Germany and EUet3he period of 1991-2000. In addition to
material input indicators the study also compahesmaterial or resource intensity by relating the
input EW-MFI to GDP. This allows the study of th#fi@ency with which economic systems
transform energy and material inflows into economigput. These indicators are related to a
number of environmental policies at the nationalidpean as well as the international level (EC,
2001, 2002, 2005; OECD, 2002).

2 Methodological approaches used in the paper

2.1. Methodology of economy-wide material flow acco  unting and analysis

EW-MFA was developed during the 1990s by variouseaech institutes and organisations
(principally the Wuppertal Institute for Climatenronment and Energy, the Austrian Institute for
Interdisciplinary Studies, the Japanese Nationstitlite for Environmental Studies, and the World
Resources Institute, and commissioning institutsunsh as Eurostat and the European Environment
Agency), and subsequently standardised in a metbgidal guide (Eurostat, 2001). Since then,
EW-MFA and EW-MFI have been used in a variety dfelent studies covering a large number of
both European and other countries. EW-MFA and edlandicators also become increasingly
policy relevant. The OECD, for example, activelpmotes EW-MFA, mainly through the activities
of the Working Group on Environmental InformatiamdaOutlook (WGEIO). Given the increasing
relevance of the topic, it can be expected thaicypalemand for EW-MFI will further increase.
Currently the new guidance manual “Measuring Matdflows and Resource Productivity” is being
prepared through close cooperation of OECD and<taito

The Eurostat methodology quantifies the physicalheaxge between the national economy, the
environment and foreign economies on the basisotdl tmaterial mass flowing across the
boundaries of the national economy. Flows inside ¢économy, i.e. materials and/or products
moving between various sectors, are not includetiiigaggregate level the economy is thus treated
as a “black box”, although further sectoral atttibn of the indicators is possible, e.g. through
input-output analysis (e.g. Moll and Acosta, 2008aterial flows can be categorised according to
the state of the materials as solids, liquids aaskg. Water and atmospheric gas flows represent
specific qualities of the socio-industrial metaboii In addition, they are one order of magnitude
higher than the total flow of other materials. TEerostat methodology therefore concentrates on
solids and some liquids and gases (such as oilhatwtral gas) and includes only that part of the
water and atmospheric gas flows necessary for aratbvmass balance (water contained in
materials, import and export, emissions to watelrtarair).

Material inputs into the economy primarily congiextracted raw materials and produced biomass
(biomass is composed of, for example, harvesteghscend wood). Material outputs refer to
emissions to air and water, landfill wastes andsigative uses of materials (e.g. fertilisers,
pesticides and solvents).

In EW-MFA an important distinction is made betwesm called used and unused extraction.
Unused extraction refers to material flows thatehtaken place in the course of resource extraction,
but which do not directly enter the economic syster have no current economic value. Examples
include biomass left behind in forests after loggimining waste from extraction of raw materials
(such as overburden in open-cast coal mining)hheadvements resulting from the building of
infrastructure, dredged deposits from rivers, etc.

Foreign trade also plays an important role, siteedocio-industrial metabolism is embedded in a
global economy where monetary as well as matet@hkd cross the national boundaries of
economic systems. Imports of commodities are placethe input side, while exports are placed on
the output side of the material balance. Used anded extraction associated with foreign trade are
treated in the same way as for domestic economiiviteas (e.g. movement of overburden
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associated with imported coal), and are identiiasdindirect flows associated with imports and
exports.

Based on the input and output flows described abaverge array of EW-MFI has been defined.
The most commonly used EW-MFI are usually dividet ithe following groups: input indicators,
output indicators, consumption indicators and batamdicators. These have been described in
detail elsewhere (e.g. Eurostat, 2001). For theoqme of the present paper the focus is on input
indicators, which are further described below.

2.2. Input economy-wide material flow indicators

Input indicators measure the materials mobilized dostaining economic activities (including
production of exports) and are closely relatedh® mode of production of a particular country.
They are rather sensitive to the levels and chaimgieseign trade patterns and other specific fexcto
(e.g. whether or not a country is an exporter dtirz resources, such as oil and gas). The main
input indicators are as follows:

Direct Material Input (DMI) - Measures the direoput of materials for use into the economy, i.e.
all materials which are of economic value and aeduin production and consumption activities.
DMI equals domestic extraction used plus imports.

Total Material Requirement (TMR) - Measures thaltanaterial base’ of an economy in terms of
primary materials. TMR equals domestic extractiaedi plus unused domestic extraction plus
imports plus indirect flows associated with imports

Input indicators can be further disaggregated, bygindustries (industry flows) or by material
categories. For the purpose of the present papeut iindicators were broken down by the
following material categories:

A Agricultural Materials
Forestry Materials
Fishery Materials
Other Biotic Materials
Fossil Materials
Metal Materials
Mineral Materials
Industrial minerals
Construction minerals

Abiotic Products

Other Products

A Domestic excavation and dredging
A Domestic soil erosion

> > > > > >

> >

This classification of material inputs is basedtlom Eurostat methodology (Eurostat, 2001), where
Domestic Extraction (used) is broken down by then@ant material type, whereas imports are
categorised by the degree of manufacturing (rawen@s$, semi-manufactured and finished
products) and by the dominant material type toetktent possible. For the present study all foreign
trade categories have been split into agricultuiakstry, fishery, other biotic, fossil, metal and
mineral material categories. In cases where this mad possible, special material categories were
created Eurostat recommends not to include soil erosibermcompiling indicators. However, soil
erosion on agricultural fields was included henetfe comparison of TMR, as it can be considered

! Just for the TMR indicator

2 These comprise the category "Abiotic product$nmng to "l.2.4.2 Other products of abiotic kind"

and the category "Other products"” referring to.4.2 Other products n.e.c.", as defined by the &ataquide.

9
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as an important human-induced material flow assediavith production activities, analogous to
waste flows in mining.

2.3. Methodology used for international comparative analysis

The main methodology used was a comparative asatfsihe above named indicators and their
components over time. Given the short time serid3\l and TMR and the fact that the indicators
were quite aggregated, it was not possible to us® sophisticated methods of time series analysis
such as Box-Jenkins methodology, spectral anatysimear dynamic modelling. The analysis was
therefore limited to a descriptive comparison. Alih this presents a rather crude and simple form
of comparative analysis, it nevertheless allows ittentification of important trends and first
insights into the influence of different materianeponents on the level and overall structure of
material and resource use.

3. Short characterization of the three economies st udied

The Czech Republic (C2)

Following the fall of the iron curtain and the falation of Czechoslovakia as a parliamentary
republic in 1989, the Czech Republic emerged asinalependent republic in 1993, when
Czechoslovakia was formally divided into the Czectl Slovak RepublicsThe Czech Republic
joined the European Union in 2004 together withenither so-called accession countries and has
been regarded as one of the most successful ecemamiransition (e.g. World Bank, 2006). The
Czech Republic has around 10.3 million inhabitathe population has remained more or less
stable in the 1990s with an average annual groat® of just 0.09 percent (CZSO, 2005; EIA,
2003).

Germany (DE)

After the collapse of the Berlin Wall in 1989, Gemny was reunified in 1990, when the areas of the
German Democratic Republic were incorporated it Federal Republic of Germany. With a
population of approximately 82 million, which great an average annual rate of 0.35 percent
during the 1990s (EIA, 2003) Germany is the mogiubaus nation within Europe. As Europe's
largest economy, Germany is a key member of theirmmt's economic, political, and defence
organizations.

EU-15

The EU-15 encompasses the 15 “old* European mestia¢es Belgium, Germany, Luxembourg,
France, ltaly, the Netherlands, Denmark, Irelanditédl Kingdom, Greece, Spain, Portugal,
Austria, Finland and Sweden. Altogether there dreut377 million people living in the EU-15
(based on 2000 data) with the population growingrataverage rate of 0.34 percent during the
1990s (EIA,2003). The European Union strives tahgemost dynamic and competitive knowledge
based economy in the world (Lisbon Agenda) and &man average annual economic growth rate
of 3 percent by 2010.

Figure 1 shows per capita levels of GDP for thedBzRepublic, Germany and the EU*1&DP

per capita was substantially lower in the CzechuRbp than in Germany or in the EU-15 during
the whole time period considered. At the same ti@2P per capita in Germany was higher than
GDP per capita in EU-15. From 1991 to 2001 GDP qagita increased by approximately 20
percent in the EU-15 and by around 15 percent inm@ry and the Czech Republic. However,

3 As Czechoslovakia was a federation of the Sloan#t the Czech Republic, there were separate

statistics on the extraction of materials and ingpdéor these two countries. This allowed for comidin of
DMI and TMR for the Czech Republic before 1993.

4 Measured in 2000 U.S. Dollars (Using Market Exadfe@Rates)
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given the political and structural changes thauo®d in the Czech Republic at the beginning of the
1990s, there is a high influence of the time pedbdsen. When taking 1990 as the base year, there
would be no increase in GDP for the Czech Reputilic per capita levels of GDP in 2000 being at
approximately the same level as in 1990. From 1891091, there was a substantial decline in the
economic performance (measured by GDP) of the CRegublic related to the beginning of the
transition from a centrally planned towards a madamnomy.

Figure 1: GDP per capita, Czech Republic, Germang EU-15, 1991-2000

25

e

=
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L

——Cz
—=—DE
——EU-15
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=
(=]
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4 Input economy-wide material flow indicators in Cz ech Republic,
Germany and EU-15: results and discussion

4.1 DMI in Czech Republic, Germany and EU-15

As Figure 2 shows, similarities and differencegha level of material use per capita among the
three economies can already be detected at thegajgrlevel. The EU-15 has a much lower DMI
per capita compared to the Czech Republic and Ggrmighich have similar levels of material use.
Over time further differences become apparent: \&deethe DMI per capita fluctuates only slightly
around 18 tonnes and 22 tonnes for the EU-15 anth&wy, respectively, the Czech Republic
shows a more dynamic pattern with DMI per capitatfiating between 21 and 24 tonnes per capita.
At the end of the chosen time period the level bfliper capita of the Czech Republic approaches
the level of Germany and is about 10 percent lothan in 1991. As already mentioned above,
however, the values are sensitive to the time gdectwosen. This is especially true for the Czech
Republic, which saw a large decline in material hegveen 1990 and 1991 due to the fall of the
iron curtain. When taking 1990 as the base yeard#trease in DMI per capita would, for example,
amount to 30 percent for the year 2000.

Figure 2: DMI per capita, Czech Republic, Germang &U-15, 1991-2000

25
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Another way of comparing the level of material usstween countries is to consider material
intensity. This indicator expresses the amount atemials used per unit of economic output by
relating DMI to GDP. It is the inverse of matenmbductivity (GDP per DMI). Over time, all three
economies exhibit falling levels of material intépswith the Czech Republic showing the largest
decrease (20 percent as compared to 13 perceaief@U-15 and 11.5 percent for Germany). When
comparing absolute values, however, the Czech Riepigatures less well in comparison. With
around 5 tonnes per 1000 US $ in 1991 (4 tonneslP@® US $ in 2000) material intensity is
around 3-4 tonnes per 1000 US $ higher than ifethd 5 or Germany.

12
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Figure 3: Material intensity (DMI per 1000 US $ GQRCzech Republic, Germany and EU-15,

1991-2000
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In order to explore the underlying reasons fordifferent levels of material use and intensity fod t
three economies, it is necessary to look at m@agdjregated levels of DMI.

Table 1 shows the DMI for all three economies disagated according to the dominant material
categories. For each of these categories, the mtagme share of the DMI, as well as average per
capita values are shown. Substantial differenedsden the Czech Republic and Germany/EU-15

are highlighted.

Table 1: Significant material categories of the DM@kech Republic, Germany and EU-15, average

1991-2000
Ccz DE EU-15
t per cap. percent of t per cap. percent of t per cap. percent of
total DMI total DMI total DMI

Agricultural materialg 2,9 12,5 3 13,8 3,5 20
Forestry materials 1,1 5 0,6 2,8 0,8 45
Fossil materials 9,8 42,9 6,1 27,6 4 23
Metal materials 1 45 1,1 5 0,8 4.4
Mineral materials 7,7 33,6 10,6 48,4 8,2 46,4
Other materials 0,3 15 0,6 2,4 0,3 1,7
Total DMI 22,8 100 22,0 100 17,6 100

Taken together, mineral materials, fossil matergald agricultural materials account for around 90
percent of DMI in all three economies for the whishee period considered. In the Czech Republic,

13
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fossil materials dominate the material structurehef DMI, followed by minerals. For the EU-15
and Germany, the opposite is the case. Figuresl 4 delow reveal further differences in the level
and structure of the DMI for the Czech Republicasipared to Germany (Figure 4) and the EU-15
(Figure 5). These figures were obtained by takhmgy difference of the material categories for the
Czech Republic and Germany (EU-15). Positive blaus tmean that the level for this particular
material category is higher for the Czech Repubign for Germany (or the EU-15) and vice versa.
The line in the middle shows the differences in Diflkthe two countries. Figure 4 thus shows that
whereas the Czech Republic and Germany have siteWats of DMI per capita, there are large
differences in the composition of the DMI: The QzdRepublic, on the one hand, shows much
higher per capita levels for fossil fuels than Ganyn although the difference seems to decrease

slightly over time. Germany, on the other hand, kasparatively higher levels of mineral
materials.

Figure 4: DMI and its material categories per capiCzech Republic vs. Germany, 1991-2000

6

t per capita
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When comparing per capita values of the DMI indicdior the Czech Republic and the EU-15, the
Czech Republic shows significantly higher levelsDNII per capita than the EU-15 during the

whole time period considered. This difference damoat completely be attributed to differences in
fossil materials, which are also much higher in@zech Republic. A similar pattern emerges when
comparing Germany and the EU-15 (not shown). Heeehigher per capita values of the DMI in

Germany are due to higher levels of minerals asdiffuels in Germany.
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Figure 5: DMI and its material categories per capiCzech Republic vs. EU-15, 1991-2000
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From the above analysis it seems that differenetsden the three economies are mostly caused by
differences in the level of fossil and mineral migs. The DMI of agricultural minerals, in
contrast, is more or less the same for all threen@wies. The subsequent analysis therefore
considers those two material categories, in ordeexplore underlying reasons for the different
levels.

Figure 6 compares per capita valuesfagsil materials for the three economies over time. The
Czech Republic and Germany show decreasing teretentiDMI fossil fuels per capita from 1991
to 2000. Despite this, the Czech Republic still magh higher levels of DMI fossil fuels in 2000
than both Germany and the EU-15.
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Figure 6: DMI of fossil materials per capita, CzeRkepublic, Germany and EU-15, 1991-2000
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This is due to the comparatively higher dependeritite Czech economy on coal, which has lower
calorific value per mass unit than crude oil orunalt gas. This is largely explained by the share of
particular energy carriers in total primary enesgpply (see Table 2).

Table 2: Share of particular energy carriers inagbprimary energy supply (Mtoe), Czech Republic,
Germany and EU-15, 2000 (Source: OECD, 2005)

Ccz DE EU-15

In percent of total In percent of total In percent of tota
primary energy supply | primary energy supply | primary energy supply

Nuclear 8,8 13,0 15,5
Coal 53,3 23,7 14,7
oil 19,5 38,8 40,3
Natural gas 18,6 21,1 23,3
Other -0,2 3,4 6,2

Table 3 provides further information on the typecofl extracted in the three economies. As the
table shows, the Czech Republic and Germany hawh imigher per capita levels of hard coal and
of lignite in particular. The extraction of lignite usually associated with a larger overburdemesi
lignite is extracted in open-pit mining, whereagdhaoal is mainly extracted in underground

> Includes hydro, geothermal, solar, wind, comliistrenewables, waste and international trade in

electricity
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mining. Reliance on coal has led to conflicts &t fitcal level in the Czech Republic and Germany,
where townships were removed from the landscapeder to extract the lignite deposits.

Table 3: Hard coal and lignite production, CzechpRklic, Germany and EU-15, 2000 (Source:
BGR, 2004)

1000t Ccz DE EU-15
Hard coal 17340 37376 87476
Lignite 48410 167691 240819
Per capita

Hard coal 1,69 0,45 0,23
Lignite 4,71 2,04 0,64

As shown in Table 1 the Czech Republic and the BlUh&ve very similar levels ahineral
materials per capita, while Germany’'s levels are on averagmnnes per capita higher. The
category mineral materials can be further subdtid®@o construction and industrial minerals.
Construction minerals hereby account for the domtirghare of mineral materials in all three
economies. When comparing the three economiesrinstef these separate categories a slightly
different pattern emerges than when just lookintpatmore aggregate level: While the total level of
mineral materials per capita is approximately thma in the Czech Republic and the EU-15, per
capita values of construction minerals are lowehaCzech Republic than in the EU-15 as well as
in Germany (see Figure 7).

Figure 7: DMI of construction minerals per capit@zech Republic, Germany and EU-15, 1991-
2000
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These differences become even more pronounced wdraidering industrial minerals: Per capita
values for industrial minerals are higher in thee€@r Republic than in Germany and more than
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twice as high when compared to levels of the EWstér the whole time period considered (see
Figure 8).

Figure 8: DMI of industrial minerals per capita, €zh Republic, Germany and EU-15, 1991-2000
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The development of DMI of industrial minerals odene can mostly be explained by associated
levels of domestic extraction, since the sharengddrted industrial minerals in the total DMI of
industrial minerals is quite low in all three ecaries (ranging from approximately 10 percent to 17
percent). This suggests that taking a closer lodkeadomestic extraction could reveal why both the
share and per capita values of industrial mateas¢sso high in the Czech Republic compared to
Germany and the EU-15. The main industrial minedamestically extracted are as follows (in
tonnes per capita, average 1991-2000):

Czech Republic: EU-15
limestone (~ 0.46) - sands industrial (~ 0.14)
kaolin (~. 0.32) - stones industrial
quartz(ite) and glass sand (~ 0.18) (includingektone; ~ 0.11)
Germany: - salts (~ 0.11)
- quartz(ite) and glass sand (~ 0.35) - clays itvcals
rock salts and industrial brine (~ 0.16) (indhgdkaolin; ~ 0.04)

limestone (~ 0.08)
potassic salts (~ 0.08)
kaolin (~ 0.03)

The figures show that the high per capita valuegxifacted industrial minerals in the Czech
Republic are mainly due to the extraction of linroest and kaolin. The Czech Republic has quite

6 Only limestone used for industrial purposes (iatatiurgical, chemical and food industries, for

instance) was counted in here. Limestone used fodygtion of construction commodities (for lime and
cement production, for instance) was accountedrider construction minerals.
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abundant deposits of these industrial mineral$adn, in Europe the Czech Republic is one of the
major kaolin producers (BGR, 2005), which is alsfiected by the traditional focus of the country
on pottery and ceramics industries, for instanaan@ny ranks second in the European production
of kaolin (BGR, 2005), however, due to higher papioh levels, the per capita values are
comparatively low. In Germany, there is more glastustry, which — on a per capita basis —
requires an amount of quartz(ite) and glass santpbacable to the extraction of kaolin in the Czech
Republic. Therefore, the main difference betweeacBzRepublic and Germany in the amount of
industrial minerals extracted is connected withelstone, which is used for chemical, food and
metallurgical industries and also for desulphuiigatof coal-fired power plants in the Czech
Republic. Limestone also leads to the large diffeeebetween the amount of industrial minerals
extracted in the Czech Republic and the EU-15.

4.2 TMR in Czech Republic, Germany and EU-15

Similar to the DMI per capita, the three econonailse differ in their levels of TMR per capita, with
Germany and the Czech Republic showing much hitgwals of TMR per capita than the EU-15
(see Figure 9). Over time, the TMR per capita desmd by approximately 10 percent for Germany.
For the Czech Republic the decrease was even maneymced, amounting to 15 percent (i.e. from
81.5 t per capita in 1991 (105.5 t per capita iBQ)Go 69 t per capita in 2000). In 1999 and 2000
the level of TMR per capita for the Czech Republien fell below that of Germany. For the EU-15
the TMR per capita remained approximately stabler dlre whole time period, fluctuating slightly
between 45 and 52 tonnes per capita.

Figure 9: TMR per capita, Czech Republic, Germamg BU-15, 1991-2000
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With regards to resource intensity, all three eooies exhibit decreasing tendencies over time.
Similar to material intensity, the reductions irsaarce intensity were largest for the Czech
Republic (26.5 percent from 1991 to 2000 and 3@&quer when taking 1990 as the base year)
compared to Germany (19 percent) and the EU-1p¢téent).
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Figure 10: Resource intensity (TMR per 1000 US $E0Czech Republic, Germany and EU-15,
1991-2000
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Again the picture changes when comparing absohitges of resource intensity. Here Germany and
the EU-15 have much lower levels (ranging from t8.3.9 tonnes and 2.4 to 2.9 tonnes per 1000
US $ GDP, respectively) as compared to the Czeghlitie (17 tonnes and 13 tonnes per 1000 US
$ GDP in 1991 and 2000, respectively). This islpattie to the fact that the Czech GDP per capita
is substantially lower than that of Germany or Bué-15.

Table 4 shows the TMR disaggregated according toirEnt resource categories for the three
economies. As before, the percentage shares inMlieas well as per capita values are given and
substantial differences between the Czech RepabticGermany/EU-15 are highlighted.

Table 4: Significant resource categories of the TIi@Rech Republic, Germany and EU-15, average
1991-2000

CZ DE EU-15
t per ca percent of t per ca percent of t per ca percent of
PErCap.| iotal TMR | ' P €@P-| total TMR | 1 PET €8P tota1 TMR
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Agricultural 4.1 5.6 7 9.5 7.6 15.4
resources

Fossil resources 46.2 62.1 324 43.¢ 14.8 30.1
Metal resources 7.6 10.2 13.5 18.3 7.8 15.9
Mineral resources 9.8 131, 133 17.9 10.9 22.2
Other material req. 6.7 9 7.9 10.7 8.1 16.4
Total TMR 74.5 100 74.1 100 49.2 100

Taken together mineral resources, fossil resourne=al resources and agricultural resources
account for approximately 85 percent to 90 percérfiMR in all three economies (the rest being
dominated by soil, rock and sediment removal fdrastructures). In all three economies, fossil
materials have the highest share in the TMR indicdbllowed by metal materials and mineral
materials. Compared to the most important mateatdgories of the DMI indicator, metal minerals
feature more prominently in the TMR due to theusan of indirect flows, which are particularly
large for metals.

Figures 11 and 12 reveal further differences inlével and structure of the TMR for the Czech

Republic as compared to Germany (Figure 11) andthé 5 (Figure 12). Again the figures were

obtained by taking the difference of the matertiegories for the Czech Republic and Germany
(EU-15), with bars showing differences in the indinal material categories and the line in the
middle showing the difference in TMR for both caugs. Figure 11 thus shows that whereas the
level of TMR is similar for Germany and the CzeckpRblic, there are large differences in the
composition: Again the TMR of fossil fuels is subdially higher in the Czech Republic. Germany,

on the other hand, has higher TMR values in akothmaining categories.

Figure 11: TMR and its material categories per ¢apCzech Republic vs. Germany, 1991-2000
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When comparing the Czech Republic and EU-15 in seoiper capita TMR values, the Czech
Republic shows significantly higher values over Wigole time period considered. Again this is
mainly due to the higher total requirements fosfiosmaterials in the Czech Republic. Germany also
has significantly higher values of TMR per caphart the EU-15 (not shown). However, here the
difference can be attributed to almost all materéegories (mainly fossil fuels, in addition totaie
materials and mineral materials), which show cdesi$y higher values in Germany as compared to
the EU-15.

Figure 12: TMR and its material categories per ¢apCzech Republic vs. EU-15, 1991-2000
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Figures 11 and 12 thus confirm the dominant roég tbssil materials play in the Czech Republic,
especially when compared to other European cogntfiee reason for this can again be found in
the comparatively higher dependency of the Czeoha@uy on coal. Regarding the TMR roktal

and mineral materials, their per capita values are approximately theesamthe Czech Republic
and in EU-15; but higher in Germany for the whaieet period considered. Since the reasons for
the differences in the TMR for mineral materiale arobably similar to those given for the DMI,
the subsequent section will take a closer looketais.

Figure 13 compares the TMR for metals per capitaafbthree economies over time. As already
mentioned, Germany shows persistently higher leeelBVR for metals as compared to the Czech
Republic and the EU-15, reaching a maximum of Hhés per capita in 2000. Levels for the EU-15
fluctuate around 6 to 9 tonnes per capita overtithe period considered. In contrast, the Czech
Republic exhibits clear increasing tendencies ef MR for metals over time: per capita values
increase from around 3.4 tonnes in 1991 to 10 ®imM&000, surpassing levels of the EU-15 in the
mid-1990s.
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Figure 13: TMR of metal materials per capita, Cz&dpublic, Germany and EU-15, 1991-2000
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In general, interesting information can be obtaimétkn relating the direct input of a particular

material category to the total material requirenfentthis category. When this ratio is stable over
time either the economy extracts/imports the sameahmaterials, which are related to similar

ecological rucksackver the whole period (i.e. they are extracteadgishe same technologies) or

—if there is a change in the material mix—, a patér material is always replaced with the same
amount of another material, carrying the same raksThe latter possibility does not, however,
seem very likely in practice. A fluctuating ratam the other hand, indicates either that the ecgnom
undergoes a change in the mix of extracted/impamaterials, or that it extracts/imports the same
mix of materials, whose ecological rucksacks ar@nging over the monitored period (i.e. due to
technological change).

! The term ecological rucksack is used here tordesd¢he amount of unused domestic extraction

and/or indirect flows associated with imports.
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Figure 14: Share of direct input of metal materiats total material requirements for metal
materials, Czech Republic, Germany and EU-15, 13300
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Figure 14 compares the direct input over the totaterial requirement for metal resources for the
three economies.. In the case of the Czech Repubécfluctuating share of direct input of metal
materials to total material requirements for me¢aburces indicates that the economy experienced
changes in the mined/imported mix of metals andiierof mines and countries of origin over time.
This reflects both the restructuring process tha inetal processing industries has been
experiencing and the opening up of new marketsdutie transition period of the Czech economy.
In contrast, one can assume that the structurestdlmprocessing industries and foreign markets are
more stable in Germany and the EU-15, which is sdflected in the relatively stable ratio of direct
input over TMR over time. At the same time, itfigeresting that the share of direct input of metal
materials in total material requirements for metdources is still much higher in the Czech
Republic when compared to the EU-15 and espediall@ermany. This means that the EU-15 and
Germany either mine/import metals with higher egalal rucksacks than the Czech Republic or
they import the same metals but from countries wllee mining of metals is associated with higher
ecological rucksacks. Domestic metal mining plagky @ minor role in all of the three economies.
Therefore, the import structure seems to be mestiponsible for the differences and the dynamics
observed. The lower rucksack share of metal resguequired in the Czech Republic indicates that
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the country may either still rely on a relativelygtrer share of ore imports rather than ore
concentrates and refined metals, and/or used basalsrsuch as steel — with a total material
requirement equivalent of about 9:1 per tonne ohary steel — which are still dominating metal
manufacturing. In contrast, metal manufacturin@ermany and the EU-15 seems to import metals
which are already manufactured to a higher degmee use a much wider array of metals, including
rare metals — e.g. with TMR equivalents of abou.860 : 1 per tonne of platinum group metals. It
IS interesting so see that the share of DMI of inetsources of the Czech Republic is converging
towards the level of Germany and EU-15. This implieat the import structure of the economies
becomes more similar, probably as a consequenceomferging technologies and production
patterns in metal manufacturing. This is in linghathe tendency of western European companies to
shift metal manufacturing production capacities Gentral and Eastern Europe. If this trend
continues, the Czech Republic will require a graypshare of its resources from foreign countries.

Regarding the per capita values of TMRagfricultural materials, these were approximately the
same in the EU-15 and Germany during the whole peréod considered. In the Czech Republic,
per capita values of TMR of agricultural materialsre much lower. On the other hand, DMI of
agricultural materials per capita were approxinyateé same in all three economies. This suggests
that, analogously to metals, the Czech Republicaetsd/imports agricultural materials with lower
ecological rucksacks than Germany and the EU-15.
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5 Discussion and Conclusions

The above analysis has highlighted main simileziaed differences in the level and structure of
DMI, TMR and material/resource intensity of the €lzeRepublic in comparison to Germany and
the EU-15. In terms of per capita values, the lafeDMI and TMR are broadly similar in the
Czech Republic and in Germany. There are, howeveumber of differences in the structure of the
different components of DMI and TMR.

The Czech material and resource use is dominatefbssil materials largely due to its high
dependency on coal. The further restructuring efedhergy sector as well as implementing policies
towards improved energy efficiency could thus pnése viable option to reduce the level of per
capita DMI and TMR in the Czech Republic. The obedrtrend in the 1990s was towards lower
levels of fossil fuel resource requirements.

In contrast to fossil materials, the levels of Didi minerals of the Czech Republic are similar to
those of the EU-15, yet substantially lower thaosthof Germany. This is mainly due to a higher
use of construction minerals in Germany. Howevafergthe anticipated increase in investments in
transport infrastructure and buildings (CZ Gov, 2000T, 2006), construction minerals might be

expected to increase considerably in the Czech Riepthus possibly approaching German levels,
where significant investments in construction atiég in the Eastern part of Germany had been
made after reunification.

Per capita levels of the DMI of metals are appratity on the same level in the Czech Republic
and Germany. Yet in terms of the TMR per capitalewf metals are much lower in the Czech
Republic compared to Germany. However, since tiggnbeng of the 1990s, the TMR of metals has
increased considerably in the Czech Republic, ssipg per capita levels of the EU-15. There
again seems to be a strong tendency for convergesmoeh might need to be further evaluated from
a sustainability point of view. With regard to timelustrial structure of the Czech Republic and the
related environmental impacts of induced resoufoed, it will make a significant difference
whether metal production and manufacturing is gdmdollow the historical German pattern or
manage to use resources more efficiently. In thendo case, the dynamics of metal industries
would significantly increase resource requirememtd the related environmental burden, whereas
in the latter case they could become at least Istedhi before any long-term effects for a more
pronounced dematerialization could take effect.

In terms of material and resource intensity theeestill considerable differences between the three
economies. Material intensity in the Czech Repuldistill much higher than in Germany or the
EU-15, although this difference decreased from 1®31000. The decrease can be attributed to two
effects: increases in GDP; and decreases in miafenea indicators. The growth of GDP in the
Czech Republic can be substantiated (besides sesea labour productivity) by changes in the
economic structure towards a higher share of imighgstvith higher gross value added and higher
share of services that took place during the 19B@sa on gross value added (GVA) confirm this
assertion (see Table 5). The share of less mdtesalrce and energy intensive manufacturing
industries grew in the period of 1991-2000, reaglaaen higher levels in 2000 than those recorded
for Germany and the EU-15. With regard to the moraterial/resource and energy intensive
industries, such as agriculture and hunting, mirangl quarrying and electricity, gas and water
supply, their share was either stable or decreabingstill significantly higher than in Germanydan
the EU-15 at the end of the monitored period. Tiares of services also increased in the Czech
Republic, but is far from reaching levels of Gerpnand the EU-15.
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Table 5: GVA of selected NACE categories, in pdroétotal GVA, calculation based on GVA data
in Millions of Euro (at 1995 prices and exchangees), Czech Republic, Germany and EU-15,
1991 — 2000 (Source: Eurostat)

1991]1199219931199411995 1996/ 19971998/1999 2000
Czech Republic 4.9 | 3.9| 59| 47 49 46 440 4{3 45 45
A | Agriculture, hunting | Germany 15 14 14 1p 13 1243 13 12 1.3 1.3
EU-15 nal nal nd na 26 26 27 P26 2.7 (2.6
Czech Republic 1.1 | 2.4| 1.9/ 20 22 20 18 1{7 14 15
C | Mining and quarrying[ Germany 0.7 01 07 O0b 06 04 Q4 4 D4 0.3
EU-15 nal nal nd na 08 08 0.7 0.7 (0.7 |0.7
Czech Republi¢c25.9| 29.0| 23.7| 25.8| 24.3| 25.6| 27.2| 25.4| 27.6| 29.2
D Manufacturing Germany 26.124.9|23.2|23.3|22.6|21.9| 22.4| 22.2| 22.0| 22.7
EU-15 n.a| nal n.ga na 2020.0/20.3/20.3/20.1| 20.3
o Czech Republic 7.6 | 6.5| 6.4 6.1 53 57 42 3(7 36 38
E Electricity, gas and — *
water supply Germany 22 21 21 2o 22 25 23 23 p3 PR3
EU-15 nal nal nd na 23 24 23 P23 PR3 (2.2
Czech Republic9.1| 85| 84| 74 6.6 7.5 63 65 53 49
F Construction Germany 6.7 70 6.9 7P 67 62 460 %7 ph6 p.2
EU-15 nal| nal ng na 60 58 56 b4 54 |53
Czech Republi¢51.4|49.7|53.7|54.0/56.7| 54.6| 56.4| 58.4| 57.6| 56.1
G-Q Services Germany 62.863.9|65.7| 65.6/66.6/67.7| 67.6| 68.2| 68.4| 68.2
EU-15 na.l nal nd na 6768.4/68.4 68.7 68.8/ 68.9

The structural changes are likely to continue im @zech Republic. It can be expected that future
changes in the structure of the economy will cardito lead to higher GDP per capita in the Czech
Republic (CZ Mol, 2003; CZ Gov, 2005) and thus d@esing levels of material and resource
intensity.

The second driver of the material intensity isthiie of the material flow indicator. The per capit
values of both DMI and TMR in the Czech Republicreveery close to the DMI and TMR per
capita values of Germany over the period studitipagh the share of economic activities with
higher gross value added was lower in the CzechulBlep As already pointed out above, the
economy of the Czech Republic was — and still lighly dependent on coal. The high values of
DMI and TMR indicators were thus above all causgatdmparatively high inputs of fossil fuels.
The decrease of per capita levels of DMl and TMRha Czech Republic over the period in
guestion can also be attributed to a large exterth¢ decrease in fossil fuel inputs. This was
supported by the fact that the share of energyigive industries went down. Another important
factor behind the decline of fossil fuel inputs whe effort to modernize the Czech power supply
system, i.e. by closing out-dated and highly iréit coal-fired power plants. However, although
coal was partly replaced by other energy carrieichsas natural gas and oil, its share in total
primary energy supply still remains extraordinalilgh (see Table 2).

Regarding the future development of DMI and TMRthie Czech Republic, further decreases in
DMI per capita as well as in TMR per capita miglgt é&xpected as a result of the continuing
reduction in coal dependency (MolT, 2004). This elegment could also be strengthened by
further shifts to less material/resource and enengiensive industries and increases in
material/resource and energy efficiency in productiand consumption due to further
modernization of the power supply system and tleyction base of the economy.
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Altogether, the analysis revealed that the mateara resource basis of the Czech Republic
underwent significant changes in the 1990s. Moghefdynamics tend towards a higher similarity
in terms of material use, resource requirementsraladed productivity with the old member states
of the EU, probably due to a convergence of pradodiechnologies and use patterns in industry
and households. At the same time, the volume andtate of the material and resource input of the
Czech Republic resembles the German pattern tgreehidegree than the EU-15 average, despite
the fact that the German GDP is much higher. Timplies that the physical structure of both
economies is rather similar; for instance, witharegto overall material and resource use per capita
but also with respect to the direct use of biomalse, disproportionate use of brown coal, a
comparable level of construction mineral use, andigh dependence on metal resources for
manufacturing. The degree to which future develaopgna the Czech economy will continue
towards lower material and resource use and fuitt@ease of resource efficiency will critically
depend on whether the major trends will follow thistorical German path or orientate more
towards the average EU-15 performance and its letegen exceedance.
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