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Preface 
 
About the MATISSE project 
 
The MATISSE (Methods and Tools for Integrated Sustainability Assessment) project is funded by 
the European Commission, DG Research, within the 6th Framework Programme. The project is 
interested in the role that Integrated Sustainability Assessment (ISA) could play in the process of 
developing and implementing policies capable of addressing persistent problems of unsustainable 
development and supporting transitions to a more sustainable future in Europe. The core activity of 
MATISSE is to develop, test and demonstrate new and improved methods and tools for conducting 
ISA.  
 
This work is carried out through developing and applying a conceptual framework for ISA, looking 
at the linkages to other sustainability assessment processes, linking existing tools to make them 
more useable for ISA, developing new tools to address transitions to sustainable development and 
applying the new and improved tools within an ISA process through a series of case studies.  
 
The extent to which the case studies are carrying out a complete ISA for their area of focus varies 
between attempts to cover all phases of an ISA process to partial implementation of the process. 
Equally, different case studies are oriented to developing and testing tools and approaches to some, 
but not all, of the methodological challenges of ISA. The case studies are complementary, however, 
and the set of cases offers the opportunity to address a wide range of methodological challenges and 
to explore linkages between cases. An evaluation of practical experiences with ISA implementation 
in the case studies will provide guidance on the further improvement of methods and tools. Results 
will also contribute to more informed policy advice.  
 
What is ISA? 
 
Within the MATISSE project, Integrated Sustainability Assessment (ISA) has been defined as a 
cyclical, participatory process of scoping, envisioning, experimenting, and learning through which a 
shared interpretation of sustainability for a specific context is developed and applied in an integrated 
manner, in order to explore solutions to persistent problems of unsustainable development. ISA is 
conceptualised as a complement to other forms of sustainability assessment, such as Sustainability 
Impact Assessment, Integrated Assessment and Regulatory Impact Assessment. Whereas these other 
forms of assessment fulfil the pragmatic need for ex ante screening of incremental sectoral policies 
that are developed within the prevailing policy regime, ISA is conceptualised as a support to longer-
term and more strategic policy processes, where the objective is to explore persistent problems of 
unsustainable development that have a systemic pathology and possible solutions to these. ISA is 
therefore oriented toward supporting the development of cross-sectoral policies that specifically 
address sustainable development and at exploring enabling policy regimes and institutional 
arrangements. 
 
MATISSE Working Papers 
 
Matisse Working Papers are interim reports of project activities that are published in order to 
illustrate ongoing work and some provisional conclusions, as well as providing the opportunity for 
discussion of the approaches taken by the project and interim results. This discussion should be both 
within the project and between project members and the broader scientific and policy communities. 
Readers are encouraged to contact the authors to discuss the content of MATISSE Working Papers. 
 

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

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

 

Keywords:  material flow analysis, input material flow indicators, material/intensity analysis, 
driving forces, comparative analysis, sustainable resource 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 resource efficiency are currently gaining renewed 
political momentum both at the national as well as the international level. In order to strive for a 
more sustainable use of natural resources in Europe it is vital to understand current as well as past 
patterns of resource use within as well as across countries. This is especially true with regard to the 
European enlargement, as level of material and resource use of the new member states might be 
expected to undergo further changes following their accession. The notion of industrial or socio-
industrial metabolism (Ayres and Simonis 1994) has been introduced as a concept to describe the 
use and transformation of resources and the flows of materials induced by economic activities. A 
rapidly expanding field of research has emerged that serves to measure and analyse the socio-
industrial metabolism of national economies using Material Flow Analyses and related indicators 
(Bringezu et al., 2003). Material flows cross the functional boundary between the environment and 
the economy and can be regarded as indirect pressure indicators for environmental degradation (e.g. 
van der Voet et al 2004; Schmidt-Bleek, 1993; Ayres and Simonis, 1994; Weizsäcker et al., 1997; 
Bringezu, 2002). The extraction of primary material, which stands at the start of the production-
consumption chain, for example, is associated with environmental pressures such as landscape 
disruption and subsequent impacts on the water cycle and biodiversity. In addition, since matter can 
neither be created nor destroyed, the higher the amount of material input into the economy the 
higher will be the ultimate output in the form of emissions and waste. In a broad sense, the old 
saying of “the less the better” thus still holds at the aggregate level. 

International comparative analysis has revealed great differences between the level and structure of 
resource use between countries (Bringezu et al., 2004). However, while aggregated indicators, such 
as DMI and TMR can be used to highlight differences in the level of resource use between 
countries, the underlying reasons for this pattern still need to be explained. For this purpose a more 
disaggregated analysis is necessary. This paper aims to shed further light on the reasons for these 
differences by taking a closer look at the underlying material categories of the different indicators. 
Instead of drawing on a wide range of countries, as done in Bringezu et al. (2004), we focus on three 
economies: Germany, as a representative of an old member state, the Czech Republic as a 
representative of a new member state and the EU-15 as a benchmark representing the established 
Western European part of the EU. Germany was also chosen for comparison since it has similar 
climatic conditions and natural characteristics to the Czech Republic. In addition, due to the 
proximity of the two countries, both also share a similar cultural/historical background. This means 
that the potential convergence of metabolic performance should not be excessively influenced by 
these external factors, but only by changes in the economic structure and technology. In the light of 
European enlargement it is important to understand differences as well as commonalities of resource 
use in old and new member states in order to draw implications for a more sustainable use and 
economy-wide management of natural resources, both for individual countries as well as for Europe 
as a whole. 

The paper starts by providing a short overview of the methodology of Economy-wide Material Flow 
Accounting and Analysis (EW-MFA) and the approach chosen for the present comparison. This is 
followed by a brief characterization of the three economies in terms of key economic and 
demographic variables. The main section of the paper discusses the driving forces behind the trends 
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as well as different per capita values of input Economy-wide Material Flow Indicators (EW-MFI) 
compiled for the Czech Republic, Germany and EU-15 for the period of 1991-2000. In addition to 
material input indicators the study also compares the material or resource intensity by relating the 
input EW-MFI to GDP. This allows the study of the efficiency with which economic systems 
transform energy and material inflows into economic output. These indicators are related to a 
number of environmental policies at the national, European 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 various research institutes and organisations 
(principally the Wuppertal Institute for Climate, Environment and Energy, the Austrian Institute for 
Interdisciplinary Studies, the Japanese National Institute for Environmental Studies, and the World 
Resources Institute, and commissioning institutions such as Eurostat and the European Environment 
Agency), and subsequently standardised in a methodological guide (Eurostat, 2001). Since then, 
EW-MFA and EW-MFI have been used in a variety of different studies covering a large number of 
both European and other countries. EW-MFA and related indicators also become increasingly 
policy relevant. The OECD, for example, actively promotes EW-MFA, mainly through the activities 
of the Working Group on Environmental Information and Outlook (WGEIO). Given the increasing 
relevance of the topic, it can be expected that policy demand for EW-MFI will further increase. 
Currently the new guidance manual “Measuring Material Flows and Resource Productivity” is being 
prepared through close cooperation of OECD and Eurostat.  

The Eurostat methodology quantifies the physical exchange between the national economy, the 
environment and foreign economies on the basis of total material mass flowing across the 
boundaries of the national economy. Flows inside the economy, i.e. materials and/or products 
moving between various sectors, are not included; at this aggregate level the economy is thus treated 
as a “black box”, although further sectoral attribution of the indicators is possible, e.g. through 
input-output analysis (e.g. Moll and Acosta, 2006). Material flows can be categorised according to 
the state of the materials as solids, liquids and gases. Water and atmospheric gas flows represent 
specific qualities of the socio-industrial metabolism. In addition, they are one order of magnitude 
higher than the total flow of other materials. The Eurostat methodology therefore concentrates on 
solids and some liquids and gases (such as oil and natural gas) and includes only that part of the 
water and atmospheric gas flows necessary for an overall mass balance (water contained in 
materials, import and export, emissions to water and to air).  

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

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

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

Based on the input and output flows described above, a large array of EW-MFI has been defined. 
The most commonly used EW-MFI are usually divided into the following groups: input indicators, 
output indicators, consumption indicators and balance indicators. These have been described in 
detail elsewhere (e.g. Eurostat, 2001). For the purpose 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 for sustaining economic activities (including 
production of exports) and are closely related to the mode of production of a particular country. 
They are rather sensitive to the levels and changes in foreign trade patterns and other specific factors 
(e.g. whether or not a country is an exporter of natural resources, such as oil and gas). The main 
input indicators are as follows:  

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

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

Input indicators can be further disaggregated, e.g. by industries (industry flows) or by material 
categories. For the purpose of the present paper, input indicators were broken down by the 
following material categories: 

�À Agricultural Materials 
�À Forestry Materials 
�À Fishery Materials  
�À Other Biotic Materials 
�À Fossil Materials 
�À Metal Materials 
�À Mineral Materials 

Industrial minerals 
Construction minerals 

�À Abiotic Products 
�À Other Products 
�À Domestic excavation and dredging1 

�À Domestic soil erosion1 

This classification of material inputs is based on the Eurostat methodology (Eurostat, 2001), where 
Domestic Extraction (used) is broken down by the dominant material type, whereas imports are 
categorised by the degree of manufacturing (raw materials, semi-manufactured and finished 
products) and by the dominant material type to the extent possible. For the present study all foreign 
trade categories have been split into agricultural, forestry, fishery, other biotic, fossil, metal and 
mineral material categories. In cases where this was not possible, special material categories were 
created2. Eurostat recommends not to include soil erosion when compiling indicators. However, soil 
erosion on agricultural fields was included here for the comparison of TMR, as it can be considered 

                                                      
1  Just for the TMR indicator 
2  These comprise the category "Abiotic products" referring to "I.2.4.2 Other products of abiotic kind" 
and the category "Other products" referring to "I.2.4.3 Other products n.e.c.", as defined by the Eurostat guide. 
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as an important human-induced material flow associated with production activities, analogous to 
waste flows in mining. 

2.3. Methodology used for international comparative  analysis  

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

 

3. Short characterization of the three economies st udied  

The Czech Republic (CZ) 

Following the fall of the iron curtain and the foundation of Czechoslovakia as a parliamentary 
republic in 1989, the Czech Republic emerged as an independent republic in 1993, when 
Czechoslovakia was formally divided into the Czech and Slovak Republics.3 The Czech Republic 
joined the European Union in 2004 together with nine other so-called accession countries and has 
been regarded as one of the most successful economies in transition (e.g. World Bank, 2006). The 
Czech Republic has around 10.3 million inhabitants; the population has remained more or less 
stable in the 1990s with an average annual growth rate of just 0.09 percent (CZSO, 2005; EIA, 
2003). 

Germany (DE) 

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

EU-15 

The EU-15 encompasses the 15 “old“ European member states Belgium, Germany, Luxembourg, 
France, Italy, the Netherlands, Denmark, Ireland, United Kingdom, Greece, Spain, Portugal, 
Austria, Finland and Sweden. Altogether there are about 377 million people living in the EU-15 
(based on 2000 data) with the population growing at an average rate of 0.34 percent during the 
1990s (EIA,2003). The European Union strives to be the most dynamic and competitive knowledge 
based economy in the world (Lisbon Agenda) and aims for an average annual economic growth rate 
of 3 percent by 2010.  

Figure 1 shows per capita levels of GDP for the Czech Republic, Germany and the EU-154. GDP 
per capita was substantially lower in the Czech Republic than in Germany or in the EU-15 during 
the whole time period considered. At the same time, GDP per capita in Germany was higher than 
GDP per capita in EU-15. From 1991 to 2001 GDP per capita increased by approximately 20 
percent in the EU-15 and by around 15 percent in Germany and the Czech Republic. However, 

                                                      
3  As Czechoslovakia was a federation of the Slovak and the Czech Republic, there were separate 
statistics on the extraction of materials and imports for these two countries. This allowed for compilation of 
DMI and TMR for the Czech Republic before 1993. 
4  Measured in 2000 U.S. Dollars (Using Market Exchange Rates)  
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given the political and structural changes that occurred in the Czech Republic at the beginning of the 
1990s, there is a high influence of the time period chosen. When taking 1990 as the base year, there 
would be no increase in GDP for the Czech Republic with per capita levels of GDP in 2000 being at 
approximately the same level as in 1990. From 1990 to 1991, there was a substantial decline in the 
economic performance (measured by GDP) of the Czech Republic related to the beginning of the 
transition from a centrally planned towards a market economy.  

 

Figure 1: GDP per capita, Czech Republic, Germany and EU-15, 1991-2000 
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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 differences in the level of material use per capita among the 
three economies can already be detected at the aggregate level. The EU-15 has a much lower DMI 
per capita compared to the Czech Republic and Germany, which have similar levels of material use. 
Over time further differences become apparent: Whereas the DMI per capita fluctuates only slightly 
around 18 tonnes and 22 tonnes for the EU-15 and Germany, respectively, the Czech Republic 
shows a more dynamic pattern with DMI per capita fluctuating between 21 and 24 tonnes per capita. 
At the end of the chosen time period the level of DMI per capita of the Czech Republic approaches 
the level of Germany and is about 10 percent lower than in 1991. As already mentioned above, 
however, the values are sensitive to the time period chosen. This is especially true for the Czech 
Republic, which saw a large decline in material use between 1990 and 1991 due to the fall of the 
iron curtain. When taking 1990 as the base year, the decrease in DMI per capita would, for example, 
amount to 30  percent for the year 2000. 

 

Figure 2: DMI per capita, Czech Republic, Germany and EU-15, 1991-2000 
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Another way of comparing the level of material use between countries is to consider material 
intensity. This indicator expresses the amount of materials used per unit of economic output by 
relating DMI to GDP. It is the inverse of material productivity (GDP per DMI). Over time, all three 
economies exhibit falling levels of material intensity, with the Czech Republic showing the largest 
decrease (20 percent as compared to 13 percent for the EU-15 and 11.5 percent for Germany). When 
comparing absolute values, however, the Czech Republic features less well in comparison. With 
around 5 tonnes per 1000 US $ in 1991 (4 tonnes per 1000 US $ in 2000) material intensity is 
around 3-4 tonnes per 1000 US $ higher than in the EU-15 or Germany. 
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Figure 3: Material intensity (DMI per 1000 US $ GDP), Czech Republic, Germany and EU-15, 
1991-2000  
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In order to explore the underlying reasons for the different levels of material use and intensity of the 
three economies, it is necessary to look at more disaggregated levels of DMI. 

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

 

Table 1: Significant material categories of the DMI, Czech Republic, Germany and EU-15, average 
1991-2000 

 CZ DE EU-15 

t per cap. percent of 
total DMI t per cap. percent of 

total DMI t per cap. percent of 
total DMI 

Agricultural materials 2,9 12,5 3 13,8 3,5 20 

Forestry materials 1,1 5 0,6 2,8 0,8 4,5 

Fossil materials 9,8 42,9 6,1 27,6 4 23 

Metal materials 1 4,5 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 1,5 0,6 2,4 0,3 1,7 

Total DMI 22,8 100 22,0 100 17,6 100 

 

Taken together, mineral materials, fossil materials and agricultural materials account for around 90 
percent of DMI in all three economies for the whole time period considered. In the Czech Republic, 
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fossil materials dominate the material structure of the DMI, followed by minerals. For the EU-15 
and Germany, the opposite is the case. Figures 4 and 5 below reveal further differences in the level 
and structure of the DMI for the Czech Republic as compared to Germany (Figure 4) and the EU-15 
(Figure 5). These figures were obtained by taking the difference of the material categories for the 
Czech Republic and Germany (EU-15). Positive bars thus mean that the level for this particular 
material category is higher for the Czech Republic than for Germany (or the EU-15) and vice versa. 
The line in the middle shows the differences in DMI of the two countries. Figure 4 thus shows that 
whereas the Czech Republic and Germany have similar levels of DMI per capita, there are large 
differences in the composition of the DMI: The Czech Republic, on the one hand, shows much 
higher per capita levels for fossil fuels than Germany, although the difference seems to decrease 
slightly over time. Germany, on the other hand, has comparatively higher levels of mineral 
materials. 

 

Figure 4: DMI and its material categories per capita, Czech Republic vs. Germany, 1991-2000 
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When comparing per capita values of the DMI indicator for the Czech Republic and the EU-15, the 
Czech Republic shows significantly higher levels of DMI per capita than the EU-15 during the 
whole time period considered. This difference can almost completely be attributed to differences in 
fossil materials, which are also much higher in the Czech Republic. A similar pattern emerges when 
comparing Germany and the EU-15 (not shown). Here the higher per capita values of the DMI in 
Germany are due to higher levels of minerals and fossil fuels in Germany.   
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Figure 5: DMI and its material categories per capita, Czech Republic vs. EU-15, 1991-2000 
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From the above analysis it seems that differences between the three economies are mostly caused by 
differences in the level of fossil and mineral materials. The DMI of agricultural minerals, in 
contrast, is more or less the same for all three economies. The subsequent analysis therefore 
considers those two material categories, in order to explore underlying reasons for the different 
levels. 

 

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

 

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

 CZ DE EU-15 

 In percent of total 
primary energy supply 

In percent of total 
primary energy supply 

In percent of total 
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 

Other5 -0,2 3,4 6,2 

 

Table 3 provides further information on the type of coal extracted in the three economies. As the 
table shows, the Czech Republic and Germany have much higher per capita levels of hard coal and 
of lignite in particular. The extraction of lignite is usually associated with a larger overburden, since 
lignite is extracted in open-pit mining, whereas hard coal is mainly extracted in underground 

                                                      
5  Includes hydro, geothermal, solar, wind, combustible renewables, waste and international trade in 
electricity 



MATISSE Working Paper 13 

17 

mining. Reliance on coal has led to conflicts at the local level in the Czech Republic and Germany, 
where townships were removed from the landscape in order to extract the lignite deposits. 

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

1000 t CZ 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 EU-15 have very similar levels of mineral 
materials per capita, while Germany’s levels are on average 2 tonnes per capita higher. The 
category mineral materials can be further subdivided into construction and industrial minerals. 
Construction minerals hereby account for the dominant share of mineral materials in all three 
economies. When comparing the three economies in terms of these separate categories a slightly 
different pattern emerges than when just looking at the more aggregate level: While the total level of 
mineral materials per capita is approximately the same in the Czech Republic and the EU-15, per 
capita values of construction minerals are lower in the Czech Republic than in the EU-15 as well as 
in Germany (see Figure 7). 

 

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

Figure 8: DMI of industrial minerals per capita, Czech Republic, Germany and EU-15, 1991-2000 
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The development of DMI of industrial minerals over time can mostly be explained by associated 
levels of domestic extraction, since the share of imported industrial minerals in the total DMI of 
industrial minerals is quite low in all three economies (ranging from approximately 10 percent to 17 
percent). This suggests that taking a closer look at the domestic extraction could reveal why both the 
share and per capita values of industrial materials are so high in the Czech Republic compared to 
Germany and the EU-15. The main industrial minerals domestically extracted are as follows (in 
tonnes per capita, average 1991-2000): 

 
Czech Republic:       EU-15: 

·  limestone (~ 0.46)6     - sands industrial (~ 0.14) 
·  kaolin  (~. 0.32)     - stones industrial  
·  quartz(ite) and glass sand (~ 0.18)    (including limestone; ~ 0.11) 

Germany:        - salts (~ 0.11) 
·  quartz(ite) and glass sand (~ 0.35)   - clays industrial 
·  rock salts and industrial brine (~ 0.16)    (including kaolin; ~ 0.04) 
·  limestone (~ 0.08) 
·  potassic salts (~ 0.08) 
·  kaolin (~ 0.03) 

 

The figures show that the high per capita values of extracted industrial minerals in the Czech 
Republic are mainly due to the extraction of limestone and kaolin. The Czech Republic has quite 
                                                      
6  Only limestone used for industrial purposes (in metallurgical, chemical and food industries, for 
instance) was counted in here. Limestone used for production of construction commodities (for lime and 
cement production, for instance) was accounted for under construction minerals. 
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abundant deposits of these industrial minerals. In fact, in Europe the Czech Republic is one of the 
major kaolin producers (BGR, 2005), which is also reflected by the traditional focus of the country 
on pottery and ceramics industries, for instance. Germany ranks second in the European production 
of kaolin (BGR, 2005), however, due to higher population levels, the per capita values are 
comparatively low. In Germany, there is more glass industry, which – on a per capita basis – 
requires an amount of quartz(ite) and glass sand comparable to the extraction of kaolin in the Czech 
Republic. Therefore, the main difference between Czech Republic and Germany in the amount of 
industrial minerals extracted is connected with limestone, which is used for chemical, food and 
metallurgical industries and also for desulphurisation of coal-fired power plants in the Czech 
Republic. Limestone also leads to the large difference between 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 economies also differ in their levels of TMR per capita, with 
Germany and the Czech Republic showing much higher levels of TMR per capita than the EU-15 
(see Figure 9). Over time, the TMR per capita decreased by approximately 10 percent for Germany. 
For the Czech Republic the decrease was even more pronounced, amounting to 15 percent (i.e. from 
81.5 t per capita in 1991 (105.5 t per capita in 1990) to 69 t per capita in 2000). In 1999 and 2000 
the level of TMR per capita for the Czech Republic even fell below that of Germany. For the EU-15 
the TMR per capita remained approximately stable over the whole time period, fluctuating slightly 
between 45 and 52 tonnes per capita. 

 

Figure 9: TMR per capita, Czech Republic, Germany and EU-15, 1991-2000 

45

50

55

60

65

70

75

80

85

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

t p
er

 c
ap

ita CZ

DE

EU-15

 
 

With regards to resource intensity, all three economies exhibit decreasing tendencies over time. 
Similar to material intensity, the reductions in resource intensity were largest for the Czech 
Republic (26.5 percent from 1991 to 2000 and 36 percent when taking 1990 as the base year) 
compared to Germany (19 percent) and the EU-15 (18 percent). 
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Figure 10: Resource intensity (TMR per 1000 US $ GDP), Czech Republic, Germany and EU-15, 
1991-2000 
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Again the picture changes when comparing absolute values of resource intensity. Here Germany and 
the EU-15 have much lower levels (ranging from 3.2 to 3.9 tonnes and 2.4 to 2.9 tonnes per 1000 
US $ GDP, respectively) as compared to the Czech Republic (17 tonnes and 13 tonnes per 1000 US 
$ GDP in 1991 and 2000, respectively). This is partly due to the fact that the Czech GDP per capita 
is substantially lower than that of Germany or the EU-15.  

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

 

Table 4: Significant resource categories of the TMR, Czech Republic, Germany and EU-15, average 
1991-2000 

 CZ DE EU-15 

t per cap. percent of 
total TMR t per cap. percent of 

total TMR t per cap. percent of 
total TMR 
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Agricultural 
resources 

4.1 5.6 7 9.5 7.6 15.4 

Fossil resources 46.2 62.1 32.4 43.6 14.8 30.1 

Metal resources 7.6 10.2 13.5 18.3 7.8 15.9 

Mineral resources 9.8 13.1 13.3 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 resources, metal resources and agricultural resources 
account for approximately 85 percent to 90 percent of TMR in all three economies (the rest being 
dominated by soil, rock and sediment removal for infrastructures). In all three economies, fossil 
materials have the highest share in the TMR indicator, followed by metal materials and mineral 
materials. Compared to the most important material categories of the DMI indicator, metal minerals 
feature more prominently in the TMR due to the inclusion of indirect flows, which are particularly 
large for metals.  

Figures 11 and 12 reveal further differences in the level and structure of the TMR for the Czech 
Republic as compared to Germany (Figure 11) and the EU-15 (Figure 12). Again the figures were 
obtained by taking the difference of the material categories for the Czech Republic and Germany 
(EU-15), with bars showing differences in the individual material categories and the line in the 
middle showing the difference in TMR for both countries. Figure 11 thus shows that whereas the 
level of TMR is similar for Germany and the Czech Republic, there are large differences in the 
composition: Again the TMR of fossil fuels is substantially higher in the Czech Republic. Germany, 
on the other hand, has higher TMR values in all other remaining categories. 

 

Figure 11: TMR and its material categories per capita, Czech Republic vs. Germany, 1991-2000 
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When comparing the Czech Republic and EU-15 in terms of per capita TMR values, the Czech 
Republic shows significantly higher values over the whole time period considered.  Again this is 
mainly due to the higher total requirements for fossil materials in the Czech Republic. Germany also 
has significantly higher values of TMR per capita than the EU-15 (not shown). However, here the 
difference can be attributed to almost all material categories (mainly fossil fuels, in addition to metal 
materials and mineral materials), which show consistently higher values in Germany as compared to 
the EU-15. 

 

 

 

Figure 12: TMR and its material categories per capita, Czech Republic vs. EU-15, 1991-2000 
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Figures 11 and 12 thus confirm the dominant role that fossil materials play in the Czech Republic, 
especially when compared to other European countries. The reason for this can again be found in 
the comparatively higher dependency of the Czech economy on coal. Regarding the TMR of metal 
and mineral materials, their per capita values are approximately the same in the Czech Republic 
and in EU-15; but higher in Germany for the whole time period considered. Since the reasons for 
the differences in the TMR for mineral materials are probably similar to those given for the DMI, 
the subsequent section will take a closer look at metals.  

Figure 13 compares the TMR for metals per capita for all three economies over time. As already 
mentioned, Germany shows persistently higher levels of TMR for metals as compared to the Czech 
Republic and the EU-15, reaching a maximum of 15 tonnes per capita in 2000. Levels for the EU-15 
fluctuate around 6 to 9 tonnes per capita over the time period considered. In contrast, the Czech 
Republic exhibits clear increasing tendencies of the TMR for metals over time: per capita values 
increase from around 3.4 tonnes in 1991 to 10 tonnes in 2000, surpassing levels of the EU-15 in the 
mid-1990s.   
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Figure 13: TMR of metal materials per capita, Czech Republic, Germany and EU-15, 1991-2000 
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In general, interesting information can be obtained when relating the direct input of a particular 
material category to the total material requirement for this category. When this ratio is stable over 
time either the economy extracts/imports the same mix of materials, which are related to similar 
ecological rucksacks7 over the whole period (i.e. they are extracted using the same technologies) or 
–if there is a change in the material mix–, a particular material is always replaced with the same 
amount of another material, carrying the same rucksack. The latter possibility does not, however, 
seem very likely in practice. A fluctuating ratio, on the other hand, indicates either that the economy 
undergoes a change in the mix of extracted/imported materials, or that it extracts/imports the same 
mix of materials, whose ecological rucksacks are changing over the monitored period (i.e. due to 
technological change). 

 

 

 

                                                      
7  The term ecological rucksack is used here to describe the amount of unused domestic extraction 
and/or indirect flows associated with imports.  
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Figure 14: Share of direct input of metal materials in total material requirements for metal 
materials, Czech Republic, Germany and EU-15, 1991-2000 
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Figure 14 compares the direct input over the total material requirement for metal resources for the 
three economies.. In the case of the Czech Republic, the fluctuating share of direct input of metal 
materials to total material requirements for metal resources indicates that the economy experienced 
changes in the mined/imported mix of metals and/or mix of mines and countries of origin over time. 
This reflects both the restructuring process that the metal processing industries has been 
experiencing and the opening up of new markets during the transition period of the Czech economy. 
In contrast, one can assume that the structure of metal processing industries and foreign markets are 
more stable in Germany and the EU-15, which is also reflected in the relatively stable ratio of direct 
input over TMR over time. At the same time, it is interesting that the share of direct input of metal 
materials in total material requirements for metal resources is still much higher in the Czech 
Republic when compared to the EU-15 and especially to Germany. This means that the EU-15 and 
Germany either mine/import metals with higher ecological rucksacks than the Czech Republic or 
they import the same metals but from countries where the mining of metals is associated with higher 
ecological rucksacks. Domestic metal mining plays only a minor role in all of the three economies. 
Therefore, the import structure seems to be mostly responsible for the differences and the dynamics 
observed. The lower rucksack share of metal resources required in the Czech Republic indicates that 
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the country may either still rely on a relatively higher share of ore imports rather than ore 
concentrates and refined metals, and/or used base metals such as steel – with a total material 
requirement equivalent of about 9:1 per tonne of primary steel – which are still dominating metal 
manufacturing. In contrast, metal manufacturing in Germany and the EU-15 seems to import metals 
which are already manufactured to a higher degree, and use a much wider array of metals, including 
rare metals – e.g. with TMR equivalents of about 350.000 : 1 per tonne of platinum group metals. It 
is interesting so see that the share of DMI of metal resources of the Czech Republic is converging 
towards the level of Germany and EU-15. This implies that the import structure of the economies 
becomes more similar, probably as a consequence of converging technologies and production 
patterns in metal manufacturing. This is in line with the tendency of western European companies to 
shift metal manufacturing production capacities to Central and Eastern Europe. If this trend 
continues, the Czech Republic will require a growing share of its resources from foreign countries. 

Regarding the per capita values of TMR of agricultural materials , these were approximately the 
same in the EU-15 and Germany during the whole time period considered. In the Czech Republic, 
per capita values of TMR of agricultural materials were much lower. On the other hand, DMI of 
agricultural materials per capita were approximately the same in all three economies. This suggests 
that, analogously to metals, the Czech Republic extracts/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 similarities and differences in the level and structure of 
DMI, TMR and material/resource intensity of the Czech Republic in comparison to Germany and 
the EU-15. In terms of per capita values, the level of DMI and TMR are broadly similar in the 
Czech Republic and in Germany. There are, however, a number of differences in the structure of the 
different components of DMI and TMR.  

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

In contrast to fossil materials, the levels of DMI for minerals of the Czech Republic are similar to 
those of the EU-15, yet substantially lower than those of Germany. This is mainly due to a higher 
use of construction minerals in Germany. However, given the anticipated increase in investments in 
transport infrastructure and buildings (CZ Gov, 2005; MoT, 2006), construction minerals might be 
expected to increase considerably in the Czech Republic, thus possibly approaching German levels, 
where significant investments in construction activities in the Eastern part of Germany had been 
made after reunification.  

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

In terms of material and resource intensity there are still considerable differences between the three 
economies. Material intensity in the Czech Republic is still much higher than in Germany or the 
EU-15, although this difference decreased from 1991 to 2000. The decrease can be attributed to two 
effects: increases in GDP; and decreases in material flow indicators. The growth of GDP in the 
Czech Republic can be substantiated (besides increases in labour productivity) by changes in the 
economic structure towards a higher share of industries with higher gross value added and higher 
share of services that took place during the 1990s. Data on gross value added (GVA) confirm this 
assertion (see Table 5). The share of less material/resource and energy intensive manufacturing 
industries grew in the period of 1991-2000, reaching even higher levels in 2000 than those recorded 
for Germany and the EU-15. With regard to the more material/resource and energy intensive 
industries, such as agriculture and hunting, mining and quarrying and electricity, gas and water 
supply, their share was either stable or decreasing, but still significantly higher than in Germany and 
the EU-15 at the end of the monitored period. The share of services also increased in the Czech 
Republic, but is far from reaching levels of Germany and the EU-15. 
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Table 5: GVA of selected NACE categories, in percent of total GVA, calculation based on GVA data 
in Millions of Euro (at 1995 prices and exchange rates), Czech Republic, Germany and EU-15, 
1991 – 2000 (Source: Eurostat) 

 

  
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

A Agriculture, hunting 

Czech Republic 4.9 3.9 5.9 4.7 4.9 4.6 4.1 4.3 4.5 4.5 

Germany 1.5 1.4 1.4 1.2 1.3 1.3 1.3 1.2 1.3 1.3 
EU-15 n.a. n.a. n.a. n.a. 2.6 2.6 2.7 2.6 2.7 2.6 

C Mining and quarrying 

Czech Republic 1.1 2.4 1.9 2.0 2.2 2.0 1.8 1.7 1.4 1.5 

Germany 0.7 0.7 0.7 0.6 0.6 0.4 0.4 0.4 0.4 0.3 
EU-15 n.a. n.a. n.a. n.a. 0.8 0.8 0.7 0.7 0.7 0.7 

D Manufacturing 

Czech Republic 25.9 29.0 23.7 25.8 24.3 25.6 27.2 25.4 27.6 29.2 

Germany 26.1 24.9 23.2 23.3 22.6 21.9 22.4 22.2 22.0 22.7 
EU-15 n.a. n.a. n.a. n.a. 20.4 20.0 20.3 20.3 20.1 20.3 

E 
Electricity, gas and 

water supply 

Czech Republic 7.6 6.5 6.4 6.1 5.3 5.7 4.2 3.7 3.6 3.8 

Germany 2.2 2.1 2.1 2.1 2.2 2.5 2.3 2.3 2.3 2.3 
EU-15 n.a. n.a. n.a. n.a. 2.3 2.4 2.3 2.3 2.3 2.2 

F Construction 

Czech Republic 9.1 8.5 8.4 7.4 6.6 7.5 6.3 6.5 5.3 4.9 

Germany 6.7 7.0 6.9 7.2 6.7 6.2 6.0 5.7 5.6 5.2 
EU-15 n.a. n.a. n.a. n.a. 6.0 5.8 5.6 5.4 5.4 5.3 

G-Q Services 

Czech Republic 51.4 49.7 53.7 54.0 56.7 54.6 56.4 58.4 57.6 56.1 

Germany 62.8 63.9 65.7 65.6 66.6 67.7 67.6 68.2 68.4 68.2 
EU-15 n.a. n.a. n.a. n.a. 67.9 68.4 68.4 68.7 68.8 68.9 

 

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

The second driver of the material intensity is the value of the material flow indicator. The per capita 
values of both DMI and TMR in the Czech Republic were very close to the DMI and TMR per 
capita values of Germany over the period studied, although the share of economic activities with 
higher gross value added was lower in the Czech Republic. As already pointed out above, the 
economy of the Czech Republic was – and still is – highly dependent on coal. The high values of 
DMI and TMR indicators were thus above all caused by comparatively high inputs of fossil fuels. 
The decrease of per capita levels of DMI and TMR in the Czech Republic over the period in 
question can also be attributed to a large extent to the decrease in fossil fuel inputs. This was 
supported by the fact that the share of energy-intensive industries went down. Another important 
factor behind the decline of fossil fuel inputs was the effort to modernize the Czech power supply 
system, i.e. by closing out-dated and highly inefficient coal-fired power plants. However, although 
coal was partly replaced by other energy carriers such as natural gas and oil, its share in total 
primary energy supply still remains extraordinarily high (see Table 2). 

Regarding the future development of DMI and TMR in the Czech Republic, further decreases in 
DMI per capita as well as in TMR per capita might be expected as a result of the continuing 
reduction in coal dependency (MoIT, 2004). This development could also be strengthened by 
further shifts to less material/resource and energy intensive industries and increases in 
material/resource and energy efficiency in production and consumption due to further 
modernization of the power supply system and the production base of the economy. 
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Altogether, the analysis revealed that the material and resource basis of the Czech Republic 
underwent significant changes in the 1990s. Most of the dynamics tend towards a higher similarity 
in terms of material use, resource requirements and related productivity with the old member states 
of the EU, probably due to a convergence of production technologies and use patterns in industry 
and households. At the same time, the volume and structure of the material and resource input of the 
Czech Republic resembles the German pattern to a higher degree than the EU-15 average, despite 
the fact that the German GDP is much higher. This implies that the physical structure of both 
economies is rather similar; for instance, with regard to overall material and resource use per capita, 
but also with respect to the direct use of biomass, the disproportionate use of brown coal, a 
comparable level of construction mineral use, and a high dependence on metal resources for 
manufacturing. The degree to which future development of the Czech economy will continue 
towards lower material and resource use and further increase of resource efficiency will critically 
depend on whether the major trends will follow the historical German path or orientate more 
towards the average EU-15 performance and its longer-term exceedance.
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