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Executive Summary

Aims and scope

This study has been conducted within the framework of the EU Thematic Strategy on the Sustainable
Use of Natural Resources (Resource Strategy) which is currently in development The objective of the
Resource Strategy is described in the 6" Environmental Action Programme as: "ensuring that the
consumption of resources and their associated impacts do not exceed the carrying capacity of the
environment and breaking the linkages between economic growth and resource use". This objective
has different aspects. Not exceeding the carrying capacity of the environment refers to an absolute
limit - however difficult to define - to the extraction and consumption of resources. It also clarifies the
reason for the second objective, breaking the linkage between economic growth and resource use:
reducing or avoiding environmental impacts. Breaking the linkage between economic growth and
resource use, or decoupling, is a relative target, in line with Factor Four ideas and suchlike. In all, the
foIIowmg characteristics apply to decoupling as understood in the 6th EAP:

decoupling is applied at the level of (supra)national economies

the aim is reducing environmental impacts at a continued economic growth

the target is the use of materials or resources

decoupling is relative, but the underlying idea is sensitive to absolute limits.

The question that is the subject of this study is how to measure decoupling and how to monitor
progress on the decoupling road. For monitoring, indicators or measurements are required that
encompass the abovementioned characteristics: these indicators should be applicable at the
(supra)national level, they should indicate a total level of environmental impacts, related to the use of
materials or resources, and should enable creating time series in order to monitor progress. In earlier
studies, the Domestic Material Consumption over GDP (DMC/€) has been put forward as such an
indicator. DMC measures the material resources which are directly consumed within a national
economy and are put forward as indicators, however indirect, for environmental pressure. The
reasoning behind this is that in the end each kilogram of material entering an economy has to come
out at some moment as waste or emissions.

While this is undoubtedly true, it is at the same time true that there are large differences in
environmental impacts between different resources or materials. A kilogram of sand does not have
equal impacts as a kilogram of copper, or meat, or coal. The potential environmental impacts of the
different materials or resources should be considered as well as the weight or volume of their use. In
the end, it is the environmental pressures and impacts respectively which should be decoupled from
economic growth. In this study, we attempted to develop an indicator combining information on
material flows with information on environmental impacts. This indicator we called EMC,
Environmentally weighed Material Consumption. In addition, a first attempt was made to define an
indicator for land use at the same basis, i.e. to be used as a measure for decoupling. These indicators
are applied for the 25 EU countries and 3 Candidate countries. Time series are made for the former
EU-15 countries from 1990 - 2000, and for the newly accessed and candidate countries from 1992 -
2000. The results are compared with the DMC for the same countries and time period. This sheds
some light on the discussion with regard to the extent to which the DMC indeed can be regarded as a
proxy for environmental pressure.

Next to indicator development, this study focuses on explaining these indicators. Both for the DMC
and the EMC explanatory variables were defined and tested. Policies affecting material flows have
been identified and an assessment has been made of their influence. Moreover, correlations were
made between DMC and EMC. In this way, we hope to shed some light on the reasons for differences
between countries for both variables, as well as on the debate over the usefulness of DMC as an
indicator for environmental pressure.

Refining DMC

In previous studies, Material Flow Accounts have been drafted for EU and ACC countries and MFA-
based indicators, such as DMI and DMC, have been derived from them. In this study, these MFA
accounts have been refined for better cross-country comparability based in particular on plausibility



checks for the two dominating material groups (in terms of quantity) which are construction materials
and green biomass for ruminants’ fodder..

DMC results

The result of the refining process is a consolidated database of DMC for the 28 countries included in
this study. DMC, DMC/capita, DMC/€ and DMC broken down into categories of materials are available
for a time period of 1990 - 2000 for the former EU-15 countries, and 1992 - 2000 for the other
countries (AC-13, which are the ten newly accessed EU countries plus the three candidate countries
Bulgaria, Romania, and Turkey). Between countries, there are large differences. On average, Eastern
European countries have a slightly lower DMC/capita. There are some very high scoring countries,
especially Finland, Ireland and Estonia. When regarding developments over time, a slightly up-going
trend can be seen for the DMC/capita, while the DMC/£ is clearly decreasing, as shown in the figure
below. This shows that the EU economy has become more eco-efficient in terms of its direct materials
consumption. Most of the 28 countries also show this trend, with different rates of improvement.
However, two important points should be considered in this context:

- the absolute amount of direct materials consumed (DMC) has not decreased but even slightly
increased over the 1990s (see figure below), indicating that absolute decoupling of material use
from economic growth has not been achieved (but relative decoupling);
potential shifts of the EU’s resource requirements to foreign economies are not sufficiently
reflected in the DMC indicator which accounts for direct materials only and neglects indirect
material flows associated with imported and exported commodities. To overcome this bias, the
material flow database would have to be further developed towards indicating the EU’s global
Total Material Consumption (TMC) which could be a matter of future studies.

DMC and DMC per GDP: EU-25 + AC-3 countries
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In this figure, the contribution of the main material groups to the absolute level and trend of DMC can
also be detected. A contribution to this process of relative decoupling came from a slight absolute
reduction of the direct materials consumption of fossil fuels (obviously favoured by a substitution of
low-energy coal by high-energy gas as results for the EMC below indicate). Contrary, the DMC of
biomass had slightly increased and the DMC of construction materials had increased even more, with
the overall effect of a slight increase of the total DMC (by 4% while GDP had increased by 20%).
Obviously, increased domestic use of construction materials mainly prevented a development towards
absolute reduction of the EU’s direct material consumption.

Developing EMC

The idea behind the environmentally weighed material consumption indicator, EMC, is quite simple:
multiply the material flows with a factor of their environmental impact. Material flows are available
through DMC and the accompanying MFA account. To specify the environmental impacts of a
material, a Life Cycle Impacts approach is taken. For every considered material, an estimate is made
of its contribution to environmental problems throughout its life cycle. This includes not only the



impacts related to the material itself, but also the impacts of auxiliary materials, energy used for its
extraction and production, emissions of impurities and pollutants included in the material during use or
waste treatment, etcetera. Energy use in the consumption phase is excluded. We consider this energy
use - for example, petrol in cars or electricity for computers - to be related to products rather than
materials. It is difficult to allocate the use of energy to the individual materials a product is composed
of, and quite often the energy use is not related to these materials at all. The established impacts in
this way provide the total cradle-to-grave impact per kg of the material. This impact factor then is
multiplied with the number of kilograms of this material being consumed to obtain an idea of the
environmental impact of the consumption of the material. Summated over all materials, a picture
emerges of the environmental impact of the material consumption of a national economy.

This simple idea, when put in practice, proves not to be that simple. There are some obstacles that
must be taken:

Double-counting

We cannot just use DMC for the material flows related to consumption, because the impact factor
relates to cradle-to-grave chains. For example, DMC contains imported fertiliser, but also the crop that
is harvested for which this fertiliser is used. In the cradle-to-grave chain of the crop, the impacts of the
fertiliser are already accounted for. If fertiliser appears separately in the account and is also multiplied
with an impact factor, there is a double-counting. We excluded double-counting by excluding materials
that are used solely for the production of other materials from the DMC. Their impacts however are
included in the impact factors, which means they are not just left out.

Resources vs. finished materials

DMC is built up out of raw materials, finished materials and products. Cradle-to-grave impact factors
refer to finished materials. This means, that the import or extraction of raw materials has to be
translated into finished materials. For example, extracted sand is not just used as sand, but partly
enters the chain of other materials such as cement, concrete or glass. All these materials have
different impacts. Therefore we used additional information about the fate of resources, assigning the
raw material sand to its finished materials sand, cement, concrete and glass.

Included and excluded materials

The idea is to include as many materials as possible. Two restrictions are made: (1) information on the
materials consumption should be available, and (2) information on the environmental impact of the
material should be available. The first restriction proved to be the most limiting. For a number of
smaller-scale materials it proved impossible to arrive at sufficiently credible materials balances. For
DMC, this doesn't matter since the amounts are small. For the EMC this can be a problem, since
small-scale materials sometimes have a very high impact potential per kg.

Weighting

We used the ETH-database, a standard database, for the Life Cycle Inventory (LCI), i.e. the list of all
environmental interventions in terms of extractions and emissions, of 1 kg of each material. The
results of the LCI were translated with standard LCA software (the CMLCA program) into contributions
to 13 different impact categories. Thus, each material scores on global warming, acidification, human
toxicity etc., in terms of potential impacts, expressed in equivalents. For global warming, for example,
all emissions are added in terms of CO,-equivalents. By multiplying these factors with the
consumption flow and adding all materials, a picture arises of the contribution of the material
consumption of a national economy to 13 environmental problems. This implies there is not just 1, but
13 indicators of environmental impact potential. This could be acceptable, but when the aim is to arrive
at one single indicator for environmental impact, these 13 indicators must be aggregated. This issue of
weighting is controversial in the LCA community. Several schemes exist to attach relative weights to
environmental problems, based on different starting points, but none is generally accepted. We
decided to add the 13 impact categories based on an equal weighting, as an example.

Interpretation problems

The uncertainties of basic MFA data and the derived DMC also apply to the EMC. Additional
uncertainties and restrictions arise from the use of LCA data. The LCA process data are averages for
Western Europe, implying that on the one hand differences between countries are not expressed,
while on the other hand efficiency improvements over time that do not result in a lower materials



consumption (such as the application of end-of-pipe technologies) cannot be seen. The LCA database
is updated once a decade rather than once a year. Basic assumptions in the LCA database with
regard to recycling and allocation are difficult to detect and may be open for improvement. Regarding
the LCA impact assessment data, there are large differences in quality between the different impact
categories. While global warming potentials are based on internationally agreed studies, large
uncertainties exist in the impact categories related to toxicity. The LCA Impact Assessment
methodology is not well developed for land use and waste generation. Depletion of resources of a
biotic nature, e.g. wood and fish, is not included at all; at this moment there is no consensus on how to
derive impact factors. Despite these omissions and uncertainties, the addition of LCA data in our view
is still relevant, bringing the MFA based indicator a step further in the direction of potential impacts.
Both for MFA and LCA databases, improvements should and probably will be made over time,
allowing for more reliable indicators. Both research and development areas are alive and many
experts are working on it, which ensures a highly dynamic development field for both fields.

EMC results

The result of applying the EMC methodology to the 28 countries included in this study shows, in the
first place, that there are large differences between countries. The levels of EMC/capita and EMC/€
vary a factor 2 - 5. The most important explanation lies in the differences between the structures of the
economy. Countries with a large or intensive agricultural sector have the highest EMC score. These
are different from countries with a high DMC, excepting Ireland. It is, however, difficult to attach a
meaning to those differences. Should a country change its economic structure, or copy other
countries? This is at least open to debate. While country comparisons suffer from interpretation
problems with regard to the absolute value of EMC, the interpretation of time series within a country is
less problematic. Given a certain structure of the economy, a development towards a less impact
intensive economy can be regarded as positive. Here, too, are clear differences between countries.
Some countries show a clear decrease in their EMC/capita, others a clear increase, yet others remain
quite stable. The largest increase is visible in Southern European countries as Portugal, Spain and
Greece. For the 28 countries in total, the EMC/capita is quite stable. The EMC/€ however shows a
clear down going trend over time, as shown in the Figure below. Most countries also show this trend,
with different rates of improvement. This means that the EU economy is becoming more eco-efficient.
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In this Figure, the contribution of the different materials can also be detected. The largest contribution
to this process of relative decoupling seems to originate from a reduction in the use of coal. This is
replaced by gas, which has a lower impact potential.



Developing a land-use indicator

One of the objectives of this study was, to make a start with the development of a land-use indicator
that can be used as a measure for de-coupling on the level of national economies. Land use is a very
important aspect from a sustainability point of view, and land-use intensity therefore a relevant
indicator for eco-efficiency. Since no such indicator exists yet, we started this task with some
observations of aspects to address. We attempted to define a land-use indicator related to
consumption, similar to DMC and EMC, and on a similar basis: the land use required to fulfil a nation's
material needs. The concept of land use related to consumption has some similarities to the well-
known Ecological Footprint. This, too, is a measure for land use related to consumption on the
national level. The land-use indicator as proposed here is more clear-cut in that sense that it does not
contain any "virtual" land use elated to the adsorption of pollutants, but only "real" land use. It is
therefore not an overall indicator of environmental pressure, only insofar related to land use.

In theory, the land-use indicator is calculated as: domestic land use + foreign land use for imported
materials - domestic land use for exported materials. Thus, a picture emerges from the land used,
anywhere in the world, for the consumption in a specific country. We name the indicator Global Land
Use, in abbreviation GLU. In practice, data availability constitutes a real problem. Even for domestic
land use, comparability between countries is limited and datasets are incomplete. Outside the EU the
problems are even larger. Only the sub-category Global Agricultural Land Use (GALU) we were able
to specify, be it with the help of some assumptions of our own. The figure below shows the GALU for
the former EU-15 and ACC-13 in comparison with the world’s availability of agricultural land in total
and arable land plus permanent crops land in particular. From this picture, it seems that the global
agricultural land use of the EU and ACC is in line with agricultural land available for each human being
in the world. However, several arguments (as discussed in the main report) speak rather for an
orientation towards the global availability of arable land and permanent crops land instead of total
agricultural area. With this reference, the EU’s and ACC’s GALUs would rather exceed global limits on
a per capita basis. Furthermore, the global per capita availability of both agricultural land and arable
land and permanent crops land, is declining more rapidly than the GALUs of EU and ACC. Also, the
agricultural land use intensity (in terms of fertilizer and pesticides use etc.) should be taken into
consideration as well. This may put the EU’s global agricultural land use into a different perspective
than the mere hectares per capita show.

Global Agricultural Land Use Indicator (GALU)
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Underlying to this figure, an interesting difference between EU-15 and ACC-13 was observed.
Whereas the EU-15 has always required a net surplus of agricultural land abroad, the ACC-13 have
rather been net providers of agricultural land for the rest of the world (and most probably in particular
for the EU-15). Future studies may show the status and development of agricultural land use of the
extended EU-25 and beyond on the global scale, aiming at integrating qualitative aspects of land use
as well.



Explanatory variables for DMC and EMC

A number of socio-economic and physical variables have been investigated as explanatory variables
for both DMC and EMC. We performed an extensive regression analysis. Overall, the variation in
these variables explains roughly 60-65% of the variation in both DMC and EMC per capita. Most
important variables are related to the level of income in a country (GDP) and the structure of the
economy. Richer countries tend to have higher levels of DMC and EMC per capita, but the increase
due to economic growth is more profound in the EMC than in the DMC. A 1 % economic growth
results, in the long-run, in an increase in the EMC of almost 0.6% and in an increase in the DMC of
0.4%. As this is smaller than 1%, there is some relative decoupling. The higher figure for the EMC
indicates that economic growth results in a higher increase in environmental impacts from resource
consumption than in resource consumption measured in weight (as the DMC).

The structure of the economy is another important variable: the DMC is mainly influenced by the share
of construction activities in an economy, whereas the EMC is influenced by both the construction
activities and the agricultural sector. Other variables that have an influence on the DMC and EMC are
related to both the growth in the dwellings per capita and the renewable energy input in an economy.
More dwellings result in higher resource consumption, while a larger share of renewables in electricity
production results in lower resource consumption. The DMC is furthermore influenced by a number of
policy variables, such as energy prices and spendings on education. The price elasticity for motor fuel
prices is in the long-run -0.16%, which is in line with other empirical studies.

While this analysis gives some insight in the factors that influence the resource consumption in a
country, they provide little insight in which countries have been successful in reducing their resource
consumption and which countries have been less successful. In order to address that question we
investigated the differences in resource efficiency between countries. As stated above, countries differ
by almost a factor 5-9 in their resource efficiency, either measured as DMC/€ or EMC/€. However, a
large part of these differences can be attributed to the measure of GDP that is used. So far in the
report, nominal GDP figures have been used that convert the national income figures of each
individual country to Euro, using official exchange rates. However, these exchange rates do not reflect
the amount of goods consumers can buy in their resident country, but rather what they can buy in the
Euro zone. As the price level in Central and Eastern Europe is much lower than in Western Europe,
these exchange rates do not truly reflect the amount of goods consumers can buy from their wages.
Therefore, a measure of Purchasing Power Parities is often used in international comparisons
between countries, especially if consumption related activities are to be compared. When taking
Purchasing Power Parities as exchange rates, the differences in resource efficiency are reduced by
more than half. If the resource efficiency is furthermore corrected for differences in the structure of the
economy and the level of GDP, one may come at the part of resource efficiency that may be affected
by differences in policies and consumer lifestyles. This provided the insight that the United Kingdom,
Romania and Sweden have typically better than average performance both in their levels of EMC/€
and evolvement of EMC/€ over time. Denmark and Latvia are here singled out as countries that
typically performed worse than average for these two indicators. Romania and the United Kingdom are
also identified as the countries that perform well with respect to their resource efficiency (both in levels
and evolvement over time) of DMC. Finland, Bulgaria, Cyprus and again Denmark are here singled
out as countries that perform worse than average with respect to their levels and changes in DMC/£.

Further investigation into why these changes occur between countries proved to be cumbersome.
Typically, the DMC and EMC treat the economy as a black box and measure only the inputs and
outputs into an economy. To reveal later what actually has been going on in the economy in terms of
driving forces is not possible without going into the individual material account of these countries and
conducting case-studies. The analysis on changes in resource efficiency over time indicated that
former communist countries tend to have higher improvements in their resource efficiency and that
countries that have implemented policies oriented on recycling of municipal waste tend to have higher
reductions in resource use relative to GDP over time.

Next to these explanatory variables, the influence of a number of national and EU policies has been
investigated. A general conclusion that can be drawn from the policy analysis, is that currently policies
for materials or products still mostly act by weight. Only some of the instruments under IPP explicitly
act by environmental impact, by stimulating the use of renewable energy or FSC certified wood. There
is a tendency, however, to move toward policies acting by environmental impacts, for instance in the
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area of packaging. Next to this, sectoral policies of course address emissions and environmental
impacts more directly, but those are mostly tied to locations.

As to the performance of individual countries some remarks can be made. In general, a clear
distinction is seen between the older and the new MS. To a lesser extent, there is a distinction
between northern Europe and southern Europe. The UK was identified above as a country that
performs well with respect to their resource efficiency corrected for the structure of the economy and
the level of GDP. From the policy analysis it appears that this might be related to the use of the tax
instruments in energy policies which are more stringent than in Western Europe for energy prices
related to households. Interestingly, Denmark, and also Sweden, is almost always at the “top of the
list”. This is more striking as the indicator of the EMC indicated that Denmark is also the country with
one of the largest environmental burdens from resource consumption and Denmark performed poorly
both for the DMC/€ and the EMC/€ when corrected for the structure of the economy and the level of
GDP. Portugal and Greece are often at the bottom of the list (not taking into account the new MS).

The differentiation in east-west and north-south is probably mostly due to differences in the structure
of the economy, rather than to policy variables. There could be no reason found why Romania
performs so well in the corrected resource efficiency figures.

Correlation between DMC and EMC

In this study, we have investigated the relation between DMC and EMC at different levels. At the most
detailed level, the level of individual materials, there seems to be no relation whatsoever between a
material's consumption and its impacts. For specific resources, therefore, weight and impact have to
be regarded separately.
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When plotting the EMC-DMC relation for the different EU and AC countries, however, there appears to
be a correlation between the two, which is significant. This probably implies that the composition of
material consumption does not differ that much between countries which are to a certain extent
comparable in terms of their market structure and have extensive trade flows with each other. There
are some outliers, however, which seem to be related especially to the economic structure and
presumably to the influence of cattle stock breeding in these countries.
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Over time, the correlation is also visible. The way a national economy uses materials, in terms of its
technical coefficients, changes only slowly as the result of capital replacements and technological
innovation or technological breakthroughs. This implies that given a certain materials input and a
certain economical structure, the output in terms of waste and emissions is more or less fixed.
Structural changes and really significant improvements in efficiency only happen over a longer period
of time. For shorter periods of ca. 10 years, the output seems to be determined by the input and
therefore the DMC can be a valid approximation of environmental pressure, at the aggregate level and
within national economies. On the long run, however, changes occur and the relation may no longer
be valid.

What does this mean for the expendability between EMC and DMC? If they indicate the same thing,
using just one of them seems sulfficient. It could be argued that, since environmental impacts are what
we are interested in, the EMC as the indicator that measures this should be used. On the other hand,
DMC is easier to calculate and surrounded with less uncertainty, therefore an argument could be
made to use DMC. To take this argument one step further, both DMC and EMC correlate with
GDP/capita. By the same reasoning, we could use GDP/capita as a proxy for environmental pressure.
Yet, since we are interested in measuring the decoupling between economic growth and
environmental pressure, GDP/capita cannot be used in this way. In the same line, it may also be
interesting to see whether a decoupling between materials use and environmental impact potential
might occur. For that reason, it still makes sense to measure both.

The application of the EMC and DMC may also differ. The DMC may be used as a “headline” indicator
in a given time-period for the environmental pressure from materials consumption for individual
countries or for comparing countries with a largely similar economic structure. However, if actual
policies are put in place for reducing the environmental impacts from resource consumption, DMC is
not appropriate as there is no linkage between environmental impacts and the underlying consumption
in terms of kilograms. Also if the natural resource strategy is to contain long-term goals, like a Factor 4
in 25 years, one may question whether on such a long time-frame the changes in impacts will still
correlate with the kilograms.

Set of indicators

A separate task of this study has been to identify a limited set of mass flow and land use indicators,
and assess whether one or more of those indicators could be used for benchmarking. The indicators
that have been regarded in this study are the following:
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variants of Domestic Material Consumption, DMC: DMC, DMC/capita, DMC/£, DMC/km? and
DMC broken down into categories of materials

variants of Environmentally Weighted Material Consumption, EMC: EMC, EMC/capita,
EMC/€, EMC/km2; EMC broken down into categories of materials; EMC per individual
material; EMC per impact category

variants of Global Land Use, GLU: GLU, GLU/capita, GLU/£, GLU/km? (not available at this
moment), GLU broken down into categories of land use. At this moment, only agricultural land
use can be specified sufficiently.

These indicators have been judged by a number of criteria. A very important criterion has been the
indicative value. To assess the indicators on this criterion, we attempted to define the meaning of the
indicators. If the definition is easy and clear-cut, the meaning of the indicator can be assumed to be
clear. The next question is then, whether the indicator is relevant: clear or not, are we interested in its
message?

DMC variants

The DMC can be defined as: "the annual consumption of "new" materials within a national economy".
The meaning therefore is clear: DMC is a measure for the physical basis of a national economy. The
indicative value, however, is indirect. Not the consumption itself, but the implications are indicated by
DMC. DMC is a measure for net additions to stock and generated waste and emissions, since every
import or extraction that is not exported is either added to stock or becoming waste. By the same
reasoning, DMC is a proxy for present and future waste and emissions, since all materials added to
stock have to come out as waste or emissions at some moment in time. However the indicative value
is still indirect. Not the physical basis, the stocks themselves, or even the present and future waste
streams are the issue, but the potential environmental pressure related to them. As stated above, it
appears that there is a significant correlation between the DMC on the one hand and the EMC on the
other, both between countries and over time. On an aggregate level, therefore, DMC could indeed be
used as a proxy for environmental pressure, at least on the short term. Although no absolute target or
desired level can be defined, the meaning of the indicator is clear in a relative sense: less is better.

Both the DMC/capita and the DMC/km? roughly have the same meaning, but are options to make the
DMC indicator comparable between countries. The DMC/capita could be regarded as a measure for
environmental pressure of consumption. The DMC/km? is a little closer to indicating environmental
pressure as such, since population (and therefore, environmental pressure) density is important.
Countries with a dense population score higher on such an indicator. Such countries often can be
more eco-efficient (see below) and even might have a lower DMC per capita, but nevertheless the
environmental pressure can be high.

The DMC per € of GDP is another option to ensure comparability between countries. This can be
regarded as an eco-efficiency measure of materials intensity: the amount of materials related to the
making of (or spending of) one Euro. Again, less is better, because more eco-efficient and less
material-intensive.

The DMC can be broken down into a small number of categories of resources. As an account, the
more detailed it is the better, since more possibilities of analysis are available. However, the relation
with environmental pressure on this level is less clear. Bulk-materials for construction, for example, are
very important in weight but not in environmental pressure. For metals, it is the other way round. As is
shown in Chapter 4, there is no relation at all between a specific material's volume of use and its
environmental impact potential. As a proxy for environmental pressure, the DMC can therefore only be
used on the aggregate level. This is true for all DMC variants, and especially for the DMC/€. On an
aggregate level, the DMC/€ makes sense, but disaggregated the relation with income is meaningless.
The contribution of each material to the GDP is different per kg of material. It would make sense if the
GDP could be attributed to the different (groups of) materials. This can be an interesting task for the
future.

EMC variants

The EMC can be defined as: "the global environmental impact potential of cradle-to-grave chains of
"new" materials annually consumed in a national economy". It adds an environmental dimension to the
DMC and therefore is a much more direct indicator of environmental pressure. It also adds a cradle-to-
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grave aspect to the DMC and therefore includes the impact potential of those parts of the chain that
are located outside the nation. The environmental impact potential of consumption thus is a global
impact potential. In that respect - though not in others - this measure resembles the Ecological
Footprint, which also takes the consumption as the starting point and specifies cradle-to-grave chains
related to this consumption. The EMC needs no further interpretation or correlation. Like DMC, it is a
relative indicator (less is better). Its expression is not in kg but in contribution to the worldwide
environmental impact potential. Its absolute value therefore also has some meaning as well, although
still in a relative sense.

The EMC per capita means the same but is a measure that is comparable between countries, unlike
the EMC itself. A translation into EMC per km? is meaningless when the land surface of the country is
used, and trivial when the land surface associated with the cradle-to-grave chains is used, if such data
would have been available. Therefore the EMC/km? is cast aside on grounds of doubtful indicative
value.

The EMC per € of GDP can be regarded as an eco-efficiency indicator, comparable to DMC/€. This
indicator is a measure for the impact intensity of a Euro made, or spent. Less is better again seems to
be applicable.

The total EMC is built up out of the EMCs per environmental impact category, which in turn are built up
out of the EMCs per material for this impact category. The EMC therefore is also available at a more
detailed level. The interpretation is easier, or at least more comfortable, at the level of the individual
impact categories: the contribution of the chains of materials to, for example, global warming or human
toxicity. This is less vague and ambiguous than the "total environmental pressure” and avoids
problems with the relative weighing of the impact categories. At this level, the indicator has its largest
indicative power. Environmental impact categories which are doubtful, either because of lack of data
or because the impact category is not yet well-established in the LCA framework, can just be ignored
or left out. EMCs per material within the impact categories are equally well interpretable, but suffer
from uncertainty problems in the basic data (see 7.2). EMCs per group of materials, comparable to the
categories of materials in DMC, could be a better option.

The breaking down of the EMC/€ into (groups of) materials leads to nonsensical results. The
reasoning is comparable to that in Section 7.1.1, where similar conclusions are drawn for the breaking
down of DMCJ/€.

Global land use variants

The global land use indicator, as developed in this study, can be defined as: "Global land use related
to the annual consumption of "new" materials by a national economy". It can be used in a relative
sense, less is better, but can also be related to an absolute value, i.e. the amount of land available on
Earth. In principle, it can be a powerful indicator. In practice there are large problems with data
availability. Agricultural land has been the only category for which sufficient data were available. Apart
from that, it is difficult to relate these categories to the categories of materials used in the DMC and
EMC. Biomass seems to be the only material category for which this is possible. The built-up area can
be related to the other categories, since they will be mostly used there. However, land required to
produce these materials is difficult to include. The GL is therefore would not be completely comparable
to DMC and EMC. In all, the development of a global land use indicator is still in its first stages.

Comparability between countries

Comparability between countries can in principle be reached by using the indicators per capita, per €
or per km?. As mentioned above, not all combinations make sense. The per capita indicators seem
most robust against becoming meaningless. The per € indicators are powerful measures of eco-
efficiency, but only at an aggregate level. The per km? indicators are doubtful in their meaning, only for
DMC these seem to make sense as a proxy for environmental pressure.

Another issue is, what such a comparison means and what conclusions can be drawn from it. It has
become apparent that the differences between countries are due mostly to the structure of the
economy. This influences both DMC and EMC. A country with a large mining sector is bound to have
a higher DMC, while countries with an intensive agricultural sector have a high EMC. Although it can
be concluded that such countries have a worse environmental performance, it does not follow
automatically that countries with mining sectors should close their mines or abandon their agriculture.
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It could be much worse, on a global level, if mining or agriculture were shifted to other places. Other
aspects are population density and level of wealth. This can be seen most clearly by comparing
Eastern European countries with the richer former EU-15 countries. The EMC/capita is lower for the
Easter European countries, but the EMC/€ is much higher. This can be corrected to some extent by
not using GDP but GDP corrected for purchasing power potential. However, differences between
countries remain and cannot be interpreted directly in terms of where to go. This limits the usefulness
of the indicators to monitoring, they cannot be used directly as steering variables.

These deliberations do not play a role when monitoring progress over time within a country, or within

the EU as a whole. Given a certain structure of the economy, a development over time towards a less
material and impact intensive economy can be regarded as positive. Therefore the use of time series
does not cause interpretation problems.

Useful indicators for measuring decoupling at the level of (supra)national economies are, presently:

. DMC/capita and DMC/km?, as descriptions of the physical economy and as proxy for
emissions and waste, at the aggregate level.
EMC/capita, as an approximation of the impact potential of consumption of national
economies
DMC/€ and EMCI/£, as eco-efficiency indicators for materials intensity, resp. impact intensity of
a national economy
EMC/capita and EMC/€ broken down into separate impact categories, indicating the
contribution of consumption to those impact categories and enabling to relate with
environmental problems oriented policy
EMC/capita broken down into categories of materials
GALU/capita, only for agricultural biomass production.

All can be used in a relative manner (less is better), and therefore are in principle open to non-specific
targeting or benchmarking.

Conclusions, discussion and recommendations

For the EU, MFA accounts including DMC are currently estimated and up-dated by Eurostat based on
standardised methods. Eurostat is encouraging Member States to establish MFA accounting in their
statistical programmes and so is the OECD. Further efforts will have to be put into the methodological
harmonisation of MFA accounts so as to improve the statistical cross-country comparability. To
enlarge the potential of use of the MFA databases, it could be recommended not to limit the accounts
to the transboundary flows. Including recycled flows and production would increase the usefulness for
all kinds of analyses. On an aggregate level DMC can be used as a proxy for environmental pressure.
Hence, it seems the most readily available indicator to monitor resource use and resource productivity.

One of the major challenges of this study was the development of the environmental weighed material
consumption indicator, the EMC. Although many uncertainties, data gaps, methodological problems
etc. have been encountered, we have been able to define and apply EMC. The next step is to assess
whether the EMC indicator is ready for use.

On the positive side, the basic idea is simple - just adding an environmental weight to the material flow
data - and the methodology builds entirely on standard tools and databases. An additional advantage
of using LCA data is that this facilitates the link with a product policy. There are also some aspects
that limit its potential at the moment. One important problem is that of the weighting between
environmental impact categories. So far, every aggregate measure of environmental pressure or
impact has suffered from this problem with regard to its acceptance. It may be kept in mind that the
most influential measure for economic performance, GDP, also suffers from this problem: it is made up
of different sub-indicators, which are aggregated arbitrarily. Nevertheless it is accepted as an indicator
for welfare and is used for monitoring and even targeting. Many people have worked many years on
its development. The same will probably be true for an indicator of overall environmental performance,
to which we hopefully have made a contribution.

Other aspects limiting its potential for use refer to the mentioned uncertainties, data gaps and
methodological issues. To develop the EMC further, the following activities are recommended:
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The LCA database used in this study has in the meantime been updated. It is recommended
to derive new impact potentials with the help of this updated database

In order to have a representative state of the art of technologies in the EU, a regular update of
the LCA database is actually required. This is a major task for the LCA community.

Not all relevant materials are included in the LCA databases. It is recommended to expand the
database with materials related to agriculture, and with a number of secondary materials esp.
metals.

The LCA methodology does not allow assessing the problem of depletion of renewable
resources. This is a very serious environmental problem indeed. If LCA is unable to deal with
it, it is recommended that a separate indicator is developed for that, comparable to the effort
undertaken in this study to define a land use indicator.

There are large differences between countries which are not visible from a general LCA
database. For a sensible application of the methodology in the different countries, country-
specific studies are required. Per country it can be determined whether the average LCA data
are valid or new country-specific processes have to be defined. This will especially be relevant
for industries with little transboundary flows, such as for example the construction industry.
Using the DMC system boundaries for the EMC has proven to be difficult and even awkward.
The system boundaries of apparent consumption seem to be more convenient and
meaningful. It is recommended to develop the EMC further using the boundaries of apparent
consumption. Additional data have to be collected from production statistics. With the help of
these data, it may be possible to draft sufficiently reliable material balances for a more
complete set of materials.

The use of the EMC for policy purposes should be carefully considered. Its use for monitoring
developments puts different requirements to an indicator than the use for targeting, or even for
identifying options for policies. The EMC in its present state could be used for monitoring,
especially with the improvements as indicated above.

The EMC broken down into the different impact categories is more robust, because the tricky
problem of weighting is avoided. Also, it is possible to make a distinction between more and
less reliable impact categories. For the more reliable categories, general targeting (Factor
Four, or suchlike) could in principle be possible. The underlying information for the individual
materials could be used, as one of many necessary pieces of information, for more specific
policies. It should not be allowed to live a life of its own.

The link between a resources and a product angle should be made explicit. One of the
repeatedly recurring issues refers to energy in the use phase of the life-cycle. In the EMC,
energy in the use phase is represented in the chain of fossil fuels. It is therefore not invisible,
but it is not attributed to the other materials. In our view, energy in the use phase can be
attributed to a product, not to the materials the product is made from. From a product or
service perspective, such as used in IPP, this is a very important aspect. A resource and a
product perspective in our view should be additional, not mutually exclusive.

The other new indicator investigated in this study, the Global Land use indicator, is presently not
applicable. Too many data are lacking and too little harmonisation in statistical categories exist at the
moment. The LCA land use data, although they would be ideally suited to the indicator's purpose,
appear to be insufficiently reliable. For the moment, only the Global Agricultural Land Use is specified.
Further development of this indicator is recommended.

The analysis on the driving forces for resource use has delivered the following conclusions and
recommendations:
- There is a huge variation in resource efficiency between countries
Resource efficiency of the DMC or EMC is better measured in terms of Purchasing Power
Parities than in terms of nominal exchange rates. This reduces the variation between
countries and may give a better expression of what consumers can buy from their incomes.
There is an epistemological advantage in using resource efficiency over resource productivity
as resources themselves do not generate value added if no labour were put into the extraction
and refining of resources. While this is recognized in the field of energy economics (energy
efficiency is the target variable instead of energy productivity), the field of resource economics
sometimes sticks to the concept of resource productivity.
The most important driving forces for differences in resource efficiency relate to the level of
GDP and the structure of the economy. While indirectly one may hope that a natural resource
strategy may result in changes in the economic structure, there will be no environmental gains
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if such changes are not accompanied by equivalent changes in the structure of consumption
(lifestyles). For that reason, it might be wise to periodically correct the resource efficiency for
changes in the structure of production and to identify countries that have performed well over
time in improving their resource efficiency.

It proved to be difficult to exactly trace back the reasons for improved resource efficiency over
time. We found especially that they related poorly to policy variables that we have chosen in
this study, except for the recycling of municipal waste. More efforts should be devoted towards
revealing strategies that can help in reducing resource consumption over time and identifying
successful policies that help to achieve the goal of decoupling environmental impacts of
resource use from economic growth.
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1. Introduction

Resource flows link the economy with the ecosystem and form the bridge between human activities
and environmental impacts. The use of resources on the one hand leads to wealth and economic
growth. On the other hand, it leads to problems related to resource availability, and to the generation
of waste and emissions. In many countries as well as in the EU, decoupling of economic growth and
resource use has become a policy objective. Over the years, there has been a debate of what exactly
is meant by the term "decoupling”. It has been understood as "dematerialisation”, i.e. an economic
growth linked to a reduced throughput of mass. It has also been understood as de-linking economic
growth from environmental pressure. It has been used at the level of companies (making more money
with less raw materials), at the consumer level (a shift from products to services), and at the level of
national or even supra-national economies. On that level, a distinction is made often between
"absolute" and "relative" decoupling, relative decoupling implying a reduced throughput or
environmental pressure per unit of GDP, and absolute decoupling indicating a declining throughput or
environmental pressure over a growing GDP.

The 6th Environmental Action Programme (6 EAP) (European Commission, 2002) also has addressed
the issue of the use of natural resources. The objective for the thematic strategy on the sustainable
use of natural resources (Resource Strategy) is described as: "ensuring that the consumption of
resources and their associated impacts do not exceed the carrying capacity of the environment and
breaking the linkages between economic growth and resource use". This objective has both an
"absolute" and a "relative” compound. Not exceeding the carrying capacity of the environment refers to
an absolute limit - however difficult to define - to the extraction and consumption of resources. It also
clarifies the reason for decoupling: reducing or avoiding environmental impacts. Breaking the linkage
between economic growth and resource use is a relative target. In all, the following characteristics
apply to decoupling as understood in the 6th EAP:

decoupling is applied at the level of (supra)national economies

the aim is reducing environmental impacts at a continued economic growth

the target is the use of materials or resources

decoupling is relative, but the underlying idea is sensitive to absolute limits.

Within the framework of the 6 EAP Resource strategy some studies have been conducted. One is the
so-called Zero study (Moll et al., 2003). In this study, data have been collected on the use of resources
in the EU-15 countries and processed into a number of indicators. Another, similar study has been
commissioned by Eurostat (Eurostat, 2002). Finally, the Topic Centre on Waste and Material Flows
(EEA, 2003), has provided information on material flows in EU and AC countries. From these studies,
an analysis can be made of the pattern of resource use of countries. It appears that there are clear
differences even within the EU. According to the Technical Annex to the call for tender, the Domestic
Material Consumption over GDP (kg DMC/€) seems to be preliminarily adopted as an indicator for the
material intensity of a national economy.

The available database also gives rise to a further need for analysis, and partly to an expansion, in
three directions. In the first place, an analysis of the causes of the substantial differences between the
countries is required. Are these due to statistical fluctuations or related to certain driving forces of
material use? Such an analysis may form the basis for country-specific policies. Secondly, an
expansion of the DMC indicator is required. There are some doubts regarding the indicative value of
DMC and other mass based indicators for environmental pressure, since there is no direct
correspondence between weight or volume and potential environmental impacts. Thirdly, there is a
need for the definition and elaboration of an additional indicator for land use. Land is considered a key
resource and is insufficiently expressed in any indicator related to the use of material resources. Land
use can also be indicative of the "rucksack" that is associated with the consumption of materials.

Elaborating on these three issues is necessary for further refinement of an indicator for resource
productivity that can be used for policy making at the EU level. These three issues therefore form the
core of this study. This report is the first interim report of the study. It contains the results of the
analysis of the DMC data set in Chapter 2. It contains progress reports, with methodological issues
and interim results, on the other issues. A progress report on the explanation of differences between
DMCs of countries due to socio-economic factors or the influence of policies is presented in Chapter
3. Chapter 4 contains the progress report on the methodology of connecting materials to
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environmental impacts, the derivation of indicators from that and the first results of the application of
the methodology. In Chapter 5, finally, the progress on the identification of land use intensity in the EU
and AC countries is presented.

20



2 MFA database for DMC: Review of the comparability of data,
explanations, solutions, and results

21 Introduction

The scope of this section is, to analyse and discuss material flow data related to Domestic Material
Consumption (DMC) for the EU-15 and its Member States (MS) and its Accession and Candidate
Countries (ACC-13) with respect to comparability across countries. This task is performed with the aim
to improve the interpretation and policy use of material intensity and resource use indicators on
international level.

The comparability of materials flow data across countries was found to be critical with respect to five
major points:

1. Basic statistical data may be wrong, misleading, incomplete and/or inconsistent over time and
across countries;

2. Official statistics do not report the total weight of materials but only specific contents;

3. Statistical data in time series reveal individual gaps or different references;

4. International statistics have to be used instead of specific national statistics;

5. Data required to account for material indicators are not available from statistics.

In this study, the material flow databases for the EU-15 and MS, and of the ACC-13, were submitted to
critical (re-)examination and reviewed for every single country with respect to major potential
limitations that hinder international comparability of the derived material flow indicators DMI and DMC.
This is described in detail in the annex.

In the annex, it is also described which solutions we chose in order to overcome the identified data
problems. This includes in particular general plausibility checks for construction minerals and green
fodder for ruminants which were developed in this study, and applied in order to improve data
comparability on international level.

The outcomes are consolidated material flow databases for the EU-15 and Member States (MS) for
1990 to 2000, and of the Accession and Candidate Countries (ACC-13) for 1992 to 2000. This work
was build upon extensive experience gained at Wuppertal Institute during recent and ongoing work in
this field, in particular on material flows accounting for EU-15 and Member States (Bringezu and
Schitz 2001a, 2001b, Eurostat 2001b, Schitz 2002, 2003), in comparison with recent and ongoing
activities of EUROSTAT (Eurostat 2002), and on MFA for ACC-13 (Moll et al. 2002, Wuppertal
Institute: this study). Furthermore, we analysed and included specific national data sources and
studies on economy-wide MFA being available so far (Austria: Schandl et al. 2000, Gerhold and
Petrovic 2000; Denmark: Pedersen 2002 and personal communications, Statistical Office Denmark
online database; Finland: Maenp&a and Juutinen 1999, and personal communications Maenpaa,
Thule Institute; Germany: Schiitz 2003 and database of Wuppertal Institute; Italy: Barbiero et al. 2003
and personal communications Femia, ISTAT; The Netherlands: Matthews et al. 2000 and database of
CML; Portugal: Monteiro 2003 and personal communications Romao, Statistics Portugal; Spain:
Statistics Spain 2003; Sweden: Isacsson et al. 2000; UK: Bringezu and Schiitz 2001c and Office for
National Statistics online database; Czech Republic: Scasny et al. 2003, and personal
communications Kovanda, Charles University Prague; Estonia: Statistics Estonia data provided by
Matti Viisimaa, KKM Info- ja Tehnokeskus - Estonian Environment Information Centre, personal
communication on 3 March 2002; Poland: Schitz et al. 2002). We also contacted official statistical
offices and other institutions in individual countries in case of missing or obviously critical data.

Based on the acquisition and analysis of material flow data described in detail in the annex, this study
provides a revised and consolidated database for DMI and DMC of EU-15 and MS 1990 to 2000 and
of ACC-13 1992 to 2000.

The data for domestic extraction in EU and MS and in ACC-13 are provided at the highest level of
detail available.
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Data for imports and exports of the EU and MS are in general provided at the HS-CN 2-digits level of
the Eurostat Comext database and can serve further users as a basis for more detailed material flow
studies by using more disaggregated data available from the Comext database. Excepted are data for
1990 to 1994 for the EU Accession countries in 1995, Austria, Finland and Sweden, for which the
Comext reports only since 1995. The extra-EU trade of these countries has been estimated for 1990
to 1994 in order to derive the total foreign trade of EU-15 (Bringezu and Schiitz 2001, Eurostat 2002).
Imports and exports of the total foreign trade (extra-EU plus Intra-EU) were available from the original
national databases mentioned before, respectively derived from Comext for Austria, Finland and
Sweden since 1995.

Foreign trade data of ACC are presented by material categories available from international or
national statistics as described in the annex.

This database thus allows for disaggregation of the material compositions of DMI and DMC at the
level of fossil fuels, ores and metals, industrial minerals, construction minerals, biomass from
agricultural harvest, ancillary or additional biomass from agricultural harvest, biomass from grazing,
biomass from forestry, biomass from fishery, biomass from hunting, other biomass, and other
compound products.

2.2 Results: DMC for the EU and MS and for other European countries

This section will provide an overview on how much “new” renewable and non-renewable raw materials
are used by European economies annualy in the 1990s. The focus is on Domestic Material
Consumption (DMC) because of best current data availability at a harmonized state and high policy
relevance in the context of the Commission’s proceedings towards a thematic strategy for the
sustainable use of natural resources.

The DMC indicator is derived from DMI (Direct Material Input which equals domestic extraction used
plus imports) minus exports. It is a physical measure for all (direct) materials consumed within the
national economy in one year.

The difference between DMI and DMC, thus, depends on the relative importance of exports by a
national economy in terms of direct material flows. The percentage of DMC relative to DMI indicates
this. In 2000, most of the European countries studied had a relatively high DMC share of more than
two thirds of DMI. The EU-15 as well as EU-25 ranged at 94%. Even higher was the share of domestic
material consumption relative to direct material inputs in Cyprus (97%), Malta (96%), and Turkey
(95%). Contrary, countries with a high physical relevance of the exporting industries show a low DMC
share of DMI. The lowest DMC shares of 50% for Belgium/Luxembourg and 57% for the Netherlands
in 2000 underline the extraordinary situation of these economies among Eurpean countries. The low
DMC shares for Belgium/Luxembourg and for the Netherlands are mainly due to a relatively high
proportion of direct material inputs being processed in these countries for export to other European
countries and the rest of the world. The direct material flows picture for the EU-15 and EU-25 proved
to be rather conservative over the 1990s, i.e. the DMC share of DMI had hardly changed.

The DMC per capita of EU-15 and EU-25 has been fairly constant, thereby relatively de-coupling from
economic growth which had increased from 1992 to 2000 significantly more (Table 1). GDP per capita
had increased in all EUROPEAN countries studied during the 1990s, with the highest rate in Ireland
(plus 76%) and the lowest in Bulgaria (plus 5%). As compared with 1992, the EU-15 GDP per capita
had increased by 16.4%, for EU-25 even by 17.5%. Of the 28 countries studied, 15 had also increased
their DMC per capita from 1992 to 2000, though at very different rates. Thus, 13 economies had
succeeded in reducing the domestic material consumption per capita over that period, in particular
Romania and the Czech Republic. They had therefore achieved absolute de-coupling of (direct)
material consumption from economic growth. There are only two cases where relatively more DMC
had been required than the GDP had grown: Portugal and Lithuania. These two economies must be
characterized as generating economic growth by rising amounts of direct material resource
consumption.

The GDP per DMC is called resource productivity. It is a measure (indicator) expressing how much
GDP is generated from one unit DMC and thereby in a way reflects the enviro-technological and
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economic state of the final consumption pattern of the respective national economy. Although the
resource productivity is on increase in most European countries studied, there exist huge disparities in
the resource productivity level across countries (Table 1). Broadly, resource productivity for
consumption in old Member States (former EU-15) is about 4 times higher than in new Member States
(former AC-10). Resource productivity of the EU-25 in total, however, is only about 10% lower than in
EU-15 in 2000. Furthermore, it had increased slightly more from 1992 to 2000 (plus 15.7%) than DMC
productivity for EU-15 (plus 15.2%). This is partly due to a high share of EU intra trade of the AC-10
which is excluded from DMC in the account for EU-25, and partly due to the relatively low share of AC-
10 in the GDP of EU-25 which ranged only by about 20% higher in 2000 than GDP for EU-15. Only
the DMC productivity of Portugal and Lithuania showed an exceptional downward trend over the
1990s, indicating an overproportional direct resource consumption for achieving economic growth in
these two countries.

The status quo of the relation of DMC to GDP (per capita) in 2000 in the European countries studied is
shown in Figure 1. Relative to the situation of the EU-15, especially countries of Northern and North-
Western Europe are characterized by both higher GDP and DMI, with Finland on top. As for DMI
versus GDP (results not shown here), there are economies with lower GDP but higher DMC than in
EU-15, especially Estonia, Czech Republic, and Cyprus. And, again as for DMI, most of the Accession
and Candidate countries of the EU are characterized by both lower GDP and lower DMC than EU-15.
Consequently, higher GDP per capita in the new and forthcoming EU member states should be
achieved without increasing the requirement as well as the consumption of material resources and
associated pressures on the global environment.

Table 2.1: DMC, GDP and related resource productivity in European economies

GDP per capita DMC per capita GDP per DMC
2000 2000 vs. 1992 2000 2000 vs. 1992 2000 2000 vs. 1992(relative to EU-15
factor 2000
Euro 1995 % t % EURO per kg % 20?2:(1'?”' éggoi:; to reach EU-
EU-25 17.259 17,5% 16,5 1,5% 1,05 157% 0,90 0,4% 111
EU-15 19.937 16,4% 17,1 1,0% 117 15,2% 1,00 0,0% 1,00
Austria 25.379 16,1% 18,2 -3,2% 1,39 20,0% 1,19 4,2% 0,84
Belgium-Luxembourg 24.476 18,8% 18,3 -6,2% 1,34 26,7% 1,15 10,0% 0,87
Denmark 29.558 20,2% 25,6 10,6% 1,16 8,7% 0,99 -5,7% 1,01
Finland 24.139 30,0% 39,3 5,1% 0,61 23,8% 0,53 7,4% 1,90
France 22.867 13,5% 15,9 -0,4% 1,44 14,0% 1,23 -1,1% 0,81
Germany 24.985 10,0% 18,6 -5,0% 1,34 15,9% 1,15 0,6% 0,87
Greece 9.765 14,2% 17,3 11,7% 0,57 2,3% 0,48 -11,3% 2,07
Ireland 21.270 76,4% 29,7 9,9% 0,72 60,5% 0,61 39,3% 1,63
Italy 16.037 13,5% 14,8 -0,4% 1,08 13,9% 0,93 -1,1% 1,08
Netherlands 23.979 22,2% 18,7 -1,9% 1,28 24,6% 1,10 8,1% 0,91
Portugal 9.966 23,0% 17,1 39,2% 0,58 -11,7% 0,50 -23,3% 2,00
Spain 13.243 22,1% 16,7 13,3% 0,79 7,7% 0,68 -6,5% 1,47
Sweden 25.133 22,1% 24,4 4,8% 1,03 16,5% 0,88 1,1% 1,13
United Kingdom 17.189 24,8% 12,7 -3,9% 1,36 29,9% 1,16 12,7% 0,86
New EU countries 2004 3.733 36,8% f1S15) 4,2% 0,28 31.2% 0,24 13,9% 4,22
Cyprus 10.422 22,8% 24,5 8,6% 0,43 13,1% 0,36 -1,8% 2,74
Czech Republic 4.118 15,7% 18,3 -8,8% 0,22 26,8% 0,19 10,0% 5,20
Estonia 2.540 34,6% 28,2 -7,4% 0,09 45,3% 0,08 26,1% 12,98
Hungary 4.148 30,0% 10,3 24,0% 0,40 4,8% 0,34 -9,0% 2,91
Latvia 1.841 21,8% 8,5 7,4% 0,22 13,4% 0,19 -1,6% 5,38
Lithuania 1.713 7,2% 9,4 8,0% 0,18 -0,7% 0,16 -13,8% 6,41
Malta 7.969 38,2% 11,0 -7,7% 0,72 49,8% 0,62 30,0% 1,61
Poland 3.451 49,0% 11,9 2,9% 0,29 44,8% 0,25 25,7% 4,03
Slovakia 3.297 42,1% 9,6 -4,3% 0,34 48,4% 0,29 28,8% 3,41
Slovenia 9.493 36,1% 14,4 21,8% 0,66 11,8% 0,57 -3,0% 1,77
AC-3 countries
Bulgaria 1.189 5,2% 13,5 1,0% 0,09 4,1% 0,08 -9,6% 13,31
Romania 1.131 8,8% 73 -14,1% 0,16 26,7% 0,13 10,0% 7,53
Turkey 2.303 16,4% 7,1 13,7% 0,32 2,4% 0,28 -11,2% 3,62
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Figure 2.1: GDP and DMC in European economies in 2000
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Figure 2.2 shows that the EU economy (EU-25 plus AC-3) has become more eco-efficient in terms of its
direct materials consumption, i.e. increasingly less DMC has been needed to produce one EURO of GDP
during the 1990s (or, vice versa, its material productivity in terms of GDP per DMC has increased).
However, two important points should be considered in this context:
the absolute amount of direct materials consumed (DMC) has not decreased but even slightly
increased over the 1990s (see figure 2), indicating that absolute decoupling of material use from
economic growth has not been achieved (but relative decoupling);
potential shifts of the EU’s resource requirements to foreign economies are not sufficiently
reflected in the DMC indicator which accounts for direct materials only and neglects indirect
material flows associated with imported and exported commodities. To overcome this bias, the
material flow database would have to be further developed towards indicating the EU’s global
Total Material Consumption (TMC) which could be a matter of future studies.

Figure 2.2: DMC and DMC per GDP in EU-25 plus AC-3 countries, 1992 to 2000.
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In figure 2, the contribution of the main material groups to the absolute level and trend of DMC can also
be detected. A contribution to this process of relative decoupling came from a slight absolute reduction of
the direct materials consumption of fossil fuels (obviously favoured by a substitution of low-energy coal
by high-energy gas as results for the EMC in this report indicate). Contrary, the DMC of biomass had
slightly increased and the DMC of construction materials had increased even more, with the overall effect
of a slight increase of the total DMC (by 4% while GDP had increased by 20%). Obviously, increased
domestic use of construction materials mainly prevented a development towards absolute reduction of
the EU’s direct material consumption.
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3 Derivation of a weighted indicator of material flows based on
environmental impacts

In this chapter, a methodology is described to weigh specific material flows with information on the
environmental impact related to these materials, and to use these weighting factors to compose
indicators to assess the environmental impact of the materials consumption of national economies.

The first step is to obtain a notion of the environmental impacts connected to the materials. The approach
taken is based on previous work by CML for the Dutch National Institute of Public Health and the
Environment (RIVM), conducted within the framework of a Dutch policy on dematerialisation (Van der
Voet et al., 2003). The second step is an application of the methodology to the material consumption in
the EU-25 and AC-3 countries. This will make it possible to compare the environmental impacts
associated with materials consumption between countries, and might offer some first handles for a policy
on resources. The third step then is to use this information to set up an indicator for environmental
pressure of materials. This will be discussed in Chapter 7.

In Section 3.1, the methodology is presented and the choices and difficulties within each step are
discussed. In Section 3.2, the methodology is applied to the materials consumption in the EU and
accession countries.

3.1 A methodology to assess the environmental impacts related to the
consumption of specific resources

3.1.1 Outline of the methodology

To specify the environmental impacts of a material, a Life Cycle Impacts approach is taken. For every
considered material, an estimate is made of its contribution to environmental problems throughout its life
cycle. This includes not only the impacts related to the material itself, but also the impacts of auxiliary
materials, energy used for its production, emissions of impurities and pollutants included in the material
during use or waste treatment, etcetera. Two types of information are generated and used to determine
the environmental impacts of materials:

(1) the total cradle-to-grave impact per kg of the material
(2) the number of kilograms of this material being consumed.

A first issue to be discussed concerns the materials or resources that will be included in the study. This
has to do with completeness on the one hand, and with the position in the economic chain on the other.
Regarding completeness, the aim is to include all important materials and be as complete as possible.
Restrictions are provided only by the availability of data. If we can find no data on the environmental
impacts related to a material, it will not be included. The same applies to data on the use of a material.
The position in the economic chain is a matter of choice: will we define our materials as resources, as
close to the extraction from nature as possible, will we define them as close as possible to products, or
somewhere in between? This choice will be debated and made in Section 3.1.2.

For establishing the per kg impacts, the CMLCA software (Heijungs, 2003) and a standard LCA database
are used. In the RIVM study, the ETH database (Frischknecht, 1996) was used. In the meantime, a
follow-up of this database has become available: the newly published Ecoinvent database (Frischknecht,
2004). The Ecoinvent database contains more materials, enabling a wider scope, and its processes are
more up to date. However, changing to the Ecoinvent database has proven to be a difficult job. Although
preliminary results are available based on Ecoinvent, the results presented in this report are still based
on the ETH database. In Section 3.1.3, a more detailed description is given of how the per kg impacts
are established.

The other main source of information, required to specify the number of kilograms of the material, are the
MFA accounts presented in the Zero study (Moll et al., 2003) and refined in this project (see Chapter 2).
Additional data are used from various sources. Issues of system boundaries and problems of distilling the
right information out of the databases are discussed in Section 3.1.4. These issues have proven to be
most problematic.
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By combining these sources of information, the contribution of materials to a number of environmental
problems or, in terms of LCA, impact categories can be specified. This is described in Section 3.1.5. To
translate the information into an indicator or set of indicators requires more. The goal is to derive a
weighting factor from the information on environmental impacts, that can be used as a multiplier for the
material flows. Such a weighting factor should be composed out of all different sorts of impacts related to
the cradle-to-grave chain of the material. On the one hand, it should include mining, production, use and
waste management. On the other hand, it must reflect issues of depletion, land use, waste generation
and all the various forms of pollution. The cradle-to-grave information is taken care of by using the LCA
database. The inclusion of all kinds of different environmental impacts requires a procedure to add them
all up or integrate them into one value. This is discussed in Section 3.1.6.

3.1.2 Materials included in the study

Definition of “ materials’ in the cradle-to-grave chain

When determining the environmental impact of a material, it is important to be specific about the position
in the cradle-to-grave chain. It should be clear that in all cases the whole chain is included when
determining the environmental impacts, but in order to avoid double-counting, materials should be
defined at one specific stage. Double-countings don’t have to be a problem for some uses of the
database. For example, the information on impacts related to the chain of fertilisers can be relevant next
to information on impacts of the chain of agricultural crops, although the fertiliser chain is already
included in the latter. However, when the information is used to derive an overall indicator for
environmental pressure related to material consumption, double-countings should be excluded - in the
example, the use of fertiliser should not be accounted for separately since it is already included in the
chains of the agricultural crops.

Figure 3.1 illustrates the options available to us. We can define materials at the front of the chain, at the
point of extraction from the environment. Materials then are equivalent to natural resources. However, a
material such as sand is not used as sand only, but ends up in other materials as well, for example
cement, concrete or glass. The impacts related to the production and use of these materials should then
be included in the sand chain as well. Another option is to define materials at the level of finished
materials, i.e. just before they are applied in products. All resources used for these finished materials
then should be included in their chains. A third option is to define materials somewhere in between. The
advantages and drawbacks of each option are discussed below.
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Figure 3.1 Chains from natural resources to finished materials
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Figure 3.1 shows the gradual transformation from natural resource to products. The leftmost column
contains some natural resources, raw materials or basic materials. The second column includes
materials derived from natural resources. Some of those are applied as such. Most are transformed and
refined further. This process repeats itself until we arrive at products. The most important problem related
to double-counting is that some materials are partly used as starting materials for further transformation,
while for another part they are used as finished materials.

A definition of materials at the level of resources provides the best connection with the MFA databases.
Another advantage is that this approach, at least theoretically, is the best guarantee for completeness: it
catches all major flows of an economy. At the start of the chain, double-counting is easily prevented. A
drawback is the crudeness of the MFA database. Because the emphasis is on the large flows, this could
mean that less attention is paid to small flows which might have a large impact, and data in that respect
are incomplete. A second drawback may be that the level of natural resources might not be the most
relevant. The diversity within the chains might be large. For example, the sand chain includes not only
sand but also cement, concrete and glass, while the crude oil chain includes not only oil but all kinds of
derived fuels, plastics, solvents and a long list of chemicals. It is then not clear what determines the
score, and what a “sand policy” or a “crude oil policy” should look like. Moreover, derived materials such
as glass, concrete or plastics are not visible.

The second option is to select the level of finished materials, or in other words materials just one step
away from being applied in a product. Wheat or cotton fibre are then materials, not bread or textile. Glass
is the material, not windows or bottles, nor sand, although all of these are present in the glass chain. This
too is consistent with excluding double-counting. An advantage is that the materials are more
recognisable: in this approach, concrete and glass are not hidden in the sand chain. A disadvantage is
the weaker link with the MFA databases. Another disadvantage is that, when applied consistently, some
materials disappear from sight. Fertiliser for example is part of the chain of cotton fibre, but is not a
separate material since its use is solely within the production chain of other materials. This option
provides the opportunity to include more detail, although we must beware not to be too detailed.
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As will be clear from Figure 3.1, it is practically impossible to avoid double-counting somewhere in
between. For reasons mentioned above, it therefore cannot be our starting point. There could be other
reasons however to go for a mixed in-between level. This enables to select for each material a specific
and most relevant level. Raw materials can be included next to finished materials and materials halfway
the production chain. This could contribute to a relevant list of materials. Due to the non-systematic
approach, it would not be possible to compose an integrated indicator.

Summing up the arguments, we choose the second option, the finished materials, as the most relevant
option still in line with the requirement of being able to exclude double-counting.

Level of detail

In the report “Dematerialisation: not just a matter of weight” (Van der Voet et al., 2003) the problem of the
differences in level of detail is mentioned. In the ETH-database, a difference is made between six
different types of steel, but on the other hand the total of agricultural production is just distinguished into
two materials: crops and animal products. Aggregation of six types of steel is always possible. Breaking
down highly aggregate categories is more difficult since it requires additional information.

From Van der Voet et al. (2003) it appears that that agricultural products, both animal and vegetable,
score highly on most of the environmental impact categories. This is due to both a high impact per kg
and the size of the consumption flow. For this group, a more detailed classification is therefore in order.
In line with De Bruyn et al. (in prep.) the following categories are distinguished:

Table 3.1 Agricultural product groups (materials) and their applications
Product group or material Application
[0}
o
c 2
o ©
= % £
5 o
zZ |8 |
Starch crops for food (potatoes, grains etc.) X
Starch crops as raw material for bio-materials X

x

Fibre crops for food (vegetables and fruit)

Fibre crops for materials (cotton, hemp) X

x

Animal fibres for materials (wool, leather)

Protein crops (pulses)

Animal proteins (meat, eggs)

Fish proteins

Qil crops (rape seed, sunflower)

XXX [X[X

Animal fats (milk products)

In other cases, practical reasons may force us to aggregate. This will be treated further in the Results
section (section 3.2).

3.1.3 Impact per kg material

For determining the environmental impacts per kg material, we will draw on work already done for the
Dutch policy on materials (Van der Voet et al., 2003). The ETH and Ecoinvent databases for LCA studies
contain a large number of industrial, energy generation and waste treatment processes For the Dutch
study, the database was supplemented with additional data for missing materials and some estimates of
our own, especially for the use and waste management stages. Of all of these processes, the LCA
database contains data on their economic (materials and products) and environmental (resources, waste
and emissions) inputs and outputs. The processes of the database can be combined into process trees
connected to functional units. In this case, the functional unit is 1 kg of a specific material. All processes
involved in mining, extraction, and production of the material are called on. This not only includes the
production processes themselves, but also for example the processes related to transport or electricity
generation insofar these occur in the chain of these materials. Processes connected to the use of the
materials are included only in a very limited sense. The emissions related to the material itself are
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included, while the energy use of the products the material is applied in is excluded. It is difficult, if not
impossible, to allocate such energy use to the individual materials a product is composed of. Moreover,
energy requirements in the use phase are not "inherent" to the material while the production processes
are. In our view, such energy use should be part of a product policy, not a resources policy. Losses of the
material itself during use through corrosion or evaporation might be attributed to the material itself and
therefore is included in the impacts per kg material as we calculate it. For the waste management,
processes are included in the database. In most cases we used those, but for some we made additional
assumptions of our own. These can be found in Van der Voet et al. (2003). The LCA databases are not
quite consistent for the waste stage, for example in their treatment of recycling. For some materials,
standard recycling percentages are used. For others, a difference is made between the primary and
secondary material. While the quality of mining and production data can be considered adequate, the
waste management data should be improved to enable a fruitful use of LCA databases for this specific
purpose. An alternative would be to use the LCA database only for the cradle-to-gate impacts, the
impacts of extraction, mining, refining and production. An indicator based on this information would then
be limited to the production stage and indicate improvement options for this stage only. This alternative is
not followed up for the moment, but will come back in the discussion around composing an indicator for
resource productivity in Chapter 7.

The result of the LCA Inventory is a list of environmental interventions for the whole process tree:
resource extractions, emissions, waste generation and land use. The CMLCA software translates these
interventions into potential contributions to a number of impact categories.

The process data out of the ETH and Ecoinvent database are representative for "Western Europe”. This
implies that for some countries, especially the newly accessed and accession countries, the database
may not be representative. Within the framework of this study, it is not possible to amend this. Therefore
we will use the database containing the per kg impacts of materials as it is.

A further issue is the specification of the environmental impacts. By using the ETH or Ecoinvent database
and the CMLCA software, the LCA impact categories of the CML methodology automatically will come
out. These categories correspond for a large part with the environmental impacts mentioned in the
Technical Annex, as can be seen below:

Technical Annex LCA Impact categories

Greenhouse gas effect global warming

Stratospheric ozone depletion

Air acidification

Water eutrophication / nutrient enrichment /
BOD, COD

Photochemical ozone / oxidant formation
Non-renewable resource use / depletion
Human toxicity

Ecotoxicity / release of persistent toxic

stratospheric ozone depletion
acidification
eutrophication

photochemical ozone formation
abiotic resource depletion
human toxicity

aquatic ecotoxicity

substances terrestrial ecotoxicity
marine ecotoxicity

waste generation final solid waste generation
noise, odour -

Radiation radiation

- land use competition

One thing needs to be noted, which follows from the use of LCA impact factors: the impacts related to the
cradle-to-grave chain are neither location specific nor time specific. Impacts related to the mining of the
materials may occur in countries outside Europe. They will still be included. The same is true for impacts
related to the management of waste exported to other countries. Mining in the past and waste
management in the future are still allocated to the materials and therefore the environmental pressure
related to them is included. This implies that the score on impacts must not be interpreted as real
environmental impacts occurring in the same year within the country of consumption. On the one hand,
this makes the measure for environmental impacts quite abstract: based on steady state, not dynamic.
On the other hand, it shows the complete impacts of consumption in a country, wherever and whenever
they may occur. This enables policy to avoid problem shifting to other areas of the world.
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3.1.4 System boundaries: quantities of material consumed

When the cradle-to-grave impacts per kg material are determined, the next step is to determine how
many kilograms of each material are “counting”. This depends on the system boundaries. In line with the
Technical Annex, the starting point is not the inflow (as with the DMI indicator), nor the production (as in
Input Output Analysis), but the consumption of materials in each of the countries. The first problem we
encounter then is that data on consumption are not available. Statistical offices do not collect them.
Sometimes, specific studies are available for the consumption of specific materials in specific countries,
which could be a starting point. These are incomplete and mostly do not contain time series, so they
cannot be used as a source of information although some of these could be used as a check. This
means consumption data have to be derived from other data which are being collected by statistics
offices. Since trade statistics and production statistics generally are available, it should be possible to
arrive at consumption data through making materials balances. Figure 3.2 shows this.

Figure 3.2 Flows of a material in, out and through a country
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The consolidated MFA database of the Zero study (see Chapter 2) is the starting point for estimating
consumption data. This database contains time series of imports, extractions and exports of materials
and products for the EU and accession countries and is the basis for the earlier mentioned material
based indicators. In accordance with the Technical Annex, the DMC indicator (Domestic Materials
Consumption) is selected as the starting point. Figure 3.3 shows the DMC system boundaries.The DMC
system, which is a measure for consumption, is based on transboundary flows. It is calculated as
extractions + imports - exports. This implies that DMC is not equal to final consumption in the standard
economic sense, calculated as the flow to the consumers + the export, since the internal flows in the
system are not accounted for which can be quite large. It is also not equal to apparent consumption,
since apparent consumption is calculated as import + production — export, production being different from
extraction. Apparent consumption of materials moreover does not include import and export flows of
products, while DMC does. The main difference for many of the materials however is related to the
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difference between extraction and production. Production encompasses not only primary production from
raw materials, but also secondary production from waste materials. For specific materials, the secondary
production can be very large. DMC therefore is more of a measure of consumption of “new” materials,
i.e. imported materials of uncertain origin and primary produced materials within the country. An increase
in recycling becomes visible indirectly, through a reduced consumption of “new” materials.

Figure 3.3 DMC system boundaries
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For materials, we find that there are problems in using the DMC system boundary directly. For the
method developed to prioritise materials, the most suitable choice would be to start from the apparent
consumption of materials. For apparent consumption, it is possible to arrive at material balances per
material based on import + production - export. This, however, does not connect to the DMC and more in
general the MFA database, which was the prerequisite for this study. How to solve these problems? The
first step is to obtain insight in the methodological differences between the two systems. Then, the
difficulties are identified of overcoming these differences. The next step is to define criteria for a solution,
and finally some options are identified and put to the test.

Methodological differences

The most important differences between the two systems are:

- The DMC is defined as a total, and can be broken down into a small number of groups of materials:
biomass, fossil fuels, minerals and building materials. The methodology to prioritise materials (further
referred to as: materials method) considers each material separately.

Next to import and export data, DMC uses data on extraction, while the materials method uses data
on production
The materials method uses weighting factors, DMC does not.

The differences in systems definition have certain practical consequences as well. For example, in the

materials method it is difficult to include products, because the material composition of these products is

unknown or differs greatly within one product category. In DMC, an estimate of the weight is sufficient.

Another problem with the materials method is, that due to the use of production statistics we are

frequently confronted with missing or undisclosed data. DMC is much more robust against that. On the

other hand, the resolution is much higher in the materials method, allowing for more detail.
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Combination of the two approaches

For this study, both approaches must be combined. This step of combining both methodologies creates

some extra difficulties, some of them related to the differences in system boundaries:

- It appears impossible to arrive at sufficiently reliable balances per material by using MFA / DMC data
alone. There are different reasons for that: statistical errors, unclarities in statistical categories, and
the fact that all kinds of different stages of the life cycle (ores, materials, products) are included in the
DMC, which calls for a translation step.

MFA / DMC does not consider flows within the economy. Not only production, but also recycling is
out of the picture. In the materials method, both production and recycling are included in estimating
consumption. This implies that “consumption” according to DMC does not equal “consumption” in the
materials method. DMC only includes “new” materials (which is not equal to primary materials, since
imported materials can be secondary materials as well).

In the materials method, the cradle-to-grave chains of the materials are the basis for the impacts per
kg. These cannot be combined with DMC directly. DMC contains materials at various life cycle
stages. For sand in DMC, we cannot just use the impact factor for sand, because the sand chain also
includes the materials cement, concrete and glass. Moreover, there is a risk of double counting due
to the use of cradle-to-grave impact factors. Imported fertiliser is visible in DMC, but is also a part of
the chain of agricultural products, which is also visible in DMC. Multiplication of both flows with a
cradle-to-grave impact factor implies a double-counting of (parts of) these chains.

Conditions for a solution of problems

To combine DMC and the materials method, the abovementioned problems must be solved. We define
the following conditions for the combination of DMC with impacts per kg:

Impact of materials / resources can be calculated as: Consumption of materials (kg) * impact of materials
(impact units / kg).

Different materials should be recognizable in their contribution to the total. This means we must reach a
sufficient level of detail to enable the combined DMC / materials method to be relevant. Neither the total
level nor the four or five DMC categories are sufficiently detailed.

Consumption of materials should be traceable to DMC. Therefore, we keep to the DMC system
boundaries. That is to say, internal flows are out of the picture, and as a consequence, production and
recycling are not included in the determination of the amount of consumption. An increase in recycling
over time becomes visible only indirectly through a reduced need for new materials.

The impact / kg measure should be based on the cradle-to-grave life cycle of each material.

The problem of double counting needs to be solved, since double-counting is unacceptable for an
integrated indicator of environmental impacts.

Options

We see three roads towards a solution:
We translate all DMC / MFA data into finished materials
We translate all DMC / MFA data into resources

We limit ourselves to 5 - 10 rough categories of materials within DMC and define an average impact
factor for each of these categories.

All three options are in principle possible, but have different advantages and drawbacks. In Annex 1 the
ins and outs of these three options are evaluated in more detail. Considering all and weighing practical
problems against theoretical considerations, we choose to follow Option 1. Option 2 is too elaborate for
the present study and we have some doubts regarding its policy relevancy. If all else fails, we can fall
back on Option 3.

When following Option 1, the system is that of (estimated) apparent consumption. This means that
materials embedded in products are not included. For some materials this might lead to lower quality
results, especially in small countries where there may be no production of the material. In general,
however, the flows related to the products are small compared to the flows of (raw) materials, and
therefore the mistake won't be too large.

3.1.5 Combining the per kg impacts with the material flows

In all, it has proven to be more difficult to arrive at usable flow data than to arrive at per kg impact data,
however many uncertainties these might include. Once having them, the procedure to arrive at an idea of
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the impact of a certain material flow will be to multiply the per kg impacts with the kgs of material
consumed per country. We then have for each country the contribution of the cradle-to-grave chains of
the materials to a number of impact categories, as specified in Section 3.1.3. To arrive at one indicator
for environmental impacts, this information then must be aggregated somehow to one indicator. The
required addition of all environmental impact categories into one measure for environmental pressure is
complicated and has not only a "scientific" but also a normative aspect. Different aggregate indicators
have been proposed and are used to assess whether or not de-coupling takes place. They include
kilogram-based measures such as DMI, DMC or TMR, land-surface measures such as the Ecological
Footprint (Wackernagel & Rees, 1996), aggregated environmental impact-measures such as the Eco-
indicator (Goedkoop & Spriensma, 2000), or indicators in monetary terms such as the shadow prices (de
Wit et al., 1997). Since there are quite some objections to "adding it all up", indicators also exist on a less
aggregated level. An example is to use the non-aggregated contribution to specific environmental
problem categories as a set of indicators, as used for example in the NAMEA accounts. All have their
strong points, but also their drawbacks.

Weighing on a mass basis connects to the Factor-4 approach, as supported for example by the
Wuppertal Institute (von Weiszacker et al., 1997). The idea behind this is that mass, although indirectly,
is a useful indicator for environmental problems. More mass usually means more energy use, more
waste and more emissions. This approach has a certain beauty because of the simplicity of both the
message and the approach. However, it is also clear that different materials vary many orders of
magnitude in their per kg environmental impacts. The debate on the indicative value of these indicators
for environmental impacts is by no means finalised.

Of special attention is here the weighting of various environmental impact categories into one
environmental impact score. In the RIVM study, this was also done in an example calculation: all impact
categories were weighted equally. There are other options to weigh. A set of weighting factors used
sometimes is the NOGEPA set, defined by a group of representatives of industry, government and
science, based on a rough estimate of the relative importance of the environmental problems (Sas et al.,
1996). In the Eco-indicator 99 (Goedkoop & Spriensma, 2000) another addition is made, based on
available - be it incomplete - knowledge regarding the ultimate impacts on human health, ecosystems
and economic damage. Another option is to weigh the environmental impacts with shadow prices. In
some recent studies, efforts have been made to assign monetary values to the LCA outcomes (cf. BIO
Intelligence and O2 France, 2002). Such shadow prices can be useful to compare changes in the CO,
levels resulting from material use with other environmental impacts. In Section 3.3 the different options
will be elaborated further.

Finally, it is important to find out whether the environmental weighting of the DMC really matters. For that
we would propose to investigate the correlation between mass based weighting and various other
weighting schemes. In this way, also, it can be considered whether the environmental weighting of
material flows does matter from the statistical perspective, or whether an unweighted DMC can be
perceived as a good proxy for the environmental impacts associated with the material flows.
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3.2 Application of the method

3.2.1 Per kg impacts

The following table shows the materials included in the study:

Materials in LCA database Materials in MFA database Materials included in this study
Fossil fuels Fossil fuels Fossif fuels

natural gas for heating in households hard coal natural gas for heating in households
natural gas for heating in housholds (LowNOx) lignite natural gas for electricity in households
natural gas for electricity consumed in households peat il for heating in households

il for heating in households natural gas il for electricity in households

il for electricity consumed in households crude oil hard coal for heating in households
hard coal for electricity consumed in households  crude oil gas hard coal for electricity in households
hard coal for heating in households soft coal for heating in households
brown coal for heating in hous eholds soft coal for electricity in households

brown coal for electricity consumed in households

plastics plastics
PE(HD)
PE(LD)
MET 0% rec.
P
PS
PUR
rve
Ores and metats Ores and metals Ores and metals
alurniniurn 0% Rec. Antimony Alurniniurn
aluminium 100% Rec. Bauxite
raw iron Beriurn Iron and steel
cast iron Chromium Lead
chromium Cobatt Nickel
per Copper Zine
copper additive Germmanium
lead hard Gold
lead soft gold & silver-ore
manganese
nickel Lead
palladium Magnesium
platina angane se
thodiun Wercury
steel (blown) Hickel
steel (electra) Silver
steel (igh alloyed) In
steel (light alloyed) Titanium
steel (not alloyed) Tungsten
zinc Uraniurn
Zinc addtie Zne
Other ores unspecified
Sraustrial materisis Ircustrial materials industeial materials
A3 Abrastves, natural glass
ammonia Andalusite, kyanite, related materials salt
barite Asbestos
bentonite Asphalt and biturinaus rock, natural
Ca(UH)2 arte
ca0 Borates, natural
chemicals inorganic Bromine
chemicals organic Chalk
chionne Clays, industnal
ethylene Cryolite, natural
ethylene oxide Diarnonds
explosives Diatomite
Fesua Uolornite
formaldehyde Feldspar
alass (costed) Fluorspar
alass (not coated) Graphite
aypsurm (raw stone] Gypsum and anfydnte
HI504 Kieserite and epsomite
HCl Magnesite and magnesia
HF hica
HNU3 oler
hydrogen Oil shele
MaCl Olivine.
[ Peat
paraxylene Fegmatite
phenal [erlite and Vermiculite
refrigerant R134a Phosphates. natural
refrigerant R22 Pigments, natural
nubtser Fotash
soda yrite and pynhotite
styrene Quartz and quartzite
sulphur (secondary) Salts
winylchionde sands, industrial
zeolites Sopiolitc, meorochaum
Shells fished by buckets
Stones, industrial
strontium minerals
Sulfur, natural
Talc, soapstone and related materials
Zeoltes
Other industrial mmerals
Wisoing industrial mincrala
Construction materisis Construction materisis Construction materisis
cement sand and gravel concrete
coramic Limestone, dolomite and marl ceramica
clay / loarn Other natural stones clay
concrete Sand and gravel, stones, not further specified sand and stone
aravel Clays
aypourn Othor construction matcrials, not further specified
limestone
rockwool

sand (construction)

animal products Cereals starchy crops

crop or grass Hoots and tubers e crops
Sugar Canc animal fibroa
Sugar Beets protein crops
Pulses protein arimal
nts protein tish
Oiloceds oil crops
Vegetables animal fats
Fruit

Waize for Forage+Siage
Forago+Silago

Other agricutural bismass
Grazing

Fish

Hunting biomass

wood (boarg) Wood wood
wood (massive) Other foreatry pradusts

paper Paper & board paper and board

Agricukural chemicafs Agricuhural chemicals Agricutural chemicals
AP

nitro AP
MPK 15-16-16 {mixed acid route)
NPIK 15 15 15 (nitrophosphate raute)

pesticides for crop production

The leftmost column contains the materials available in the LCA database. In the middle column,
materials from the MFA database are listed. This list in fact is much longer, it contains a variety of
products which we did not include in this study. The rightmost column shows the materials we included.
The difference with the - considerably longer - lists in the two columns to its left arises from two reasons:
(1) incompatibility between the two lists, we need to have both material flow data and LCA data in order
to be able to include a material, and (2) excluding double-counting, for which reason almost all industrial
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and agricultural chemicals are excluded, because they are used in the chain of other materials. The
second reason is the most important.

Annex 2 contains the complete list of per kg impact scores. Below, some results are shown: the top-
twenty materials based on their per kg impact score for depletion of resources, global warming and
aquatic ecotoxicity. Similar top-twenties can be made for the other impact categories.

Figure 3.4 Materials, per kg contribution to depletion of abiotic resources (logarithmic y-axis,
crosses at 0.000001)

Abiotic resource depletion potential of the cradle-to-grave chain of 1 kg of material

kg antimony equivalent

The units on the y-axis represent "abiotic resource depletion potential” (ADP), expressed in kg antimony
equivalents. This is a standard way of expressing impact potentials in LCA. It is best known in connection
2with the problem of global warming: emissions of greenhouse gases are expressed in kg CO,-
equivalents. These CO,-equivalents are obtained by environmental models, wherein fate and impacts of
greenhouse gases are calculated. Based on substance characteristics, the climate forcing potential of 1
kg of a certain greenhouse gas is calculated and compared with that of 1 kg of CO,. Similar procedures
are followed for the other impact categories. In each case, one substance - or, in the case of resource
depletion, one element, is chosen as a reference, comparable to CO; in the global warming impact
category. An ADP of 1 for lead, for example, means that the extraction of 1 kg of lead contributes equally
much to the depletion problem as 1 kg of antimony, which is the reference for this impact category. The
definition of these impact categories, their reference substances and their problem causing potential are
treated extensively in the updated LCA guide as composed at CML (Guinée et al., 2002).

Coming back to the impact category in question, it can be seen clearly that the metals contribute most to
resource depletion per kg.
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Figure 3.5 Materials, per kg contribution to global warming
Global warming potential of the cradle-to-grave chain of 1 kg of material
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The same metals also contribute most to global warming. This is due to the amount of energy needed for
their mining and refining.

Figure 3.6
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Materials, per kg contribution to aquatic ecotoxicity

Aquatic ecotoxicity potential of the cradle-to-grave chain of 1 kg of material
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Next to metals, agricultural products contribute a lot to toxicity. This is due to the fact that pesticides are
used in their chains. Of the fossil fuels, coal scores highest because they contain heavy metals in small

amounts.

Whether or not these materials end up as priority materials for a resource policy, depends not only on the
per kg impact but also on the volume of consumption. The per kg impact in itself is still useful information,
for example when substitution is considered. The information makes it possible to determine whether or

40



not a shift to an alternative material is a good idea from an environmental point of view. It is not the only
relevant information: when considering such a shift, many other aspects are relevant as well, for example
cost related aspects, the function for which the materials are used, their substitutability etc. etc.

3.2.2 Volumes of materials

Figure 3.7 shows the development of the apparent consumption of materials in the EU-15 as we
calculated it from DMC. Similar pictures are available for each country, as well as for the new EU
member states and accession countries.

Figure 3.7 apparent consumption of materials, EU-25 + AC-3, 1990 — 2000.

Consumption of materials in EU25 and AC3, 1992 - 2000
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Construction materials dominate the picture. Together, they account for roughly two thirds of
consumption. Agricultural products contribute another 20%. Metals are invisible, with the exception of
iron and steel which show up in a small black band. The remainder is fossil fuels, especially gas and oil.
Coal has been reduced significantly over the time period 1990 — 2000. On the whole, a slight dip is
visible around 1993 in many materials. A 1996 dip occurs in sand & stone. Since these dominate the
score, the total also has a dip in 1996. After 1996 there is a rise in the materials consumption, again
mainly caused by sand but also visible in gas consumption.

A comparison between DMC and consumption as we calculated it for the EU- and AC-countries is given
in Figure 3.8.
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Figure 3.8 DMC and materials consumption in the EU-25 + AC-3, 1992 — 2000.

DMC and apparent material consumption, EU-25 + AC-3, 1992 - 2000
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DMC is consistently higher than the consumption as we calculated it. Breaking down DMC and
consumption into the contributing categories might shed some light on the reasons. Figures 3.9 and 3.10
show this.

Figure 3.9 Contribution to consumption of different categories of materials in the EU-25 + AC-3,
1992 — 2000.
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Figure 3.10 Contribution to DMC of different groups of materials in the EU-15, 1992 — 2000
(excluding products and excluding Austria).

Contribution of groups of materials to DMC, EU-25 + AC-3, 1992 - 2000
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Three out of four categories are significantly smaller in the calculated consumption than in the DMC. For
fossil fuels, DMC is roughly 2 times higher than consumption. This is due to the subtraction of energy
used in production processes, which is assumed to be already included in the impact per kg factor of the
materials. For metals, the refining process from ore to metal will account for the losses underway. For
minerals, the differences are small. Construction minerals dominate the score. For biomass, a reason for
the difference probably is grass and greens for animals. This is produced in large quantities, but does not
appear in the consumption as we calculated it. In our approach, grass and fodder are not finished
materials, but parts of the animal products chain. The kilograms therefore are not counted, but the
environmental impacts related to it will appear in the impact per kg factors of animal products.

3.2.3 Combining per kg impacts with volumes

Below, the results of applying the developed methodology are shown for the 28 European countries. The
figures are obtained, per impact category, by multiplying the per kg impact by the number of kilograms
consumed in the EU-25 and AC-3. This score is then “normalised”, a step that is necessary when
different environmental impact categories have to be added. Normalising in this case means dividing the
contribution of the materials to the impact category by the global contribution to the impact category, for
example dividing the GWP emissions connected to consumption in the 28 countries by the worldwide
GWP emissions. The values on the y axis therefore can be interpreted as: the contribution of the EU-25 +
AC-3 countries’ material consumption to the worldwide problem of global warming. As an example, three
impact categories are shown below in Figures 3.11 to 3.13: land use, global warming and human toxicity.
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Figure 3.11 Contribution of materials consumption to Land use competition, EU-25+AC-3, 1992-2000
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As could be expected, the agricultural materials dominate the land use score. From Figure 3.11, it can be
seen clearly that animal production has a large claim on land. The majority of the crops produced goes
not to people but to cattle. If grass is included, this amounts to 80 — 90% of crop/grass production in the
EU.

Figure 3.12 Contribution of materials consumption to Global warming, EU-25 + AC-3, 1992 — 2000

O paper and board
B wood

EU-25 + AC-3
Normalised impact score Global Warming

reference World1995 W animal products

M crops

M protein fish
1.40E-02

M sand and stone

B clay

1.20E-02 M ceramics

M concrete

W salt
1.00E-02 B glass
@ Zinc

@ Nickel

OLead

8.00E-03

Oiron and steel

,\__/R/
6.00E-03 B Copper

B Aluminium

4.00E-03 | O plastics

O soft coal for electricity in households

contribution to worldwide problem, fraction

O soft coal for heating in households
2.00E-03 @ hard coal for electricity in households

W hard coal for heating in households

O oil for electricity in households

0.00E+00 T
1992 1993 1994 1995 1996 1997 1998 1999 2000

M oil for households

B natural gas for electricity in households
year

O gas for households

Global warming, again as might be expected, is dominated by fossil fuels and derived materials.
Although the per kg contribution of fossil fuels is not that high, the amount used compensates for that.
Bulk-metals such as iron and steel and aluminium are also visible, as are animal products. Most
materials with a significant contribution will be energy-intensive. Therefore the contribution of fossil fuels
is actually much higher. The fossil fuels appearing in Figure 3.12 refer to their end-use for space heating
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and electricity. A shift over time is visible from coal to gas, leaving the total impacts related to fossil fuels
at more or less the same level.

Figure 3.13
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Plastics and some of the metals contribute most to the problem of human toxicity. For plastics this is due
to their volume in combination with the high use of electricity. For most of the metals the volume is not so
large, but the per kg is high, partly due to energy, partly to the refinery process and partly due to
emissions during waste management.

Comparing the three pictures, it can be seen that the different materials contribute to a different degree to
the selected environmental problems. While animal fats is the dominant materials for land use, fossil
fuels determine the score for global warming and plastics and metals score highly on human toxicity.

The general trend for the development of the three impact categories is similar — more or less level, with
a slight dip around 1993 and a slight increase toward the end. This same trend is visible in the
consumption data (see Figure 3.7).

A relevant question is, what the difference is between these impact categories and the materials
consumption or DMC in kilograms. Is the overall picture, if we look at the general categories of materials,
similar or completely different? Figures 3.14 to 3.16 show the answer.
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Figure 3.14
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Figure 3.16 Contribution of categories of materials to Human toxicity, EU-25 + AC-3, 1992 — 2000
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All three are different: land use is dominated by biomass, global warming by fossil fuels and toxicity by
metals. Neither of these resembles consumption or DMC, where construction minerals are dominating.



3.3 Indicators: different approaches to a weighting of environmental impacts

3.3.1 Requirements of an indicator

The environmental impact indicator or indicators to be developed in this study should conform to some
basic requirements:
- It should indicate the environmental impacts related to materials on a from-cradle-to-grave basis
It should be traceable to DMC
It should enable to make comparisons between countries
It should enable to follow developments over time
It should conform to general notions of (scientific) rigour such as sound system boundaries,
excluding double-counting, transparency, and depending on solid data.

The first two issues are already treated in Section 3.1. The third issue is about comparability. This implies
that the datasets used for the different countries should be comparable. On the side of the material flows,
this is not quite true, since data quality differs considerably for the different countries and definitions of
subcategories are not identical either. Still, the methodology used is the same for all countries and at
least for the EU-15 countries should lead to comparable results. On the side of the impacts per kilogram,
comparability is no issue since the database used does not distinguish between countries. The database
is presented as a Western-European average. From a comparability point of view, this is an advantage.
However it puts some doubts on its representativeness especially for Eastern European countries.

Another issue related to comparability between countries has to do with their size. Small countries with a
small population naturally have a lower consumption of materials and concurrent environmental impacts.
There are different options to handle the size issue, each with their own rationale:

Recalculate to impacts per capita, most closely related to the idea of consumption

Recalculate to impacts per €, providing a measure of eco-efficiency on the national level

Recalculate to impacts per km?, which is most close to an environmental pressure indicator.
For the moment, we use the impacts per capita indicator to compare the different countries.

The fourth issue is about following developments over time. For the material flows, we have time series
for a ten year period for EU-15 countries, and an eight year period for the AC-13 countries. The impacts
per kilogram however do not change over time. The LCA database is updated every now and then but
does not enable to capture general year-to-year technological progress. This implies that changes over
time in the impact indicators are determined only by changes in the flows of materials. When a new
version of the LCA database is forwarded, new impact factors can be calculated to replace the old ones.

3.3.2 Weighting procedures

It is of course possible to define indicators for environmental pressure at the level of the individual impact
categories. We then end up with a set of indicators instead of one. This could be acceptable, since
comparisons between countries are still possible and developments over time are still visible. It is also
policy relevant information, since it allows to monitor differences in progress between the different impact
categories. If the aim is to have just one indicator however, the scores for the different environmental
impact categories have to be added up. In order to do so, a weighting step is required: an indication of
the relative importance of the environmental impact categories.

There is no generally accepted set of weights to be added. In practice, different weighting procedures are
used in LCA studies which could be applied here as well. Annex 3 discusses a number of them. A first
requirement for using a method is that it is more or less encompassing. A number of methods do not live
up to this requirement because they focus on energy or global warming only. Some remaining options
are the following:
Equal weighting: all established environmental problems are, as a default before policy has made
a clear statement otherwise, considered equally important.
NOGEPA weight factors (Sas et al., 1996; updated by Huppes et al., in prep.): this could be seen
as a political set of weights, negotiated between representatives of industry, government and
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science for the NOGEPA covenant between the Dutch government and oil companies, but more
widely used in LCA studies.

Eco-indicator99 (Goedkoop & Spriensma, 2000): this is a method that could be regarded as
expert opinion. It tries to remain “objective” as long as possible and uses model calculations to
translate impact categories into impacts on human health, ecosystem damage and resource
depletion.

Shadow prices (Wit et al., 1997; updated by Davidson et al., 2002): this is an economic weighting
method based on damage control costs.

The EPS method (Environmental Priority Strategies; Steen, 1999): also an economic method
based on “willingness to pay”.

Figures 3.17 to 3.21 show the results of application of these five weighting procedures, which we applied
to the former EU-15 countries. It can be seen clearly that the outcomes of the different weighting
procedures are quite different, although the top-twenty of most important materials is more or less the
same in each method (De Bruyn et al., in prep.) Some key reasons for these differences is hidden in the
details of the weighting schemes:

NOGEPA attaches a heavy weight to global warming, with eutrophication and acidification next in line.
Waste is not included, nor is land use and abiotic depletion.

Implicitly, Ecoindicator99 attaches a lot of weight to the respiratory damage and damage to health due to
global warming. Ecoindicator99 uses different impact categories due to the philosophy of modelling the
environmental impact chain throughout the final impact on human health, ecosystems and depletion of
resources. Waste is not included.

In shadowprices, ozone layer depletion and eutrophication have the heaviest weight and together
account for 85% of the score. Land use and depletion of resources are not included.

In EPS, depletion of resources dominates the score. No impact categories are used, but weights are
attached to individual extractions and emissions of substances. EPS is also very limited in the emissions
that are included. In that respect, it is the least complete of these methods.

A comparison of the different weighting methods is performed for the former EU-15 countries, due to the
better quality of the data. The purpose is to show the differences in outcome.

Figure 3.17 Normalised an weighted contribution of materials to environmental pressure, former EU-
15, 1990 — 2000, equal weighting
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The figure can be interpreted as: the contribution made by EU-15 countries to total, worldwide
environmental pressure. The reference is the world in 1995, which is the most recent dataset available.
According to this figure, the EU-15 contribute ca. 7% to the world total. A brief check shows that this
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more or less conforms to expectations: for greenhouse gas emissions, Western Europe contributes ca.
10% to the world total. A contribution of 7% may be regarded as in the right order of magnitude, given all
uncertainties embedded in the data. Moreover, it must be kept in mind that environmental pressure as
specified here is not related to the emissions on EU territory, but to the emissions related to the material
chains of EU consumption. In the case of greenhouse gas emissions, for example, the emissions within
Dutch territory are much larger than the emissions related to Dutch consumption. The same may be true
for the EU as a whole, leading to a lower estimate than the average 10%.

Equal weighting is quite straightforward in principle. The results depend on how many and which impact
categories are included. In order not to overweigh toxicity (four categories) we calculated one average
score for toxicity and used that instead. This implies that we used nine impact categories.

Figure 3.18 Normalised an weighted contribution of materials to environmental pressure, EU-15,
1990 - 2000, weighting with NOGEPA weighting set
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The NOGEPA weighting set excludes some impact categories: resource depletion, land use and final
solid waste formation. The impact categories of waste and land use were not considered important; for
depletion of resources the problem was that no generally accepted impact assessment method exists. It
puts the highest weight on global warming, which is the reason that the fossil fuels and derived materials
score higher than under the equal weighting. The fact that agricultural products still contribute much to
the total is most likely due to the fact that eutrophication also has a relatively heavy weight in the
NOGEPA set.
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Figure 3.19

Normalised an weighted contribution of materials to environmental pressure, former EU-
15, 1990 — 2000, weighting with Eco-indicator 99 weighting set
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Fossil fuels come out even more in the Eco-indicator weighting procedure. This is not surprising, since
depletion of resources is important in this method, as well as the impacts related to global warming.
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Metals contribute more than in the previous two methods due to the importance of ecotoxicity.
Agricultural products do not contribute as much. This is probably due to the exclusion of land use. Land

use is a part of the Eco-indicator method, but our inventory is unfortunately incompatible with the Eco-

indicator method for this impact category. This implies that Figure 3.19 does not give the complete

picture.

Figure 3.20

Normalised an weighted contribution of materials to environmental pressure, former EU-
15, 1990 — 2000, weighting with shadow prices

EU15
Normalised and weighted impact scores

reference World95, shadow price weighting set

7.00E-02

6.00E-02

5.00E-02

4.00E-02

3.00E-02

2.00E-02

fraction of contribution to world problem

1.00E-02

0.00E+Q00
1990

1991

1992

1993

1994

1995

year

1996

1997

1998

1999

2000

B paper and board

W wood

W animal fats

B oil crops

B fish protein

B animal protein

B protein crops

@ animal fibres

B fibre crops

@ starchy crops

@ sand and stone

Oclay

O ceramics

O concrete

B salt

Oglass

Ozinc

O nickel

Olead

Oiron and steel

O copper

@ aluminium

B plastics

B soft coal for electricity in households
O soft coal for heating in households
@ hard coal for electricity in households
M hard coal for heating in households
B oil for electricity in households

O oil for households

O natural gas for electricity in households
O gas for households

51



Resource depletion, land use and radiation are excluded from this method. Fossil fuels do not contribute
a lot when weighting with shadow prices. This is due to the fact that the weight for global warming is very
low. Ozone layer depletion contributes most to the score. Eutrophication and acidification also have
heavy weights in the shadowprice weighting set. This is probably the reason that the agricultural products
score heavily.

Figure 3.21 Normalised an weighted contribution of materials to environmental pressure, former EU-
15, 1990 — 2000, EPS weighting
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The EPS method implicitly attaches a very high weight to depletion of resources. Renewable resources,
i.e. all categories of biomass, therefore do not contribute a lot to the score. Metals and fossil fuels do,
however. In the score of the other materials, the use of energy in the cradle-to-grave chain is probably
dominant over any emission related impacts.

The differences between the weighting methods lead to some explanations of the differences in the
figures. A material like concrete, for example, comes out as a large contributor only in equal weighting.
Its score there is mainly caused by final solid waste formation. In most other weighting schemes, waste is
not included or has a small weight, therefore concrete does not appear as a very important material.
Agricultural products show especially heavy in shadow prices, due to the dominance of eutrophication.
Heavy metals score excessively in EPS because of the importance of resource depletion. Fossil fuels
come out on top in Ecoindicator, directly as well as indirectly in the chains of other energy-intensive
materials, due to the importance of global warming and respiratory damage (esp. coal!). In NOGEPA,
agricultural products (esp. animal) have a high score due to their contribution to eutrophication and global
warming.

The above comparison on weighting methods shows that it is important. Therefore it should get attention,
especially from politics since weighting is normative rather than objective. However, at present there is
no generally accepted method for weighting. For that reason, we will use equal weighting in this study.
This expresses the wish to include all impact categories while at the same time avoiding an expression
about their relative importance. By equal weighting the scores of each material on all impact categories
are added to one total: the Environmentally Weighted Consumption, or EMC.
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Figure 3.22 Contribution of groups of materials to EMC, former EU-15, 1990 - 2000
Contribution of categories to total environmental problem, EU-15, 1990 - 2000
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A comparison with Figure 3.9, the contribution of the same groups of materials to DMC, shows that the
general development over time is similar. Compared to DMC, minerals contribute less and biomass and
metals more to the EMC.
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3.4 Country comparisons

In order to compare countries, both DMC and EMC need to be translated to a measure that is indeed

comparable. A comparison without further ado would just be a comparison of the size of the countries.

Three options are presented in the next sections:
EMC per capita
EMC per €
EMC per km?>.

All three have their own rationale.

3.4.1 Impacts per capita for one year
Figure 3.23 shows the impacts per capita for EU-25 and ACC-3 for the year 2000.

Figure 3.23 EMC per capita related to materials consumption, 28 countries, year 2000.
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There are large differences between countries. The former AC-13 countries in general have a lower EMC

/ capita than the former EU-15 countries, but there is no clear distinction. Ireland, Denmark and

Netherlands appear to have a very high EMC / capita. In all, Turkey and Romania score lowest. Of the

former EU-15 countries, Portugal has the lowest EMC / capita, while Estonia has a surprisingly high EMC

/ capita.
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Figure 3.24 Differences between countries in DMC and EMC per capita
DMCl/cap and EMC/cap, indexed (EU-25+AC-3, 1992 = 1)
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From Figure 3.24 it can be seen that a higher DMC often, but not automatically, goes hand in hand with
higher impacts. Most marked exceptions are Finland, Sweden, Portugal, Cyprus and Estonia on the one
hand. These countries have a higher DMC than EMC. On the other hand, the Netherlands, Greece and
some of the Eastern European countries have a higher impact score than DMC. Some causes may be
found one level of detail lower. The following figure shows the impact score for the 28 countries for
respectively fossil fuels, metals, minerals and biomass. This may shed some light on why countries score
high, or low.

Figure 3.25 EMC / capita, groups of materials, EU-25 and AC-3 countries, 2000.

Contribution of categories of materials to EMC / capita, EU-25 + AC-3, 2000
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Ireland, the Netherlands and Denmark have a very high per capita impact related to biomass, probably
due to their intensive agriculture and especially stock breeding sector. Greece and Estonia show a
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relatively very high consumption of fossil fuels. The contribution of metals in Ireland is furthermore
remarkable. A relatively high score on minerals can be seen in the Netherlands, Finland, Denmark and
Cyprus. No straightforward explanation comes to mind. In Chapter 4, correlation with explanatory
variables may shed some light on the causes.

3.4.2 Impacts per unit of GDP for one year

In Figure 3.26, the EMC per million Euro is compared for the EU-25 and AC-3 countries, for the year
2000.

Figure 3.26 EMC / min €, EU-25 and AC-3 countries, 2000
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The differences per country are considerably larger than for the EMC per capita. Whereas the Eastern
European countries generally score lower than the former EU-15 countries on the EMC per capita, their
EMC per € is much higher. The difference between the lowest and highest scoring countries is a factor
10. The EMC/€ seems to be inversely related to income per capita. It can also be seen, that the
difference between the average former EU-15 and the average EU-25+AC-3 is small. This implies that
the contribution of (former) AC-countries to the total is not very large. In Chapter 4, more attention will be
paid to this.

This indicator can be seen as a measure for impact-intensity or eco-efficiency: the amount of
environmental impacts connected with making (or spending) a million Euro. The inverse, €/ EMC, can be
seen as a measure for resource productivity. The interpretation is a bit more difficult than when DMC is
used. The €/ DMC indicator means the amount of money being made out of 1 kg or ton of materials. The
€/ EMC indicator then is the amount of money being made at the cost of 1 unit of environmental impacts.
A higher resource productivity thus implies less damage per Euro. Figure 3.27 shows this.
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Figure 3.27
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Resource productivity indeed shows the opposite pattern to the efficiency. It makes no sense to calculate
the contribution of groups of materials. To provide relevant information, the contribution of these
materials to GDP should be known first. This information might be obtained from national economic
accounts, but is not pursued further in this project.

3.4.3 Impacts per km2 for one year

A third possibility to compare different countries is to express the EMC per unit of land surface. This is
shown for the EU-25 and AC-3 countries in Figure 3.28.

Figure 3.28
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The figure shows some very high values for Netherlands and Malta We suspect this pattern is dominated
completely by the number of inhabitants per km?. While a high population density may lead to a larger
environmental efficiency per capita, it will also mean a large score per km“. We also have to keep in mind
that this is not a picture of actual environmental impacts in the country. The EMC is a measure of
consumption, environmental impacts connected to the chains of materials may occur elsewhere.

3.4.4 Developments over time

EMC per capita
Figure 3.29 shows the EMC indicator for all countries included in the study.

Figure 3.29 EMC per capita for the EU-25 and AC-3 countries, 1992 - 2000.
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The EMC per capita neither increases nor decreases over time. Nevertheless it shows some trends,

visible at the EU-level but also, and sometimes more clearly, in some individual countries:

- Areduction of coal use, often replaced by increased use of gas, leads to less impacts (gas is
“cleaner” than coal) related to fossil fuels in many former EU-15 countries. It is also visible in the
former EU-15 as a whole. In Eastern Europe, coal use is still widespread.

The 1993 dip is visible in all EU-15 countries. Either something happened Europe wide, or it
originates in statistics. There are some indications to the latter, it seems that around that time some
statistical definitions have changed, at least concerning iron and steel.

Some countries show a decreasing trend over time, especially Germany and the UK, and to a lesser
extent Sweden. This seems to originate especially in a reduction of impacts related to fossil fuels.
Some countries show a clear increase over time, especially Portugal, Spain and to a lesser extent
Greece and Italy. This cannot be attributed to specific materials, the increase seems to be going on
in all categories.

Most other countries and the EU-15 do not show either an upgoing or downgoing trend but stay level
or show some up and down fluctuations.

The smoothest development of the curve can be found in countries with a high score on biomass
(Ireland, France, Denmark, Belgium/Luxemburg).

In Malta and Cyprus there is a marked dip in biomass in 2000. Might this be due to a failed harvest?
Turkey and Italy also show a slight dip, so weather conditions around the Mediterranean could be the
cause.

Metals disturb many trends because they fluctuate and show negative values now and then.
Sweden, but even more Bulgaria, Lithuania and Estonia are clear examples. While the indifferent
data quality makes it difficult to draw conclusions for the newly accessed and accession countries,
this should not be the case for Sweden, at least in general.
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EMC per €

In most if not all 28 countries, EMC per € is decreasing. This implies that countries are getting more eco-
efficient over time. Comparison with EMC per capita shows that the environmental gain per € is
counteracted by the increase in income. Trends in DMC show a similar pattern.

Figure 3.30 shows the development of EMC per unit of GDP in the EU-28 and AC-3.

Figure 3.30 EMC per million € GDP, EU-25 + AC-3, 1992 - 2000
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In this case, the breakdown to materials makes no sense, since we don't know the economic data for the
individual materials. The indicator therefore should be read only as a total.

3.4.5 Discussion of the results

The data set used for the quantification is incomplete in many respects and contains a large number of
uncertainties. This is true for the selection of materials, for impact data and for flow data. Naturally these
uncertainties have an influence on the robustness of the results.

Uncertainties related to the use of the LCA database are the following:

- For the impact data, the implicit choices made for allocation in the ETH database may have a large
influence, as well as the assumptions made in the ETH database for recycling. The assumptions we
made ourselves for the use and waste management phase are also quite crude.

The LCA database contains technical process data relevant for a certain time period. No
technological progress is included. This is especially relevant when making time series in order to
monitor progress by using the EMC indicator: changes over time are caused by changes in materials
flows only, not by changes in impacts per kg. In the real world, technological progress occurs
constantly. To include this in product studies, the LCA database is updated intermittently. It is
recommended to update the EMC as soon as a newer version of the database appears.

The LCA data are considered representative for Western Europe. This implies (1) that they may not
be representative for Eastern Europe, and (2) that within Western Europe there may be differences
between countries that do not come to light by using these generalised, average data.

Most of these uncertainties apply to LCA-product studies as well and are well-known. The only real

exception is the use for time series to monitor progress, which is not a normal part of an LCA study. This
additional uncertainty is to be considered seriously. It means that time series can only be made with one
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database for the period for which the database is considered more or less representative. Changing to a
new database will lead to discontinuities in time series. Continuous updating would be ideal from the
point of view of the use of this database for the purpose of making time series.

There are also large uncertainties in the material flow data. These are discussed in Chapter 2, insofar
they relate to the consolidated MFA database. For some categories of materials, statistics are much
better than for others. For some materials, data are lacking completely. For others, we have only imports
and exports, not production or extraction. Additional difficulties arise from bridging the gap between
(apparent) consumption of materials and DMC, as discussed in section 3.1. The exclusion of products is
in some cases a large problem when estimating material flows - materials embedded in products are not
visible, which sometimes even may lead to negative values. The same is true for the exclusion of
recycled materials. Using the apparent consumption system boundaries without trying to conform to DMC
could therefore be a more rational choice. On the other hand, other options as identified in Section 3.1 to
harmonise system boundaries may be explored, for example the options of translating back to the
extraction phase.

The results must, in view of the uncertainties mentioned above, be regarded as indicative only: the
method has been developed and has proven to be applicable, but the results so far are highly uncertain.
That does not mean that every conclusion is liable to be proven untrue in future. Generally, it can be
seen that a few materials dominate the score if we look at the results per impact category. Even under
the large uncertainties as specified above, it may be expected that the dominating materials will remain
the same. When the differences are smaller, the uncertainties may have a large influence. This must be
kept in mind when defining indicators for environmental impacts of materials. This is discussed further in
Chapter 7.
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4 Socio-economic explanations for the difference in materials
consumption between countries

4.1 Introduction

This chapter will describe an analysis of the driving factors behind resource consumption and resource
efficiency at the macro-economic level. First, we will summarize in paragraph 4.2 some theoretical and
empirical literature on the various driving forces. Based on this, we will select 30 socio-economic
variables which might influence resource consumption. The selection of these variables is arbitrary in a
sense, as the major selection criterion is data availability, but we believe that such a set might explain
differences in DMC and EMC between countries and over time.

Then, in paragraph 4.3, we will present some statistical information on the relationship between the
(components of) DMC and EMC in order to better understand why the DMC and EMC differ between
countries. Furthermore, we will present the analysis of the relationship between the selected socio-
economic variables and the two indicators of resource use. Subsequently, in paragraph 4.4, we will
present some regression analysis on the effects of the driving forces on materials consumption
measured as DMC and EMC. This will provide insight into the factors that influence the materials
consumption between countries and over time.

4.2 Selection of variables

4.2.1 Theoretical background

As there does not exist a clear theory on the driving forces behind DMC and it's environmentally
weighted component, the question is how to select variables that influence the DMC. In principle, one
could take an inductive approach and link over a 1000 variables with the DMC and EMC to figure out
what variables appear to be most influential, but this most likely ends in spurious results. For example,
the amount of pigs in the Netherlands was heavily correlated with the amount of cars until the 1990s, but
this does not imply that pigs drive cars or that cars are fuelled by pigs.

The alternative route is to estimate the influence on the DMC from existing theories following the so-
called intensity of use hypothesis formulated by Malenbaum (1978).

Materials consumption M of a certain country can simply be rewritten as the product of income (Y) and
the material intensity (U=M/Y) of that country, which in a certain year, t, gives:
Error! Objects cannot be created from editing field codes. (3.1)

Changes in the material consumption over time can then be explained by changes in Y (representing
economic growth) and changes in U. Changes in this latter variable reflect, according to the
decomposition methodology (see for example Ang, 1994) (i) changes in the composition of production
and consumption, and (ii) changes in technologies and the use of materials in production and
consumption. Hence we distinguished three effects:

The economic-growth effect

The compositional effect

The technological effect

Estimating the first effect from the data is straightforward with data on GDP. The second effect is more
cumbersome, however, as there is no clear measure for the compositional effect. The composition of
production and consumption is generally believed to be dependent on the level of income. Changes in
consumer behaviour, institutional changes and changes in international competitiveness may result in
changes in the composition of economic activities that take place in a country, with associated changes
in environmental pressure. Such compositional changes have been labelled alternatively as “structural”
or “intersectoral” changes. Developing countries with an economic structure relying on subsistence
farming typically have a low level of materials and energy intensity. But when industrialisation takes off,
countries specialise first in heavy industries to satisfy the material-intensive demand for consumer
durables (houses, infrastructure). The consumption of materials and energy and associated pollution
increase at a higher rate than income growth. The growth in pollution will level off as countries start to
specialize in light consumer product industries. A subsequent shift towards service sectors may finally
result in a decline in the relative demand of materials (Malenbaum, 1978; Baldwin, 1995). In other words,
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the relationship between the material intensity of the composition of production and consumption is
believed to have an inverted-U shaped pattern. As the sample of countries under investigations in this
particular study does not contain any developing countries, one may expect that only the part after the
turning point is captured in this sample: the structure of consumption and production becomes less
material intensive as income grows.

The third effect is the result of the changes in the technologies of production and use of products. Over
time, economic agents replace their capital stock with new capital stock, which is usually more efficient,
both in terms of energy and material inputs as in terms of services delivered. The vintage of technology is
probably a crucial determinant of the environmental consequences of economic growth, and replaced
capital stock is usually also environmentally benign. Technological innovation is the driving force behind
these developments and governments can influence innovations and the market introduction of new
technologies with policies, such as IPP or Ecodesign (see Chapter 5). However, the real driving force
behind technological changes is in general poorly understood. According to the traditional neo-classical
economic literature, technological changes depend on investments in human capital (Becker, 1964;
Romer, 1990). Others (Schumpeter, 1934; Dosi and Orsenigo, 1988) have pointed out the existence of a
so-called process of creative destruction which enables new innovations and which appear almost
randomly over time. Innovations come, according to the latter vision, mostly in clusters. In De Bruyn
(2003) evidence is presented for the existence of clusters (attractor points) in the consumption of steel
and energy.

4.2.2 Defining a set of explanatory variables

Economic growth, structural changes and technological changes are important drivers for the change in
materials consumption over time. The primitives of these ‘functions’ (i.e. the level of income, structure of
the economy and state of the technology) can hence be expected to form important determinants for the
variation in materials consumption between countries.

However, regression analysis with these driving forces is hampered by, at least, two facts:

(i) There does not exist a uniform measure for the state of technology; (ii) Economic growth, the structure
of the economy and the state of technology themselves are influenced by other effects, such as
consumer preferences and governmental policiesl.

For these reasons we have to investigate which variables may influence the structure of production and
consumption and the state of the technology. Clearly, this is a mix of policy influences, socio-economic
preferences and cultural variables. We categorize the variables in the following way (in the following
paragraph the dimensions of these variables are explained and in Annex 4 the sources of data are being
described):

Variables reflecting the structure of production;

Variables reflecting lifestyles of consumers

Variables influencing innovation and technological progress

Policy variables

Circumstance variables

These are described in more detail below.

The structure of production can be an important element in the material consumption of a country. The
DMC is an indicator representing the consumption of new materials in an economy. As the material input
in the economy becomes smaller along the chain (i.e. mining and basic industries consume much larger
guantities of materials than the manufacturing and service industries), it can be expected that the
structure of production may explain differences in the material consumption in a country.

For the analysis in this chapter we therefore selected indicators representing the structure of the
economy by the NACE-shares of agriculture, mining, manufacturing and construction respectively. The
expected sign of these indicators is positive: lower shares of material intensive sectors are correlated
with lower levels of material consumption, measured as DMC or EMC. It can be expected that these
shares correlate negatively with per capita GDP, as economies advance from agricultural societies via
industrial societies to service-based societies (Baldwin, 1995).

In addition, one may add that in principle the effects of economic growth, structural changes and changes in technologies

form a so called singular matrix as equation (2) is an identity. This implies that the most efficient estimators of the effects cannot be

computed in regression analysis.
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Some have suggested that the decline in materials and energy consumption and associated emissions
could be due to a relocation of dirty industries towards less-developed economies (Arrow et al., 1995;
Stern et al., 1996). Empirical evidence for a shift of material- and energy-intensive production towards
less developed economies is presented in Suri and Chapman (1998) and Schutz et al., (2004). Hence,
a smaller share of the material intensive sectors should not be mistakenly interpreted as a lower final
consumption.

Lifestyles are possibly an important determinant of the materials consumption in a country. Such
lifestyles are often both socially and culturally determined. Of specific interest here are lifestyles that
result in a burden on global resources. The question is which indicators are good representations of
lifestyles. The COICOP household expenditures show too many missing values to be included in the
analysis for the sample of countries. Besides, one may argue that expenditures are a poor measure for
the burden as environmental friendly production (organic farming, etc) involve higher costs to consumers.
We have taken a practical route and investigated which data allowed us to investigate some effects from
Ilfestyles and used the following variables:

Daily animal fat intake per capita, for the suggestion that consumption of meat involves a large

pressure on the environment compared to consumer crops;

Car possessions per capita, for the suggestion that countries with a modal shift oriented towards

automotive mobility will consume more resources (both materials and energy);

Length of motorways per km2 and length of railways per km2 as an alternative to the car possession

variable.

The average household size, for the suggestions that larger households consume less resources

New dwellings completed as this gives an indication of the demand for housing;

Floor space per new dwelling completed, as this gives an indication of qualitative aspects in the

demand for housing with consequences for material consumption.

Technological innovation may be an important element for the materials consumption of a country. As
described above, most economists argue that investments in human capital are crucial for technological
progress and innovations (i.e. Becker, 1964; Romer, 1990). As an |nd|cator for the investments in human
capital, we take the spending from the central government on education’. As a second indicator one may
investigate the number of applied patents per capita, which may give a general picture of the level of
technological innovations in a country.

Others (e.g. Porter, 198@@) have pointed at the importance of competitiveness for technological
advancements. There is a strong connection between the average level of competitiveness and the
integration on the world market of an economy. This essentially works in two ways: (i) industries in open
economies face more competition and tend to be more energy- and material efficient; and (ii) material-
and energy efficient industries will have a better position on the world market and are therefore able to
export more, which raises the integration of the economy in the world market. We therefore included a
variable for the openness of the economy representing the trade integration of goods in the world market.

Governmental policies may influence the composition of consumption, as well as on the technologies
of production. The government can in various ways influence the material consumption of an economy,
e.g. by using economic instruments, by spatial planning procedures or by setting standards. The
previous chapter indicated already the existing policy initiatives for reducing material- and energy
consumption in the various countries. However, not all variables have a sufficient coverage for all the
years or countries in the sample, especially for the tax-rate variables. For that reason we have included
in the next Chapter a more comprehensive analysis of environmental policy instruments in place in order
to reduce the materials consumption.

Here we will focus on variables that can be included in the regression analysis, and they can be
categorized as follows:
Tax and price variables

Energy end-user price index

Motor fuel end-use price index

It should be noted that education in some countries, especially Cyprus, Latvia, Spain and the UK, is also financed through the
private sector. Although there exist some partial data on these spendings from the COICOP surveys, we have not included them
here as this would require quite some estimations and time-consuming recalculations. There is to our knowledge no study where

such data have been combined. Hence the here presented indicator may not be representative of the total efforts in education.
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Industrial electricity price
Tax on products

As sufficient data on the tax rates for energy products are not available, we included only end-user
prices. This is justified by the observation that the main variation in energy prices comes from the tax
component (excise duties, VAT and environmental taxes).3 Chapter 5 gives information on the specific
tax rates for the countries for which data were available. In addition, we included in the regression
analysis a dummy variable indicating the countries where a tax policy exists for specific materials, such
as sand or forest-products.

Waste treatment variables
Share of municipal waste land filled
Share of municipal waste recycled
Share of municipal waste composted
Share of municipal waste incinerated

Waste treatment may have important consequences for the material consumption in a countries as
incineration may reduce fossil fuel demand and recycling or compostation may reduce the demand for
new materials. Again, these variables merely reflect the outcome of a policy process instead of actual
policies themselves. More information on waste policies will be presented in Chapter 5.

Spatial policy variables
Through spatial planning, governments may influence material consumption, for example through the
amount of construction materials consumed. We take here three spatial policy variables:

The density of motorways

The density of railways

The changes in forest areas

Other policy variables
The amount of renewable energy is another variable taken into account in this study, as this is heavily
influenced by governmental policies in most countries.

Circumstance or state variables, finally, are variables that may influence all the above-mentioned
variables but can hardly be altered actively. The variables included in this analysis are:
- Temperature
Rainfall
Size of a country
Population density

Although population density may be influenced by specific policies (birth rate control, migration policies)
in the long run, the variable can be interpreted as fixed in the short run at least. Hence these variables
are only used for comparison between the various countries.

In addition to these state variables, one may want to include a few dummy variables in regression
analysis which indicate historical facts that cannot be influenced anymore by policies or changes in
lifestyles.4 Two proposed dummy variables are:

D1: Former communist economy

D2: Accession country
The first dummy variable refers to the fact that the former communist economies have a legislative,
cultural and economic history quite different from market economies. The transition towards market
economies comparable to those in the EU is still not completed.

8 No prices for materials have been included in this study. The reasons are twofold. First, policies that influence the prices of
materials are rare in Europe (see chapter 3), which implies that cross-country differences will not be explained by material prices.
Second, the time-series effects of the prices is probably absent as the data span is too short (only 9 years) to fully take into account
effects from eventual price changes.

4 The inclusion of dummy variables of course depends on the type of estimation procedure followed (see paragraph 3.4). For some

types of panel data analysis, inclusion of dummy variables may not be needed as the country specific effects will capture these.
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The second dummy variable refers to the fact that the accession countries were not exposed to the
internal market of the EU and the EU-regulations and this may have had some influences on the
efficiency of production in these countries.

4.2.3 Overview of all variables used in this study

The following table provides an overview of the 30 variables that are used in the empirical socio-
economic analysis and lists their dimensions, mean and standard deviation.”

Table 4.1: Overview of the data used in this study

Variable Description Unit of measurement Epect. [Type |Mean Min.  |Max. St. Dev.
Carposs Car possession Cars per 1000 capita + |Slope [311.4 37.4 [563.4 125.6
Dwelcap Existing dwelling stock/capita [Dwellings per 1000 capita + |Slope |393.6 150.0 |561.0 77.6
Education |Public spendings on Share (%) of state budget - |Slope [5.2% 2.3% [8.3% 1.4%
education
Energyprice |Energy price index US$/toe - |Slope |770.9 223.5 |1310.6 [|241.7
Fat Daily animal fat intake Calories/Capita/Day + |Slope [201.9 30.0 [486.9 115.7
Floorspace |Floorspace of dwellings m2 + |Slope (106.7 63.2 |212.6 29.1
completed
Forest Forestation/deforestation Av. annual change in forested area's | -/+ |Const. [0.5% -0.2% (2.9% 0.6%
GDPcap GDP per capita GD}‘:> (in constant 1995 US$) per -/[+ |Slope |14611 |1238 (38482 |11225
it
Househsz |Householdsize Z?/zr:l‘ge capita per household - |Const. |2.94 224 14.23 0.57
Indprice Industrial electricity prices US$/kWh - [Slope [0.056 0.001 (0.145 0.022
Motorfuel  [Motorfuel price index US$/toe - [Slope [947.0 239.6 [1531.0 |[311.7
Motorway |Density of motorways Km / km® + |Slope |0.013 0.000 [0.056 0.015
NACEAB [NACE AB, agriculture/fishery [Share (%) in total GDP + |Slope [6.7% 1.0% [|24.0% [5.6%
NACEC NACE C, mining Share (%) in total GDP + |Slope [1.1% 0.1% [(4.4% 0.9%
NACED NACE D, manufacturing i Share (%) in total GDP + |[Slope [19.6% [2.0% [40.0% [6.9%
NACEF NACE F, construction Share (%) in total GDP + |Slope [5.9% 2.0% |11.5% [1.4%
NDwelcap [New dwellings completed Dwellings completed per 1000capita + |Slope [4.27 0.38 [13.04 2.87
Openess  |Openess of the economy Average of Imports and Exports of - |Slope |32.97 10.90 |78.00 15.28
goods as % of GDP
Patentcap |Patents submitted Number of patents per 1000 cap - |Slope [0.05 0.00 [0.36 0.08
POPdens |Population density Capita per km2 ? |Slope (118.0 149 |382.8 89.1
Precip Average annual Precipitation |Rainfall in mm, average 1961-1990 ? |[Const. |742 498  |1220 191
Prodtax Tax on products (ESA95, D2) [Taxes on production and imports as - |Slope [13.7% |7.2% |18.4% (2.1%
% of GDP
Railway Density of railways Km / km® ? |Slope |0.047 0.000 (0.117 0.030
Renew Renewable input in electricity (% of production in total electricity - [Slope [14.9% [0.0% [68.2% |15.4%
production consumption
Surface Surface Area km2 ? |Const. |205932 9251 (774815 (200594
Temp Average annual temperature |Degrees Celcius, average 1961-1990| ? [Const. [9.29 1.70 |18.40 3.87
Wcomp Municipal waste composted |% waste composted + |Const. [5.3% 0.0% ([23.6% [6.7%
WHill Municpal waste landfilled % of municipal waste landfilled - |Const. [74.0% |10.0% [100.0% [30.0%
Wincin Municipal waste incinerated |% of waste incinerated + [Const. |11.7% [0.0% [52.3% [14.9%
Wrec municipal waste recycled % waste recycled + |Const. [8.9% 0.0% (36.2% [11.2%

In addition to these 30 variables, three dummy variables have been included in the regression analysis (materials taxes, former

centrally planned economies and accession countries). Renewable energy has also been calculated as the share of renewable

energy in TPES, however, this variable performed poorly in general in the models. GDP per capita is used both in terms of nominal

exchange rates (US$) and in terms of Purchasing Power Parities, see paragraph 4.4.3 for more explanation.
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The column “expect.” gives the a-priori expected signs based on the discussion in the previous
paragraph. The column “type” shows that in the set two type of variables are considered: constants and
variable slope variables. The constant variables do not change over time in the database. They are
mostly meant to correct for country specifics, such as climate or the sheer size of a country. In some
cases, such as the waste variables or the annual forest cover change, the data available did not permit
us to make an analysis over time as there were too many missing observations. In that case we selected
the most recent year of estimates from a country and made hence a constant variable. As the household
size did vary over time (but no reliable data were available), we included also a variable indicating the
total dwelling stock per capita, which should be an alternative indicator for representing the household
size. The slope variables change over time.

4.2.4 Selection of years and countries

The time series that have been constructed run from 1992 to 2000. For the (former) AC-countries, the
DMC is only calculated from 1992 onwards, so an earlier estimate would not be possible. Data for 1990
and 1991 are available for the EU15, but these have not been included in order to create a balanced
panel. This facilitates the interpretation of the results from the panel data analysis in paragraph 3.4.

For Austria and the Czech Republic, no data on the EMC have been established, and these countries are
therefore excluded from the analysis.

For Malta, many series showed missing values. As the country is very small, we have decided to exclude
it from the analysis. The figures for Luxembourg have been added to those of Belgium as many series
are presented for the Belgium-Luxembourg economic union (BLEU).

Missing values for the other countries were also found in individual series. There are basically two ways
to deal with them in regression analysis:

() to use specific methods for unbalanced panels;
(i) to estimate the missing values, based on other data sources, or (in few cases) on past
observations.

In this analysis, the second approach has been chosen. The advantage is that the estimates may be
regarded as slightly more accurate for the whole sample: missing values tend to be associated with AC-
countries and taking unbalanced panel estimates would be biased towards the EU15. The disadvantage
is that it is much more time-consuming

4.3 Relationships between socio-economic and materials consumption
variables

In this paragraph we will analyse the relationship between the various variables. First we will investigate
the correlation between various dependent variables (DMC, EMC and their components). Second, we will
investigate the correlation between the various independent variables (the socio-economic variables) in
order to understand the nature of the dataset and prevent multicollineairity in the panel data analysis.
Finally, we will present a graphical overview of the influence of individual variables on materials
consumption. This shows which variables are most likely to influence materials consumption.

4.3.1. Relationship between material consumption variables

The DMC and EMC are to a certain extent correlated. The following table gives information on the
(linear) correlation coefficients between both variables and the various subcomponents that may be
distinguished.
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Table 4.2. Correlation coefficients between the variables representing materials consumption and their
components.

DMCtot
EMCtot
EMCbio
EMCbuild
EMCfoss
EMCindmi
EMCmetal
EMCminer
DMCbio
DMCbuild
DMCfoss
DMCindmi
DMCmetal
DMCminer

DMCtot 1.00

EMCtot 0.73 1.00

EMCbio 054 0.89 1.00

EMCbuild 0.68 0.60 0.43 1.00

EMCfoss 0.44 053 020 0.10 1.00

EMCindmi  0.05 0.15 -0.01 0.19 0.18 1.00

EMCmetal 041 0.54 045 049 -0.07 0.10 1.00

EMCminer 0.66 0.60 0.42 0.99 0.12 0.32 0.48 1.00

DMCbio 0.65 058 073 0.34 -0.08 -0.20 0.44 0.30 1.00

DMCbuild  0.76 0.47 032 0.88 0.02 0.18 0.48 0.87 0.38 1.00

DMCfoss 049 051 020 0.10 0.96 0.17 -0.06 0.12 -0.02 0.01 1.00

DMCindmi 0.48 0.27 0.06 -0.03 0.73 -0.04 -0.27 -0.04 0.03 -0.01 0.80 1.00

DMCmetal 0.34 0.08 0.02 0.15 -0.06 -0.11 0.36 0.13 0.35 0.19 -0.03 -0.09 1.00
DMCminer 0.89 054 032 0.80 030 015 035 0.79 036 0.92 032 038 0.14 1.00
DMCcomp 0.20 0.01 -0.02 0.12 -0.04 -0.08 0.09 0.10 0.18 0.28 -0.15 -0.14 0.06 0.21

This table shows that various components are correlated with each other, indicated by the yellow areas.
The correlation between total DMC and EMC is about 73%, which is rather high. But what exactly does
this mean? It indicates that there is a certain linear relationship between the DMC and the EMC. How
strong is this relationship? This cannot be determined with the correlation coefficient alone and one
should run a regression analysis in order to interpret the strength of the relationship. As a rule of thumb,
one may take the squares of the correlation coefficients in Table 4.2. and interpret them as the amount of
variation in one variable caused by the other. So in the DMC-EMC case, one may assume, as a rule of
thumb, that around 53% (= 0.73"2) of the variation in the EMC is explained by the DMC, and vice versa.
Thus, one could assume that the DMC is a good predictor for the EMC in more than half of the cases.
We will elaborate on this in more detail in paragraph 4.3.4

If we concentrate on the other correlation coefficients, we see that the total DMC seems to be most
influenced by the DMC for minerals. As a matter of fact, the variation in the DMC for minerals is a good
predictor for the variation in the total DMC in almost 80% (:0.892)01‘ the cases. The total EMC instead is
mostly influenced by the EMC for biotic materials. This is logical as the EMC identifies the biotic materials
as most polluting (Chapter 3@@). The category “minerals” for both indicators seems to be most
influenced by the indicator for building materials. As a matter of fact it seems not really necessary to
distinguish a separate category of building materials as their correlations with the total minerals are close
to unity. When we compare the various categories of the EMC with the corresponding of the DMC, we
see that both indicators are strongly correlated for the fossil fuels. Hence, the DMC of fossil fuels seems
to be an appropriate measure for the EMC of fossil fuels, which in a sense is logical as kilograms tend to
be a measure of environmental impacts from fossil fuels.® The DMC and EMC diverge for metals, for
which apparently the kilogram measurement results in a different weighting than the environmental-
impact measurement.

® It must be noted, however, that the DMC and EMC use different system boundaries with respect to
consumption of fossil fuels. Hence, the correlation may simply indicate that the apparent consumption of
energy, as used in the EMC, correlates with the total consumption as calculated in the DMC.
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4.3.2 Relationships between explanatory variables

Table 4.3. gives information on the correlations between the socio-economic variables. Investigating this
correlation is important in order to understand the nature of the variables we select and to exclude
possible interactions between highly correlated variables in the regression analysis.

Overall, the correlation between the explanatory variables is not very high. The waste variables all seem
to be heavily correlated. This is logical as the variables are set up as the share of the total waste stream
which is —respectively- land filled, incinerated, composted or recycled, and together they add up to one.
In regression analysis they cannot all be included and it is best to include only one of them to reduce
problems of multicollineairity.

The waste variables also seem to be correlated with GDP. Clearly, the practice to incinerate municipal
waste seems to exist especially in the more wealthy countries. Similarly is low income a sign that most of
the waste will be landfilled. Per capita GDP is furthermore rather strongly correlated with car possessions
per capita, which is quite intuitively appealing. There is also a strong correlation of GDP with the
calculated price-index of motorfuels which seems also to be logical as excise taxes are higher in
wealthier countries. In addition, there is a strong correlation between per capita GDP and the patents per
capita. If we investigate the GDP-effect furthermore, we find some negative correlation between the
share of agriculture and fishing (naceAB) and GDP. Again, this is appealing as higher-income countries
tend to have a lower share of agriculture in their economies.

Furthermore, the amount of motorways per kmz2 is correlated with population density. This again is
logical, as more densely populated areas will have more paved infrastructure. The amount of motorways
seem furthermore to be correlated with the share of composted municipal waste: as there seems to be
no reason why these variables correlate, this should be considered as purely accidental.

Finally, the energy price index and the motor fuel price index are heavily correlated, which is not strange
as the price of motor fuels constitute the major part of the calculated energy price index. In the regression
analysis, only one should of them should be included.

The last row in Table 3.3 shows the average absolute correlation of the independent variables with each
other. This reveals that per capita GDP has the most correlation with all the other variables in the
sample, followed by the motor fuel price index. The lowest correlation is the tax rates on products as % of
GDP, which is rather independent from the other explanatory variables. Also the surface area, floor
space of houses, the renewable energy share and the openness of the economy seem to be poorly
connected, on average, to the other explanatory variables.’

" The surface area itself is rather negatively correlated with the openness of the economy, which again is
intuitively appealing as smaller countries tend to trade more with other countries than larger countries.
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Table 4.3. Correlation coefficients between explanatory socio-economic and circumstance variables

Temp Preci Surfa Fores POPde Wrec Wcomp Wfill Winci House Opene Carpo GDPca Motor Railw NDwel naceD naceA naceC naceF
Temp 1.00
Precip 0.04 1.00
Surfac -0.04 -0.19 1.00
Forest 0.23 045 -0.13 1.00
POPde 0.19 0.35 -0.14 -0.19 1.00
Wrec -0.13 0.20 0.07 -0.12 0.62 1.00
Wcom 0.08 0.12 0.07 -020 059 0.71 1.00
Wrill 0.11 -0.11 -0.09 0.19 -0.56 -0.91 -0.86 1.00
Wincin -0.17 0.02 0.09 -0.21 040 0.76 0.75 -0.95 1.00
House 0.09 0.20 -0.01 0.39 -0.34 -0.53 -0.46 0.63 -0.67 1.00
Opene -0.35 0.20 -059 0.13 0.04 0.03 -0.04 0.06 -0.13 0.30 1.00
Carpos 0.06 036 0.03 -0.05 040 062 052 -061 053 -050 -0.09 1.00
GDPce -0.11 0.24 0.13 -0.07 044 080 0.64 -085 082 -057 -013 0.76 1.00
Motorv 0.20 0.22 -0.19 -0.29 0.87 0.72 0.76 -0.71 054 -040 014 056 0.60 1.00
Railwa -0.13 0.34 -0.14 -026 0.71 054 034 -043 030 -035 014 031 0.29 055 1.00
NDwel 0.54 0.18 0.03 043 013 022 0.22 -020 015 -0.06 -0.21 0.39 043 026 -0.17 1.00
NACEI -0.30 -0.38 0.14 -054 -0.14 -0.14 0.04 0.06 -0.03 -0.08 0.05 -0.12 -0.26 -0.08 0.13 -0.48 1.00
NACE; 0.04 -043 0.05 -0.09 -0.35 -0.56 -0.44 0.54 -047 0.28 -0.03 -0.73 -0.70 -0.46 -0.31 -0.45 0.29 1.00
NACE( -0.13 0.09 -0.04 -0.05 0.23 -0.17 -0.04 0.16 -0.17 0.25 -0.04 -0.35 -0.28 -0.07 0.19 -0.30 0.04 0.29 1.00
NACEI 0.35 -0.24 -0.14 0.03 -0.15 -0.24 -0.13 0.30 -0.36 0.27 -0.04 -0.15 -0.32 -0.06 -0.26 0.28 -0.03 0.03 0.05 1.00
Fat -0.29 015 -0.24 -0.17 031 051 029 -053 055 -039 024 029 043 035 0.67 -014 0.09 -044 -0.20 -0.32
Dwelce -0.06 -0.08 -0.08 -0.21 0.07 036 0.34 -045 048 -0.72 -019 063 057 023 0.05 0.16 -0.13 -0.33 -0.32 -0.18
Floorsy 0.27 -0.19 -0.22 -0.35 0.22 0.19 0.18 -0.19 0.16 -0.07 0.08 005 019 046 0.08 0.17 -0.09 -0.19 -0.30 0.14
Renew -0.26 -0.07 0.39 -0.06 -0.40 -0.11 -0.04 0.03 0.04 -0.01 -0.21 -0.10 -0.08 -0.32 -0.37 -0.19 044 0.13 -0.23 -0.23
Prodta -0.24 0.01 -0.01 -0.07 -0.29 -0.07 -0.08 -0.08 0.24 -0.03 -0.06 001 0.09 -0.29 0.06 -0.23 0.5 -0.13 -0.03 -0.38
Energy 0.19 041 019 021 050 058 049 -060 056 -041 -031 065 071 045 0.29 040 -037 -0.63 -0.23 -0.33
Motorft 0.14 0.24 021 0.04 047 061 052 -066 065 -050 -0.28 071 080 052 0.22 046 -032 -0.67 -0.31 -0.31
Indpric 0.54 0.17 022 026 027 019 024 -022 018 -0.13 -046 034 027 023 -001 041 -024 -029 -0.21 0.01
Educal -0.55 -0.03 -0.13 -0.13 -0.27 0.16 0.15 -0.31 044 -025 012 028 032 -0.10 -0.09 -0.19 0.07 -0.38 -0.09 -0.14
Patent -044 0.01 027 -019 016 058 035 -062 065 -053 -0.16 055 0.77 024 0.13 0.12 0.00 -045 -0.14 -0.38




4.3.3 Relationships between materials consumption and explanatory variables

Finally, we are also interested in the relationship between the various categories of the DMC and EMC
and the socio-economic variables. Table 3.4 gives the overview.

Table 4.4. Relationship between categories of DMC and EMC and socio-economic variables.

. . o 8 & B , g 37 2 E

s § 8 § § &§ 8§ 8 & & 8

2 & & & & & 3 & & & &
Temp -0.24 -0.13 -0.17 -0.11 0.17 -0.06 -040 -0.16 -0.31 -0.01 0.19
Precip -0.03 0.16 0.23 -0.04 0.22 -0.07 0.16 -0.03 -0.15 -0.10 -0.03
Surface -0.13 -0.30 -0.29 -0.32 0.18 -0.09 -0.03 -0.32 0.18 -0.09 0.23
Forest 0.16 0.22 0.38 -0.09 0.33 -0.25 0.50 0.01 0.03 -0.07 0.23
POPdens -0.12 0.28 0.14 0.24 0.27 0.25 -0.32 0.14 -0.26 0.02 -0.55
Wrec 0.31 0.48 0.37 0.18 0.46 0.41 0.18 0.12 0.20 0.32 -0.37
Wcomp 0.13 0.44 0.36 0.12 0.44 0.39 -0.02 0.03 -0.01 0.23 -0.32
WHill -0.32 -052 -043 -0.14 -047 -0.49 -0.19 -0.06 -0.15 -0.36 0.26
Wincin 0.35 0.49 0.44 0.09 0.40 0.51 0.25 0.02 0.16 0.38 -0.10
Househsz -0.17 -0.10 0.05 -0.04 -0.19 -0.41 0.08 0.03 -0.19 -0.29 0.10
Openess 0.15 0.25 0.33 0.22 -0.19 -0.07 0.22 0.28 0.04 -0.01 -0.45
Carposs 0.43 0.32 0.15 0.08 0.45 0.51 0.11 0.06 0.11 0.57 0.00
GDPcap 0.60 0.63 0.50 0.10 0.63 0.71 0.42 0.08 0.19 0.63 0.00
Motorway 0.11 0.40 0.25 0.21 0.32 0.49 -0.20 0.12 -0.20 0.30 -0.54
Railway -0.21 0.11 0.04 0.21 -0.03 0.00 -0.26 0.12 -0.19 -0.17 -0.48
NDwelcap 0.40 0.36 0.27 -0.05 0.60 0.46 0.26 -0.04 -0.02 0.50 0.22
NACED -0.30 -041 -041 -013 -0.34 -0.15 -031 -0.15 -0.05 -0.20 -0.15
NACEAB -0.45 -046 -0.39 -0.06 -043 -0.50 -0.33 -0.03 0.06 -0.51 -0.03
NACEC -0.19 0.09 0.01 0.39 -0.17 -0.18 -0.23 0.31 -0.10 -0.29 -0.10
NACEF -0.03 -0.05 -0.06 0.07 -0.20 0.00 -0.17 0.04 -0.32 0.09 0.08
Fat 0.09 0.27 0.36 0.03 -0.02 0.13 0.19 0.00 -0.08 0.07 -0.23
Dwelcap 0.45 0.31 0.11 0.27 0.25 0.45 0.08 0.27 0.22 0.48 0.14
Floorspace 0.11 0.19 0.14 0.08 -0.03 0.37 -0.10 0.03 -0.26 0.29 -0.22
Renew -0.17 -0.43 -0.31 -0.54 0.03 -0.14 0.11 -0.49 0.25 -0.15 0.17
Renew?2 0.11 -0.23 -0.16 -0.32 -0.01 0.02 0.30 -0.25 0.39 0.04 0.11
Prodtax 0.12 0.07 0.12 0.00 -0.01 -0.02 0.22 0.00 0.21 -0.01 0.30
Energyprice 0.23 0.31 0.26 -0.10 0.62 0.35 0.21 -0.12 0.05 0.29 0.05
Motorfuel 0.38 0.37 0.27 -0.09 0.64 0.55 0.25 -0.12 0.16 0.48 0.03
Indprice -0.01 -0.02 -0.04 -0.24 0.38 0.14 -0.06 -0.28 -0.18 0.19 0.21

Education 046 031 032 012 -005 030 040 012 017 039 022
Patentcap 053 041 028 005 044 065 039 006 038 050 0.6

The green areas present the variable with the highest linear correlation with the specific component of
the DMC and EMC. The blue areas indicate relationships that are also important and that are
worthwhile investigating. We also investigated correlations under a logarithmic transformation of one
of the variables. Purple and pink areas indicate variables between which linear relationships
performed poorly but nonlinear relationships were substantially more significant.

Below, we present some graphical analysis on the factors that seem to influence DMC and EMC the
most. We take as reference year 1999, as some of the explanatory variables showed missing values
for the year 2000.



Total material consumption

Total materials consumption appears to be correlated mostly with per capita GDP, both for the DMC
and the EMC as shown in Figures 4.1 and 4.2. The relationship between the EMC and GDP can best
be depicted as concave: rising levels in per capita GDP result in more than proportional increases in
the EMC. However, this result is mainly due to the outlier position of Denmark, the Netherlands and
Ireland. If these countries were to be omitted from the analysis, a different relationship would emerge.

Figure 4.1. Relationship between per capita EMC and per capita GDP (in US$1995), 1999°
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It appears that there exists a group of countries (Sweden, France, Belgium-Luxembourg and Finland
that do relatively well with respect to their expected EMC based on the per capita GDP. Ireland,
Estonia and Poland typically have higher EMCs than expected.

For the DMC the following relationship emerges:

Figure 4.2. Relationship between per capita DMC and per capita GDP (in US$1995), 1999

8 The country codes are as follows:

BLEU BL Italy IT Spain SP
Bulgaria BG Ireland IR Sweden S
Cyprus CY Latvia LV Turkey TR
Denmark DK Lithuania LT United Kingdom UK
Estonia ET Netherlands NL

Finland SF Poland P

France FR Portugal PT

Germany D Romania RO

Greece GR Slovakia SK

Hungary HU Slovenia SL
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Here, the relationship is more linear than in the case of the EMC.? Estonia is now a clear outlier with a
much higher DMC than expected on their per capita income. Also Cyprus, Bulgaria and Finland
perform rather poorly. Most Western European EU-countries perform better than expected on this
relationship. Also, the similarity between the Netherlands, Belgium and Germany is striking in this
case.

Biotic materials

The biotic materials in the DMC are in general poorly explained by the variables in our model. The
change in forest area seems to be the most significant and the results are given in Figure 4.3. The
positive relationship, however, is largely due to the outlier position of Ireland, which has a much higher
per capita consumption of biotic materials than expected. The relationship is also different than
expected; an increase in forested area is associated with higher consumption of biotic resources
which may indicate that forest resources are used as economy input rather than for nature and wildlife.
However, if one would leave out Ireland and Portugal, one may argue that the per capita consumption
of biotic resources is negatively correlated with annual forest area change. This would make more
sense, intuitively; a transformation of agricultural lands towards forest areas, or a reduction in logging
activities, reduces the amount of biotic resources harvested.

Figure 4.3. Relationship between per capita DMC for biotic materials and annual change in forested
areas, 1999.

o Although a concave non-linear relationship would also fit the data well. We did not attempt to

conduct here official tests which specification would be the most appropriate.

73



3.50%

%
3.00% a R

@
£ 2.50% -
0
g 2.00% -
c m PT
c 1.50% -|
S ////////
= -
h 1.00% - s GR P
9 B < ==
sBRET ==

0 | = BE& -
L 9°0% ﬁﬁ.%/ m B

& S|MEDIS N m LT m DK

0.00% — Y ‘ a s — @ SE ‘ )
D 2 4 @ BLg 8 10 12 14 16

-0.50% -

DMCDbio per capita

The EMC for biotic resources is influenced mostly by per capita GDP as shown in Figure 4.4.
However, the relationship is again heavily influenced by the outlier position of Denmark, the
Netherlands and Ireland in this respect. If these countries were excluded, the influence of per capita
GDP on the consumption of biotic resources would be much smaller.

Figure 4.4. Relationship between EMC for biotic resources and per capita GDP, 1999.
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Fossil fuels

The DMC for fossil fuels is mostly influenced by the share of renewables in total electricity

consumption. The following figure shows that more renewables are indeed heavily correlated with less

fossil fuel consumption in weight.

Figure 4.5. Relationship between DMC for fossil fuels and share of renewables in electricity
consumption, 1999.
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Sweden, Latvia, Romania, Slovenia, Finland and Greece typically perform better than expected on the
basis of this relationship. Latvia, Hungary and Cyprus typically perform more poorly. For Cyprus, this is
due to the fact that solar energy is used for heating purposes. This indicator may underestimate the
contributions from the Southern European countries, in general.lo Again, Estonia can be regarded as
an outlier in this analysis.

The development of the EMC for fossil fuels is very similar to that of the DMC. This is due to the fact
that the correlation coefficient between fossil fuels from the DMC and EMC is close to unity. As noted
above, weight seems to be an appropriate measure to summarize all environmental effects from fossil
fuels.

Metals

The correlation of the DMC for metals was insignificant with all of the variables in our model. The best
explanation was provided by the per capita applications of patents, which has a correlation coefficient
of only 0.38. This basically indicates no relationship at all. From Figure 4.6 we see that Sweden and
Bulgaria have a remarkable high consumption of metals compared to the other countries in the
sample.

Figure 4.6. Relationship between per capita DMC for metals and number of patents applied, 1999.

10 Although we tried to include an indicator indicating the share of renewables in total TPES,, this

indicator performed poorly in the model. This can be due to dataproblems in establising this indicator.
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The EMC consumption of metals is explained by a wide range of factors (see Table 3.4): car
possession, GDP per capita, the energy price and the motor fuel price. Car possession and motor fuel
prices may show a similar trend; higher motor fuel prices may imply lower car possessions and hence
lower metal consumption. Of course, other interdependencies are also possible, e.g. higher motor fuel
prices tend to be a proxy for fuel prices in metal industries. Below, we show the relationship between
the motor fuel price and the EMC for metals.

Figure 4.7. Relationship between EMC for metals and the motorfuelprice, 1999.
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As we can see from this figure, Ireland and also the Netherlands tend to have a high consumption of
relatively polluting metals. However, when we compare it to price level of motor fuels, we find that the
consumption of the Netherlands is lower than expected based on the relationship. Some countries
have a negative EMC for metals, indicating that export was larger than production and import. This
might happen if a country releases some of their stocks of metals. The UK clearly has an outlier
position here, with a very low EMC for metals compared to motor fuel prices.

Similar relationships are found between the environmentally weighted metal use and car possession.
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Minerals

The DMC for minerals seems mostly be influenced by per capita GDP. In addition, also car possession
seems an influential variable. The reason for this could be that a higher car possession could be
associated with a higher (political) demand for roads and parking lots which require a lot of minerals.

Figure 4.8. Relationship between car possession and the DMC for minerals, 1999.
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From the figure we see that Italy has the highest car possession per capita. However, the associated
mineral consumption is much lower than expected. Ireland, Estonia, Denmark, Cyprus and Finland
have a higher consumption of minerals than expected on the basis of their minerals consumption,
which of course indicates that other factors influence mineral consumption as well.

The EMC for minerals seems mostly be influenced by per capita GDP (see Figure 4.9) and the patents
per capita. The patents per capita have, however, the opposite sign as expected. More patents
applied indicate a higher environmental burden from mineral consumption.

As for the GDP per capita, results are given in the figure below. Cyprus seems a clear outlier with a
much lower consumption of minerals than expected from the level of the GDP. The opposite is true
for Belgium and Denmark that have a higher mineral consumption than expected from their GDP-
levels.
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Figure 4.9. Relationship between per capita GDP (in 1995US$) and per capita EMC for minerals,
1999.
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The DMC and EMC for minerals can be decomposed into the part building materials and the part
industrial minerals. The EMC for building materials seems influenced most by the dwellings per
capita, which is quite logical. The following figure gives the results:

Figure 4.10. Relationship between EMC for building materials and dwellings per capita, 1999.
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This shows that the relationship is as expected: more dwellings indicate a higher consumption of
building materials.

The DMC for building materials is influenced most by per capita GDP.
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4.3.4. A note on the relationship between total DMC and EMC

Finally, we want to return to the relationship between the DMC and EMC, as described in paragraph
4.3.2. The analysis there showed that the DMC correlates with the EMC: for about 73% of the cases,
the DMC seems to be indicative for the EMC. One important question is now the following: Does this
imply that the DMC is a good proxy for the environmental impacts, as calculated with the EMC?

One may answer that question on different levels:
1. Is weight a good proxy for environmental impacts of individual materials?
2. Is weight a good proxy for total environmental impacts of individual countries?
3. Is weight a good proxy for total environmental impacts over time?

Below we will try to answer those questions.
First, if we investigate the environmental impacts of individual materials, we see a great varation, as
indicated in Figure 4.11.

Figure 4.11. Relation between consumption and environmental impacts (consumption x LCA-impact
factor as in the EMC) for 22 materials, year 2000 for the EU28.
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The R?, the coefficient indicating the strength of the relationship, indicates that only in 0.3% of the
cases weight is an indicator of environmental impacts for individual materials. Most of the materials
are located in the lower left corner in this graph, and Figure 4.12 shows that the variation remains
large if we zoom in on the materials with both a low consumption and a low environmental impact.
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Figure 4.12. Relation between consumption and environmental impacts (consumption x LCA-impact
factor) for 19 materials, year 2000
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Hence there is little evidence that weight is an appropriate measure for individual materials.

However, the DMC and EMC for individual countries or regions can be correlated if the composition of
materials consumption does not change over time. There is some strong reason to believe that
technical coefficients of production are fixed in the short-run; companies do not suddenly change their
techniques of production as these are dependent on long-term investments and technological
innovation, and consumers tend to have a relative stable pattern of consumption in the short-run. In
other words, it can be expected that no sudden changes in the composition of materials demand occur
unless external shocks (such as drastic price changes or technological breakthroughs) force
I(?fompzliniel? to reconsider the material consumption of their products and consumers to reconsider their
ifestyles.

Figure 4.13. shows the variation of the EMC and the DMC over time. We see that in most years they
change in the same fashion, but for some years there are diverging developments.

1 In De Bruyn (2003) some graphical expression of the limited change in short-run periods in steel and energy consumption
was presented.
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Figure 4.13. Relationship between per capita EMC and per capita DMC, EU28, 1992-2000.
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The correlation coefficient of the two series is 0.63 — so less strong than the relationship for all
countries as presented in Table 4.2. We can also conduct this analysis for individual countries. Figure
4.14. gives the relationship between the change in the DMC and the EMC between 1992-2000 for
individual countries.

Figure 4.14: Relationship between changes in DMC and EMC, 24 countries.
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We see a relationship between the DMC and EMC, indicating that countries that have reduced their
DMC most likely also have reduced their EMC. The correlation coefficient is 0.72, hence similar to the
0.73 reported in Table 4.2. Outliers are on the one hand Slovenia and Finland where the EMC grew at
a much faster rate than their DMC, and on the other hand Latvia, Lithuania and Hungary that reduced
their EMC while their DMC grew. The R?, the coefficient of determination that indicates the strength of
the relationship, indicates that in 53% of the cases changes in the DMC give a “good” prediction for
the changes in the EMC.

Finally, another interesting question is whether the DMC predicts differences in the levels between

countries sufficiently, indicating that countries with a high DMC do have a high environmental impacts.
Figure 4.15 gives this relationship for the year 2000.
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Figure 4.15. Relation between EMC per capita and DMC per capita, 2000.
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We see a reasonable fit between the DMC and EMC per capita. The overall correlation coefficient is
0.74, reported as in Table 4.2. Clear outliers are on the one hand the Netherlands, Denmark, Ireland
where the EMC is much higher than expected on the basis of the DMC, and on the other hand
Finland, where the EMC is much lower than expected on the basis of the DMC.

As a conclusion we may state here that the DMC and EMC do correlate to a certain extent, certainly
over short periods of time, as the technical coefficients of production tend to be fixed in the short-run

at least. Given the fact that the scores of individual materials is so different, one can safely assert that
apparently the composition of material use has not changed drastically over this time span. This may
of course change if we look at longer period.
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4.4  Regression analysis for the DMC and EMC

The previous paragraph identified single explanations for the (various components of the) DMC and
EMC. However, such single explanations may not be extremely powerful as material consumption is
typically influenced by more than just one variable. In this paragraph we will analyse all variables
together using regression analysis.

Regression analysis is a specific tool in the socio-economic sciences and should be used with care.
While many researchers do not bother about model specifications and hypothesis testing and
investigate merely the R?, this approach will surely lead to biased results. Here, we will investigate the
relationship between materials consumption and the chosen socio-economic variables more carefully.
This implies that a lot of technical details need to be discussed before we can set up the right model
specification. The following subparagraphs will only summarize the outcomes of the analysis. The
technical details can be found in Annex 5 which includes a full treatment of the hypotheses that we
have tested and the model specification that followed from the hypotheses testing.

4.4.1 Estimating the influences of socio-economic variables on the DMC.

As described in Annex 5, we first estimated whether the 30 socio-economic variables alone would give
sufficient explanatory power for explaining the differences between countries in their levels of
materials consumption, either expressed as DMC or EMC. The result was negative. Our 30 selected
variables were not able to explain fully the differences between countries for the DMC and EMC and
there were other variables which have a profound influence on the DMC and EMC but have been
omitted.

This is not surprising, as the total factors that influence materials consumption within an economy
could easily run into the thousands. Especially lifestyle and policy variables may be important and
these have many dimensions. For example, we selected in our sample the amount of cars per capita
as a variable influencing materials consumption. In reality, however, this variable may be too crude, as
not only the amount of cars is a critical variable, but also:

- the type of cars that is being consumed (are these merely Suzuki Alto’s or Mercedes Benz);

- the material composition of these cars;

- the average lifetime of a car (a longer lifetime will drastically reduce materials consumption from car
possessions;

- the fuel consumption of a car (more energy-efficient cars will result in lower DMC and EMC)

- the waste regime for used cars (is it recycled or merely dumped)

- the import- and export of cars, etc.

Moreover, cars are only a small fraction of total consumption and similar variables could be set up for
televisions, furnaces, balconies, DVD’s, tobacco, and so forth.

Of course, one hopes that the amount of cars is also indicative of the type of cars consumed or of the
amount of refrigerators consumed, and that the amount of recycled municipal waste is indicative of
total waste recycling in a country, but our tests (Annex 5) indicated that the selected 30 variables were
too limitative for explaining all variation between countries. This obviously happens with aggregated
indicators, like DMC and EMC, as these treat the economy as a “black box” and reveal only
information on what goes in and what comes out. The amount of incoming and outgoing flows can
obviously not be fully revealed by relating the DMC and EMC to variables that describe what is going
in “inside the black box”.

However, one should not be too sceptical about this, as it can be expected that similar results would
hold for data on emissions (CO,, SO2), or many economic variables. From the literature on regression
analysis we know that only a few variables, like exchange rates, can be revealed fully in terms of
underlying factors. This is exactly why panel data are so popular nowadays in econometrics, as they
allow for countries to vary in their initial levels of the dependent variable, or in the effects of the
explanatory variables on the dependent variables.

83



For the DMC we also constructed a panel data analysis with fixed effects (varying country intercepts),
and with the procedure outlined in Annex 5, the following model appeared to fit the data best™:

Table 4.5. Estimated outcome of the regression on per capita DMC.

3i t-stats [3i_effect Statistics
Constant (avg) -2.950 NA R2-ad;. 0.989787
L_CARPOSS 0.273 (3.002)**+ 0.45% R2-Harvey 0.294073
L_GDPCAP 0.239 (1.892)* 0.39% R2-crosssection 0.6445
L_ MOTORWAY 0.073 (1.216) DwW 2.00544
RAILWAY 5.611 (1.971)* AIC -159.308
NACED 0.229 (1.342) SSR 0.373074
NACEF 2.231 (3.438)*** 3.65%
L FAT -0.069 (-1.58)

L DWELCAP 0528 (2.027)* 0.86%
L_FLOORSPACE-0.095 (-1.19)

RENEW -0.190 (-1.78)*  -0.31%
L_MOTORFUEL -0.095 (-2.25)* -0.16%
L_EDUCATION -0.123 (-2.30)** -0.20%
L PATENTCAP 0.022 (1.783)* 0.04%
TIME -0.015 (-2.61)** -0.03%
AR(1) 0.389 (5.036)**

Note: *** ** * indicate significance at the 1, 5 and 10% two-sided confidence levels respectively.
DW=Durbin Watson Statistic, AIC=Akaike Information Criterion.

The abbreviation of the variables is as in Table 4.1 and the L_ suffix indicates that a logarithmic
transformation of the variable has been chosen. Included here is an AR(1) term which is used to
control the data for fist-order autocorrelation (see Annex 5)."

First we note that the overall fit of the model seems appropriate. The DW is close to 2 and the AR(1) is
not close to unity. Hence, we have some confidence that this model is specified correctly.

The most significant variables are here the car possession, the size of the construction industry
(NACEF) and the time-effect. All these variables have the expected signs, indicating that more cars
and more construction activities are correlated with a higher per capita DMC. The variable for car
possession, for example, indicates that a 1% growth in car possession per capita is associated with an
increase in the DMC of 0.27% in that particular year. However, the data form here a process over
time, so that increased car consumption now will also influence the DMC in the future, as more cars
result in a higher energy consumption and may imply a political demand for more roads. An
approximation of the long-term equilibrium can be found by dividing the coefficients with (1-AR(1)), as
explained in Enders (1995). This gives some information on the effects from changes in one variable
on the DMC in the long run.14 The fourth column gives then the information on the total effects from a
change in one socio-economic variable on the other variables. This shows that a 1% increase in car
possession is associated with a 0.45% increase in the materials consumption per capita in the long-

12 The model has been estimated in semi-logarithmic form, as this facilitates the interpretation of the results enormously. All
variables are hence transformed to logarithms, except the variables which are given in percentages and the state variables (see
paragraph 4.2.2. for a description of the variables). As the estimation of fixed effects assumes varying intercepts between
countries, we cannot include several state variables which are given as constants. Hence, the effects of temperature,
precipitation, surface area and household size leave out the equation. Also the waste variables are excluded now, as we could
not establish reliable time-series on these data. All these variables are now included in the individual country-effects on the
intercepts.

The value of a given variable in year t is often best explained by the value the variable took in the last year (t-1) Hence, the
best prediction for the DMC in the year 2000 for each country is the value of the DMC in 1999 for each country. Regression
analysis results in spurious results, if not corrected for this. The AR(1) term corrects for this and gives information on the
importance of the lagged DMC for estimation the current DMC in a given year. So the value of the DMC in 2000 is for almost
40% explained by the value in the last year.

This is only an approximation, as the full convergence is dependent on initial values of DMC and on the effects of for example
lagged GDP on current GDP.
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run. The time variable shows that per capita DMC will reduce with 1,5% per year (ceteris paribus) due
to autonomous technological improvements. Moreover, we see that an economic growth of 1% results
in a higher DMC immediately of 0.24% and 0.39% in the long run. This is far less than unity, indicating
some decoupling between material consumption and economic growth. The per capita GDP variable
is, however, only significant at the 10% level interval and some may argue that it is therefore not
significant.15 The biggest influence on per capita DMC comes from the construction sector. A 1%
increase in the share of construction in GDP results in a 3,6% increase in per capita DMC in the long-
run. The importance of construction activities for DMC is also captured by the variable indicating the
per capita dwelling stock in a country. A 1% increase in the dwelling stock results in 0.5% rise in per
capita DMC directly, and 0.8% in the long-run. The floor space of new buildings could be another
important variable, however, it is not significant in this regression analysis at the 10% confidence level.

Finally, there are a couple of policy-related variables which give a clue as to what governments might
do in order to reduce the DMC. The renewable-energy share is only significant at the 10% level, but
the sign indicates that a higher share of renewable energy implies a lower DMC. If renewable energy
share is to increase with 1%, the DMC will be reduced by 0.3% in the long-run. As the average
increase due to policy plans in the EU equals 7.3% (from 13.7 in 2000 to 21% in 2010), this implies
that the per capita DMC will be reduced by 2.3 % in the long run (see Chapter 5 on policy initiatives).

Higher motor fuel taxes are correlated with lower per capita DMC, although the estimated long-term
elasticity is only —0,16, so fairly low. However, studies in many OECD countries show an average
short-term price elasticity of approx. - 0.05 to - 0.1. The long-term price elasticity of demand is in
general 2-3 times as high. These values are hence in line with the here calculated ranges of price-
elasticity. The education variable, which was constructed as the share of educational spending in
GDP, can be interpreted as follows: governmental spending in education at a higher rate than the rate
of economic growth are associated with lower per capita DMC levels, though the elasticity is fairly low.

The overall fit (R2-adjusted) of the model seems very high with almost 99%. Some researchers may
be tempted to suggest that the variables in their model explain for 99% the variation in the DMC.
However, most of the variation actually comes from the autoregressive process in the data. In other
words: the best explanation for the DMC is given by the initial levels of the DMC and subsequently by
the fact that the DMC in the year 2000 is best explained by the DMC in 1999. If we correct for this
autoregressive process, one may come more closely to the value added of including all the 30
variables in the regression analysis above a simple model where the DMC is only explained by the
initial levels and the autoregressive process. Following the procedure outlined by Harvey (cited in
Maddala, 1992) we arrive at an estimation of the value added by including these variables of 29% (R2-
dependent).16 This provides the insight that the variables in our model alone explain 29% of the
variation in the DMC, leaving around 70% for the autoregressive process and the initial levels of DMC.

Now, the question is what is the true explanatory power of the dependent variables in our estimation.
On the one hand we calculated an R2 of almost 99%, on the other hand we have seen that around
70% of this variation can be explained by a simple autoregressive process and the initial levels of
DMC. One way to arrive at a measure is to multiply the AR(1) coefficient with our R2, which would
indicate that around 62% of the variation in our model is explained by the variables. Another way
would be to estimate the model in a cross-section setting, hence for an individual year. This reveals
that the R2 adjusted is around 65%. Hence we would confidently say that the variables in our sample
explain around 60-65% of the variation between countries.

'® The probability-value for per capita GDP is 0.06 and hence nearby the confidence level of 5%. The decision which variables
are significant is of course rather arbitrary in statistics. The general convention is that only variables at the 5% level are
statistically significant. This criterion should be more strict for large samples or for more precisely determined variables. As the
sample here is rather large and we can safely assume that per capita GDP is probably the most reliable variable in our
database, there is strong evidence that the variable is not significant.

1 16 This can be corrected by estimating the model with an AR(1) trend only and comparing the differences in the residual sum of

squares.

85



4.4.2 Estimating the influences of socio-economic variables on the EMC.

The influence on the EMC was estimated from a similar procedure to that of the DMC.17 Table 4.6
gives the results.

Table 4.6: Estimated outcome of the regression on per capita EMC

i t-stats Bi effect [Statistics
C(avg) -29.859 NA R2-ad|. 0.986717
LGDPCAP 0.394 (3.698)*** 0.57|R2-Harvey 0.296636
LMOTORWAY 0.155 (3.283)*** 0.22|R2-crosssection 0.586
NACEAB 2.137 (3.116)*** 3.09DW 1.957321
NACEC 2.457 (1.476) 3.55|AIC -193.988
NACEF 2.013(3.647)*** 2.91ISSR 0.328073
LDWELCAP 0.727 (3.045)*** 1.05
RENEW -0.184 (-1.75)* -0.27
PRODTAX 0.842 (1.460) 1.22
TIME -0.018(1.476)
AR(1) 0.308 (3.647)***

Note: *** ** * indicate significance at the 1, 5 and 10% two-sided confidence levels respectively,
DW=Durbin Watson Statistic, AIC=Akaike Information Criterion.

The R%is agzain fairly high, but most of the variation is explained by the AR(1) coefficient. The Harvey-
corrected R” is 29%, similar to the estimate of the DMC and the cross-section estimate reveal a
strength of 58%. In general we would say here that the EMC is for 58-66% explained by the variables
in our model.”® Furthermore, the statistics are fine: the AR(1) coefficient is not nearby unity and the
DW-statistic falls within the confidence levels so that no first-order autocorrelation is present in the
errors.

There are in total 5 variables that are significant at the 1% level. Per capita GDP has a profound
influence on the EMC. An economic growth of 1% will result, according to this estimation, in an
increase in the EMC of 0,4% directly and almost 0.6% in the long run. Furthermore, the EMC is
strongly determined by the size of the agricultural and construction sectors in the economy. Of these
two, the agricultural sector is the most important. A 1% lower share of the agricultural sector is
associated with a 3% lower EMC in the long run. The effect of an increase in the construction industry
is a bit lower than the effect estimated for the DMC. Furthermore, the increase in the dwelling stock is
also an important variable. An increase of 1% in the amount of dwellings in a country will result in a
1% higher EMC in the long-run. The estimated time-effect suggests an autonomous annual
improvement in the EMC of 1.8% per annum, however, this variable is not significant at the 10% level.

There is also the suggestion that countries with a denser motorway network tend to have slightly
higher values of the EMC. The effect of the renewable energy variable is —in the long run- a bit smaller
than for the DMC.

4.5 Regression analysis for resource efficiency

The analysis above showed the influences of some of the socio-economic variables on resource use,
either measured as DMC or EMC. However, for the policy maker, the real variable of interest may be
resource productivity or resource efficiency, as targets like Factor 4 are set in resource efficiency
terms. For this reason, we investigate the factors that influence resource productivity in this paragraph.

First, we should clarify some terms. Resource productivity is the reciprocal of resource efficiency. Both
terms are used in the international literature. As they are simply linked results on resource efficiency
tell us something about the resource productivity and vice versa. However, we should choose either

v The results from the first test round, with all the variables included are given in Annex U.
18 The 66% figure comes from multiplying the adjusted R? with the (1-AR(1)) term.
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one of these concepts. In this paragraph we choose to use resource efficiency, as this may present a
scientific more robust concept than resource productivity. The reason for this is that resource
productivity implies that a certain amount of welfare, or money, can be generated with resources.
However, in the economics account, welfare is only generated with the input of labour (and capital) in
the production processes. The true price of resources is zero, if there were no labour required to
obtain them. Labour productivity is therefore a meaningful concept, whereas resource productivity has
no meaning in an economic sense. Such facts are well-known in, for example, the field of energy
economics, where the target variable of study is energy efficiency. Energy productivity is never used.

Resource efficiency is measured as DMC/€ or EMC/€.; i.e. the intensities of resource consumption
over GDP There is a slight problem with wording now, however. A high resource efficiency, indicates,
a low resource consumption over GDP. And a low resource efficiency indicates a high value of
resource consumption over GDP. Hence, the signs are reversed. This has to be born in mind when
reading this paragraph.

If we want to estimate the resource efficiency of various countries, we should, next, investigate which
measure for GDP is going to be used. While so far in the report, we only used nominal GDP figures,
these figures may not be entirely relevant when explaining the differences between countries.
Ordinary GDP-figures use nominal exchange rates in order to calculate all GDP’s of different countries
to a common denominator. This is often the US$, or the €. However, the nominal exchange rates may
not reflect the wealth of a country, as the nominal GDP figures essentially indicate as the amount of
products and resources that consumers can buy in the US, or the Eurozone. Many countries,
however, have much lower price levels, for electricity, housing, etc., simply because the wages in
these countries are lower. It is therefore no surprise that Bulgaria, in fact the country in our sample
where the price levels are the lowest, has the lowest resource productivity, as outlined in Figure 3.27
for example.

The alternative is to use Purchasing Power Parities, which compare countries on the basis of what
consumers locally can buy for their money. Figure 4.16 shows the resource efficiency of the various
countries, according to both methods. In general the picture emerges that poorer countries have a
much lower resource intensity when using PPP instead of US$.

Figure 4.16: Resource Efficiency for the DMC, 2000: in kg/US$ per capita.
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Data: Worldbank.

Such corrected figures reveal that Estonia and Bulgaria are still the countries with the lowest resource
efficiency, but the efficiency of countries like Romania and Latvia is now almost similar to those in
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Western Europe. We think that GDP in PPP gives more accurate the stress from consumption on the
environment, as GDP in PPP is a better measure for the amount of consumption in general.

Next, we want to investigate the driving forces behind the differences in resource efficiency. For this,
we estimated the model using a similar procedure as in the last paragraph and outlined in Annex 5. In
addition, we conducted two additional tests investigating whether the per capita GDP (in purchasing
power parities this time) and the time-related gains in resource efficiency are similar among all
countries (see Hsiao 1986) . These tests indicated that the per capita GDP might be considered as
similar among the countries, but the time-effects clearly not. Obviously, countries differ not only in their
initial levels of resource use, but also in their success in reducing the resource use over time.

If we re-estimate the whole procedure for both the DMC and the EMC with individual time-effects for
the countries, the following results appear.

Table 4.7: Estimation of resource efficiency according to the EMC and the DMC, results.

EMC DMC
Dependent variable:In(EMC/GDPppp) In(DMC/GDPppp)
Explanatory Coeff T-stats Sign. Coeff T-stats Sign.
GDP_ppp (log) -0.34 -3.74%** -0.47 -4, 74%%*
NACE_AB 2.09 3.81%** Excluded using AlC-procedure
NACE_F 1.62 2.15* 1.63 1.91*
Time (avg) -0.02 -2.90** -0.01 -1.79*
Const (avg) -28.78 -2.32
R2 (adj) 0.99 0.99
DW 2.09 2.03

Note: *** ** *indicate significance at the 1, 5 and 10% two-sided confidence levels respectively,
DW=Durbin Watson Statistic.

First we note that economic growth now results in a higher efficiency. This is not surprising as the
previous paragraph already showed that the effects of 1% economic growth results in an increase in
the DMC and EMC of less than 1%. Hence, some relative decoupling is obviously achieved in the
process of economic growth. Next, we see that the EMC is, as above, influenced by size of the
agricultural sector and the construction sector in the economy. The DMC is only influenced by the size
of the construction sector. The annual autonomous improvements in resource efficiency for the EMC
are 2% on average, which is about double the size of the autonomous improvements for the DMC. For
this, there is no simple explanation, but below we will elaborate the effects of the autonomous
improvements a bit more in detail. It is furthermore interesting that all other explanatory variables,
including those of dwellings per capita, car possessions, energy prices and renewable energy input,
are now insignificant and obviously well enough captured by the negative time trend for individual
countries. Finally, the AR(1) coefficient could be omitted in this equation, as the estimation tended to
be free from first order autocorrelation, as indicated by the DW-statistic. However, some higher-order
autocorrelation is still present, so the high R2 should be interpreted with some care (see Annex 5 on
these issues)."

This equation differs from the one in the previous paragraph, that countries appeared to differ both in
their initial levels of DMC/€ and EMC/€ and in their reductions over time. One may assume that both
are somehow related: countries that have high initial levels of DMC/€ and EMC/€ may reduce their
resource consumption faster than countries that already have low levels of resource intensities. Some
evidence for such a convergence is presented in the graph below for EMC where for each country
their deviation from the initial level is plotted against the calculated time-related effects.?

¥ The cross-section R2 was 0.47 for the EMC-estimation and 0.26 for the DMC-estimation.

 The initial levels are in fact the constants in the regression equation: they show the level of DMC
corrected for differences in per capita GDP and the structure of the economy. The time-related effects
are calculated as the coefficient of the time-related effects multiplied by the probability that the
coefficient is significantly different from zero. In formula: Effect = c*(1-p), where c is the coefficient and
p the calculated probability from the regression analysis.
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Figure 4.17. Relationship between annual rate of reduction in EMC-resource efficiency and initial

levels of resource efficiency.
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We see a general tendency here that countries that initially had higher than expected levels of

resource intensities (indicating lower resource efficiency, such as Ireland, Netherlands, Estonia and

Poland), tend to have higher rates of annual improvements in resource efficiency. The lines in the
figure divide the sample of countries in four quadrants. The first quarter (the top left quarter) gives

countries that have both higher than average initial values of their EMC-resource efficiency but also

higher than average annual reductions. The top right quarter gives countries, such as Denmark and
Lithuania, that have higher than average resource efficiency, and lower than average annual
reductions in their resource efficiency. These countries typically perform less well than other countries.
The bottom right corner gives countries that have lower than average annual reductions in their
resource efficiency, but also had lower than expected initial levels based on their per capita GDP and
structure of the economy. Portugal indicates here that it had a level of EMC-efficiency about 65%
lower than average, but the time-effects indicate an autonomous annual growth of 1.5%. The bottom
left corner, finally, gives countries that perform the best: they already had low initial levels of EMC-
efficiency but also have high annual reductions. Among them are Belgium-Luxembourg, Sweden,

Romania and the UK.

We also see that Bulgaria now takes the middle position, while it was identified in Figure 4.16 as the
country that was the least resource efficient. The reason is that Bulgaria has the highest share of
agriculture in their economy (around 24% of total GDP), and when we correct for this particularity, the
resource efficiency of Bulgaria is in line with what we would expect from this model.

A similar figure can be drawn for the DMC resource efficiency. We see again that Estonia and Ireland
are outliers: higher initial levels of DMC-resource intensities than expected from the regression model,
but also higher than average annual reductions in resource intensities indicating a movement towards

a higher resource efficiency. Countries that perform relatively poorly are again found in the top right

corner, indicating that Finland, Bulgaria, Cyprus and again Denmark have higher than expected initial
levels of DMC/€ and lower than expected annual reductions.

Figure 4.18. Relationship between annual rate of reduction in DMC-resource efficiency and initial

levels of resource efficiency.
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Countries that perform better than average are found in the bottom-left corner. Especially Romania
and the United Kingdom have lower than expected levels of DMC/€ and higher than average annual

reductions.

The Figures 4.17 and 4.18 give information on the relative positions of individual countries with

respect to their resource efficiency when corrected for differences in the structure of the economy and

per capita GDP. Table 4.8 gives information about the differences between absolute resource
efficiency in 1992, and the resource efficiency after correcting for differences in per capita GDP and

the structure of the economy. This provides the insight that the standard deviation is reduced by more
than half for both the DMC/€ and EMC/€. Hence, around half of the variation in resource efficiency can

be attributed to the structure of the economy and per capita GDP-levels (measured in purchasing
power parities).

Table 4.8. Differences in resource efficiency in 1992 in observed differences and in differences when
corrected for GDP and the structure of the economy.

BLEU
Bulgaria
Cyprus
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Netherlands
Poland
Portugal

DMC/Euro EMC/Euro
1992 Corrected 1992 Corrected
-8.7% -5.2% -11.4% -6.1%
169.2% 37.3% 149.0% 2.6%

54.6% 23.8% 9.1% -13.4%
10.5% 12.3%  28.9% 32.6%
381.9% 105.4% 290.5% 82.5%

94.0% 58.5% -1.5% -2.2%
-17.7% -25.5% -17.6% -22.3%
-3.1% 0.9% -6.6% -3.5%
24.1% -0.9%  36.6% 1.2%
-2.8% -37.9%  32.7% -2.7%

89.2% 525% 97.2% 65.5%
-21.9% -35.4% -30.4% -42.0%
47.2% -32.5% 132.7% 13.8%
29.2% -30.0% 103.7% 11.0%
-0.5% -5.8% 58.4% 46.8%
109.3% 16.8% 174.4% 58.3%
-1.5% -29.0% -33.9% -66.4%
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Romania 58.8% -11.4%  75.6% -17.7%

Slovakia 31.1% -1.4%  39.6% 0.9%
Slovenia 3.0% -22.9% 0.3% -21.7%
Spain 5.8% -20.3% -15.4% -37.6%
Sweden 24.5% 26.2% -19.2% -11.3%
Turkey 18.1% -44.8%  36.5% -38.0%
Un. Kingdom -23.8% -30.9% -24.3% -30.2%
Standard

deviation. 0.857 0.365 0.789 0.359

Although the differences between countries in resource efficiency have been reduced by correcting for
the structure of the economy and per capita GDP, some differences still remain. One may be
interested in two interrelated questions:

1. Is the existing variation in initial levels due to circumstance variables, such as the size of a country,
population density, temperature, etc.?

2. Are the annual reductions in resource efficiency somehow related to policy variables.

This may answer the question why countries do better than others, while at the same time it gives
insight into the factors that cannot be influenced by policy makers which shape initial levels of
resource efficiency.

For this reason, we conduct an auxiliary regression analysis on the data given in Figures 4.17 and
4.18. The result for the initial positions is given in Table 4.8. This gives information on the initial levels
of EMC/€ and DMC/€ when corrected for the level of income (GDP) and the structure of the economy.

Table 4.8. Outcome of regression analysis on initial levels of EMC/€ and DMC/€ (the constants from
the regression analysis from Table 4.7)

Dependent

variable: Initial level EMC/€ Initial level DMC/€
Explanatory  Coeff T-stats  Sign. Coeff T-stats  Sign.
C 0.704 0.1235 NA

TEMP -0.050 0.0158 