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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
following characteristics apply to decoupling as understood in the 6th EAP:

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

¢ the aim is reducing environmental impacts at a continued economic growth

e the target is the use of materials or resources

e 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, not their use per se. 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 weighted 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 respect 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 average 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);

e 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 representing 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 not allocated to the materials'



chains. 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 hardly related to these
materials. Energy use in the consumption phase however is not excluded from the EMC: it is included
in the chains of fossil fuels, and any change due to shifts to less energy-intensive products will be
visible in the EMC.

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 potential 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 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, concrete and glass. Products are excluded from the EMC.
It has proven to be too elaborate to specify the material composition of each product being imported or
exported. Since the amounts are small compared to the flows of materials, the error made by this may
not be too large.

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, an established LCA database, for the Life Cycle Inventory (LCI). The LCI
was aimed at specifying all environmental interventions in terms of extractions and emissions of 1 kg
of each material. The results of the LCI were translated with 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 an acceptable end result, but
not in this case: 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 and
restricted under the ISO standard for LCA. 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 illustrative example, not
as a political choice.

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.

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 relatively 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.



EMC/min € of GDP, 1992 - 2000, EU-25 + AC-3
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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. Land use
has another dimension: the intensity of use. On the one hand, it could be stated that the more Euro's
are made with an hectare of land, the better it is, since the overall land use would be less. However,
the more intensively land is used, the less room there is for multifunctional land use and for nature.
Extensively used land, such as for example for forestry, leaves many opportunities for ecological
values while these are almost absent in built-up land. So far, this aspect has been signalled but not
included in the land-use indicator. In future, attention need to be given to this aspect as well. Another
aspect is the nature of land as a resource. Land is not used up or consumed, it can be used
indefinitely and its use can be changed.

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 have 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
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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. The remaining variation is mostly influenced by differences in the structure of the
economy and the level of GDP. Such influences are typically conceived as being outside the scope of
the policy maker, Moreover, improvements in the structure of one economy may come at the expense
of the structure of another economy and it is difficult to assess whether such changes are to the
benefit of the environment or whether they are not. If we correct the resource efficiency 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 analysis 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, for example by stimulating the use of renewable energy or certified
wood. There is a tendency, however, to move toward policies acting by environmental impacts, for
instance in the 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 Member States. 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. We could find no reason why Romania performs so
well in the corrected resource efficiency figures.
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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 the
weight of a certain material and its impacts. The figure below shows this.
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At the aggregate level a different picture develops. When plotting the EMC-DMC relation for the
different EU and AC countries there appears to be a correlation between the two, which is - although
not extremely high - 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

agriculture in these countries.

4E-10
EMC =7E-12DMC + 6E-11 & R
2 _
3.5E-10 - R”=0.5601 - )
= NL e
3E-10 1 e
P
S 2.5E-10 ® GR 77 mEr m SF
[0v] -
et =D mcy
§ 2610 Sta R i
o | P - mS
O it Tegpm BL
S 15E-10 | mg BUK
L -7 HU gpgg B PT
SK
1E-10 | R(;V?R'
5E-11
0 T T T T T T T 1
0 5 10 15 20 25 30 35 40
DMC (ton/capita)

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
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innovation or technological breakthroughs. This implies that given a certain input of materials 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 sufficient. 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 of reasoning, 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:
e variants of Domestic Material Consumption, DMC: DMC, DMC/capita, DMC/€, DMC/km? and
DMC broken down into categories of materials
e variants of Environmentally Weighted Material Consumption, EMC: EMC, EMC/capita,
EMC/€, EMC/km?; EMC broken down into categories of materials; EMC per individual
material; EMC per impact category
e 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".
DMC is therefore a measure for the physical basis of a national economy. The indicative value,
however, is indirect. Not the consumption itself, but its implications are indicated by DMC. DMC
measures 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
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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 or materials intensity measure: the amount of materials related to the
making of (or spending of) one Euro. Again, less is better, because "less" means 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 impacts. It also adds a cradle-to-
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 fraction contribution to the worldwide
environmental impact potential. Its absolute value therefore also has some meaning as well, although
still in a relative sense. On the other hand, EMC is a "virtual" measure: while DMC counts actual
material flows, EMC is a construct only dimly related to actually observed environmental impacts.

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
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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 DMCI/E.

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.
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:

e DMC/capita and DMC/km?, as descriptions of the physical economy and as proxy for
emissions and waste, at the aggregate level.

e EMC/capita, as an approximation of the impact potential of consumption of national
economies

e DMC/€ and EMCI/€, as eco-efficiency indicators for materials intensity, respectively impact
intensity of a national economy

e 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

e EMC/capita broken down into categories of materials

e GALU/capita, only for agricultural biomass production.
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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 of
the MFA database 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 environmentally weighted
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 existing 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:

e 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

e 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.

e 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.

e There are 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.

e 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. An additional advantage is that apparent consumption enables to
include recycled materials, which is at present not the case. Recycling appears only indirectly
in DMC and therefore also EMC, as a reduced demand for "new" materials.

e 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
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identifying options for policies. The EMC in its present state could be used for monitoring,
especially with the improvements as indicated above. In that view, it is also recommended to
perform a robustness analysis of EMC, to see to what extent the uncertainties and data gaps
could influence the outcomes.

e 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.

e 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:

e There is a large variation in resource and impact efficiency between countries.

¢ Resource or impact 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.

e 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.

e The most important driving forces for differences in resource as well as impact 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 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.

e 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.

The DMC and EMC indicators developed and applied in this study are highly aggregated indicators,
which may serve the purpose to provide an overview on the development at the macro level (national
or EU) with regard to material consumption and related environmental impacts. In the past other
attempts have been made to define comprehensive indicators for environmental pressure. They are
sometimes highly appealing, but also suffer from generalisations, abstractions and simplifications. This
makes their meaning doubtful and their relation with any real environmental impact hazy. Nevertheless
there is a clear demand for such aggregated indicators. How to measure de-coupling without such an
indicator? Its counterpart, the all-encompassing economic indicator, the GDP, has the same problems.
Nevertheless GDP is generally used. Therefore it seems to be not just a matter of scientific soundness
but also of political acceptance.
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It is recommended to carefully consider the purpose for which the indicators will be used. A distinction
can be made between monitoring and benchmarking on the one hand, and targeting or preparation of
policy measures on the other. Past developments at the aggregate level can be monitored by such
indicators, and if there is agreement on the desired direction of the indicator (less is better)
benchmarking at the aggregate level - although more controversial - is also possible. For instance,
benchmarking is possible for aggregate DMC and EMC with regard to eco-efficiency (Factor X
improvement over a period of Y years) at the level of countries or the EU as a whole. The indicator
then can be used to see whether or not the target is reached, again as a monitoring tool. For the
preparation of specific policy measures, however, additional and more detailed information and
specific indicators are required, especially at the level of sectors. Policy measures designed to control
individual materials require much more detailed studies regarding the flows and applications of such
materials.

In that view, it is also recommended to do a careful check on the indicative value. Is "less" indeed
"better" in all cases, or can we imagine instances where this may not be true? Again, there may be a
difference between DMC and EMC due to the fact that they indicate different things. And again, there
may be a difference depending on the scale level of observation. For individual materials, less might
indeed be better. When substitution is involved and we have to look at more materials at the same
time, this is not automatically true. This is the same at the EU and national level: since substitution
may occur, less is not automatically better. On the other hand, the correlation between DMC and EMC
indicates that it could be concluded that over the past ten years, "less" materials consumption might
indeed be translated into "better" for the environment. Nevertheless, a check as recommended above
could be very useful to obtain more insight in this matter.
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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:

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

e the aim is reducing environmental impacts at a continued economic growth

e the target is the use of materials or resources

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

2.1 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;

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

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

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

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

aRrwnN

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 Annex 2.

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: Maenpaa and Juutinen 1999, and personal communications Maenpa3,
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: Schiitz 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 Annex 2, 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. Sitill, it is recommended to establish national MFA studies by national
authorities and experts with deeper insight into specific sources of data and information. This refers to
countries’ datasets which are not based on national specific studies as indicated above. These
countries should be encouraged to establish respective MFA datasets based on harmonized
methodological guidelines ensuring cross-country comparability. The recent re-establishment of the
Eurostat task-force on economy-wide MFA and its major envisaged outcome, i.e. a harmonized
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practical guideline on how to establish economy-wide material flow accounts including standard
accounting tables, should contribute to this end (see also following chapter 2.2 on methodology).

The data for domestic extraction in EU and MS and in ACC-13 are provided in this study at the highest
level of detail available.

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 Schitz 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 Annex 2.

This database thus allows disaggregating 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.

Results derived from the database established in this study are presented in the following chapter 2.3.

2.2 Methodology: DMC in the context of aggregated indicators for resource
use derivable from economy-wide material flow accounts

Economy-wide material flow accounts and balances show the amounts of physical inputs into an
economy, material accumulation in the economy and outputs to other economies or back to nature
(Figure 2.1). A guide published by Eurostat (2001a) serves as a methodological framework and
practical guidance for establishing material flow accounts and material balances for a whole economy
and to derive material flow indicators. Strength of economy-wide MFA is that it provides a
comprehensive and consistent picture of the quantity and composition of the metabolism of economies
(Bringezu et al. 2003).
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Figure 2.1: Economy-wide material balance scheme (excluding air and water flows)
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The summary indicators derived from economy-wide MFA provide a physical description of a national

economy, complementing the greater detail offered by other common indicators (e.g. energy use,

waste generation or air emissions). In economic terms, the summary indicators show the dependency
on physical resources and the efficiency with which the resources are used by national economies. In

environmental terms, material input indicators can be used as a proxy for environmental pressures
associated to resource extraction, the subsequent material transformation, and the final disposal of

material residuals back to the environment.

The indicators accounted for and analyzed in this study are Direct Material Input (DMI) and in
particular Direct Material Consumption (DMC), two out of a set of material flow indicators derivable

from economy-wide material flow accounts.
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The Direct Material Input (DMI) measures the direct input of materials for use into the economy, i.e. all
primary materials which are of economic value and are used in production and consumption activities;
DMI equals domestic (used) extraction plus imports (Eurostat 2001a). The DMI of a country quantifies
the amount of material input used for processing in industry. DMI comprises the amount of materials
that is either accumulated in infrastructure, buildings, and durable goods according to their lifetime or —
after short-term use and change of composition — released to the environment domestically or
exported (subsequently contributing to environmental release elsewhere) (Bringezu et al. 2003).
Recycled materials are excluded from DMI. DMI is not additive across countries. For example, for EU
totals of DMI the intra-EU foreign trade flows must be netted out from the DMIs of Member States.

The Direct Material Consumption (DMC) equals DMI minus exports. Whereas DMI quantifies the
amount of materials used for domestic production (including trade), DMC quantifies the amount of
materials for domestic consumption and the amount of materials subsequently being released to the
environment on domestic territory (Bringezu et al. 2003).

The following accounting scheme — as derived from the Eurostat MFA Guide (Eurostat 2001a) —
illustrates the relation of DMI and DMC:
+ Domestic Extraction Used (DEU)
Imports
DMI (Direct Material Input)
- Exports
DMC (Direct Material Consumption)

I +

Each element of this direct materials account can be disaggregated into material categories.
According to the Eurostat MFA Guide (Eurostat 2001a), four main material categories are used: fossil
fuels, minerals, biomass, and other composite products. Often, the minerals are further disaggregated
into metals (ores), industrial minerals, and construction minerals.

While the conceptual basis and the general methodology of DMC is well established by the Eurostat
guidelines (Eurostat 2001a), uncertainties due to some specific unsolved methodological problems still
exist, which actually came up through practical follow-up work on compiling economy-wide material
flow accounts by several national authorities and research institutes. With regards to major influences
on the level and trend of DMC, these uncertainties concern mainly the accounting for (1) the domestic
harvest and grazing of biomass used as fodder for ruminants (where standardization of water contents
is the main problem), (2) the domestic extraction of bulk minerals for construction (where statistical
data are often insufficient), and (3) the domestic extraction of metallic minerals (where gross weights
of ores should be counted, but net metal contents are often only available from statistics). Besides,
one has to be aware of flaws in statistical databases, inconsistencies, gaps etc. which limit the quality
of the results and comparability of the accounts and derived indicators across countries. This study
provides a structured analysis of major limitations and seeks for solutions to proceed towards better
comparability of the results of economy-wide MFA. This is described in detail in Annex 2.

The methodology on economy-MFA was recently presented to representatives of national authorities
of 18 European countries, Australia and the OECD in a training workshop in Luxembourg on 17-18
June 2004, jointly organized by Eurostat and the ETC on Waste and Material Flows (for the minutes
see: http://forum.europa.eu.int/Public/irc/dsis/envirmeet/library?1=/20041108-

09 _material&vm=detailed&sb=Title). The methodological training was performed by Helmut Schitz
and Stephan Moll from the Wuppertal Institute, being team members in this study. Major
methodological issues requiring further clarification, as also adressed in Annex 2, were identified and
proposed to be discussed by a task force on MFA to be organized by Eurostat.

This task force on economy-wide MFA was actually re-established by Eurostat with experts from
national authorities and research institutes in the EU (including the Wuppertal Institute being a partner
in this study). A first meeting was held in Luxembourg on 8-9 November 2004. The major envisaged
outcome of the work of the MFA task force will be a harmonized practical guideline on how to establish
economy-wide material flow accounts including standard accounting tables. This outcome should be
the basis for countries’ activities in establishing harmonized MFA datasets with better cross-country
comparability, and should contribute to respective activities of the OECD. It is therefore recommended
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to let produce future official material flow accounts and derived indicators like DMC by national
authorities and experts, based on these harmonized practical guidelines to be developed.

The Total Material Requirement (TMR) is an MFA based indicator considering all primary materials
which are required by a national economy in order to perform its production. In addition to DMI, it
includes unused domestic extraction, i.e. material which is extracted but not further processed in the
production system (e.g. mining waste). TMR also includes upstream ‘hidden flows” of imports (indirect
flows associated to imports). The Total Material Consumption (TMC) considers all primary materials
which are associated to the final demand or consumption of a national economy.

The following accounting scheme — as derived from the Eurostat MFA Guide (Eurostat 2001a) —
illustrates the relation of TMR and TMC:
+ Domestic Extraction Used (DEU)
unused domestic extraction
Imports
indirect flows associated to imports
TMR (Total Material Requirement)
Exports
indirect flows associated to exports
TMC (Total Material Consumption)

o+ + +

The computation of TMR and TMC requires additional data related to unused domestic extraction and
indirect flows. In contrast to DMI and DMC accounts, this additional information can not immediately
be derived from official statistical sources. For unused domestic extraction, statistics on mining
overburden, ancillary mass etc. can sometimes be obtained from publications by the respective mining
industries or their associations. Often specific estimation procedures using coefficients e.g. from
scientific literature may have to be developed. The latter particularly applies for estimating the indirect
flows associated to imports. Estimation procedures and coefficients exist from mainly scientific studies
mainly for raw materials and semi-manufactured products, so far, hardly for any finished product
(Eurostat 2001a). For some imported raw materials specific information from statistical sources of the
country of origin may be used too.

All'in all, the statistical robustness of TMR and TMC accounts needs to be improved. One step
towards this aim would be the establishment of a database with estimation procedures and
coefficients.

TMR and TMC are not considered in this study.
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2.3 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 annually 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 European 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 2.1). 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
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 2.1). 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 over-proportional 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 2.1. 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.
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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 12000 vs. 1997 2000 2000 vs. 1992 2000 2000 vs. 199relative to EU-15
factor 2000
o o o 2000 (EU- | 2000 vs. .
Euro 1995 % t % EURO per kg % 15=1) 1992 in % t:;reach EU
EU-25 17.259 17,5% 16,5 1,5% 1,05 15,7% 0,90 0,4% 1,11
EU-15 19.937 16,4% 17,1 1,0% 1,17 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% 13,5 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% 7,3 -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
Figure 2.2: 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 2.3), 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 commaodities. 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 2.3: DMC and DMC per GDP in EU-25 plus AC-3 countries, 1992 to 2000.

DMC (million tonnes)

DMC and DMC per GDP: EU-25 + AC-3 countries

9000
8000 4 12 - [ Other composite products
4 .
2 H Other biomass
7000 10 & . .
0w [JBiomass from hunting
(2]
6000 g B Biomass from fishing
+08 .
5000 | é [ Biomass from forestry
= [ Biomass from agriculture
4000 | 7069 o
S [ Construction minerals
Ll . .
3000 1 104 3 [JlIndustrial minerals
o
2000 SIS ;B Ores and metals
= .
1000 | 10235 [@XFossil fuels
£ =—-DMC per GDP
0 T T T T 0,0

1992 1993 1994 1995 1996 1997 1998 1999 2000

In figure 2.3, 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.

2.4
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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 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 an established LCA
database, the ETH database (Frischknecht, 1996) are 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 process descriptions 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
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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 the most problematic.

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 3.1.3.
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 3.1.5.

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-counting doesn’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-counting 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.

32



Figure 3.1
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Figure 3.1 shows some examples of the gradual transformation from resources 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, since the diversity within the chains can be large. For example, the
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sand chain includes not only sand but also 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 with such an approach.

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 and 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.

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
R
c 5
g |g | B
-— X é
Z L | m
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)

x

Fibre crops for materials (cotton, hemp)
Animal fibres for materials (wool, leather) X
Protein crops (pulses)

Animal proteins (meat, eggs)
Fish proteins

Qil crops (rape seed, sunflower)
Animal fats (milk products)

XX | X [X|X

34



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. Of course, there is no real functional unit involved for this application, hence the
quote marks. For the aggregate indicator, one could state that the total consumption of materials in the
EU and accession countries would be the functional unit. The 1 kg of material is chosen for practical
reasons. 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 in a limited sense. The emissions
related to the material itself are included, while the energy use of the products the material is applied
in is not attributed to the material. Losses of the material itself during use through corrosion or
evaporation can easily be attributed to the material itself and therefore are included in the impacts per
kg material as we calculate it. However, it is difficult, if not impossible, to allocate the energy
requirements of a product to the individual materials a product is composed of. Moreover, energy
requirements in the use phase are in most cases not "inherent" to the material, while the production
processes are. In a product policy, where specific applications are the focus of policy, the energy
performance of products is an important aspect. In a resources policy, as well as in our impacts per kg
factors, energy use in the consumption phase is visible as the resource group fossil fuels. Energy use
in the consumption phase is thus included in the overall indicator we develop in Section 3.3. It is not
allocated to other materials but appears directly in the chains of the different fossil fuels. Any
significant change in the overall energy intensity of products in the use-phase will result in a change in
the amounts of fossil fuels used in households and will therefore be visible in the overall indicator as
well.

For the waste management stage, 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.
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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

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

global warming

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 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.

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 them 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 drawing materials balances. Figure 3.2
shows this.
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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 our 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
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 or recycled flow 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 only indirectly, through a
reduced consumption of “new” materials.
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Figure 3.3 DMC system boundaries
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For an assessment of the consumption of materials, we find that there are problems in using the DMC
system boundary directly, since for various reasons it is not possible to arrive at materials balances.
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:

e 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 ea