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EXECUTIVE SUMMARY 

OVERVIEW 

Sustainable development is an underlying objective of the European Union treaties. An important 
part of sustainable development is its environmental aspect, as reflected in the Europe 2020 
strategy (EC, 2010a) and its Resource-efficient Europe flagship initiative (EC, 2011a). For 
quantifying and monitoring our progress towards sustainability in terms of the environmental 
performance, indicators are needed. These indicators should provide an integrated view on the links 
between consumption, production, resource depletion, resource use, resource recycling, 
environmental impacts and waste generation. One of the approaches that facilitate such integrated 
view is life cycle thinking (LCT).  

This integrative approach underlies the development of life cycle indicators for quantifying and 
monitoring progress towards the sustainable development of the European Union. These indicators 
will serve the purpose of further development and monitoring of modern, life-cycle based, 
environmental policies, like the Sustainable Consumption and Production Action Plan (EC, 2008a), 
Resource-efficient Europe flagship initiative (EC, 2011a) and others under the Europe 2020 
strategy. 

Indicators supporting modern policies have to take the life cycle view of the supply chain 
(production, use and end-of-life), accounting for all relevant environmental impacts and resources 
consumed along it. The life cycle perspective offers a global perspective. It is therefore appropriate 
to approximate the potential environmental impacts of consumption and production within and 
outside Europe, taking into account not only domestic activities. This means including environmental 
impacts and resources consumed outside the European Union, if they are linked to national or 
European demand for imported goods and services.  

This report outlines the framework, methodology, data basis and updating procedure for three 
indicator sets: 

• resource indicators (resource efficiency, decoupling and impact indicators),  

• basket-of-products indicators, 

• waste management indicators.  

POLICY BACKGROUND AND THE INDICATORS FRAMEWORK 

Following the analysis, it was found that macro-level monitoring indicators are required to support 
the following policy areas:  

• Sustainable use of natural resources without environmental burden shifting in a globalised 
economy as stressed in the Thematic Strategy on the Sustainable Use of Natural Resources 
(EC, 2005a). 

• Goods and services (which together are products) and their environmental impacts within 
and outside the European Union over their entire life cycle as emphasized in Integrated 
Product Policy Communication (EC, 2003a). 

• Waste prevention, reuse of used products and recycling of materials as leverage for a 
higher material and energy resource efficiency and reduced environmental pressure, as 
means of waste management as addressed in the Thematic Strategy on the Prevention and 
Recycling of Waste (EC, 2005b). 
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• The detailed analysis based on the impacts associated with different products, and updates 
of this analysis in future years, will allow to monitor changes in consumption behaviour and 
to track the transition towards more sustainable products and their consumption over time.  

• Scenarios can be calculated to assess the relevance and effectiveness of policy measures 
with regard to more environmentally sustainable goods and services and in connection with 
various growth scenarios. 

The basket-of-products indicators quantify the relevant environmental impacts for the EU-27 and 
exemplarily for one selected Member State, i.e. Germany, using life cycle data, as well as 
expenditure and consumption statistics.  

RESOURCE INDICATORS VERSUS BASKET-OF-PRODUCTS INDICATORS 

The resource indicators and the basket-of products indicators have the following inherent features 
which distinguish them from one another:  

For the resource indicators: 1) the domestic territorial inventory covers environmental impacts of 
production and consumption that actually occurred in a given year, and 2) the emission and 
resource inventory for imports and exports covers the cradle-to-gate perspective, i.e. the production 
process may last more than one year, but the impacts are still all assigned to the year of import or 
export. 

For the basket-of-products indicators: 1) the impacts from cradle to grave are taken into account, 2) 
the basket covers selected products and 3) the production and end-of-life impacts of long lasting 
products are equally distributed over the product lifetime.  

The basket-of-products indicator is thus not a “subset” of the resource indicators. The indicators 
have a different scope and purpose, even though they remain coherent being based on the same 
underlying principle of life cycle thinking.  

WASTE MANAGEMENT INDICATORS 

The waste management indicators assess the environmental impacts related to the management of 
the—environmentally—most relevant waste streams. These indicators cover the entire waste 
management chain, including collection, transport, storage, conditioning and treatment. They also 
include recycling/recovery and the final deposition of any remaining wastes. As such, the benefits of 
saved resources (e.g. material or energy) associated with e.g. recycling/recovery are considered. 

The waste management indicators are calculated by combining emissions and resource 
consumption data (life cycle inventory (LCI)) waste management with statistical data on waste 
generation as well as treatment practices. In this way, the environmental impacts associated with 
waste management can be estimated per average EU citizen (and for the EU-27). 

The waste management indicators allow monitoring of relevant developments and serve to inform 
policy developments and policy implementation in the following ways: 

• Monitoring how changes in waste amounts and composition, as well as in terms of 
technological progress, result in reduced environmental impacts related to waste 
management in the EU-27. 

• Identifying achieved savings in material and energy resources and therefore confirming how 
better waste management helps increasing material and energy resource efficiency. 

•  Identifying how new or revised policy measures can address areas that require action 
(using policy scenarios, the potential benefits and impacts of policy measures can be 
quantified). 
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RME Raw Material Equivalent 

TMC Total Material Consumption 

UNFCCC United Nations Framework Convention on Climate Change 

USGS United States Geological Survey 

WEEE Waste Electrical and Electronic Equipment 
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1 INTRODUCTION 

1.1 POLICY CONTEXT 

Sustainable development2 is an underlying objective of the European Union treaties. To effectively 
steer the European economy towards sustainable development, it is necessary to monitor progress 
towards it. This message appeared as early as in the Thematic Strategy on the sustainable use of 
natural resources (EC, 2005a) and has been carried along subsequent policy development, up to the 
recent Europe 2020 strategy (EC, 2010a). This strategy calls for seven flagship initiatives; the most 
relevant being A resource-efficient Europe (EC, 2011a) to help decouple economic growth from the 
use of resources, support the shift towards a low carbon economy, increase the use of renewable 
energy sources, modernise our transport sector and promote energy efficiency. 

Indicators supporting recent environmental policy developments, such as the resource efficiency 
agenda of the Europe 2020 strategy, need to take an integrated view of the links between 
consumption and production, as well as the resource use, environmental impacts and waste 
generation. These requirements are further reinforced by the Roadmap to a Resource Efficient 
Europe (EC, 2011b), that explicitly mentions such indicators: 

[…] Because this provisional lead indicator3 only gives a partial picture, it should be 
complemented by a 'dashboard' of indicators on water, land, materials and carbon and 
indicators that measure environmental impacts and our natural capital or ecosystems as 
well as seeking to take into account the global aspects of EU consumption .[…] 

The life cycle indicators assess the environmental impact of the European consumption, production 
and waste management, including impacts that relate to European demand for goods and services 
produced outside of the European Union. Therefore, they are a timely response to the needs 
expressed in the recent environmental policy documents. The development of the life cycle 
indicators was the result of the process that started with the identification of the need for such 
indicators during the 3rd International Life Cycle Thinking Workshop, organised by the JRC in Cyprus 
in January 2007 (Koneczny et al., 2007). At that time, three key policies required indicators for 
monitoring of the sustainable development in Europe:  

1. Resource indicators: The Thematic strategy on the sustainable use of natural resources (EC, 
2005a) required resource indicators and identified several key points that these indicators 
should address: 

a. natural resources are "[...] used to make products or as sinks that absorb emissions 
(soil, air and water)[...]"; 

b. consideration of the entire life cycle: “it is necessary to develop means to identify 
the negative environmental impacts of the use of materials and energy throughout 
life cycles (often referred to as the cradle to grave approach) and to determine their 
respective significance”; 

c. shifting of environmental burden in a globalised economy. 

The strategy goes as far as to outline a set of three resource impact indicators monitoring 
resource productivity, resource-specific impacts, and overall eco-efficiency. The strategy 

                                                  
2 Sustainable development definition is adopted after the well-known definition of World Commission on 

Environment and Development (1987): “Sustainable development is development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs”. (EC, 2001) 

3 Domestic Material Consumption (DMC)  
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defines also the definition of resources that was late carried to the succeeding strategies 
and policies, and therefore creating the background for the development of indicators: 

[…] natural resources, including raw materials such as minerals, biomass and biological 
resources; environmental media such as air, water and soil; flow resources such as wind, 
geothermal, tidal and solar energy; and space (land area). Whether the resources are used 
to make products or as sinks that absorb emissions (soil, air and water), they are crucial to 
the functioning of the economy and to our quality of life. […] 

2. Basket-of-products indicators: According to the Integrated Product Policy (EC, 2003a) the 
consumption of goods and services (products) is the driver for resource use, resource 
consumption and depletion, waste generation, and environmental impacts in the EU-27. In 
addition, it contributes—through trade—to impacts that occur outside of the EU-27. The 
policy stresses the necessity to consider the full life cycle of products when assessing their 
environmental performance. 

3. Waste management indicators: The Thematic strategy on the prevention and recycling of 
waste (EC, 2005b) addresses the end-of-life stage of products’ life cycles. It also highlights 
the importance of life cycle thinking. Environmental pressures and resource consumption 
caused by the generation and management of waste can be reduced through waste 
prevention. If treated, generated waste can yield secondary resources (including energy), 
and the availability of secondary resources can prevent the use of primary resources (and 
the related environmental impacts). 

This report outlines the framework for calculation of the three sets of indicators corresponding to 
the three above-mentioned policy areas. The link to the driving force-pressure-state-impact-
response (DPSIR) framework of the European Environmental Agency (EEA) is outlined in Annex 1. 

1.2 METHODOLOGICAL ASSUMPTIONS 

The life cycle indicators follow the life cycle assessment methodology in many aspects: 
consideration of the whole life cycle, life cycle inventory preparation, classification of substances 
(elementary flows) to relevant impact categories, and finally calculation of the environmental 
impacts within each impact category. Calculation of the single indicator, when performed, is based 
on the results for each impact category weighted according to the weighting methodology 
developed separately (Huppes and van Oers, 2011a, 2011b). 

1.2.1 LIFE CYCLE APPROACH 

Sustainability per definition is founded on the three interrelated pillars: environment, society and 
economy. For quantifying and monitoring the progress towards sustainability indicators are needed. 
These indicators should provide an integrated view on the links between consumption, production, 
resource depletion, resource use, resource recycling, environmental impacts and waste generation. 
The three sets of indicators presented in this report focus on the environmental aspects of 
sustainability. Nonetheless, the framework, conceptually and methodologically, allows the extension 
to include social and economic dimensions. 

One of the approaches that facilitate such integrated framework is life cycle thinking (LCT) and life 
cycle assessment (LCA). Therefore, this approach was chosen for the development of the life cycle 
indicators for quantifying and monitoring progress towards the sustainable development of the 
European Union.  
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how far the methodological approach can be taken for a single country with high expected 
data availability. The scope of this first phase of the indicator development does not allow 
for a detailed assessment for all EU-27 Member States.  

• Based on the findings and experience of the indicator development for the EU-27 and 
Germany, current data availability and possible quality constraints have been summarised 
in the three indicator-specific reports. It is recommended that, in a follow up, a method 
should be developed to assess the validity of the used data now and in future assessments.  

• The objective of the use of the indicators is to monitor developments over time. Due to the 
descriptive character of the indicators an attributional approach has been generally used for 
the Life Cycle Assessment (LCA) modeling. However,benefits from recycling and energy 
recovery are considered by substituting the avoided environmental burdens of average 
alternative (primary) production. 

• More information about LCT and LCA is available at the Life Cycle Thinking and Assessment 
web page4, especially in the publications5 section. Relevant documents include: 

− ILCD Handbook 

− Making sustainable consumption and production a reality. A guide for business and 
policy makers to Life Cycle Thinking and Assessment 

− Recommendations for life cycle based Indicators for Sustainable Consumption and 
Production in the European Union - Outcomes of the 3rd International Life Cycle 
Thinking Workshop on "Sustainability and Decoupling Indicators: Life cycle based 
approaches" 

− Life Cycle Thinking and Assessment for Waste Management. 

 

                                                  
4 lct.jrc.eu.europa.eu 
5 http://lct.jrc.ec.europa.eu/assessment/publications 
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2 RESOURCE INDICATORS  

2.1 AIM AND SCOPE 

The aim of the life cycle indicators developed here is to monitor the total environmental impact of 
the EU-27, and of each Member State6, based on the resources used. In a second step, these 
(intended) overall environmental impact indicators are used to estimate the final resource life cycle 
indicators (also termed eco-efficiency indicators). These are calculated as a ratio between the 
macro-level overall environmental impact indicators and the overall economic indicator (e.g. GDP).  

The calculated (intended) overall environmental impact, used within the resource indicators, covers 
all environmental impacts associated with the domestic use (both direct and indirect) and depletion 
of resources. This includes not only the impacts that occur within the EU-27, but also those that are 
related to EU-27 consumption, but occur elsewhere.  

According to the Thematic Strategy on the sustainable use of natural resources (EC, 2005a), 
resources include “…raw materials such as minerals, biomass and biological resources; 
environmental media such as air, water and soil; flow resources such as wind, geothermal, tidal and 
solar energy; and space (land area).” In the context of LCA, the term resources is used in accordance 
with the strategy, i.e. to specify "material, energy and land resources per goods or services". 

Several studies have been carried out to assess the environmental impacts of natural resource use 
in an economy, and in particular within the EU-27 (van der Voet et al. 2003 for The Netherlands; 
van der Voet et al. 2005 and 2009 for the EU; Giegrich and Liebich 2008 for Germany). These 
studies, together with the concept developed by the European Commission, Joint Research Centre, 
Institute for Environment and Sustainability for the call for tender of this project (EC, 2009a) and 
the Cyprus workshop report of 2007 (Koneczny et al., 2007), have been important sources that have 
contributed to the development of these indicators. The resource impact indicator framework (as 
well as other indicator sets) is based on the life cycle approach; therefore LCA terminology is used. 

The general approach for developing the resource impact indicators is a combination of territorial 
data (territorial emissions, resource extraction, land use and land use change, and external trade) 
and product data (life cycle inventory data, i.e. emissions and resource extraction profiles of traded 
goods and services).  

The indicators will help to: 

• monitor progress towards sustainability/resource efficiency, i.e. they are specific for a 
single year, providing the basis for a time series, with the potential for data updates; 

• include (indirect) environmental impacts occurring outside the EU-27 if they are 
associated with European consumption (i.e. imported with imported products), and exclude 
those associated with exported products; and 

• cover all relevant environmental impacts (as expressed by impact categories such as 
climate change, cancer effects, etc.) which can then be brought together into an aggregated 
or even single score indicators by applying a weighting scheme. 

Table 1 connects policy questions with the specific relevant indicators, and gives an estimation of 
how well they help address them (total, per consumption cluster, per key driver, per impact 
category, for key pressures). 

 
                                                  
6 For the time being, the calculations are provided for the EU-27 and for one Member State (Germany).   
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TABLE 1 POLICY QUESTIONS AND SPECIFIC RELATED INDICATORS 

Policy question Related indicator Limitations/comment 

Are we reducing direct pressures on 
the environment (i.e. resource uses 
and emissions) within the EU-27? 

"Territorial pressure data": 
Territorial data on single pressures, e.g. 
CO2 emissions, m2 built-up land, brown 
coal extraction, etc. 

Territorial data alone do not capture the 
whole picture as shifting of burdens abroad 
via trade is not included. 

Are we reducing pressures in the EU, 
but also beyond its borders 
(consideration of EU-27 consumption)? 

"Overall net pressure data": 
Overall data (including life cycle 
pressures of traded products) of the 
single pressures in terms of e.g. global 
land use, CO2 emissions, resource 
extractions, etc. 

Mass, energy, and space (m2) data of single 
pressures often need to be considered in the 
context of other factors (e.g. per capita, per 
GDP) in order to allow for valid comparisons; 
in some cases a track record of changes 
over time is essential for interpreting the 
results (e.g. land use). The generic pressures 
of resource inputs (materials, energy, water, 
land) need to be interpreted in relation to 
levels that are deemed acceptable at the 
(supra-) national scale. At the same time, 
the indicators of specific impacts need to be 
evaluated according to their relative 
contribution to the impact categories which 
may be relevant on a local, regional or 
global scale (e.g. contribution of NOx 
emissions to acidification, marine 
eutrophication, summer smog). 

Are we reducing the individual types of 
impacts on the environment (various 
effects such as climate change, 
acidification, land productivity, abiotic 
resource depletion and others) that 
occur due to pressures caused within 
the EU-27?  

"Territorial individual impact indicators": 
Results for the individual impact 
categories (e.g. climate change) based 
on all pressures that physically occur 
within the EU-27. 

Territorial data alone do not capture the 
whole picture as the international shifting of 
burdens via trade is not included. 

Are we reducing the overall 
environmental impacts (i.e. the effect 
on the natural environment, human 
health and future material, energy and 
land resource availability) due to 
pressures that are caused within the 
EU? 

"Territorial aggregated impact 
indicators": integrated impact potential 
indicator (normalised and weighted 
across impact categories), taking into 
account all pressures that physically 
occur in the EU-27. 

Territorial data alone do not capture the 
whole picture as the international shifting of 
burdens via trade is not included. 
There are limitations in aggregating impact 
indicator results into one single score. 

Are we reducing the overall 
environmental impacts on the 
environment that are due to pressures 
related to EU-27 consumption? 

"Resource impact indicators": 
Impact potential indicator (normalised 
and weighted across impact 
categories), taking into account all 
pressures, including life cycle pressures 
of traded products. 

Through the application of a weighting 
scheme and a method for aggregating 
results into one single score, uncertainties 
are introduced in connection with the 
indicator. 

Are we decoupling the EU-27’s 
economic growth from its use of 
natural resources (use of air, water 
and soil to absorb emissions, of 
material and energy resources to 
produce products, and of land use or 
land use change)? 

"Eco-efficiency indicator": 
GDP (or other economic indicator) 
divided by "Overall resource impact 
indicators" 

Scope-equivalence of GDP in comparison 
with overall net pressures to be checked; 
GNP or another economic figure may be 
better suited. 

What are the products and 
consumption clusters among the 
traded products that contribute most 
to the overall impacts, to the 
international shifting of burdens via 
trade, and what is the trend for them?  

"Product-wise and consumption-
cluster-wise break-down of the 
resource impact indicators of the 
traded products" 

This indicator complements the basket-of-
products indicator with trade-related 
information. 

What are the products and 
consumption clusters among the 
products consumed in the EU-27 that 
contribute most to the overall impacts, 
and what are the trends?  

"Product-wise and consumption-
cluster-wise break-down of the basket-
of-products indicators" 
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Policy question Related indicator Limitations/comment 

What is the overall environmental 
impact of the management of all 
waste in the EU-27, including credits 
for recycled and recovered 
materials/energy, and what is the 
trend? 

(Intended) "aggregated impact 
indicators of waste management in the 
EU-27": 
Integrated impact potential indicator 
(normalised and weighted across 
impact categories), taking into account 
all pressures that are caused by waste 
management and treatment operations 
in the EU-27. 

The indicator does not account for de-facto 
waste that is shipped abroad as secondary 
goods or valuable scrap for recycling, e.g. 
waste electronic products that are 
recycled/treated outside of the EU-27. 
The indicator exclusively captures waste that 
is externally managed/treated, i.e. recycling 
during production processes (e.g. immediate 
recycling of trimmings etc.) is not captured.  

Which benefits are gained through the 
recycling and energy-recovery of 
waste, and what is the trend? 

"Sum of credited (avoided) impacts for 
recycled materials and recovered 
energy" 

Does not capture credited avoided burdens 
due to management of de-facto waste that 
is transported abroad. 

Which waste streams contribute most 
to the overall impacts of waste 
management, and what is the trend? 

Relative share of single waste streams 
contributing to the (intended) 
"aggregated impact indicators of waste 
management in the EU". 

 

2.2 STARTING POINT 

Currently, Eurostat uses the Domestic Material Consumption (DMC) as a denominator to derive the 
headline indicator for resource productivity under key priority challenge of the Renewed EU 
Sustainable Development Strategy (EU, 2006): sustainable consumption and production (Eurostat 
2009a), expressed as GDP/DMC (in constant euro per kg). It is acknowledged that “DMC is used as a 
proxy for the more relevant indicator, Total Material Consumption (TMC), which includes upstream 
hidden flows related to imports and exports of raw materials, finished and semi-manufactured 
products”. The EU level TMC is still under development as only a few Member States7 are currently 
able to calculate it (EC, 2007a). Eurostat is also developing the Raw Material Equivalent (RME) 
indicator for domestic Raw Material Consumption (RMC) based on pilot studies in Germany and the 
Czech Republic. RMC is an improvement on DMC but—accounting for the used part of indirect 
material resource flows only—does not reach as far as TMC, as it leaves out the unused extraction 
which nevertheless impacts the environment.  

The approaches mentioned above, however, have several shortcomings, in particular with regard to 
capturing environmental impacts. One of the most significant downsides of indicators such as DMC 
is that all materials are summed up into a single figure, without consideration for the fact that the 
mass of the material used is not the only determining factor with regard to the environmental 
impact of the given resource. Moreover, DMC does not adopt the product perspective that is 
required to account for traded products at different processing levels8. Applying the life-cycle 
terminology, TMC is—in contrast to DMC—based on the functional system boundary from nature to 
the anthroposphere (i.e. accounting for the primary materials extraction from the environment). This 
stands for the interpretation in terms of generic environmental pressure (Bringezu et al., 2003). 
Although DMC may be correlated with TMC, DMC captures only a minor portion of the overall 
resource extraction induced by consumption. These indicators are only rough proxies for measuring 
the overall environmental impact of resource use, as the different flows of materials, energy 

                                                  
7 TMC has been calculated for Germany, Italy, France, the Czech Republic, Denmark, Finland, the Netherlands, Spain, 

and the UK.  
8 DMC entails a certain asymmetry resulting from combining domestic extraction with trade data. Domestic 

extraction relates to raw materials, whereas trade is looking at products at various stages of manufacturing—for 
example, raw products, semi-manufactured and final products. When these two are added together to calculate 
an indicator, such as DMC, the national production is accounted for in a different manner than the traded 
products. Also, a great portion of raw materials that were used in foreign countries to produce traded goods—and 
thus impacted on the environment as well—are excluded from the calculation. This results in a distorted picture 
of the total global raw material requirements of economies.  
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carriers and non-energetic materials, and subsequent individual emissions (e.g. CO2, mercury, 
particles) all have very inhomogeneous specific impacts on the environment. 

Due to the reasons described above, DMC and TMC can be considered as indicators for monitoring 
the decoupling of material and material resource use from economic growth (i.e. material and 
resource productivity respectively), but they will not be used here as the basis for monitoring the 
decoupling of specific environmental impacts or related sustainability issues. It therefore remained 
a major question how resource use and resource use impacts shall be measured in the broader 
meaning, including land area, air, water and soil as sinks for emissions, as defined in e.g. the 
Thematic Strategy on the sustainable use of natural resources.  

2.3 FRAMEWORK  

The development of the resource indicators (resource efficiency or decoupling indicators) is guided 
by the Thematic Strategy on the sustainable use of natural resources (EC, 2005a). This strategy 
needed to be translated into the operational context. The same applies to the definition of 
resources, which in the Strategy is by necessity very wide and needs operationalisation to fit the 
purpose of the indicators. 

The application of the three indicator sets in the context of policy design, development and 
monitoring is as follows: 

• The eco-efficiency indicator monitors the decoupling of economic growth and the overall 
environmental impact associated with apparent consumption9 and the related use of 
natural resources. 

The eco-efficiency indicator is complemented by conceptual sub-indicators: 

• Resource productivity indicators are designed to monitor progress in productivity in the 
use of natural resources. They show the development over time of an economic indicator 
(e.g. GDP) in relationship to the amount of natural resources used.10 

• Resource specific impacts indicators are designed to monitor how negative environmental 
impacts decouple from resource use.  

In practical terms these more conceptual sub-indicators are complemented by a number of other 
sub-indicators, allowing for a more detailed analysis of the main drivers of the overall indicators 
and their changes over time. Figure 6 illustrates in a simplified manner the concept of decoupling 
and the related indicators.  

The developed life cycle resource indicators have been designed to overcome the identified 
weaknesses of the previously used proxies DMC, TMC, etc. They constitute a coherent set of 
indicators which addresses the impacts on the environment, health and resource availability, and 
covers the whole life cycle. The resource indicators can be interpreted for policy analysis: they show 
the effects at a macro-level with a direct, stepwise link from overall impact, to impact category, to 
individual contributor. For the explicitly modelled product groups, imports and exports, even the 
main contributors and relevant trends can be identified. Furthermore, the indicators make it possible 
to observe shifting of burdens at all levels, e.g. impact shifting between the categories land use and 

                                                  
9 Apparent consumption = domestic production plus imports minus exports. 
10 A multitude of possible indicators can be calculated. It is possible and formally justified to compare an economic 

indicator such as the GDP with single resource flows from the inventory. The inventory of resource extraction and 
emissions to air, water and soil relates to the whole territory, plus imports, minus exports. The selection of the 
appropriate indicators follows in a second step, and will be judged in view of the meaningfulness and suitability 
for interpretation. This is, however, a step which follows after the indicators have been developed as required. 
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In order to assess the overall environmental impact, the various pressures and resulting 
environmental impacts occurring domestically and—where linked to the EU-27’s consumption—
outside the EU-27 (taking into account pressures from the production of products imported to the 
EU-27). 

TABLE 2 ENVIRONMENTAL IMPACTS AND AREAS OF PROTECTION BY RESOURCE AND 
CONTRIBUTORS12  

Natural resources*, 
grouped 

Individual contributors 
accounted (examples) 

Unit 
Environmental Impact 

Category 

Area of 
Protection 

(a)** 

Raw 
materials 

Minerals,  
biomass,  
water13 

Iron in ore extracted, gold in 
ore extracted, different types 
of water abstraction or 
consumption14, ... 

kg/a, m3/a 

Resource depletion, generic 
environmental pressures by 
mineral extraction and water 
consumption 

R, E 

Fossil energy 
Crude oil extracted, lignite 
extracted, uranium in ore 
extracted, ... 

MJ/a 
Resource depletion, generic 
environmental pressure by 
primary energy use 

E ; R 

Space 
Land 
occupation and 
transformation 

Intensive farming, natural 
forest, ... 
Land use change 

m2/a (occupation) 
and m2/a 
(transformation) 

Land use and land use change E ; R 

Environ-
mental 
media 

Soil (sink) 
Cadmium (Cd) emission to soil, 
soil erosion, ... 

kg/a 
Human toxicity; ecotoxicity;  
resource depletion 

H ; E ; R 

Air (sink) 
CO2 emission to air, mercury 
emission to air, ... 

kg/a, kBq/a for 
radioactive 
emissions 

Climate change; ozone depletion; 
summer smog; acidification; 
eutrophication; human toxicity; 
ecotoxicity; radiation  

H ; E 

Water (sink) Nitrate emission to water, ... 

kg/a, m3/a for 
water abstraction, 
kBq/a for 
radioactive 
emissions 

Eutrophication;  
Human toxicity; ecotoxicity; 
Radiation 

H ; E 

Flow 
resources 

Renewable 
energy (wind, 
geothermal, 
water, solar) 

Wind energy extracted in wind 
power plants; geothermal 
energy extracted; dam water 
energy extracted, running 
water energy extracted, tidal 
energy extracted; solar energy 
extracted in solar power 
stations 

MJ/a Resource depletion R 

* According to the Thematic Strategy on the sustainable use of natural resources (EC, 2005a) 
** Areas of Protection are: E = Natural environment; R = Natural resources; H = Human health  

An overall environmental impact (single score) can only be calculated by applying a weighting 
scheme across environmental impact categories (Huppes and van Oers, 2011b). Preliminary 
weighting scheme have been developed in other project (Huppes and van Oers, 2011a). Table 2 
                                                  
12 Individual contributors must not be summed up directly; impact categories include and can go beyond LCA impact 

categories 
13 Water (consumption or abstraction) is not defined as a raw material according to the definition of the Thematic 

Strategy on the sustainable use of natural resources. Nonetheless, beside the release of emissions into water, 
also the consumption of water resources is accounted for in LCA. (see the next footnote for further information).  

14 There is an on-going scientific discussion whether water abstraction or water consumption (i.e. water abstraction 
minus water returned to the same water body) should be considered. In principle, the indicator should include the 
water consumption per type of water resource, i.e. water abstraction of surface water, minus surface water 
returned to the same watershed. Additionally the indicator should take into account groundwater that is 
abstracted, but returned into a river. Water will be addressed in the light of the recent discussion lead by Pfister 
et al. (2009), Ridoutt and Pfister (2010a, 2010b), and Milà i Canals (2009). In light of recent developments 
towards a water scarcity indicator that takes the next step beyond absolute water amounts, the topic “water” will 
be considered in the further development of the indicators following from this initial project. 
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generate time specific indicator values and time series, and—providing clear guidance for relevant 
procedures—to develop a concept for updating the data and indicators on an annual basis.   

2.5.1 IMPACT COVERAGE AND SHIFTING OF BURDENS 

SCOPE OF THE ENVIRONMENTAL IMPACT ASSESSMENT  

The methodology aims at creating a complete inventory of resource extractions/use and emissions 
for a national or regional territory (life cycle inventory (LCI)). In addition, the inventory includes 
information on the related impacts on the natural environment (including biodiversity), human 
health and future resource availability. The methodology fully includes the inventories of imported 
and exported products. Building on this information, the indicators address the two-way shifting of 
burdens between the economy in question and its trade partners by using a combination of 
territorial macro statistics regarding emissions, resource extraction and related LCI data for imports 
and exports. This is essential to effectively monitor the decoupling, and reveal the unaccounted 
outsourcing of energy-, resource- and emissions-intensive industry production from the relevant 
economy’s territory.   

The resource indicators cover the environmental impacts of the economy (EIEU) that occur within the 
economy in a given year (EIEUintern), plus the impacts related to considered products that were 
imported in that year (EIimp), minus impacts related to all considered products that were exported in 
the same year (EIexp): 

EIEU = EIEUintern + EIimp – EIexp Eq. 2 

This equation is exemplarily illustrated in Figure 7 which shows a general scheme of the 
composition of an economy’s overall environmental impacts, including impacts associated with 
imports and exports of key traded product groups (Figure 7 illustrates the example acidification and 
all single emission flows that contribute to it).  

TERRITORIAL ENVIRONMENTAL IMPACTS  

EIEUintern will cover environmental impact categories such as: 

• resource depletion,  

• land use,  

• climate change, 

• ozone depletion,  

• photochemical ozone formation,  

• acidification,  

• eutrophication,  

• human toxicity (including cancer and non-cancer effects), and 

• ecotoxicity. 

The above list is based on the ILCD recommended impact categories (EC, 2011c). The territorial 
inventory will cover territorial environmental impacts related to production and household 
consumption, largely based on statistical data.  
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ENVIRONMENTAL IMPACTS ASSOCIATED WITH FOREIGN TRADE OF GOODS AND 
SERVICES  

EIimp and EIexp represent environmental impacts associated with foreign trade of goods and services 
(products). These environmental impacts are calculated on the basis of cradle-to-gate life cycle 
data for a set of relevant goods, and are further taking into account the transport to and from the 
boundary of the EU. To be consistent with the overall approach it is necessary to subtract any 
impacts related to exported goods (in the same way as we add the impacts related to the 
manufacturing and transport of imported goods), because these do are not associated with the 
domestic final consumption of the EU.  

The impacts related to the use and end-of-life phase of the imports will be covered by macro 
statistics used for the domestic inventory.  The electricity needed for the use phase of imported 
consumer electronics, for example, as well as the related direct emissions and the domestic energy 
extraction will be included in the overall inventory of EIEUintern.. An exception to this is if imported 
products are exported for disposal after their use, or waste in general is exported from the EU-27 
territory or between the EU-27 Member States. The same holds true if waste is imported to the EU-
27 territory or to a Member State. In general the import and export of products/materials for reuse, 
recycling, recovery or final disposal leads to the following two questions:  

• When is a material/product per definition a waste for disposal, a secondary good or a 
product for reuse? 

• Which statistics account for waste, secondary good and products for reuse? 

Within the EU-27, two of the most important regulations for the shipment of waste across borders 
are the Basel Convention on shipment of waste, and the EU Waste Shipment Regulation in which 
restrictions for shipment and requirements for the documentation of shipments are laid down (ETC 
RWM, 2008).  

Statistics about the shipment of waste between EU-27 Member States or countries outside the EU-
27 must be notified according to legislation. It is currently available for the year 2004 (Basel 
Convention: “Export of hazardous wastes and other waste in 2004”).  

Data about shipped waste, which do not have to be reported according to legislation, can partly be 
obtained from the Eurostat trade statistics database COMEXT, especially for important secondary 
materials like paper, plastic and metals. The same applies for different products that are intended 
for reuse, e.g. HS15 87032190, 87032290, 87032390, 87032490 for cars. 

For some product groups it is difficult to differentiate whether the exported or imported used 
product is a waste or intended for reuse or recycling. The accounting of e.g. end-of-life vehicles 
(ELV) or waste electrical and electronic equipment (WEEE) is therefore inconsistent. Significant gaps 
can be identified, e.g. between the deregistration data of passenger cars, data on the treatment of 
ELV within the EU-27, and the export of used passenger cars. In addition, illegal import or export of 
waste is a significant issue in connection with waste shipment, which cannot be addressed by the 
indicators.  

Within LCA, a waste or an end-of-life product is a co-product if its market value “at its point of 
origin is above zero” (EC, 2010c). The consequence is that e.g. exported steel scrap is accounted as 
a valuable commodity, and the related impacts for the production of such a co-product should be 
subtracted from EIEU (while accounting for the recycling efforts as necessary burdens). In case the 
market value of an exported waste or end-of-life product is below zero, the impacts should ideally 
be included, or excluded for imported waste. In the current stage of the indicator development, the 
import and export of waste with a market value below zero will not be addressed. At a later stage, 
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It is worth noting that impacts related to emissions and resource use that physically occur in the 
EU-27 are not the only impacts associated with exported products; up-stream impacts of imported 
resources used in the manufacturing of exported services also need to be considered.  

2.5.2 EMISSION AND RESOURCE CONSUMPTION INVENTORY 

The EU-27 inventory is based on macro-level statistical data combined with specific life cycle 
inventory (LCI) data. The inventory comprises: 

• all data relevant for the calculation of EIEUintern in the format indicated above, and in the 
original format (original unit), presenting totals on a per-annum basis for applicable 
activities (e.g. domestic material production and consumption of the EU-27 in 2005, 
measured in kg—for further details see below); 

• data on the import and export of goods to and from the EU-27, provided in the relevant 
physical and monetary units (typically: kg and euro) and by country of origin for imports; 
these data are available at the 2- and 8-digits levels of the Eurostat HS-CN (Harmonised 
System – Common Nomenclature) classification for foreign trade, allowing for further 
differentiation between raw materials, semi-manufactured products, and finished products;  

• data that are required to calculate the environmental impacts associated with tourism and 
business trips (and a general differentiation of services which can be included in future 
developments, referencing Eurostat statistics regarding the balance of payments);  

• various macro and LCI data sets on land use (although the underlying methodologies are 
currently still under development). The differentiation used to classify the inventory data 
(e.g. land use types) needs to be the same for the considered territorial and micro-level LCI 
data. However, it is still under investigation if the referenced territorial land use information 
meets this requirement.   

In this development, macro-level statistics have been used based on the territorial principle. In 
future, a complete bottom-up approach to territorial data can be envisaged if data availability 
improves at that level. As discussed further below, this may be advantageous in the short- to mid-
term, given the current restrictions and method-related issues related to the available territorial 
data. Data presented in line with the residence principle are only available on a handful of air 
emissions, and in terms of quality the data compares badly with the corresponding territorial data. 
In order to ensure coherence between the different items included in the inventory (emissions to air, 
water, material extraction etc.), territorial data are used. Future improvements of the quality of the 
statistical data will make it possible to further develop the approach. 

2.5.3 IDENTIFICATION OF IMPORTED AND EXPORTED PRODUCT GROUPS AND 
REPRESENTATIVE PRODUCTS 

The external annual trade statistics of Eurostat (traditional external trade database access – 
ComExt (Eurostat, 2010)) were used for the selection of relevant groups of imported and exported 
goods. A selection of materials or products based on the EIPRO study (Tukker, 2006) was not 
possible due to the fact that the focus of this study was on final consumption, which means that no 
differentiation was made between domestically produced and imported products or materials.  

The 2-digit (HS2) level of the Harmonized System - Combined Nomenclature (HS-CN) classification 
was used for making a first selection (by mass), identifying the most impacting product groups. The 
relevant information in connection with the criterion ‘mass’ was taken from the Eurostat external 
trade statistics (Eurostat, 2010). The top fifty (out of 99) HS2 level groups by mass were selected 
for in-depth analysis with LCIA data. This analysis was based on the 4-digit level of the HS-CN 
classification, and enabled the identification of the 15 most impacting product groups. The impacts 
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associated with the selected 15 groups were then modelled in detail for the purposes of the pilot 
indicator development.  

This analysis was necessary to reliably assess the most significant product groups in terms of their 
environmental impacts. While a ranking by mass or value provides a good first overview, it does not 
necessarily identify the product groups which are most relevant from an environmental impact 
point of view. Several representative products—at the HS4 level, and products for which suitable 
LCI data was available—were selected for each of the top fifty HS2 groups. Three to five 
representative products were considered for each product group. This selection was made in order 
to estimate the overall environmental impact associated with the individual HS2 groups. However, 
for five HS2 groups of imported products, and ten groups of exported products (mostly near the 
bottom of the top 50 product groups), no suitable LCI data could be identified (for this draft 
assessment). A simple sensitivity analysis was carried out to understand how impacting the 
products in these products groups had to be on average so their HS2 groups might rank among the 
fifteen most impacting groups. This analysis showed that none of these HS2 groups might 
potentially be ranked among the top fifteen. Hence, these HS2 groups were not considered in the 
further analysis.  

Since some of the HS2 groups were quite similar with regard to their environmental profile (i.e. they 
had quite similar LCI profiles), a few dedicated clusters of HS2 groups were formed, e.g. "72 Iron 
and steel and 73 Articles of iron and steel". Annex 2 provides a more detailed picture of the ranking 
of the different HS2 groups and the clustering. 

Based on this environmental impact ranking (that considers the environmental indicators climate 
change, eutrophication, acidification, summer smog and resource depletion) fifteen of the most 
impacting import and export HS2 groups/cluster were selected (see Table 3 and Table 4). These 
product groups/clusters are estimated to cover at least two thirds of the aggregated environmental 
impacts associated with imported and exported products. For comparison: the fifteen HS 
groups/clusters of imported products jointly make up 85% of all imports by weight and 65% by 
value. With regard to exports, the fifteen HS2 groups/clusters make up 72% of all exported products 
by weight and 60% by value.  

For the selection of the HS2 groups/clusters and the representative products for each of these 
groups, 2004 external trade statistics provided by Eurostat (Eurostat, 2010) were used. The year 
2004 is the first year for which the indicator has been calculated. 

By comparing the development of the amount of trade for each group/cluster, the relevance of the 
selected groups/clusters and representative products was confirmed.  

SELECTION OF REPRESENTATIVE PRODUCTS 

Product representatives were chosen to use them as a proxy for calculating the environmental 
impacts associated with the import and export of the individual product groups/clusters. At the 
current early stage of the indicator development, only one representative product was chosen to 
evaluate the overall impacts associated with the respective HS2 group/cluster. However, analysis 
showed that available HS4 statistics do not for all product groups provide the level of information 
that is required to match the groups with LCI data sets. Since the approach to identifying the 
product representatives had to be systematic in order to guarantee a transparent and traceable 
selection that can be understood and updated by independent experts, CN8 statistics were used as 
reference for all fifteen import and export groups (also for product groups where HS4 statistics 
provided the required level of information). 

The product representative of each group/cluster needs to represent the group average in terms of 
environmental impacts. Therefore the representative is not the most impacting in its group/cluster 
(measured in impacts per unit). Yet, the representative product was selected among the products 
which make up a relatively high portion of their group’s overall environmental impacts. To identify 
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the most suitable representative, a systematic approach needs to be taken. An identification based 
on LCA data was not possible, given that CN6 differentiates 16,000 product groups is not possible. 
Hence, mass and value were used as criteria for identifying the most suitable representative of 
each HS2 group.  

While for some HS2 product groups, the relevance of products by either mass or value is 
comparable, this is not the case for some heterogeneous groups (some groups include over one 
thousand CN8 products). For example, the most suitable representative product by mass for HS2 
group 85 electrical machinery (export) is "CN8 85451910 electrodes of graphite". This CN8 product 
represents about 10% of the HS2 product group by mass, but only 0.25% by value.  

To consistently consider both criteria, normalised scaling factors for both mass and value were 
introduced. They were calculated by dividing the total mass of the HS2 group by the mass of each 
potential representative product, and by dividing the total value of the HS2 group by the value of 
each potential representative product respectively. The product with the smallest sum of both 
normalised scaling factors (mass and value) was then identified as the final representative product 
of its HS2 product group/cluster. An exception was only made if the product with the smallest sum 
of the scaling factors was a type of recovered waste, such as cullet or metal scrap. These secondary 
products are not considered meaningful representatives. Therefore the product with the next 
smallest sum of the scaling factors was selected as representative for its group/cluster. Relevant 
scrap streams within the selected import and export product groups will be identified and the 
impacts, respectively the credits, will be assigned separately. Nonetheless, for the very broad 
product group HS2 group 85 Electrical machinery, it was necessary to separate the HS4 groups 
8470-8473 (data processing machines and related products) from the remaining groups to find a 
suitable representative.  

The mass-based scaling factor of the selected product representative was later used to calculate 
the environmental impacts associated with the respective HS2 group: the imported (or exported) 
mass of the selected CN8 product was multiplied by the scaling factor (to scale from the CN8 group 
to the total mass of the HS2 group), as well as applicable life cycle data.   

It should be noted that one HS2 group can have two different representatives for import and export. 
This occurs for instance if the selected representative for imports is not among the most relevant 
export products of this group. This reflects the fact that the processing depth differs, even for 
products within the same HS2 product group; in some cases, the EU-27 is typically exporting further 
processed products. An example is HS2 group 76 Aluminium, where the most representative 
imported product is unwrought aluminium, while alloyed aluminium sheets are the most 
representative exported product. In other cases, the EU-27 is importing final consumer goods, while 
exporting industry-oriented products or parts. An example is HS2 85 Electrical machinery, with video 
recording equipment from China being a typical imported product, while machines for industry use 
and the representative "electric motor parts" are more typical for exported products.  

After the selection of the representatives based on the 8 digit code, the three most important 
import countries were identified for each product group, based on trade statistics.  

These represent major import/export product groups and products, and are used in the pilot 
indicator development. 

Table 3 (for imports) and Table 4 (for exports) provide an overview for the fifteen most impacting 
commodity groups, imported respectively exported by the EU, and the selected representatives. 

At the current early stage of the indicator development, it was not possible to include a major 
number of the total number imported and exported materials and products. In total, there are more 
than 1,500 HS4 groups, and around 16,000 CN8 groups. To enhance the reliability of the calculation 
of impacts associated with the EU-27’s imports and exports, the number of selected products 
should be increased in future together with the number of representatives per product group. 
Clusters of CN8 groups by technical similarity and in view of the environmental impact could be 
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identified especially for very broadly defined product groups, allowing to find the best 
representatives of the different HS2 groups. 

TABLE 3 IMPORTS TO THE EU-27: THE MOST IMPACTING PRODUCT GROUPS AND REPRESENTATIVE 
PRODUCTS 

# Code (HS2) Product group Representative product Code CN8 
1st   

country 
of origin 

2nd  
country 
of origin 

3rd  
country 
of origin 

1 27 Mineral fuels crude oil 27090090 RU NO SA 

2 72&73 Iron & Steel non alloyed steel slabs or coils 72071210 RU UA MX 

3 76 Aluminium unwrought aluminium 76011000 RU MZ NO 

4 61/62/63/52 Textiles/Cotton t-shirts (cotton) 61091000 BD TR CN 

5 87 Road vehicles passenger car 87032319 JP KR TR 

6 39 Plastics polyethylene bags 39232100 CN MY TH 

7 

84a Machinery air conditioning 84158190 CN TH JP 

84b Machinery computer/laptop 84713000 CN TW n.a. 

8 85 Electrical machinery 
video recording or reproducing 
apparatus 

85219000 CN ID TR 

9 26 Ores iron ore 26011100 BR AU MR 

10 28 Inorganic chemicals aluminium oxide 28182000 JM SR BA 

11 31 Fertilizers urea 31021010 RU EG HR 

12 29 Organic Chemicals methanol 29051100 CL RU LY 

13 17 Sugar cane sugar 17011110 BR MU FJ 

14 23 
Residues and waste 
from the food 
industry 

soya oil cake 23040000 AR BR n.a. 

15 02 Meat bovine meat boneless 02013000 BR AR UY 

TABLE 4 EXPORTS OF THE EU-27: THE MOST IMPACTING PRODUCT GROUPS AND REPRESENTATIVE 
PRODUCTS 

# 
Code 
(HS2) 

Product group Representative product CN8 

1 72&73 Iron and steel hot rolled non-alloyed steel 72085120 

2 27 Mineral fuels crude oil 27090090 

3 87 Road vehicles passenger cars 87032319 

4 39 Plastics polypropylene 39021000 

5 
84a Machinery self-propelled excavators 84295210 

84b Machinery data processing machines 
84714990 

(from 2006 84714900) 

6 76 Aluminium alloyed aluminium sheets 76061291 

7 47&48 Pulp and paper paper and paperboard 48101990 

8 85 Electrical machinery electric motor parts 85030099 

9 31 Fertilizers NPK fertilizer 31052010 

10 17 Sugar white sugar 17019910 

11 4 Diary milk and cream in solid forms 04021019 

12 2 Meat frozen boneless swine meat 02032955 

13 28 Inorganic chemicals aluminium oxide 28182000 

14 29 Organic chemicals caprolactam 29337100 

15 25 Minerals portland cement 25232900 
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2.5.4 AGGREGATING THE INVENTORIES TOWARDS IMPACTS 

The overall environmental impact indicator is calculated by building on inventory data, as illustrated 
on the Figure 5 (page 18). The inventory and how it relates to the environmental impact categories 
(midpoints) is described in more detail below. The impact categories were selected based on the 
recommendation of the ILCD Handbook (EC, 2010c) that these categories, as well as the three 
areas of protection, “shall be checked by default for relevance for the study”. The impact 
assessment methodologies for the relevant impact categories were taken from the draft ILCD 
Handbook recommended LCIA methods (as available by mid-2011). Comprehensive information on 
the chosen methodology per impact category, and the corresponding factors, is provided in the ILCD 
Handbook (EC, 2011c). 

2.5.5 IDENTIFYING AND ADJUSTING LIFE CYCLE DATA FOR REPRESENTATIVE 
PRODUCTS 

The life cycle inventory (LCI) data sets and the territorial macro inventory of a country need to be 
compatible at the level of elementary flows (i.e. the single emissions and resource extractions, such 
as carbon dioxide emissions to air, or copper extraction from ore). This was largely the case for the 
considered data sources, and only very few adjustments were required.  

The individual LCI data sets need to represent the identified products of the imported and exported 
goods and services well. They moreover have to be sufficiently representative for the country of 
origin/production of the imported products and the applicable year of the final indicator (e.g. 2004).  

If no consistent country-specific LCI data are available for a representative product, existing LCI 
data for this product were adapted to capture regional differences (Roches et al., 2010). For the 
draft indicator, this adjustment was limited to using country-specific energy data for the supply of 
electricity and fuels. Future steps will be the adjustment of country-specific data on energy 
efficiency, process emissions of non-energy conversion processes, etc. This will be necessary to 
improve the LCI data of the imported goods, since the adjustment of the energy models alone only 
partly captures the differences among countries with regard to production (Makishi-Colodel, 2010). 
Finally, the international transport of the imported goods needs to be included in the inventory, as 
well as the international transport of exported goods. 

2.5.6 COMBINING TERRITORIAL AND IMPORT/EXPORT INVENTORIES 

Table 5 presents the preliminary approach with regard to the construction of the inventory to derive 
environmental impacts and sub-indicators related to the areas of protection. These, in turn, form 
the basis to calculate the resource indicators. Environmental impacts associated with exports or 
with imports were derived from macro data (external trade statistics of Eurostat of commodities in 
mass, i.e. metric tonnes or 100 kg), multiplied by LCI data per unit commodity (e.g. kg CO2 per tonne 
imported cement to obtain the total imported CO2 emissions of cement). Domestic (EU-intern) 
emissions were predominantly derived from statistical macro data (e.g. territorial greenhouse gas 
emissions), but complemented with data from other sources. The overall emissions associated with 
the (apparent) domestic consumption were derived by adding up domestic impacts and imported 
impacts, and subtracting exported impacts. Subsequently, the environmental impact categories, 
such as climate change (kg CO2-equivalents), acidification (kg SO2-equivalents) etc., were calculated 
for the (apparent) domestic consumption. The data can also be analysed for its components, i.e. 
domestic, import and export, as well as by main product groups.  
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2.6 IMPLEMENTATION 

2.6.1 DATA SOURCES AND QUALITY 

MACRO STATISTICS DATA 

The referenced economy-wide statistical data will—as far as possible—cover the environmental 
impact categories listed in Table 6. 

For some impact categories like ozone depletion, ecotoxicity (presumably the European Pollution 
Emission Register (EPER) will not be sufficient) and ionizing radiation data availability will be 
problematic (EU-27 territorial inventory data). Emissions data with regard to some ozone depleting 
substances are available from the E-PRTR (European Pollutant Release and Transfer Register) for 
point sources in 2007 in the EU-27. The possibilities of using gap filling for missing years will be 
assessed together with inherent uncertainties. In general, especially if uncertainties are considered 
to be too high, data will not be generated to fill gaps of not yet covered resource uses and 
emissions. The priority is to operationalise the indicator framework, and to characterise data 
availability and gaps which can be filled at a later point (e.g. when new national inventory statistics 
on the subject become available).  

The source for all import and export data of goods is the external trade statistics of Eurostat 
(traditional external trade database access—ComExt16). Electricity imports and exports are the only 
exception; these data were not taken from the ComExt database (27160000) because of the non-
calculable format of the numbers (i.e. figures cannot be expressed in 100 kg units). Electricity 
figures were therefore taken from energy statistics of Eurostat17, provided in GWh. 

Imports and exports comprise goods and services (products). Data of imports and exports of goods 
by the EU-27 are reported in kg and in euro only. They are reported for the most relevant product 
groups and products in totals supplied to external trade partners, and by country of origin for 
imports.  

Imports and exports comprise products for the fifteen most impacting product groups as outlined, 
and by major trade partners (countries). The impacts of the remaining groups were estimated by 
scaling up of the selected fifteen relevant product groups by mass. It should be kept in mind that 
during the selection only the most pressure intensive groups were identified, taking into account the 
overall mass of the relevant products in these groups, and the specific per-unit impacts of 
important products. For instance, the group ores is important (and hence included as a group of 
imported products) because of the high amount of imported ores, even though the specific impact 
per unit of iron ore is rather small compared to other products. The uncertainties resulting from 
scaling the impacts associated with the selected product groups to evaluate the impacts associated 
with the entire amounts of imports or exports will be reduced in the future, when more product 
groups will be considered. 

However, data for physical trade at the 8-digits level of the Eurostat HS-CN classification will allow 
distinguishing different processing levels (i.e. raw products vs. semi-manufactured products vs. 
finished products). This can improve the quality of the extrapolation of impacts per product group 
(based on the impacts associated with the representative products), as well as the evaluation of the 
impacts associated with the other, not individually modelled traded product groups (scaling up 
considering the product groups' similarities including their processing level). These tables with 
processing level information are currently developed by Eurostat. 

                                                  
16 http://epp.eurostat.ec.europa.eu/portal/page/portal/external_trade/data/database  
17 http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/data/database  
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TABLE 6 MACRO STATISTICS DATA FOR THE EU-27-INTERNAL INVENTORY 

Resource and 
environmental impact 

category 
Data Data source 

Resource extraction 
Individual element/material extraction 
in kg 

BGS and/or USGS18 for minerals (incl. metals); Industry 
association statistics as complement and Eurostat MFA 
tables for cross-checks  

Water  Abstraction in m3 Eurostat statistics respectively NAMEA where available 

Energy  
Individual energy carrier extraction in 
MJ 

Eurostat and IEA19 for energy statistics; BGS and/or 
industry association statistics for complement and 
cross-checks 

Land use (land occupation 
and land conversion)  

Built-up area, agriculture, forestry; 
other relevant land uses e.g. for 
resource extraction; in m2  

Eurostat, FAO, or other (national, industry associations) 
that correspond with the LCI data, because the latter 
are better suited for the impact assessment  

Climate change  
Emissions of greenhouse gases  
weighted by Global Warming Potential 
factors (in CO2-equivalents) 

UNFCCC emissions inventories; Eurostat air emissions 
accounts 

Ozone depletion 

(Preferably) emissions to air of 
individual substances in kg (or Ozone 
Depletion Potential eq. for some sub-
stance-groups; consumption data in kg) 

Availability and meaningfulness of data currently 
checked to ensure capturing the data quantitatively 

Photochemical ozone 
formation  

Emissions to air of the individual 
substances in kg 

CLRTAP emissions inventories; Eurostat air emissions 
accounts 

Acidification 
Emissions to air of the individual 
substances in kg 

CLRTAP emissions inventories; Eurostat air emissions 
accounts 

Eutrophication 
Emissions to air and water of the 
individual substances in kg 

Emissions to water data by Bouraoui et al. (2011); NOx 
emissions to air from CLRTAP 

Human toxicity (and related 
midpoint indicators) 

Emissions to air, water and soil20  of 
the individual substances in kg 

Some substances covered e.g. by the EEA, but further 
data sources currently evaluated 

Ecotoxicity 
Emissions to air, water and soil of the 
individual substances in kg equivalents 

Some substances covered e.g. by the EEA, but further 
data sources currently evaluated 

Ionising radiation 
Emissions to air, water and soil of the 
individual substances in kBq 

LCI data on emissions from nuclear electricity 
generation, extrapolated to the amount of nuclear 
energy produced in EU-27 and Germany 

DATA QUALITY AND CONFIDENTIALITY OF MACRO STATISTICS 

The quality of the Eurostat external trade database is sufficient for the purposes of the indicator 
development. Some of the statistics included in the Eurostat external trade database are 
confidential and not accessible for external users, which imposes certain limitations. In addition, 
some of the data is not specified.  However, among the imported product groups only HS 27 
(mineral fuels) and HS 99 (other products) showed significant absolute amounts of trade where 
related data were confidential. HS 99 is by definition an unspecified group for which no individually 
representative environmental impacts can be provided. With regard to HS 27, between 3% and 11% 

                                                  
18 Bundesanstalt für Geowissenschaften und Rohstoffe, Germany; United States Geological Survey, Minerals 

Yearbook and related annual statistics on minerals and metals mining worldwide. 
19 International Energy Agency, Paris 
20 Fertilizer application is not accounted as an emission to soil, because most is taken up by plants and the 

emissions resulting from the surplus are more detailed calculated for the specific crop than impact assessment 
fate models do. The field is a production site and only emissions that leave the field (i.e. nitrate-leaching, N2O, 
NH3 to air etc.) are accounted as emissions. The only emissions to soil are those that are leaving the "production 
system field" to nature and stay in the soil for a long time, i.e. accumulate; this is heavy metals (most 
prominently cadmium (Cd) from phosphate fertiliser), but also zinc (Zn) etc. from manure, as well as POPs and 
heavy metals via sewage sludge applied to agriculture. It is currently foreseen to cover fertilizer use based on the 
nitrogen (N) and phosphorus (P) model approach developed by a team of the JRC (Bouraoui et al., 2011) that 
captures all N and P emissions to water from fertilizer use and other diffuse and point sources. 
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of total imports were confidential over the reference period. In total, between 3% and 7% of 
imports in the considered product groups were confidential (by mass). HS codes 71 (minerals and 
metals), 75 (nickel), 88 (airplanes) and 93 (weapons) showed significant shares of confidential data 
on a relative basis, i.e. the percentage of confidential imports of a 2-digits group were high. These 
four groups were, however, not represented in the top 50 in terms of environmental impacts. With 
regard to exports, only 3% to 5% were confidential relating to the total volume by mass. This 
seems to be a minor limitation for the development of the indicators.  

LIFE CYCLE INVENTORY (LCI) DATA  

Life cycle inventory (LCI) data are required to represent the identified imported and exported  
products on a cradle-to-gate basis. The data have to be representative for the base year and have 
to cover the environmental impact categories as listed in Table 6.  

For the identified representatives of the 15 import groups, country-specific LCI data for all top three 
source countries were used or generated where possible. Due to data availability issues and time 
constraints during this initial indicator development phase, it was necessary to use in some cases 
data with a different geographical representativeness. If possible the data sets were adapted to the 
country specific conditions (e.g. exchange of energy provision etc.). 

The use of ELCD (EC, 2010e) data sets was preferred; nevertheless additional data sets for 
products and materials, as well as end-of-life treatment data sets, were required. For the further 
development and regular updating of the indicators, a process should be initiated to promote the 
provision of additional necessary LCI data sets via the ILCD Data Network21. This will:  

• increase the number of import and export groups considered, and  

• help overcome limitations that might be discovered with regard to the current data sets. 

In view of capturing the overall environmental impacts of traded products, the referenced LCI data 
is considered to be of similar quality as the territorial data. However, the inventory data provides a 
better coverage of the individual emissions and resource extraction, while the representativeness is 
less good especially for data from some source countries. 

SERVICES 

Services were included in this initial phase of the indicator development to evaluate potential data 
issues and acknowledge their importance in the EU-27 economies. The services included in this first 
phase comprise the transnational transport of goods, and tourism and business travels.  

Transnational goods transports are captured in the life cycle inventory data on imported goods. To 
account for environmental impacts of tourism and business trips, a systematic approach needed to 
be designed and applied. The approach developed for tourism is as follows: 

• first: compare number of person-days outside reference region (e.g. EU-27 residents) with 
number of person-days of foreigners (non-residents) within the reference region,  

• calculate e.g. CO2-eq. per person-day within the reference region,  

• assumption: impact intensity is independent of the reference region,  

• calculate the inventory from the tourism balance as: number of person-days per holiday, 
multiplied by CO2-eq. intensity of the residents, minus number of person-days per holiday 
multiplied by CO2-eq. intensity of foreigners making vacation in the reference region,  

                                                  
21 http://lct.jrc.ec.europa.eu/assessment/assessment/data 
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• passenger transport to holiday region: combining life cycle inventory data for different 
passenger transport options with statistics on holiday destinations, number of passengers 
and a convention on the transport mode (mix); only required for EU citizen holidays 
(convention: e.g. below 500 km half rail / half car, 500-1000 km thirds car-rail-plane, 1000-
2000 km half air/quarter car/quarter train, over 2000 km air; sensitivity check to verify 
relevance/ uncertainty of conventions.  

The approach to business trips will, in principle, be the same as for tourism, but the travels related 
to business initiated within the reference region have to be distinguished from those originating 
from the outside. 

Despite high levels of data availability and quality for both macro and life cycle data, the indicators 
are affected by uncertainties due to far-reaching assumptions (e.g. cut-off criteria for LCI data such 
as infrastructure or services). This is, however, not a methodological issue.  

Trade in services is covered in a comprehensive way by the balance-of-payments statistics of 
Eurostat. Further developments following from this pilot project will allow improving and further 
differentiating the approach with regard to services.  

2.6.2 DATA UPDATING 

MACRO STATISTICS DATA UPDATING 

Inventory data coming from maintained governmental statistics are expected to remain available 
on an annual basis. For data from other sources, such as industry associations, this is not always 
given. However, the extent of relevant data prepared and published by industry is increasing. 
Inventory data of toxic emissions and radiation are at best available on an irregular basis.  

LIFE CYCLE INVENTORY (LCI) DATA UPDATING 

In contrast to trade data or territorial emission and resource extraction inventories, an update of the 
life cycle inventory data is not always necessary or available on an annual basis. While trade data 
can be highly volatile over time, and territorial inventories can be affected by global or national 
economic crises or booms, these effects generally have very little impact on LCI data sets, and if 
they do, the impact usually only occurs in the  mid- to long-term. New production methods and 
environmental standards, changes in legislation, efficiency and the closing or development of 
production facilities have a limited short-term impact on the average LCI data. LCI data are 
therefore typically updated every 3 to 5 years and do not have any relevant interpolation problems. 
Extrapolation—reflecting the specific speed of changes in the respective product group's life 
cycle—is equally possible for up to a couple of years. 

The LCI data used for the calculation of the indicators are open for independent expansion or 
replacement with data from other sources. Using the ILCD reference elementary flow list in the data 
sets that were applied in this project eases the use of data sets from the ILCD Data Network22 (an 
initiative coordinated by the EC that all data providers can contribute data to). 

In a follow up project a method should be developed to assess the validity of current data versus 
data used in the future. In general, and for updates of the indicators in particular, referencing ILCD 
Data Network data and the related review-requirements will ensure an independent evaluation of 
the achieved data quality, including possible uncertainties.  

                                                  
22 http://lct.jrc.ec.europa.eu/assessment/assessment/data 
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3 BASKET-OF-PRODUCTS INDICATORS  

3.1 FRAMEWORK 

The basket-of-products indicator reflects the level of final consumption23 over the entire life cycle 
of goods and services; hence it is consumer—or demand—driven.  

The basket-of-products indicators quantify the environmental impacts for the EU-27 and each 
member state using the life cycle data, as well as data on expenditure and consumption statistics24. 
These are calculated for individual impact categories for a selection of the most relevant 
products/product groups. Products selected in the basket must be specific enough to allow for 
bottom-up LCA calculations while being wide enough to be representative for a product group.  

The application of basket-of-products indicators in the context of policy design, development and 
monitoring include: 

• Monitoring the environmental impacts of relevant goods and services consumed in the EU-
27 and member states over time (initially considering Germany and one base year).  

• Monitoring the transition towards more sustainable products and their consumption (or the 
opposite) over time, by considering the changes in the content of the basket of products.  

• Assessing the impacts of policy measures with regard to more environmentally sound goods 
and services and calculating various growth scenarios by modelling future scenarios. 

The basket-of-products indicator traces the environmental impacts of the final consumption of an 
EU-27 citizen in a given year. Final consumption per capita can be broken down into demand 
categories and further into product groups. Products within these groups can then be identified. 
Using macro consumption data for these products, impacts are then calculated for one citizen.  

The statistics chosen only represent domestic consumption; therefore the impacts of domestic 
production for export are excluded. The impacts of foreign production for domestic consumption are 
included by using country-specific life cycle data. The data represent only the top import countries 
for each product, determined by trade statistics. 

It is worth noting that the objectives and approach that the basket-of-products indicator takes are 
principally different compared to the resource indicator. The resource indicator attempts to quantify 
the impacts from resource consumption and emissions for the entire EU-27 economy. It does so by 
first identifying product groups (e.g. road transport) that together account for the majority of 
resources consumed in the specific territory. Representative products are then chosen for each of 
these product groups (e.g. passenger vehicles) and their impacts are calculated; for passenger 
vehicles the impacts include e.g. iron ore (in production), air (as CO2 emissions in the use phase). 
These impacts are then scaled up to account for the entire product group, e.g. road transport. 

3.2 STARTING POINT 

Several projects have been conducted to estimate the environmental impacts of production and 
consumption of products within the EU, both including and excluding the trade of products. The non-
exhaustive list includes: Buchert et al. (2004), Eurostat (2008a, 2008b), Giegrich et al. (2009), 

                                                  
23 i.e. apparent domestic final consumption. 
24 The scope of the indicator is to reflect environmental impacts associated with the final consumption by citizens. It 

is not seen as meaningful to include government consumption here, as it answers a different question. 
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Goodland and Anhang (2009), Graus et al. (2009), Hayashi et al. (2006), Huppes et al. (2006, 2008), 
Jenseit et al. (2009), Leduc and Blomen (2009), Nemry et al. (2008a, 2008b), Schütz et al. (2004), 
Steinfeld et al. (2006), Tukker et al. (2006; 2008), van de Sand et al. (2007), van der Voet et al. 
(2009), Weidema et al. (2008) and various preparatory studies which are in the process of 
Implementing Measures under the EuP Ecodesign Directive. 

The purpose of reviewing these studies was to 1) identify products with relatively high total 
environmental impacts on a functional unit basis to define the basket-of-products, 2) understand 
the methodological approaches utilised, including their strengths and weaknesses, as well as 3) take 
into account recommendations made by other researchers to overcome current obstacles. 

3.3 Selection OF PRODUCT GROUPS 

3.3.1 CRITERIA FOR SELECTION OF PRODUCTS 

Several studies have been carried out to quantify and prioritise the environmental impacts of 
products on a macro (EU, national and industry sectors) and micro level (products). Based on these 
studies, four main criteria were identified for quantifying the environmental relevance of product 
groups. These include: 

• Household expenditure and consumption data based on Eurostat (2008a): The HICPs (EU - 
Harmonised Indices of Consumer Price Indices, HICP) cover final monetary expenditure on 
goods and services purchased by all types of households. HICPs are classified according to 
the COICOP/HICP classification (“Classification of Individual Consumption by Purpose 
adapted to the needs of the HICP”). The COICOP/HICP classification categorise all products 
covered by the HICP. 

• Production figures and market penetration of product groups within the EU and its Member 
States. The European Eco-design-directive 2005/32/EG (EuP-Directive) serves as a basis for 
product groups as it investigates products with a market volume of more than 200,000 
pieces per year, high environmental impacts and a high reduction potential of their 
environmental performance. Products that have been analysed are: heating and cooling 
systems, washing machines, refrigerators, vacuum cleaners, computers and imaging 
equipment. 

• Industry sector studies on their respective products, e.g. agriculture, livestock, food, housing, 
transport, automotive etc. 

• Life cycle inventory (LCI) data of goods and services (products). 

These four selection criteria ensure that the macro and micro perspectives are taken into account: 
household expenditure and consumption data use macro data only, while LCI use micro data. EuP-
data of products and industry sector studies combine both dimensions. 

The final selection should consider relevant products; therefore, goods or services need to be 
considered from a micro perspective with 1) high impact on a functional unit basis and large 
number of units sold, 2) high impact goods or services with low number of units sold or 3) low 
impact goods or services with large number of units sold (Figure 9). For instance, cars may be an 
example of 1 high impact due to high environmental impacts over the entire life time and consumer 
market penetration, while dairy products might belong to category 2 and 3, e.g. cheese with 
relatively high environmental impacts per kg of products and relatively small quantities sold 
(category 2) compared to market milk with lower environmental impacts per kg of product, but 
higher total quantities sold.		
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observed in isolation and only applied in some cases to the population within an entire reference 
region, e.g. all cars in Germany.  

Preparatory Studies, as part of the process implementing the Ecodesign of Energy-using Products 
Directive 2005/32/EG ("EuP-studies"), have analysed product groups with high market penetration 
and potentially high environmental impacts. These studies so far cover heating and cooling systems, 
washing machines, refrigerators, vacuum cleaners, computers and imaging equipment.  

Furthermore, example sectoral studies have been carried out for:  

• Aluminium (EAA, 2008) 

• Automotives (Nemry et al., 2008) 

• Transportation (Graus et al., 2009, van de Sand et al., 2007; Luduc and Blomen, 2009) 

• Housing (Buchert et al., 2004, Nemry et al., 2008) 

• LCI database of energy carriers like coal or crude oil within a professional LCA database 
(Schuller and Fisher, 2006). 

In Table 7 goods and services are structured by presenting relevant demand categories and product 
(sub) groups. Demand categories encompass nutrition, shelter / private housing, consumer goods, 
mobility and services. Each of these categories are further sub-divided into product groups (e.g. 
meat), product sub-groups (e.g. beef meat) and products (e.g. beef steak). 

Literature references are provided for the three assessment criteria, i.e. 1) expenditure / 
consumption, 2) production / market penetration and environmental impacts and 3) environmental 
impacts of industry sectors.  

Each of the identified literature sources highlights the importance of specific assessment criteria 
relating to their respective product groups 



 

  

TABLE 7 CLASSIFICATION OF DEMAND CATEGORIES, PRODUCT GROUPS AND SUB-GROUPS   

Assessment criteria 

Demand 
category 

Product group 
Expenditure, 
consumption 

Production/market 
penetration and 
environmental 

impacts 

Environmental 
impacts of 

industry sectors 
Product sub-group (products); relevant examples 

Nutrition   1, 4, 5   11   

  meat and seafood 2, 3, 4   7-10, 12, 13 beef (steak, minced beef), pig, poultry (breast, wings), fish & seafood (filet) 

  
dairy products and 
eggs 

2, 3, 4   7-10, 12, 13 milk (whole & skim milk), butter, cheese (cream, hard cheese), eggs 

  crop based products 2   8 sugar, vegetable oils & fats, rice, bread 

  Vegetables 2, 3   8 tomatoes (processed, fresh), potatoes 

  
fruits including 
tomatoes 

2   8 citrus fruit (oranges), apples 

  
(non-)alcoholic 
beverages 

1, 3, 4     hot beverages (coffee, tea), softdrinks, beer, wine, spirits 

Shelter/private 
housing 

  1, 4, 5   14, 15   

  
single-, two-family and 
terrace houses 

3-5 6a 7, 8, 10, 14, 15 
exterior and interior walls*, roof*, windows (single, double-, triple glazing), 
basement*, floors*, ceiling*, heating system (gas-, oil-, electricity-operated 
system), cooling system (electricity) 

  multi-family houses 3-5 6a 7, 8, 10, 14, 15 
exterior and interior walls*, roof*, windows (single, double-, triple glazing), 
basement*, floors*, ceiling*, heating system (gas-, oil-, electricity-operated 
system), cooling system (electricity) 

  high-rise buildings 3-5 6a 7, 8, 10, 14, 15 
exterior and interior walls*, roof*, windows (single, double-, triple glazing), 
basement*, floors*, ceiling*, heating system (gas-, oil-, electricity-operated 
system), cooling system (electricity) 

Consumer goods         

  clothing  4   10 leather (shoes, jackets), cotton (shirts), wool (pullover), silk 

  white goods 3 6b, c, d   
washing machine (small, medium, large loading), fridge (small, medium, large 
volume), cooker (electrical, gas cooker), dish washer, vacuum cleaners 

  consumer electronics   6e, f   
computer (desktop, laptop), telephones (mobile, smart), home appliances and 
technical home equipment 
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Assessment criteria 

Demand 
category 

Product group 
Expenditure, 
consumption 

Production/market 
penetration and 
environmental 

impacts 

Environmental 
impacts of 

industry sectors 
Product sub-group (products); relevant examples 

Mobility           

  private transport 1, 3 - 5   7, 8, 10, 16 – 19 cars (small, middle class and luxury car), motorbikes, bicycles 

  public transport 3   10, 18, 19 
train (high speed train, regional train, overground, tram, underground), bus, plane, 
ship 

Service           

  bars & restaurants 1, 4   10   

  leisure activities 1     sport, culture, entertainment 

  Education     10 university, school 

  Tourism     20 holiday package 

* Materials are concrete, stones, other minerals, steel, foam plastics, wood, coating and sealing materials 
Note: it needs to be differentiated between product (e.g. beef steak), product sub-group (e.g. beef meat) und product group (e.g. meat) 
Literature sources: 1) Eurostat (2008a), 2) Eurostat (2008b), 3) Tukker et al. (2008), 4) Huppes et al. (2006), 5) Jenseit et al. (2009), 6) EuP studies (a-f), 7) Tukker et al. 
(2006), 8) Schütz et al. (2004), 9) Weidema et al. (2008), 10) Weidema et al. (2005), 11) Hayashi et al. (2006), 12) Goodland and Anhang (2009), 13) Steinfeld et al. 
(2006), 14) Buchert et al. (2004), 15) Nemry et al. (2008a), 16) Nemry et al. (2008b), 17) van de Sand et al. (2007), 18) Graus et al. (2009), 19) Leduc and Blomen 
(2009), 20) De Camillo et al. (2010) 
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3.3.3 FINAL SELECTION OF PRODUCTS 

The basket-of-products covers a representative selection of key products from the demand 
categories that likely represent 70% of the overall environmental impacts. This estimate is based 
on existing studies for each demand category.  

The basket-of-products is subdivided into demand categories (i.e. nutrition, shelter, consumer goods, 
mobility and services). Each demand category consists of product groups, product sub-groups and 
products. The structure is based on:  

• Eurostat (2008b) for nutrition,  

• Buchert et al. (2004), Huppes et al. (2006), Jenseit et al. (2009), Nemry et al. (2008), Tukker 
et al. (2008) for housing, 

• EuP studies Huppes et al. (2008), Tukker et al. (2008), Weidema et al. (2005), for consumer 
goods, 

• Eurostat (2008a), Graus et al. (2009), Huppes et al. (2008), Leduc and Blomen (2009), 
Nemry et al. (2008b), Schütz et al. (2004), Tukker et al. (2006 and 2008),  van de Sand et 
al. (2008), Weidema et al. (2005), for mobility, 

• Services are somewhat more difficult; suitable studies that allow a systematic 
categorisation of this demand group have not yet been found. Eurostat (2008a), De Camillo 
et al. (2010) and Weidema et al. (2005), provide a starting point. However, the service 
categories have been omitted from this study due to a lack of reliable statistical and LCI 
data. 

The selection of the sub-product groups and specific products within these groups must find a 
balance between environmental relevance and LCI data availability. LCI process data has been 
reviewed with respect to the sub-product groups that are environmentally relevant. The choice of 
the products was supported by life cycle inventory (LCI) data from ELCD (EC, 2010e) and 
commercially available professional databases, as well as numerous product LCAs relevant to the 
development of indicators. The representative products proposed to be selected (final draft 
selection) are presented in the Table 8. 

The modeling of the basket-of-products will allow users to see the changes among selected 
products. In case the selected goods or services lose their importance over time, or (new) products 
become more important in the future, the basket can be adapted and extended. A more accurate 
view of the changes can come with the introduction of a new product category while  fading out the 
original until it falls below a threshold of relevance and has effectively been replaced (e.g. CRT TV 
sets vs flat screens coexist for many years but the former are now largely replaced). To continue to 
balance the degree of completeness of product coverage, previous years' indicators can 
subsequently be enhanced by adding data on newly introduced products (adjusting the life cycle 
data to older production technologies/energy data).  

The products included in the basket have been selected to reflect an array of goods commonly used 
in all countries within the EU-27. The consumption patterns across Europe are considered to be 
relatively homogenous and therefore, the additional complexity of country-specific baskets of 
products cannot be justified within the given scope of this study.  
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TABLE 8 PRODUCTS AND PRODUCTS GROUPS IN THE BASKET-OF-PRODUCTS 

Demand category Product group Product sub- group (products) 

 Nutrition 

Meat and seafood beef, pork, poultry  

Dairy products and eggs milk, butter, cheese  

Crop based products sugar, vegetable oils & fats 

Vegetables potatoes 

Fruits including tomatoes apples, oranges 

(Non)alcoholic beverages coffee 

Shelter/private housing  

Single-, two-family and terrace houses single house 

Multi-family houses multi-family house 

High-rise buildings high-rise building 

 Consumer goods 

  

Clothing  shoes, cotton shirt 

White goods washing machine, fridge, dish washer 

Consumer electronics laptop 

 Mobility 

  

Private transport middle class car 

Public transport travel by train, bus and plane 

 Service 

  

Bars & restaurants (omitted from this study) 

Leisure activities (omitted from this study) 

Education (omitted from this study) 

Tourism (omitted from this study) 

3.4 METHODOLOGY 

There are several methodological aspects that were addressed: system boundary settings, double 
counting, allocation of environmental impacts from infrastructure / capital goods, modelling of the 
use phase and end-of-life. 

3.4.1 REFERENCE SYSTEM 

All calculations relate to the consumption and/or production on a per capita basis for the analysed 
region. 

3.4.2 SYSTEM BOUNDARY 

For development of the indicators we use the cradle-to-grave approach, which means that for all 
products we include all materials and energies needed during the each phase of production, use and 
end-of-life (EoL), including upstream processes. The cradle-to-grave approach is considered for the 
majority of demand categories, i.e. shelter/private housing, consumer goods and mobility. 

For the production of food, a cradle-to-point-of-sale approach (e.g. supermarkets) is used, and also 
includes waste related to the production of food. Transport is addressed based on average weighted 
distances. Environmental impacts from infrastructure in the inventories are not always included in 
LCI data; in these cases the impacts are not part of the developed indicators. The preparation of the 
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food and the actual use phase, i.e. consumption of food by humans, are excluded from the analysis. 
A justification is provided in the section below. 

3.4.3 DOUBLE COUNTING 

The quantitative consumption must relate to the final consumption of citizens and double counting 
must be avoided. Double counting, however, has been addressed as a difficult methodological 
problem in several studies that is specific to sector-based26 approaches (e.g. Tukker et al., 2008 and 
2006, Weidema et al., 2008 and 2005).27 It does not apply to the basket-of-products indicator, as 
the process-based model is focused on final consumption, while intermediate products, such as 
basic commodities, are not considered. However, very limited double counting can still occur within 
the basket-of-product indicator.  

Ideally, a cradle-to-grave approach is applied to all products within each product group in each 
demand category. The use phase, however, would be counted twice when taking the cradle-to-grave 
approach for shelter/private housing and consumer goods; e.g. electricity consumption of a privately 
used computer could be counted in both the use phase of the computer and of the house when 
modelling from cradle-to-grave.  

There are at least three pragmatic modelling approaches to overcome this problem, with the help of 
the better differentiated LCI data:  

1. For products which are listed under the consumer goods demand category, the impacts 
from energy and material consumption and waste generation during their use phase are 
subtracted from the use phase impacts of a house. Detailed information is available for 
energy consumption of households28 and consumer goods29. However, substantiated 
assumptions need to be made for the use of consumer goods. 

This approach ensures that all environmental impacts are covered either by detailed product 
specific information or by aggregated household consumption figures. By allocating 
consumption to individual products which will be considered in the basket, possible changes 
in the use phases (e.g. higher/lower power consumption of white goods) can be monitored in 
a more accurate manner. In each case the remaining electricity consumption of private 
households, aside from the consumption during the use phase of products, will be 
considered. Efficiency improvements of products can then be quantified. 

2. The average energy and material consumption and waste generation within the annualised 
impacts of a household are fully accounted for, while the use phase impacts of consumer 
goods are set to zero.  

This approach is rougher than the one described above; no efficiency improvements of 
products can be explicitly taken into account. 

                                                  
26 EEIO - Environmentally extended input-output (tables). 
27 Jenseit et al. (2009) provide an illustrative example for double-counting when using sector-based life cycle data: 

Within one sector the products on the same sectoral level are not autonomous. For instance, pigs are fed with 
crops, thus the life cycle of raising pigs does include the environmental impact of fodder crops. Therefore, 
whether sector outputs rely on each other must be analysed. The same problem applies when looking at a 
complex product, such as a car, that is made out of steel. The environmental impacts of steel are already 
included in the basic commodities of iron and steel. 

28 Graus et al. (2009) provide a prospective breakdown for electricity use in 2050 by type of appliance based on 
Bertoldi and Atanasiu (2006), IEA (2006), and WBCSD (2005) assumed for all regions: standby (8%), lighting 
(15%), cold appliances (15%), appliances (30%), air conditioning (8%) and other (e.g. electric heating) (24%). 

29 EuP Directive 2005/32/EC – Directive for energy using products. 
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3. The energy and material consumption of a household during use phase is set to zero, while 
the energy and material consumption of consumer goods are fully allocated to the products 
covered in the demand category consumer goods.  

This approach will—at the beginning—result in a significant underestimate as long as the 
majority of products used in a household are not covered in the category consumer goods. 

For the purpose of developing indicators the first modelling approach is used. It is applied 
consistently for all relevant products/product groups. In this case double counting may also occur 
during the use phase within the demand category ‘consumer goods’ between white goods and 
clothing. In further developments, this can be avoided by relating the functions (and impacts) of the 
white goods to the final product, which is in this case the T-shirt (and other clothes), i.e. by 
understanding the white goods as performing only an intermediate function in households. The 
same applies to cooking and others. 

3.4.4 LONG-LIVING PRODUCTS 

Two approaches are identified for dealing with environmental impacts from the production phase of 
products with longer lifetimes (lifetime >1 year): 

• Impacts of production phase are annualised over the lifetime of a product: This approach 
takes into account the annualised impacts from the production phase of long-lifetime 
products by dividing them by the respective product’s lifetime30. The annualised impacts of 
production are then multiplied with the number of products in use within the reference year 
and region (apparent consumption31) in order to derive the total annualised impacts of the 
production phase. 

• Impacts of production phase are fully allocated to the year of production: This approach 
reflects the actual impact of production phase in the reference year of production for the 
apparent consumption within the region. The impacts are not distributed over the lifetime of 
the product. 

Both approaches are considered for the product indicator as they both give insights into different 
aspects of private consumption, while the annualised approach is chosen for calculation: to see the 
impacts of decisions today over the following years—one needs annualized impact calculations. To 
measure the decoupling (i.e. the annual data for the resource indicators), one needs all burdens 
allocated to the same year, while here the second approach is used. A more detailed explanation of 
the implications in reference to both approaches is included in the report associated with the 
calculation of the product indicator. In both cases, the annualised impacts are only taken into 
account for the apparent consumption in the reference region. The same approach is taken for 
maintenance and the end-of-life treatment (if data are available).  

3.4.5 USE PHASE IMPACTS 

Micro and macro data are required in order to quantify the total environmental impacts of long-
lifetime products for one year within the reference region. Micro data are going to provide 

                                                  
30 One average lifetime per product is assumed rather than varying lifetimes depending on the year of 

manufacture; the latter would be to difficult especially for buildings. For average lifetimes of consumer goods see 
Swedish Environmental Protection Agency (1999). As construction products are intermediate products that very 
often have different applications, the Reference Service Life depends on the scenario of use, application, building 
type, etc.  
The Estimated Service Life (ESL) depend s on the specific conditions and situation.  

31 Apparent consumption = domestic production plus imports minus exports. 
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environmental impacts from the use-phase based on life cycle data on a functional unit basis, e.g. a 
medium size car or an average multi-family house. This information is then combined with macro 
data on the stock of products within the reference year in the reference region, e.g. composition of 
the car fleet in Germany differentiated by the number of cars on the road, car size (small, middle 
class and luxury cars), fuel consumption and age, emission standard (relevant publications for cars 
and housing: EURO 1-5; Nemry et al. (2008a, 2008b), KBA (2010)). This approach will allow for 
close monitoring, e.g. energy consumption and the associated environmental impacts. 

3.4.6 TEMPORAL EVOLUTION OF TECHNICAL IMPROVEMENTS 

The inherent drawback of life cycle inventory (LCI) data is that they may not be updated as fast as 
technological improvements occur within industry. There are two aspects that should be considered 
here: On the one hand the availability and development of actual LCI data sets is certainly an 
important and crucial issue, e.g. to reflect possible improvements in the production of passenger 
cars over time or the possible higher/lower use of scarce resources in consumer electronics. For the 
resource indicators a process should be established to promote the development of specific life 
cycle inventory for the ELCD (EC, 2010e) or the ILCD Data Network32 that needs to consider 
technology developments within the basket-of-products. On the other hand data is necessary to 
reflect the use phase of products that can be partly taken from periodically updated statistics (e.g. 
Euro norms for passenger cars). Some product data are taken from studies investigating average 
consumers’ behaviour and the average product specifications which might be affected by higher 
uncertainties. It is argued that progress over time of activities such as changing from incandescent 
light bulbs to compact fluorescent lamps and then to LEDs will clearly be reflected in the indicator 
components. It should also be clear that the average change of technologies used and their related 
progress is often rather slow and takes many years with small improvements each year. Similar to 
the other indicators, further refinement and differentiation of the product represented in the basket, 
and technological progress are better captured. 

3.4.7 TREATMENT OF DIFFERENT PRODUCTS’ END-OF-LIFE  

End-of-life treatment of products poses a significant challenge for the basket-of-products 
indicators due to uncertainties regarding the fate of the products, as well as the differences in the 
country specific waste treatment practices. In the case of product recycling or product parts reuse, 
there is an additional step of assigning credits and allocation of burdens. These are treated in a 
pragmatic way on a per-product basis and are documented in the report on the calculation of the 
basket-of-products indicator. 

3.5 IMPLEMENTATION 

3.5.1 MODELLING 

LIFE CYCLE PHASES 

The overall modelling approach needs to be modular, i.e. production, use phase and end-of-life (EoL) 
in order to ensure smooth interaction between micro and macro data, continuous updateability, as 
well as pragmatic handling of potential double counting. 

From a process-based LCA perspective a generic model is required:  
                                                  
32 http://lct.jrc.ec.europa.eu/assessment/data 



 

  52 | Basket-of-products indicators 

• For the production phase of a product, a generic bill-of-material (BoM) approach is proposed 
which combines the materials33 used in a product with the average production depth for 
each material. For example when analysing the environmental impacts of manufacturing a 
car, the material composition (BoM) is analysed, e.g. ~50% steel/iron, ~15 plastics, ~10% 
light alloy, etc., but it can be further broken down to the individual relevant plastics, light 
alloys etc. For each material needed for a car, a representative manufacturing process is 
applied for producing a part or component of a car, e.g. injection moulding of ABS or PE. The 
same approach has been applied for demand categories, such as nutrition, e.g. beef 
production, shelter/private housing, consumer goods and services. Detailed information is 
required for each of the products under investigation for both BoM as well as production 
depth, e.g. Gediga et al. (2000) for cars. 

• For the use phase of products energy (fuels, electricity), operating materials (e.g. oils) and 
spare parts (e.g. tyres) are required depending on specific products. Again, detailed 
information is needed for the typical use phase. 

• For each product, relevant end-of-life management options are considered, i.e. incineration 
and energy recovery, landfill, recovery, if applicable. Each management option needs to be 
applied to the selected products under study on a functional unit basis (Ökopol, 2005).  

COMBINATION OF MICRO AND MACRO DATA  

Process-based LCA data are combined with macro data when analysing domestic production within 
the reference region; imports of raw and intermediate materials, components and fuels to the 
reference need to be matched. The number of new products sold in the reference region within one 
year is determined by domestic production, imports and exports. The actual number of products in 
the market can be calculated using the existing stock within the economy plus newly produced 
products for domestic consumption and imported products minus products that become part of the 
EoL management. 

For data matching it is important that the following information is made available: 

• Actual type and quantity of raw materials, intermediate products, components and products 
manufactured domestically, imported, exported and used in the reference region of the 
respective year 

• Composition and use patterns of products currently used / consumed in the reference region 
of the respective year 

These matchings are important in order to avoid double counting of products, e.g. electricity usage 
of consumer goods in a household. 

3.5.2 LIFE CYCLE DATA SOURCES 

Available life cycle inventory (LCI) data of products were listed earlier. Some of these data are 
available free-of-charge, such as the ELCD database (EC, 2010e), and others can be purchased. For 
further development and independent updates reference can be made to the data from the ILCD 
data network34; other data sources are listed in the European Platform on LCA’s Directories35.   

                                                  
33 Materials comprise of raw materials, intermediate products and components. Raw materials require processing 

before becoming an intermediate product, e.g. iron ore (raw material) needs to be processed into a steel sheet 
(intermediate product). A component is for example a switch. 

34 http://lct.jrc.ec.europa.eu/assessment/assessment/data 
35 http://lca.jrc.ec.europa.eu/lcainfohub/directory.vm 



 

Basket-of-products indicators | 53  

3.5.3 STATISTICS MACRO DATA SOURCES 

On the macro level of statistics, a range of sources can provide consumption data to—directly or 
indirectly—derive apparent consumption (calculated from domestic production plus imports minus 
exports). Major data sources include: 

1. Nutrition: 

a. Eurostat 

i. direct data from farm to fork statistics for gross human apparent consumption 
(but not differentiated by domestic vs. foreign sources)36; 

ii. data for domestic production and for trade to derive apparent consumption of 
food products: Prodcom for domestic production and ComExt for foreign trade. 

b. FAOSTAT 

i. direct data for food supply (but not differentiated by domestic vs. foreign 
sources)37; 

ii. data for domestic production and for trade to derive apparent consumption of 
food products38.  

2. Shelter 

a. Eurostat for construction materials: data for domestic production and for trade to derive 
apparent consumption: Prodcom for domestic production and ComExt for foreign trade;  

b. IMPRO building study for residential buildings.  

3. Consumer goods 

a. Eurostat: data for domestic production and for trade to derive apparent consumption: 
Prodcom for domestic production and ComExt for foreign trade;  

b. Market data for sales in the EU.  

4. Transport 

a. Eurostat transport statistics39. 

5. Services 

a. Eurostat for tourism40. 

In addition, statistics of industry associations are considered a valuable source for production and 
import/export statistics. However, data gaps may not always allow getting meaningful results (van 
der Voet et al., 2009). The development of a generic product model and data sets that can be up-
scaled and updated over time is required. 

On a macro level, the data need to be updatable on an annual basis, depending on data availability. 
Contrasting to this, LCI data are usually updated every couple of years; the reasons were explained 
earlier; inter- and extrapolation is possible and considered sufficient given the very limited 
fluctuation of the LCI data over time. The generic LCI model allows adjustments of material 
composition of the products based on bill of materials and the processing depth. 
                                                  
36 http://nui.epp.eurostat.ec.europa.eu/nui/setupModifyTableLayout.do 
37 http://faostat.fao.org/site/609/default.aspx#ancor 
38 http://faostat.fao.org/site/339/default.aspx 
39 http://epp.eurostat.ec.europa.eu/portal/page/portal/transport/data/database 
40 http://epp.eurostat.ec.europa.eu/portal/page/portal/tourism/data 
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4 WASTE MANAGEMENT INDICATORS 

4.1 FRAMEWORK 

The Thematic Strategy on the prevention and recycling of waste (EC, 2005b) formulates a 
framework for reducing the overall environmental impacts associated with waste management in 
the European Union. The main scope of the waste management indicators is to monitor the 
environmental impacts of waste management in the EU-27 on a macro level over time. The life 
cycle inventory (LCI) data that were used to calculate the waste management indicators should 
ideally reflect the average situation in the EU-27 or a specific member state (for the initial indicator 
development Germany is the selected member state). Decision making on a local level is therefore 
not the intention of the indicators. 

For the selected waste streams, the indicators should cover the entire waste management chain 
including collection, transport, storage, sorting, conditioning and treatment including recycling and 
final deposition of any remaining wastes. They also take into account a life cycle perspective, i.e. 
they account for the environmental benefits, or impacts, associated with material and energy 
recovery from recycling and re-use.  

4.2 METHODOLOGY 

4.2.1 STARTING POINT 

For the waste management indicators a selection of environmentally relevant waste streams (in 
this pilot development the 12 most important ones) is done. For the selection of the waste streams 
the following criteria are applied: 

• Amount of waste generated 

• Amount of hazardous waste generated 

• Waste hierarchy in the Thematic Strategy on the prevention and recycling of waste (EC, 
2005b) and the waste framework directive (EC, 2008b): Waste prevention and preparing 
waste for reuse are the preferred options to avoid the generation of waste. For generated 
waste recycling is the preferred option for waste treatment in the waste hierarchy followed 
by other recovery (e.g. incineration) and finally disposal. Disposal is seen as the worst 
solution in the strategy due to the loss of resources. The amount of waste recovered for 
non-energetic recovery, as well as the potential for more recycling and the amount of 
disposal via landfills is therefore used as criterion for selection. 

• The environmental impacts of waste streams, based on environmental impact assessment 
studies 

• Pragmatic consideration of data availability (statistical data and life cycle inventory (LCI) 
data sets) 

Based on the defined criteria for selection, a list was compiled with the 12 most relevant waste 
streams for the pilot development. The selection is done with focus on EU-27 using the same 
selection as for Member States (at this stage, for Germany). 



 

 

 TABLE 9 MATRIX FOR WASTE STREAM SELECTION 

Waste Code Waste Stream 
Generation Treatment 

Selection Total 
[103 t] 

Total 
[%] 

Hazardous 
[103 t] 

Hazardous [%] 
Disposed onto 

land [103 t] 
Disposed onto 

land [%] 
Recovery 

[103 t] 
Recovery [%]

01.1 Spent solvents 2860 0.1% 2860 3.2%       

01.2 Acid, alkaline or saline wastes 8020 0.3% 5000 5.6%       

01.3 Used oils 6440 0.22% 6440 7.3% 190 0.0% 2,990 0.3%   

01.4 Spent chemical catalysts 180 0.0% 100 0.1%       

02 Chemical preparation wastes 7170 0.3% 3730 4.2%       

03.1 Chemical deposits and residues 20500 0.7% 11930 13.5%     (x) 

03.2 Industrial effluent sludges 10870 0.4% 3260 3.7%       

05 Health care and biological wastes 2370 0.1% 1170 1.3% 0 0.0% 0 0.0%   

06 Metallic wastes 93780 3.3% 230 0.3% 0 0.0% 73480 6.5% x 

07.1 Glass wastes 15490 0.5% 60 0.1% 0 0.0% 11750 1.0%   

07.2 Paper and cardboard wastes 63730 2.2% 0 0.0% 0 0.0% 34920 3.1% x 

07.3 Rubber wastes 3760 0.1% 0 0.0% 0 0.0% 2130 0.2%   

07.4 Plastic wastes 14620 0.5% 0 0.0% 0 0.0% 6410 0.6%   

07.5 Wood wastes 89310 3.1% 3490 3.9% 0 0.0% 36180 3.2% x 

07.6 Textile wastes 3810 0.1% 0 0.0% 0 0.0% 2540 0.2%   

07.7 Waste containing PCB 110 0.0% 110 0.1% 0 0.0% 0 0.0%   

08 without 08.1 
& 08.41 

Discarded equipment (excluding discarded vehicles 
and batteries and accumulators waste) 

3440 0.1% 1550 1.7%       

08.1 Discarded vehicles 14180 0.5% 8040 9.1%     x 

08.41 Batteries and accumulators wastes 1590 0.1% 1420 1.6%       

09.11 Animal waste of food preparation and products 105830 3.7% 0 0.0% 410 0.0% 2230 0.2%  

09.3 Animal faeces, urine and manure 13000 0.5% 0 0.0% 430 0.0% 8880 0.8% x 
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Waste Code Waste Stream 
Generation Treatment 

Selection Total 
[103 t] 

Total 
[%] 

Hazardous 
[103 t] 

Hazardous [%] 
Disposed onto 

land [103 t] 
Disposed onto 

land [%] 
Recovery 

[103 t] 
Recovery [%]

09 without 
09.11 & 09.3 Animal and vegetal wastes (excluding 9.11 & 9.3) 28690 1.0% 0 0.0% 5160 0.4% 42850 3.8% x 

10 Mixed ordinary wastes 286670  1970         

10.1 Household and similar wastes 206650 7.2% 0 0.0% 110360 9.2% 0 0.0% x 

10.2 Mixed and undifferentiated materials 43540 1.5% 1280 1.4% 12910 1.1% 0 0.0% (x) 

10.3 Sorting residues 36470 1.3% 690 0.8% 20790 1.7% 0 0.0% (x) 

11 Common sludges 64570 2.3% 0 0.0% 38890 3.2% 0 0.0% x 

11.3 Dredging spoils 17100 0.6% 0 0.0%       

11 without 11.3 Common sludges (excluding dredging spoils) 47470 1.7% 0 0.0%       

12.1 - 12.3 and 
12.5 

Mineral wastes (excluding combustion wastes, 
contaminated soils and polluted dredging spoils) 1830190 63.9% 13990 15.8%

988060 82.2% 812640 71.6%

x 

12.4 Combustion wastes 158420 5.5% 12490 14.1% x 

12.6 Contaminated soils and polluted dredging spoils 9960 0.3% 9960 11.2% (x) 

13 Solidified, stabilised or vitrified wastes 3400 0.1% 860 1.0%       

Source: Eurostat waste statistics (EWC-Stat) for 2006 
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4.2.2 SELECTION OF WASTE STREAMS 

Starting point for the selection is the list of waste categories from the regulation on waste statistics 
(EC, 2002) and the related official waste statistics for 2006 based on the EWC-Stat (European 
Waste Catalogue for Statistics) nomenclature. The statistics are available at Eurostat at 
Environmental Data Centre on Waste (Eurostat waste statistics) (Eurostat, 2011a).  

Table 9 contains all waste categories covered under the regulation on waste statistics (EC, 2002) 
for which statistics have been published. For the criteria total waste amount, hazardous waste, 
waste landfilled and waste recovered, the 2006 data from the Eurostat waste statistics have been 
used to identify five most relevant waste streams in terms of the amount for each criterion 
(marked in pink with red font). The data on recovery does not include energetic recovery. 

The waste generation statistics do not contain the same level of waste categories as the waste 
treatment statistics, i.e. for some of the waste categories no data for the treatment are available 
(e.g. spent solvents, discarded vehicles, common sludge, etc.). 

In addition other sources are used to identity important waste streams. Data from the EC (2009b) 
study were used to cover the criteria potential for more recycling and environmental benefits from 
recycling. The most important waste streams with respect to these criteria identified in the study 
are the following wastes: metals, glass, paper & cardboard, plastics, biodegradable waste, mineral 
waste and combustion waste. Glass and plastic wastes are added to the list of relevant waste 
streams (the additional five waste streams are already covered by other criteria). In addition 
recycling and recovery targets are formulated for the packaging part of these two waste streams in 
the packaging directive (EC, 2005c) which underlines the importance of including these streams. To 
the list of waste streams WEEE (waste electrical and electronic equipment) is added as an identified 
priority waste stream (EC, 2003c) and the expected growth rates. 

The last criterion for the final selection is the availability of life cycle inventory (LCI) data sets for 
the treatment of the waste streams. This especially refers to the further disaggregation of certain 
waste streams into sub streams, as well as the possibility of double counting. While the average 
composition of household waste might be taken from additional surveys and life cycle assessment 
(LCA) studies, this practice is rather questionable for the following waste streams: 

• Chemical preparation wastes 

• Mixed and undifferentiated materials 

• Common sludges 

• Sorting residues 

• Contaminated soils and polluted dredging. 

The inventory (emission releases) are not available due to the fact that characterisation of these 
wastes is extremely difficult. The multitude of waste covered under each of these waste streams 
would lead to very high uncertainties in the modelled life cycle data sets. The statistical data 
situation for these waste streams needs to be substantially improved. 

Some of the recovered materials from certain waste streams are accounted again in other waste 
streams. For mineral waste it is essential to disaggregate the waste streams into several sub-
streams like mineral waste from mining & quarrying or construction & demolition. The majority of 
the mineral waste results from mining and quarrying. In 2004 the waste from mining was over 
60% of the total amount of waste generated in the EU-27 (EC, 2009b). It is therefore suggested to 
exclude waste from mining and quarrying and to concentrate on mineral waste from construction 
and demolition.  
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Based on the selection criteria and the challenges with mixed wastes, the list of waste streams 
presented in the Table 10 is proposed for the waste management indicator. These streams cover 
more than 90% (on a weight basis) of all generated waste in the EU-27 in 2006. It should be noted 
that the selection does not imply that life cycle inventory data sets for the different treatment 
technologies of all waste streams and sub-streams are available. 

In the future, for a further extension of the waste management indicators, batteries and used oil 
could be considered. These waste streams are not selected in the initial development of life cycle 
indicators, but may also be relevant. Radioactive waste might be a further candidate for inclusion. It 
is not seen that a meaningful impact assessment with the current data availability (statistical data, 
waste properties and life cycle inventory data) and the long-term character of impacts associated 
with the treatment of radioactive waste can currently be done. 

 TABLE 10 LIST OF SELECTED WASTE STREAMS 

# EWC-Stat Code Waste stream 
Share of total generated waste by mass 

Non-hazardous hazardous 

1 06 Metallic wastes 3.4% 0.3% 

2 07.1 Glass wastes 0.6% 0.1% 

3 07.2 Paper & cardboard wastes 2.3% 0% 

4 07.4 Plastic wastes 0.5% 0% 

5 07.5 Wood wastes 3.1% 3.9% 

6 08.1 Discarded vehicles 0.2% 9.1% 

7 08.2 
Discarded electrical and electronic equipment & 
bulky household equipment (WEEE) 

0.1% 1.7% 

8 09.341 Animal faeces, urine and manure 1.0% 0% 

9 
09 (excl. 9.11 & 
9.3) 

Animal and vegetal wastes 3.8% 0% 

10 10.1 Household and similar wastes 7.4% 0% 

11 
12.1 – 12.3 & 
12.5 

Mineral wastes (excluding combustion wastes, 
contaminated soils and polluted dredging) 

65.4% 15.8% 

12 12.4 Combustion wastes 5.3% 14.1% 

Total coverage 93.1% 45.0% 

                                                  
41 The selection of waste category 09.3 Animal faeces, urine and manure was based on the criteria amount. The 

extracted data for 2006 was currently updated resulting in a decrease from 125.2 million tons (data extracted in 
January 2010) to 28.7 million tons (data extracted in February 2011).  
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4.3 IMPLEMENTATION 

4.3.1 MODELLING  

The complete treatment chain of each selected waste stream is analysed, including collection, 
transport, storage, quality and treatment. For each selected waste stream the amount generated, 
the different treatment options and the corresponding amounts of waste treated by these options 
should be identified based on statistics (e.g. amount of household and similar waste generated, 
landfilled, incinerated etc.). The waste management indicators are developed for one baseline year 
(2006). So far, waste statistics for 2004 and 2006 are available. Due to the fact that the Eurostat 
data are biannually updated, the indicators should be also biannually updated (at most) if this data 
are used for the calculation of the indicators. 

The environmental impacts for one waste stream or waste sub indicator are calculated by the 
following equation: 

EIw1=EI(t1,w1) * Aw1*st1 + Bap *Aap(t1,w1) +…+ EI(tx,w1) * Aw1*stx + Bap *Aap(tx,w1) Eq. 3 

EI(t,w) = Environmental Impact per unit of specific waste treated 

B = Benefit 

A = Amount 

s = share of waste into specific treatment technology 

w = waste 

t = treatment technology 

ap = avoided product 

The overall environmental impacts for the management of one waste stream are calculated by 
adding up the impact of the waste treatment of all applied management options and steps 
(collection, transport, treatment, processing of recovered materials to products). The environmental 
impacts for the management of a certain share of the waste stream in one management 
technology, such as landfill or incineration, will also include the benefit (negative impact) that might 
be obtained by the production of secondary materials, electricity or heat (also called avoided 
products) during waste management.  

If meaningful, the sum of all sub-indicators is calculated to obtain one single waste management 
indicator. The calculation of the indicators is conducted for the environmental impact categories 
including resource depletion, land use, climate change, ozone depletion, photochemical ozone 
formation, acidification, eutrophication, human toxicity (including cancer and non-cancer effects), 
and ecotoxicity according to the ILCD recommended impact categories (EC, 2011c). The inventory 
(emission release and resource consumption) and the environmental impact indicators (such as 
climate change, acidification or eutrophication potential) for selected waste streams are calculated 
for wastes generated and managed in the EU-27. Data availability for waste import and exports, as 
well as the classification of end-of-life products into waste or valuable products for 
reuse/recycling/recovery are an important issue especially for the accurate consideration of imports 
and exports. Based on the experience of preparing the indicator, the imports and exports should be 
addressed in the future as a further extension of the indicators. The shipment of waste in countries 
outside the EU is rather small compared to the shipment between EU member states (ETC RWM, 
2008) and partly banned into non-OECD countries. The consideration of imports and exports is 
therefore important especially if the indicators are going to be calculated for all member states.  

The following types of data are required for each waste stream to calculate one sub-indicator and 
one aggregated waste management indicator: 

1) Waste data statistics with the following information:  
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i) Amount of waste stream generated 

ii) Sub-streams of certain waste streams, e.g. amount of specific metals like copper or 
aluminium in the waste stream metallic wastes 

2) Share of waste treated in specific management options, e.g. incineration, landfill, or recycling. 
For mixed waste like mineral waste or municipal waste it is especially important to understand 
how sub-streams are treated. 

3) Specification of waste streams and waste collection.  

i) Default parameters for the collection (transport distances, type of collection, fuel 
consumption etc.) are investigated based on existing studies (EC, 2007b, Eisted, 2009, 
Larsen, 2009). 

4) Average EU-27 waste specification of certain waste streams like municipal waste (elementary 
composition, calorific value etc.). Comprehensive research and data gathering was done within 
the scope of the LCI data set development for waste incineration for ELCD (EC, 2010e). The 
focus was on municipal waste incinerated with and without energy recovery, excluding bulky 
waste and separately collected streams for EU-27. In addition waste composition for further 
waste streams including metals, glass, plastics, paper and cardboards, wood and biodegradable 
waste were also investigated. 

5) Life cycle inventory (LCI) data: 

i) LCI data for management options for relevant waste streams  

ii) LCI data sets for products avoided to account for the environmental benefits of 
recovery and recycling 

The amount of a generated waste stream and the share of treatment options are taken from 
statistical waste data. Based on the applied treatment applications, data matching takes place 
between the LCI data and the statistical data on waste treatment. The following aspects are 
verified to ensure high compatibility between the data: 

• The disaggregation level of the statistical data in terms of sub-streams and management 
ways 

• Does the LCI data represent the same waste-stream or sub-stream as the statistical data? 
An LCA data set for the recycling of ferrous metal should not be applied for the waste 
stream metallic wastes due to the fact that also non-ferrous metals are included in this 
stream. The total environmental impacts for this waste stream might be different because 
of the different management technologies and credits for avoided products of the non-
ferrous part. 

• Do the LCI data and the statistical data cover the same geographic representativeness? 
Whether specific waste management technologies for a waste stream in a European 
country can also be applied for another country (e.g. Germany) or as average for the EU-27 
must be investigated. For example, is the EU-27 incineration of household and similar 
waste LCI data set also valid for each individual Member States? 

• Does the waste composition in the LCI data sets represent the average composition of the 
relevant waste streams for EU-27? The waste composition, especially net calorific values of 
household or similar waste excluding separate collection of certain waste streams like 
plastics or paper, is variable in the EU Member States due to the different share of certain 
waste fractions.  

Data matching is conducted a second time to avoid double counting between secondary wastes or 
recovered materials from the treatment processes and the waste streams. The incineration of 
waste will lead to the generation of combustion wastes and metal scrap might be recovered from 
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the combustion waste. The statistical data should be analysed to recognise whether or not these 
flows are accounted for again in other waste streams (which is the case for combustion waste). The 
same holds true for most of the recovery or recycling processes. Based on this analysis the life 
cycle inventory (LCI) data must be configured (e.g. inclusion or exclusion of combustion waste 
treatment and metal recycling in the incineration data) (see 4.3.3).  

The recycling processes of certain materials like glass, paper, plastic or metals substitute a certain 
amount of primary materials. To account for the environmental benefits of the recovery and 
recycling processes, LCI data sets must be identified for the substituted virgin materials with similar 
qualities as the generated products. 

Ideally, the varying quality of specific waste streams from different sources should be considered 
within the conditioning and treatment processes e.g. separately-collected paper and cardboard from 
household vs. sorted paper waste from industries. However, the necessary information is not 
sufficient and consistently available in the existing waste statistics.  

4.3.2 DATA BASIS 

Relevant inconsistencies in some of the underlying statistical data are expected to lead to a lack of 
accuracy and certainty in the initial indicators, which will be highlighted together with the results. 
The analysis will also serve to identify such problems and motivate work towards improving the 
waste statistics. In the end, the aim is to capture the overall environmental impact (and benefits of 
recycling etc.) associated with the management of all waste. That needs to be done waste stream 
by waste stream and must start with data that is now available. 

STATISTICAL DATA 

The Eurostat waste statistics (Eurostat, 2011a) are used as a basis for the selection of the waste 
streams. This data should be sufficient in terms of disaggregation of waste streams and 
management ways or if additional data must be used for the calculation of the indicators. The 
screening of the data and the related manual reveals a number of challenges, including: 

• Generation and treatment statistics do not have the same level of detail. 

• There are no aggregated EU-27 data for treatment statistics. 

• The disaggregation of disposal and recovery is not sufficient. In the public database the 
distinction is made between energy recovery, incineration, recovery (other than energy 
recovery), landfilling and other forms of disposal. 

Additional data are taken from (EC, 2009b and Prognos, 2007). These studies are based on national 
statistical data of all EU-27 member states. Unfortunately, a periodic update of these studies is not 
foreseen. Further data sources are gathered during the setup of the indicators to ideally 
disaggregate waste streams into further scrap categories or sub-streams. 

For Germany, the following data sources are available on an annual basis using the EWC 6-digit-
codes: 

• Statistisches Bundesamt: Fachserie 19 Reihe 1 – Umwelt – Abfallentsorgung 2006, 
(Destatis, 2008a) 

• Statistisches Bundesamt: Umwelt – Erhebung über Haushaltsabfälle Vorläufiger 
Ergebnisbericht 2006, Wiesbaden, (Destatis, 2007) 

• Statistisches Bundesamt: Umwelt –Erhebung der gefährlichen Abfälle über die Nachweise 
zu führen sind – Ergebnisbericht 2006, (Destatis, 2008b) 
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In addition to the Eurostat, waste statistics are also available for Germany with the same level of 
detail as described above. 

LIFE CYCLE INVENTORY (LCI) DATA 

The existing waste management LCI data from the ELCD Database (EC, 2010e) is favoured. The 
ELCD Database contains data sets about waste incineration and landfill for various waste streams.  

Additionally, life cycle inventory (LCI) data for metal or glass recycling, as well as other recovery 
processes, have been calculated within the project for the specific needs of the indicators or taken 
from other sources or LCI databases. The LCI data used should represent the average situation of 
the European Union or the relevant member state. Data gaps for specific waste streams, 
management technologies and geographic representativeness may occur.  

Ideally, the elementary composition of waste is updated in the periodic update of LCI data. For 
some waste streams such as household wastes, it may be sufficient to update the changes of the 
waste fraction composition over time and to recalculate the elementary composition based on the 
changes in the updated waste fraction composition.  

In line with the ILCD Handbook (EC, 2010c), temporary carbon storage will not be included in the 
inventories, since the re-released CO2 will still have its full climate change impact, only starting 
some years or decades later.  Most sequestered biogenic carbon in landfills will be released to the 
atmosphere as methane and carbon dioxide in the long term, that is, after many years or decades. 

If available and meaningful, the LCI data-sets for waste treatment and for recovered secondary 
goods credits are used as two separate modules and will not be aggregated. 

4.3.3 DOUBLE COUNTING 

The statistical data and LCI models are analysed with regard to the potential of double counting 
and methodological solutions are developed to avoid it. So far, the following risks for double 
counting have been identified:  

• Double counting of combustion waste from waste incineration. Combustion waste is 
addressed by the official waste statistics, but may already be included in used LCI data 
sets having to do with the incineration of waste streams. As an example the LCI data set 
Waste incineration of municipal solid waste in the ELCD (EC, 2010e) already includes the 
management of the generated combustion wastes. The same holds true for metal scrap 
separated from slag. The LCI data sets for incineration in the ELCD also include a system 
expansion to include the avoided metal products. 

• The manual of the EWC-Stat statistics (Eurostat, 2006) has identified several possibilities 
for double counting, such as: 

▬ Accounting of waste which undergoes only a preparatory treatment (re-
packaging, temporary storage etc.) without considerable change  

▬ Accounting of waste which is traded 

▬ Usage of several data sources in surveys (e.g. agricultural waste estimated via 
factors but might be also considered by waste collectors).  

4.3.4  AVOIDED PRODUCTS 

The recycling or recovery of waste streams resulting in secondary goods and secondary energy 
carriers, like electricity or heat, may reduce the consumption of primary resources and may also 
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reduce the impacts of other environmental impact categories, such as climate change or 
acidification. The principle of system boundary expansion by crediting will be used to account for 
secondary goods. Alternatively the concept of value of scrap can be used if existing data from 
associations is available. Both principles will lead to the same result if the same LCI data sets for 
the production of primary and secondary as well as the same recycling process yield are used 
(Pflieger, 2007). This is addressed with the following formula: 

C = y * (LCIpri – LCIsec).  Eq. 4 

 C = Credit for recycled scrap/waste 

 y = recycling process yield 

 LCIpri = Virtual impacts of primary production of material that will be substituted 

LCIsec = Impacts of recycling/recovery of the scrap/waste resulting in a secondary good with the same inherent properties as 
the primary material 

A challenge occurs if the material that should be recycled already contains a share of secondary 
material. In a product LCA, the waste needed to produce the product or material will be considered 
with an upstream burden. For the recovered secondary goods in the end-of-life phase, a credit 
adjusted for the market value should be given. An easier way is to only account for the credits of 
the net amount of waste (amount of secondary material produced via recycling from the waste 
product, minus secondary material that was used to produce the product). The application of this 
concept in the waste management indicators is somewhat challenging. The share of primary and 
secondary material in the waste must be known, i.e. the share of the material used in all products 
(with different life times), as well as the contents of the waste stream. If the actual share of 
primary and secondary material is used for a product (e.g. steel) and the recovery rate increases 
over time, the share of secondary material in the product should also increase if the demand for the 
product is stable. The consequence is that the benefits from an increasing recovery rate over time 
could be compensated by the increased share of secondary material and the related upstream 
burden within the indicators. 

A down-cycling of materials, i.e. a change in inherent properties of a material will only be 
considered in the waste management indicators if the statistics contain the necessary level of 
detail. In addition there might also be a lack of appropriate LCI data. Based on the outputs of all 
applied recovery and recycling processes, the avoided products and possible LCI data sets to 
calculate the environmental benefits via substitution have been identified. 

Due to the retrospective character of the indicators, average LCI data sets will be used, e.g. 
representing the average electricity mix in the respective year, following the recommendation for 
monitoring type indicators in ILCD handbook (EC, 2010c). 

Attention should be given to the specific quality of the produced secondary materials to identify the 
appropriate LCI data sets for substitution, specifically the market value of secondary/primary 
material to value-correct the substitution. 

4.4 APPLICATIONS IN THE CONTEXTS OF POLICY CONCEPTION, 
DEVELOPMENT AND MONITORING 

The main application of the waste management indicators is to monitor the environmental impacts 
of relevant waste streams in the context of waste management within the EU-27. Future updates 
of the waste management indicators will allow to track the changes in waste management and the 
related environmental impacts over time. For example, the impacts of policy measures or the 
change in the impacts induced by higher recycling quotas for certain wastes could be observed with 
aid of the indicators. Monitoring of waste generation and management alone will not indicate if 
environmental impacts have actually been reduced. The combination of statistical data with life 
cycle data will not only enable users to track the consequences of waste policy, but also the 
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development of waste amounts on environmental impacts. Especially for fast growing waste 
streams like WEEE, it is not only important to assess the absolute environmental impacts, but also 
to rank their importance against other waste streams to obtain a realistic picture of the relevance 
and development of these streams. One important aspect of the life cycle approach is that the 
assessment of environmental impacts is not limited to one aspect, such as climate change. The 
consideration of several environmental aspects such as acidification, eutrophication, toxicity, land 
use, in addition to climate change, should allow to identify the shift of burden between these 
impact categories induced by policy measures which might be focused on one special impact 
category. 

In addition the calculation of future scenarios to assess the impacts of policy measures may be 
possible, e.g. reduction or ban of landfilling for certain waste streams, further separation of mixed 
waste streams, increase or decrease of certain waste streams. The assessment of future scenarios 
or possible impacts of policies has its limitations. Certain interdependencies and consequences may 
occur, such as a possible increase in efforts to obtain very high recycling rates and missing demand 
for secondary materials.  
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ANNEX 1 LIFE CYCLE BASED INDICATORS IN RELATION TO 
THE DPSIR FRAMEWORK 

The driving force-pressure-state-impact-response (DPSIR) concept provides a valuable framework 
for the classification of environmental indicators (UN 1996, EEA 1999, 2007) and is comparable to 
the indicator framework presented in this report. It distinguishes between: the drivers of 
environmental problems (e.g. combustive use of fossil fuels); resulting pressures on the 
environment (e.g. emission of acidifying substances); subsequent changes in the state of the 
environment (e.g. change in pH of forest soils); induced direct and indirect impacts (e.g. soil mineral 
mobilisation, decline in tree health and changed composition of vegetation); and the policy and 
management response of society (e.g. capping of relevant emissions). 

The indicators’ framework described in this report is based on the life cycle approach; therefore we 
use the LCA (Life Cycle Assessment) terminology. The link to the categories of the DPSIR framework 
may not always be straightforward, For instance, inventory of individual flows (resource extraction, 
emissions) translates to pressures in the DPSIR framework; impacts (in LCA termed midpoints) refer 
for example to “Climate change” as an impact category, with the indicator “radiative forcing of 
greenhouse gases grouped with Global Warming Potential factors”. Such midpoint impact categories 
in LCA approximate potential impacts on the environment, human health etc. Endpoint impact 
categories (human health, natural environment, etc.), on the other hand, closely correspond to 
“impacts” in DPSIR terms42. The models behind LCA characterization factors consider potential 
changes in the state of the environment induced by pressures and thus make the link between the 
pressures and impact categories. 

The driver part of the DPSIR framework appears in the resource impact indicator framework when 
reference is made to economic activity in indicators, or when single flows (pressures) are 
inventoried for distinct product groups relevant to specific consumption clusters.  

The response part of the DPSIR framework is indirectly addressed by this indicator framework since 
monitoring the progress of environmental performance gives indications on the impact of policies 
(or of the absence thereof).  

ANNEX 1 REFERENCES 

EEA – European Environment Agency (1999): Environmental Indicators: Typology and Overview. Technical Report 25. 
Copenhagen  

EEA – European Environment Agency (2007): Europe’s Environment. The Fourth Assessment. Copenhagen 

United Nations (1996): Indicators of Sustainable Development: Framework and Methodologies, New York 

  

                                                  
42 Currently, the life cycle indicators framework does not consider endpoint impact categories.  
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ANNEX 2 SELECTION OF PRODUCT GROUPS 

After the ranking of all HS2 groups by mass within the external trade statistics (imports and 
exports) all HS4 groups of a HS2 group were sorted by mass again (Table 11). Ideally for the first 
3-5 most important HS4 groups by mass within a HS2 group suitable LCI data sets were identified 
(PE, 2007), exception have be done when e.g. suitable LCI data sets could not be identified or a HS4 
group was very dominant as for example HS4 2601 Iron ore within HS2 26 Ores, slag and ash.  

TABLE 11 MASS RANKED HS4 IMPORT GROUPS WITHIN A HS2 IMPORT GROUP 

 
 

After the selection of the relevant HS4 groups the amount was multiplied with pre-calculated life 
cycle impact assessment (LCIA) indicator values. This was done for the impact categories climate 
change, acidification, eutrophication, photochemical ozone creation, and abiotic resource depletion 
(according to Guinee et al., 2002). Table 12 shows the results for the multiplication of the HS4 
groups with the LCIA indicator values for HS2 27 Mineral fuels. The mass of the groups 2701, 2709 
and 2711 makes up about 81% of the total mass of HS2 group 27 Mineral fuels. To obtain the total 
impacts of group 27 the sum of the indicator values for the HS4 groups 2701, 2709 and 2711 was 
linearly dependent scaled by mass up to 100%. This approach was applied to the first 50 (by mass) 
HS2 groups for which LCIA indicator values were available.  

 

 

 

 

27 MINERAL FUELS, MINERAL OILS AND PRODUCTS OF THEIR DISTI 1.072.657.720
50,9% 2709 PETROLEUM OILS AND OILS OBTAINED FROM BITUMINOUS MIN 545.829.033 EU 27: Crude oil imports
17,3% 2701 COAL; BRIQUETTES, OVOIDS AND SIMILAR SOLID FUELS MANU 185.158.315 EU 27: Coal imports
13,1% 2711 PETROLEUM GAS AND OTHER GASEOUS HYDROCARBONS 140.509.558 EU 27: Natural gas imports
8,0% 27SS CONFIDENTIAL TRADE OF CHAPTER 27 86.311.778
7,8% 2710 PETROLEUM OILS AND OILS OBTAINED FROM BITUMINOUS MIN 83.872.970
1,6% 2713 PETROLEUM COKE, PETROLEUM BITUMEN AND OTHER RESID 16.860.328
0,9% 2704 COKE AND SEMI-COKE OF COAL, OF LIGNITE OR OF PEAT, WH 9.733.708
0,1% 2714 BITUMEN AND ASPHALT, NATURAL; BITUMINOUS OR OIL-SHAL 1.526.338
0,1% 2712 PETROLEUM JELLY, PARAFFIN WAX, MICRO- CRYSTALLINE PE 929.416
0,1% 2702 LIGNITE, WHETHER OR NOT AGGLOMERATED (EXCL. JET) 696.870
0,0% 2707 OILS AND OTHER PRODUCTS OF THE DISTILLATION OF HIGH TE 428.353
0,0% 2703 PEAT, INCL. PEAT LITTER, WHETHER OR NOT AGGLOMERATED 333.068
0,0% 2706 TAR DISTILLED FROM COAL, FROM LIGNITE OR FROM PEAT, A 314.744
0,0% 2715 BITUMINOUS MASTICS, CUT-BACKS AND OTHER BITUMINOUS M 84.482
0,0% 2708 PITCH AND PITCH COKE, OBTAINED FROM COAL TAR OR FROM 68.761
0,0% 2705 COAL GAS, WATER GAS, PRODUCER GAS, LEAN GAS AND SIM 1
0,0% 2716 ELECTRICAL ENERGY 0
0,0% 27MM TRADE BROKEN DOWN AT CHAPTER LEVEL ONLY 0

26 ORES, SLAG AND ASH 188.482.961
84,9% 2601 IRON ORES AND CONCENTRATES, INCL. ROASTED IRON PYRIT 160.043.493 DE: Iron ore imports
7,8% 2606 ALUMINIUM ORES AND CONCENTRATES 14.705.169
1,5% 2603 COPPER ORES AND CONCENTRATES 2.895.436
1,4% 2608 ZINC ORES AND CONCENTRATES 2.616.531
1,3% 2602 MANGANESE ORES AND CONCENTRATES, INCL. FERRUGINOU 2.389.451
0,9% 2614 TITANIUM ORES AND CONCENTRATES 1.709.302
0,7% 26SS CONFIDENTIAL TRADE OF CHAPTER 26 1.271.627
0,3% 2619 SLAG, DROSS, SCALINGS AND OTHER WASTE FROM THE MAN 545.177
0,2% 2615 NIOBIUM, TANTALUM, VANADIUM OR ZIRCONIUM ORES AND CO 461.041
0,2% 2610 CHROMIUM ORES AND CONCENTRATES 431.145
0,2% 2618 GRANULATED SLAG 'SLAG SAND' FROM THE MANUFACTURE O 303.033
0,1% 2607 LEAD ORES AND CONCENTRATES 257.733
0,1% 2604 NICKEL ORES AND CONCENTRATES 169.235
0,1% 2621 SLAG AND ASH, INCL. SEAWEED ASH 'KELP' (EXCL. SLAG, INC 143.328
0,1% 2620 ASH AND RESIDUES, (OTHER THAN FROM THE MANUFACTURE 133.071
0,1% 2617 ORES AND CONCENTRATES (EXCL. IRON, MANGANESE, COPP 120.459
0,1% 2613 MOLYBDENUM ORES AND CONCENTRATES 102.295
0,1% 2616 PRECIOUS-METAL ORES AND CONCENTRATES 101.065
0,0% 2605 COBALT ORES AND CONCENTRATES 79.861
0,0% 2611 TUNGSTEN ORES AND CONCENTRATES 4.211
0,0% 2609 TIN ORES AND CONCENTRATES 221
0,0% 2612 URANIUM OR THORIUM ORES AND CONCENTRATES 78
0,0% 26MM TRADE BROKEN DOWN AT CHAPTER LEVEL ONLY 0

LCI data setImports 2004 [t]
Share HS2 at 

all imports
Share HS4 

at HS2
Ranking HS2 

by mass

63,2%

11,1%

PRODUCT

1

2
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TABLE 12 LIFE CYCLE IMPACT ASSESSMENT (LCIA) RESULTS FOR HS 27 MINERAL FUELS 

HS4 Group LCI data set 
GWP 

[t CO2 eq.] 
AP           

[t SO4 eq.] 
EP         

[t PO4 eq.] 
POCP           

[t ethylene eq.] 
ADP          

[t Sb eq.] 

2709 Crude oil 138 411 326 1 190 999 96 890 229 663 13 978 136 

2701 Coal 77 534 579 363 058 30 177 52 828 4 027 749 

2711 Natural gas 54 047 712 349 431 38 294 31 981 2 524 448 

Sum selected groups  269.993.617 1 903 488 165 362 314 471 20 530 333 

Scaled to 100% 332 314 132 2 342 855 203 531 387 058 25 269 189 

 

Table 13 and Table 14 show the results of this approach for the imports and exports, i.e. life cycle 
impact assessment (LCIA) results (global warming potential (GWP), acidification potential (AP), 
eutrophication potential (EP), photochemical ozone creation potential POCP and abiotic resource 
depletion potential (ADP)) for: 

• 45 imported product groups (in total 50 HS2 groups) and  

• 48 exported product groups (in total 50 HS2 groups).  

For the missing HS2 subgroups the impacts could not be calculated due to 1) missing 
characterisation factors for certain products or 2) an insufficient level of disaggregation to identify 
suitable LCI data sets. Nonetheless no relevant changes are expected for the selected list of the 15 
most important import and export groups.  

Table 13 indicates that group HS2 27 Mineral fuels is the most dominate group for the imports in 
terms of mass, but also for the impact indicators. Next important groups are: HS2 72&73 Iron and 
steel, HS2 76 Aluminum, HS2 87 road vehicles, HS2 61, 62, 63 Apparel and textiles, HS2 84 
machinery, HS2 85 electric machinery. In total the first 10 groups could be easily identified from 
the assessment. Finally the groups HS2 31 Fertilizers, HS2 29 Organic chemicals, HS2 17 Sugar, 
HS2 23 residues and waste from the food industry and HS2 02 Meat were selected. Changes over 
time (i.e. dynamic changes in volume/mass of imported product groups) were validated untill 2008. 
Most groups are not affected by relevant increase or decrease of the imported/exported amounts. 
Those groups with high increase had already been selected (e.g. 72 Iron and steel) or are still not 
relevant even if the increase of imports/exports over time is taken into account (e.g. ceramic 
products) respectively are still relevant if the decrease of the imports/exports after 2004 is 
considered.  

ANNEX 2 REFERENCES 
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TABLE 13 SELECTION OF PRODUCT GROUPS FOR IMPORTS  

# HS2 group Code HS2 
Most relevant HS4 

group by mass 
Mass (2004) GWP AP EP POCP ADP 

100kg % t CO2 eq rank t SO4 eq. rank t PO4 eq. rank t ethylene eq. rank t Sb eq. rank 

1 Mineral fuels 27 crude oil, natural gas, 
coal 

10 726 577 203 63.22 332 314 132 1 2 342 855 1 203 531 2 387 058 1 25 269 189 1 

2 Ores, slag, ash 26 iron ore 1 884 829 612 11.11 15 458 430 11 151 889 5 14 538 16 9 549 8 71 814 15 

3 Minerals 25 cement, gravel 721 777 862 4.25 11 563 753 15 38 825 20 4 628 27 2 831 22 33 542 19 

4 Iron & steel 72&73 flat rolled products, 
alloys 

471 386 908 2.78 78 989 631 2 672 135 2 799 363 1 36 519 3 1 338 672 2 

5 Wood 44 trunk and timber 382 251 586 2.25 1 953 838 33 14 002 30 2 161 29 7 920 15 7 600 28 

6 Oil cakes 23 soya oil cake 337 876 422 1.99 10 231 276 18 84 733 13 151 159 4 8 672 12 66 275 18 

7 Pulp & Paper 47&48 cardboard 183 792 892 1.08 14 057 118 13 41 313 19 8 187 23 3 014 21 94 916 13 

8 Oil seeds 12 soya 170 180 242 1.00 5 346 893 24 49 225 18 85 941 7 3 370 19 31 072 20 

9 Organic 
chemicals 

29 methanol 
146 676 731 0.86 12 744 888 14 13 949 32 1 185 34 2 391 25 246 094 5 

10 Cereals 10 wheat, maize 139 542 284 0.82 4 061 518 26 23 472 26 16 550 14 81 35 11 039 26 

11 Inorganic 
chemicals 

28 ammonia, alumina 
etc. 

138 651 882 0.82 24 816 324 9 266 805 4 5 794 25 16 069 6 162 906 10 

12 Fertilizers 31 urea, NPK, KCl 136 207 322 0.80 17 596 535 10 30 582 23 10 332 19 2 553 24 111 587 12 

13 Fruits 8 bananas, apple 109 310 371 0.64 1 257 069 36   1 419 33 231 32 5 925 29 

14 Machinery 84 air conditioning 104 004 701 0.61 26 552 400 6 84 840 12 69 683 9 8 805 11 161 176 11 

15 Plastics 39 PE, epoxy 88 141 192 0.52 25 660 897 7 60 205 14 8 379 22 8 922 9 309 769 3 

16 Electrical 
Machinery 

85 cable, boiler 
65 784 929 0.39 25 241 324 8 91 760 10 6 671 24 7 946 14 205 400 7 

17 Animal or 
vegetable oil 

15 palm oil 
63 158 314 0.37 9 855 223 19 104 489 8 20 897 13 44 463 2 8 008 27 

18 Vegetables 7 beans, potatoes 62 810 033 0.37 1 854 452 35 13 496 33 16 421 15 895 30 13 922 24 

19 Road vehicles 87 passenger cars, 
buses 

62 331 417 0.37 29 863 160 5 102 819 9 12 383 17 12 782 7 190 799 9 

20 Aluminum 76 primary aluminum 62 054 429 0.37 66 574 532 3 311 617 3 11 498 18 32 086 4 307 202 4 

21 Ships, Boats 89 steel 58 966 547 0.35 11 016 130 17 115 704 7 130 614 5 4 688 17 208 240 6 

22 Sugar 17 sugar 58 113 698 0.34 15 065 976 12 52 593 16 21 153 12 2 638 23 69 132 16 

23 Beverages, 
Spirits 

22 wine 
55 034 109 0.32 6 026 785 23 38 084 21 171 156 3 1 981 26     

24 Apparel, 
Textiles 

61,62, 63 cotton textiles 
47 453 216 0.28 35 553 515 4 18 412 27 94 906 6 8 190 13 194 558 8 
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# HS2 group Code HS2 
Most relevant HS4 

group by mass 
Mass (2004) GWP AP EP POCP ADP 

100kg % t CO2 eq rank t SO4 eq. rank t PO4 eq. rank t ethylene eq. rank t Sb eq. rank 

25 Stones, Plaster 68 concrete, plaster 
board 

43 946 665 0.26
789 500 38 16 441 28 1 513 32 939 29 5 027 32 

26 Furniture 94 table 43 084 350 0.25 3 360 579 29 55 148 15 46 230 10 3 609 18     

27 Prepared 
fruits, 
vegetables 

20 orange juice 
41 959 619 0.25 3 776 366 27 27 274 24 8 392 21       

28 Chemical 
products 

38 fatty acids 
41 427 126 0.24 9 466 098 20 10 074 35 1 149 35 8 809 10 79 167 14 

29 Rubber 40 natural rubber 40 694 259 0.24 3 310 030 30 50 750 17 9 143 20 20 591 5 2 760 34 

30 Fish 3 fish 35 123 571 0.21 2 884 631 32 34 386 22 5 620 26 3 091 20 19 072 23 

31 Coffee, tea 9 coffee 31 404 758 0.19 2 999 989 31 13 972 31 1 642 30 117 34 4 887 33 

32 Ceramic 
products 

69 flags, sanitary 
ceramic 

30 350 085 0.18 1 867 940 34 2 509 37 256 37 208 33 13 909 25 

33 Copper 74 primary copper 25 219 588 0.15 11 474 492 16 136 226 6 3 546 28 7 657 16 66 809 17 

34 Glass & 
Glassware 

70   
22 039 528 0.13 3 491 250 28 13 097 34 1 569 31 842 31 21 429 22 

35 Toys, Games, 
Sports 

95   
19 336 873 0.11             

36 Cocoa 18   17 821 207 0.11 1 244 455 37 24 825 25 684 36 0 36 5 176 31 

37 Cotton 52 yarn, fabrics 13 946 458 0.08 5 288 301 25 14 505 29 83 729 8 1 117 28 27 820 21 

38 Optical, 
photographic, 
medical etc. 
instruments 

90 printer 

13 336 654 0.08 7 550 054 21 8 689 36 115 38       

39 Prepared meat 
or fish 

16   
11 357 829 0.07             

40 Footwear 64   11 250 128 0.07             

41 Tools, Cutlery 82   10 836 415 0.06             

42 Meat 2 bovine, poultry 10 519 906 0.06 7 528 223 22 90 582 11 26 602 11 1 469 27 5 887 30 

43 Tanning & 
Dyeing 

32   
9 927 746 0.06             

44 Synthetic 
staple fiber 

55   
9 768 520 0.06             

45 Books, 
newspaper 

49   
9 711 197 0.06             
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TABLE 14 SELECTION OF PRODUCT GROUPS FOR EXPORTS 

 # Name Group 
Most relevant HS4 

group by mass 
Mass (2004) GWP AP EP POCP ADP 

100 kg % t CO2 eq rank t SO4 eq. rank t PO4 eq. rank t ethylene eq. rank t Sb eq. rank 

1 Mineral fuels 27 gasoline, fuel oil 1 336 639 882 28.94 65 580 231 2 384 551 2 25 524 7 58 527 1 3 234 595 1 

2 Iron & Steel 72&73 

flat rolled steel, tubes, 
structure elements, 
scrap 

497 890 273 10.78 78 141 207 1 728 090 1 824 868 1 31 571 3 1 288 392 2 

3 Minerals 25 cement, gravel 318 979 669 6.91 12 535 477 9 34 323 17 4 394 21 2 538 17 23 926 17 

4 Pulp & Paper 47&48 paper & cardboard 279 239 658 6.05 17 353 059 7 51 000 14 10 107 16 3 721 13 117 170 9 

5 Wood 44 timber, particle board 182 140 212 3.94 3 193 327 23 13 192 27 1 880 29 3 011 15 17 659 20 

6 Plastics 39 PE, PP, epoxy 156 308 432 3.38 39 511 988 4 110 808 6 12 999 13 40 746 2 483 623 3 

7 Machinery 84 

construction 
machinery, machine 
parts 

136 143 816 2.95 34 757 516 5 111 057 5 91 216 3 11 526 6 210 982 5 

8 Road vehicles 87 
buses, passenger car, 
trucks 

117 291 937 2.54 56 065 144 3 193 758 3 23 101 9 24 365 4 358 704 4 

9 Cereals 10 wheat 113 472 816 2.46 3 302 740 22 19 087 21 13 458 12 66 34 8 977 24 

10 
Organic 
chemicals 29 methanol 

106 409 486 2.30 9 246 027 15 10 120 30 860 33 1 734 20 178 534 6 

11 Ores, slag, ash 26 iron ore 103 194 013 2.23 846 346 33 8 316 31 796 34 523 31 3 932 29 

12 Fertilizers 31 urea, NPK, KCl 99 807 891 2.16 9 531 852 13 13 806 26 6 675 18 996 26 37 297 14 

13 
Inorganic 
chemicals 28 alumina, H2SO4, NaOH 

94 410 876 2.04 9 430 873 14 106 886 7 2 739 25 6 352 9 59 567 12 

14 Ceramic products 69 flag and pavings 92 826 882 2.01 2 742 335 25 4 827 34 423 35 300 32 18 494 19 

15 Beverages, Spirits 22 water, wine, beer 74 824 463 1.62 4 775 725 20 30 178 18 135 627 2 1 570 21    

16 
Chemical 
products 38   58 301 513 1.26            

17 Milling Industry 11 malt, wheat, starch 58 299 284 1.26 4 240 131 21 35 640 16 10 390 15 750 27 19 901 18 

18 Stones, Plaster 68 stone, cement articles 52 116 872 1.13 861 680 32 12 181 29 1 170 32 711 28 4 818 27 

19 
Electrical 
Machinery 85 

graphite products 
(electrodes etc.), cable, 
transformers 

48 489 213 1.05 15 440 817 8 58 154 13 4 337 22 5 169 10 119 047 8 

20 Sugar 17 sugar 46 999 737 1.02 12 184 682 10 62 947 12 25 178 8 1 000 25 24 096 16 

21 Ships, Boats 89 ships 35 864 639 0.78 6 700 232 17 70 374 9 79 442 4 2 851 16 126 656 7 

22 Tanning & Dyeing 32   35 204 879 0.76            

23 Glass & 70 container and float 33 386 907 0.72 6 099 439 18 17 242 22 1 947 27 1 205 23 39 441 13 
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 # Name Group 
Most relevant HS4 

group by mass 
Mass (2004) GWP AP EP POCP ADP 

100 kg % t CO2 eq rank t SO4 eq. rank t PO4 eq. rank t ethylene eq. rank t Sb eq. rank 
Glassware glass 

24 Furniture 94 furniture 29 617 171 0.64 2 310 139 27 37 910 15 31 779 6 2 481 18    

25 Meat 2 swine, bovine, poultry 27 341 784 0.59 9 893 587 12 138 270 4 45 025 5 1 742 19 14 113 22 

26 Vegetables 7 
potatoes, onion, dried 
leguminous 26 989 620 0.58 537 051 36 3 727 36 3 642 23 221 33 3 705 30 

27 Diary 4 milk, cream, cheese 26 821 358 0.58 10 049 245 11 63 644 10 7 646 17 16 033 5 1 688 32 

28 Rubber 40 tires, synthetic rubber 25 283 230 0.55 8 376 524 16 19 406 20 1 916 28 3 759 12 94 684 10 

29 

Residues and 
waste from food 
industry 23 

residues for animal 
feeding 24 479 057 0.53 741 253 34 6 139 32 10 951 14 628 29 4 802 28 

30 Aluminum 76 sheets, scrap, foil, bars 22 914 503 0.50 19 880 517 6 92 619 8 3 322 24 9 375 7 87 836 11 

31 
Prepared fruits, 
vegetables 20 juice 22 647 399 0.49 2 038 266 28 14 721 25 4 529 20      

32 Soap, detergents 34 detergents 22 337 526 0.48            

33 
Animal or 
vegetable oil 15 

soya-bean oil, olive oil, 
margarine 21 480 122 0.47 1 753 895 29 13 173 28 16 421 11 1 138 24 9 607 23 

34 Fruits 8 apple, bears, citrus 19 027 807 0.41 218 820 37   247 36 40 35 1 031 33 

35 
Preparation of 
cereals 19 pasta; bread, cake 18 465 989 0.40 1 530 202 30 5 894 33   4 272 11    

36 Copper 74 scrap, wire, sheets 17 846 515 0.39 5 318 162 19 63 138 11 1 643 31 3 549 14 30 964 15 

37 Fish 3 frozen fish 15 504 107 0.34 1 273 322 31 15 179 24 2 481 26 1 364 22 8 419 25 

38 Oil seeds 12 sunflower seeds etc. 13 157 606 0.28 670 091 35 4 171 35 1 829 30 31 36 2 517 31 

39 

Miscellaneous 
Edible 
Preparation 21   11 545 926 0.25            

40 

Essential oils and 
resinoids 
perfumery, 
cosmetic or toilet 
preparations  33 shampoo, make-up 11 233 009 0.24                     

41 
Albuminoidal 
substances 35 starch, glue, adhesive 9 894 651 0.21                     

42 
Man made stable 
fibers 55   8 447 035 0.18                     

43 Apparel, Textiles 63 used textiles 8 315 257 0.18                     
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 # Name Group 
Most relevant HS4 

group by mass 
Mass (2004) GWP AP EP POCP ADP 

100 kg % t CO2 eq rank t SO4 eq. rank t PO4 eq. rank t ethylene eq. rank t Sb eq. rank 

44 
Books, 
newspaper 49 books, newspaper 8 008 374 0.17                     

45 Cocoa 18 
chocolate, cocoa 
powder 6 528 770 0.14 2 696 774 26 22 687 19 5 850 19 6 777 8 6 770 26 

46 
Articles of base 
metal 83  fittings etc. 6 507 790 0.14            

47 
Raw hides and 
skins 41 bovine or sheep skin 6 388 907 0.14            

48 Cotton 52 fabrics 5 819 449 0.13 3 017 777 24 15 306 23 16 501 10 597 30 14 184 21 

Source: Guinee et al. (2002), PE International (2007) 
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ANNEX 3 RELATIONSHIP OF THE OVERALL LIFE CYCLE 
INDICATOR WITH OTHER CONCEPTS 

COMPARISON OF ECOLOGICAL FOOTPRINT (EF) WITH OVERALL LIFE CYCLE 
ENVIRONMENTAL IMPACT INDICATOR 

The various Ecological Footprint (EF) indicator approaches are quite diverse (Best et al., 2008). The 
EF can take into account the entire consumption of an individual, a corporation or a region. Trade 
aspects can be addressed; therefore the EF can be trade-balance corrected (while this is currently 
not done for specific products or product groups). Technological developments over time could be 
considered; the EF can be calculated on an annual basis. 

However, and apart from the fact that several of the options are not used in practice, all EF 
approaches have in common that they take into account land use/disturbance in various forms and 
greenhouse gas emissions only. The EF does not consider other impacts, such as eutrophication, 
acidification nor various types of toxicity. Van der Voet et al. (2009) point out that extending the EF 
with other emissions would be possible in theory, but might result in a loss of meaning of hectares 
of land used. 

The overall environmental impact indicator proposed in this report is more comprehensive, as it 
covers all resources used within one year, relates to the full set of relevant environmental impacts 
and fully captures trade of products over their life cycle. It is also methodologically stricter 
following a natural sciences approach in the calculation of the data and indicators. 

THE ENVIRONMENTALLY WEIGHTED MATERIAL CONSUMPTION (EMC) 

The development of the Environmentally weighted Material Consumption (EMC) was commissioned 
by the European Commission (EC) in order to evaluate the option to develop an economy-wide 
indicator which could describe in a quantitative manner the decoupling of environmental impacts of 
global resource use from economic growth by the European Union (EU). In other words, EMC was 
meant to represent the “overall environmental impacts line” of the Thematic Strategy on the 
sustainable use of natural resources of the Commission (EC, 2005a). A study had been 
commissioned by Eurostat to update the EMC and assess whether EU statistics can be used directly 
(van der Voet et al., 2009). It was found by the authors that, at the time, it was not possible to 
make time series for the apparent consumption of a relevant set of materials based on 
Europroms43 and Agricultural balances. A first recommendation to Eurostat was, therefore, to start 
filling in the gaps. In the meantime, the use of non-EU data could be considered including Food and 
Agriculture Organization (FAO), International Enery Agency (IEA), mining statistics and Material Flow 
Analysis (MFA) accounts. Van der Voet et al. (2009) presume that those databases deliver sufficient 
information to calculate material balances for a lot of materials.  

EMC provides an aggregate measure of the life-cycle-wide environmental impacts associated with 
the domestic material consumption of (a set of) selected materials. For the life cycle inventories, 
data sets from the Ecoinvent database were used in the project. 13 available impact categories 
(GWP, ODP etc.) per unit of material and energy carrier use are normalized with data on status quo 
of a reference year on the global level; these normalized impact coefficients are multiplied with the 
apparent consumption of a set of selected materials and energy carriers. To arrive at one score, the 
13 environmental impact categories have to be aggregated using weighting. The EMC has been 
                                                  
43 Europroms is the combination of production and external trade data by Eurostat. 

 (http://epp.eurostat.ec.europa.eu/portal/page/portal/prodcom/introduction/europroms) 
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applied for the EU and member states for roughly 30 materials and energy carriers and using 
various weighting schemes (van der Voet et al., 2005). 

The EMC aims to measure potential life-cycle-wide environmental impacts of the consumption of 
materials and energy carriers, focussing on the cradle-to-gate and waste-recycling stages of the 
life-cycle, and including direct emissions of the material in the use phase only. The energy 
requirement of the use phase of products is covered indirectly, via the impacts of consumed fossil 
fuels. 

COMPARISON OF EMC WITH PROPOSED OVERALL ENVIRONMENTAL IMPACT 
INDICATOR  

The approach followed in this present study goes beyond the Environmentally weighted Material 
Consumption indicator (EMC) by van der Voet et al. (2005, 2009). However, it covers only a selection 
of base materials consumed, and therefore does not capture environmental impacts of materials 
not accounted for. Furthermore, it has been found to be limited by statistical data availability for 
the EU (van der Voet et al. 2009,).  

The EMC as developed does not differentiate country of origin, is not necessarily specific for one 
year, neither specific by country of origin of imports, nor representing technological development 
over time; these items would in theory be improvable (they have also been addressed here). Very 
important and method-inherent is that the EMC has no direct link to consumer products as drivers 
behind the impacts. It hence misses an important characteristic for policy use, other than as a 
generic indicator for the consumption of ‘finished materials’ by the industrial sector and for the 
resource life cycle indicators. The EMC also does not cover the use phase other than via 
consumption/incineration of fossil fuels. Drawing on the data of exported goods from this study, 
and combining them with statistical production data for the EU-27, the contribution of the 
production of goods can also be singled out in the domestic part of the indicator. Moreover, 
depending on the data sources used directly or drawing on additional statistical information, the 
production, use and end-of-life of these and other product groups can be singled out. Additional life 
cycle inventory (LCI) data from the basket-of-products can additionally help. This is easiest for 
some of the most relevant products: private houses and cars and key food products. Differences in 
the time-relationship of the data (i.e. annual vs life cycle perspective) have to be considered.  

The approach proposed for life cycle indicators clearly goes beyond EMC and inherits the potential 
for further refinement towards a more specific indicator with regard to location and time. The 
territorial part alone already makes a significant difference. However, both approaches face also 
the common limitation of the used life cycle impact assessment (LCIA) methods, where further 
geographical and temporal differentiation is still under development. 

FURTHER DEVELOPMENTS 

Van der Voet et al. (2005) describe interpretation and data quality problems of the EMC: “The 
uncertainties of basic Material Flow Analysis (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. 
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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.” 

Some of the above named issues go back to the specific life cycle data used; some are linked to the 
EMC methodology itself. The named issues for the life cycle impact assessment (LCIA) methods are 
partly still valid, while various projects show progress (including the upcoming recommendations 
under the ILCD (EC, 2011c)).  

However, in the light of limitations for some of the impact categories, one may not forget that 
impact-less indicators entirely leave out the impacts or use (such as the summed up mass flows or 
resources). The EMC was hence a substantial improvement beyond the state-of-the art at that time. 

The EMC was—together with other indicators including the Ecological Footprint—the subject of a 
study commissioned by European Commission, Directorate General – Environment (DG ENV) of the 
European Commission to compare different options for resource life cycle indicators based on 
available methods (Best et al., 2008). 

In the study, the EMC has been recommended as one of the four indicators in a "basket of 
indicators" supporting resource policy, to be compiled on a regular basis in the Data Centre on 
Natural Resources44 (managed by Eurostat). Building on that work, Friends of the Earth proposed in 
2010 a set of four indicators (land area, material mass flows, water extraction, and carbon 
footprint) (FoE, 2010). This concept goes beyond these four indicators in several respects, and 
follows a similar general idea of the development presented in the framework for life cycle 
indicators (e.g. including some specific impacts of traded products). It however lacks several other 
important environmental impacts that were already named (e.g. acidification, toxic impacts, 
eutrophication, etc.) and captures material and energy resource depletion only by a proxy of their 
mass (TMC). Also, the life cycle indicators have a more comprehensive coverage of relevant 
environmental impacts than this set of four indicators. 

Besides using a bottom-up approach (as used here in this study) a top-down approach for the 
calculation of environmental impacts of products/product groups may be used for comparison. This 
refers to previous indicator developments using Input-Output-Analysis (IOA). Environmentally 
extended Input-Output (EEIO) is a tool for approximating environmental impacts along economic 
sector relations along the supply-chain with a sector-level resolution. In this study the purpose of 
life cycle data was to represent products imported and exported, not sectors, hence the different 
approach. For the domestic part, a future differentiation would equally be done by product groups, 
drawing on data that are already part of the overall indicator framework (i.e. next to traded 
products also those in the basket-of-products and the data sets underlying the waste management 
indicators).  

It should moreover be made clear that IOA and related environmentally extended accounts are 
deficient with regard to single flows in terms of potential impacts. Reference could, however, be 
made to e.g. work done by the German Federal Statistical Office in estimating the indirect GHG 
emissions and energy requirements of imported goods and services. The overall results of both this 
project’s bottom-up and IO top-down approaches could offer, to some extent and after some 
further development of both, a basis for a cross-checking comparison on the overall numbers. 

                                                  
44 Environmental Data Centre on Natural Resources and Products (EDCNRP) 

https://webgate.ec.europa.eu/fpfis/mwikis/edcnrp/  
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ANNEX 4 LONG-TERM METHOD AND DATA CONCEPT 

METHODOLOGICAL FRAMEWORK 

INTRODUCTION 

The main goal for developing the long-term method and data concept is to identify weaknesses and 
improvements to the statistical and life cycle data used for the development of robust indicators. It 
should also indicate how the data situation could be further improved in the upcoming years. In 
addition research needs are formulated to potentially improve the data situation with regard to the 
developed indicators.   

While the general methodological framework has been deemed suitable and applicable, some 
methodological improvements can already be foreseen. Some of these improvements are related to 
method application and are discussed in detail below: 

• Increasing the number of modeled imported/exported products, products in the basket-of-
products, waste streams. 

• Increasing the number of source-countries for traded products for resource and basket-of-
products indicators. 

• Scaling up the not explicitly modelled product groups via similarity coefficients for the 
resource indicators. 

• Replacing life cycle inventory (LCI) data sets for imported goods, which are not specific to 
the export country. 

• Building the territorial data of the resource indicators based on a bottom up approach using 
LCI data for consumed products in the EU. 

• Finally, and not specific to these indicators: the impact categories are characterised by 
different degrees of maturity of the impact assessment methods. Details are discussed in 
ILCD Handbook - Recommendations based on existing environmental impact assessment 
models and factors for Life Cycle Assessment in a European context (EC, 2011c) and 
related documents.  

RESOURCE IMPACT INDICATORS   

The methodological framework for the resource impact indicators is considered quite mature to 
derive the life cycle indicators up to the midpoint level, also with a long-term perspective. It 
generally is applicable for the past, as well as for forecasting. However, some methodological 
weaknesses have been identified: 

• The emission inventories used to compile the territorial inventory of the resource indicator 
do not provide information for the same number of emissions and resource extraction as 
the life cycle inventory (LCI) data. Instead of using emission inventories for the territorial 
inventory, these could in part also be built bottom-up using LCI data for a comprehensive 
number of important products consumed by the EU or a member state. Over the next years 
it is assumed that the LCI data availability will improve, i.e. by expanding and adjusting the 
basket-of-products indicator as a basis for the resource indicators. 

• The upscaling of imported and exported products from the selected representative product 
(based on the CN8 code) to the product group (H2 level).So far, the 15 representatives 
selected on the CN8 code cover in total 40% of the imported goods by mass for the EU-27 
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indicators within the investigated period. The 15 product groups, selected on the HS2 code 
cover in total around 79%. For the export, the representatives (CN8 code) cover 8% and the 
fifteen product groups (HS2 code) cover 65% by mass. The coverage of all representatives 
(CN8 code) is significantly lower for Germany (27% share of all imports and 4% share of all 
exports), because the selection of the representatives was not specific for Germany. This 
can be overcome by increasing the number of products that are modelled explicitly (data 
issue). This issue can also be tackled methodologically using the above-mentioned approach 
of increasing the upscaling factors via similarity coefficients.  

Methodological aspects that need further improvement are: 

• Convention on Long-Range Transboundary Air Pollution (CLRTAP) and United Nations 
Framework Convention on Climate Change (UNFCCC) emissions inventories are estimated 
for the total economy, combining specific emission factors and activity rates of diverse 
processes. Emissions from governmental activities and private households are also obtained 
by combining technology specific emissions factors with rates of activity (e.g. derived from 
fuel use for small combustion installations). The method does not involve sampling that 
would be sized up. Furthermore, double counting is not an issue in CLRTAP (and UNFCCC) 
emissions inventories. The methodological development is in the hands of IPPC experts who 
continuously make improvements. 

• A consistent territorial water accounts methodology is missing. Eurostat is about to prepare 
the foundation with guidelines for national data collection. For the time being, only a few 
EU-27 totals can be assembled for the latest year for which data is available on the 
Member State level. 

• Humbert et al. (2010) have analysed more than 30 existing water accounting methods. 
These methods have been developed to evaluate water use in life cycle assessment. They 
are addressing water accounting at the inventory level both in terms of data structure and 
content, at the index level and at the impact level (midpoint and damage levels). Currently 
there is no international consensus which methods at midpoint and damage level are to be 
used. The standardisation process is on-going. 

• Regionalisation of elementary flows is required in order to apply water accounting methods 
on an index and impact level. Ideally, regional information on water availability and use / 
consumption is to some extent available on a water shed level, based on e.g. WaterGAP2 
(Alcamo et al., 2003). 

• Estimation methods for hazardous emissions, emissions of pesticides to air, water and soil, 
as well as ionizing radiation to air may deserve revisiting these issues in a follow-up project 
and with new models and data becoming available.  

• The method applied for emissions of hazardous substances to water in this project is an 
attempt to combine existing established territorial data sources (from Eurostat and 
European Environment Agency) with the objective to extend territorial inventories beyond 
established environmental reporting frameworks, such as UNFCCC for greenhouse gases. 
One can expect the coverage of Waterbase (EEA) data to improve in the future so that the 
quality of the estimates for point source emissions would increase and estimates for 
diffuse emissions would become possible.  

Further limitations arise with regard to data availability. 
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BASKET-OF-PRODUCTS INDICATORS 

The methodological framework for the basket-of-products indicators is probably the most advanced 
of the three indicators. The future development will have to consider whether or not the basket will 
be extrapolated to represent the total consumption. Methodological aspects that need further 
improvement are listed for each demand category together with recommendations. 

Nutrition 

• End-of-life (EoL) covers waste management of human faeces by wastewater treatment 
plants and collection of food scraps as part of the municipal solid waste stream. The carbon 
balance is maintained; however, other impacts due to the landfilling and/or composting of 
food scraps are omitted. 

• Double counting is not expected as long as the effort for preparing food (electricity and/or 
thermal energy demand for cooking) is covered by the energy consumption of white goods 
in a household. 

• Allocation of environmental impacts during food production, e.g. sunflower oil and sunflower 
cereal cake, is resolved on the basis of economic allocation. 

Shelter/housing 

• Lifetime: In contrast to cars or white goods for which disposal or recycling can be assumed 
after a certain lifetime, houses are sometimes completely renovated resulting in a very long 
lifetime. Calculating an average lifetime for a house/dwelling in Europe is therefore 
extremely difficult; this is further complicated as part of the stock being built before 
consistent statistics were established. In addition, the German statistics on housing (Federal 
Statistical Office, 2010a) report a negative outflow for single-family houses for the last 10 
years which would not result in a meaningful lifetime. The IMPRO study (Nemry et al., 
2008b) uses a maximum lifetime of 40 years, which is, for part of the dwelling stock in 
Europe, certainly too short. But 40 years could be seen as a reasonable renovation cycle, 
whether the building is demolished after 40 years or completely renovated. 40 years is 
therefore assumed for all building types in this report. 

• Use stage: In this phase the use phase is considered, including combustion of natural gas, 
consumption of electricity, consumption of water, treatment of waste water and collection 
of municipal solid waste. Treatment of solid waste (landfill, incineration, recycling, etc.) is 
associated with the product to which it applies. The influence of changes in technology on 
the energy consumption of households, such as better insulation measures, is reflected in 
the overall fuel and electricity consumption per household. Renovation of buildings is taken 
into account, but on-going maintenance is not.  

• End-of-life: A generic approach for the end-of-life of buildings is chosen. Inert materials 
such as bricks and plaster are landfilled, high calorific materials such as wood and plastic 
are incinerated and metal scrap is recycled.  

• Double counting: Double counting can be an issue when the use stage of the representative 
dwelling includes the use stages of appliances, such as white goods and consumer 
electronics. A pragmatic modelling approach to overcome this issue consists of subtracting 
impacts of a representative dwelling, the energy and material consumption and waste 
generation from the use stage of other products already included in the basket-of-products 
indicators. 
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Consumer goods 

• Reference system: The reference for the calculation of environmental impacts due to 
representative products from the three product groups clothing, white goods, and consumer 
electronics is the private consumption of one individual in one given year. Consumption 
from other sources, e.g. commercial use, is excluded from the basket-of-products indicators. 
For ubiquitous consumer goods such as laptops, this is a difficult task. First, companies buy 
products that in many cases do not differ from the ones bought by private households. 
Second, such company-owned consumer goods are also used for private purposes to some 
extent. Other products (such as dishwashers, refrigerators) exist in consumer and 
commercial sizes. The latter should obviously not be integrated into the basket-of-products 
indicators. However, companies may also purchase items of the former category (e.g. 
refrigerators in hotel rooms). 

• System boundaries: The system encompasses the production, use and end-of-life (EoL) of a 
representative product. The use stage impacts for cotton shirts are primarily from washing 
and drying. When shirts are laundered professionally, it is the transport to the laundry that 
causes the main impacts. However, it is assumed here that all shirts are washed 
domestically. In this case, these impacts are either included explicitly in the use stage of the 
washing machine (for the washing) or implicitly in the use stage of the house (for drying). 
Therefore, to avoid double-counting, washing is not included in the lifecycle impacts of the 
cotton shirt. White goods and laptops have an explicit use-stage consumption which is 
subtracted from the energy consumption of the household.  

• Stock portfolio, e.g. level of technology: Technological improvements/time series variations 
in production parameters could be added into the tool if data becomes available. For 
example, assuming cotton shirts are produced with the same technology everywhere, time 
series variations in impacts will be observed due to changes in import mixes of finished and 
semi-finished products. Technological improvements in white goods and laptops will mirror 
Energy Star standards over the years.  

• Double counting is seen as an issue in this demand category. These issues have been 
described and accounted for in the system boundaries definition of the respective products. 
The main issue remains the energy consumption during the use stage of the different 
products. For instance, the impacts from the washing of clothes are included in the use-
stage impacts of washing machines and the use-stage impacts of washing machines are 
potentially included in those of the standard household. A clear distinction has been made 
in the definitions of the system boundaries to avoid this. 

• Allocation of environmental impacts from the production stage of long-living products: All of 
the products in this demand category can be treated as long-living products.  

• The impacts of the production stage are annualised over the lifetime of the product by 
summing the past impacts due to production of all products still in use in the reference 
year, and then dividing them by the product’s lifetime45. The annualised impacts of 
production are then divided by population in order to derive total annualised impacts of the 
production stage per capita. This approach allows close monitoring of energy consumption 
and associated environmental impacts. 

• As all products currently in use will also have to be disposed of at the end of their useful 
lives, the same approach is used to allocate the impacts from disposal (due to landfill, 
incineration and recycling). Just as the impacts of past production are distributed from 

                                                  
45 One average lifetime per product is assumed rather than varying lifetimes depending on year of manufacture.  
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production up to and including the reference year, the impacts of future disposal are 
distributed from the reference year to the year of disposal. 

• End-of-Life: Clothing is assumed to have a standard end-of-life scenario based on 
treatment of household waste as per the EU directive. End-of-life treatment of white goods 
and laptops follows the standards set forth in the WEEE Directive 2002/96/EC.  

Mobility 

• System boundaries: For cars and buses, the system encompasses the production, use stage 
and end-of-life (EoL) of a representative model. It includes all materials and energies 
needed for its manufacture, including upstream processes, all materials and fuel required in 
the use stage and EoL treatment (full cradle-to-grave approach). For planes and trains, only 
the use stage is considered. 

• Stock portfolio, e.g. level of technology: For cars in Germany, the stock portfolio is tracked 
using simplified stock-flow analysis. For example, all new vehicles registered between 1993 
and 1995 are counted as Euro I vehicles. Some of these are replaced by Euro II vehicles 
sold between 1996 and 1999, and so on. For all other vehicles, an estimate of stock is 
made for the 2006 reference year only. 

• End-of-life: It is assumed that cars and buses are recycled at the end of their lives 
(irrespective of whether they enter a second lifetime). Environmental credits from material 
recycling (Germany and EU-27) and incineration of plastics (Germany only) are included by 
the “recycled contents” approach in LCI modelling. End-of-life for planes and trains is not 
included because no data was available. 

• Double counting: By definition, the basket-of-products indicators cover private final 
consumption within a given geographical area (EU-27, Germany). Here, the consumption of 
passenger cars and buses by private households is considered. Most intermediate products 
that enter the production chain of a passenger car or bus (e.g. steel parts) are not 
accounted for elsewhere in the basket-of-products indicators; therefore double counting can 
be neglected at that level. 

Another potential double counting issue arises with products that reach end-of-life in one 
country, are then exported, and start a new life as second-hand products in another country. 
This is particularly relevant for passenger cars within the European Union (e.g. exports of 
second-hand cars from Germany to new Member States, and from the EU to the rest of the 
world). For instance, a car can be bought new in one country from which it is exported after 
ten years of use, and be used subsequently ten more years in another country where it is 
eventually disposed of. This case is not covered here. 

• Environmental impacts from production, use and disposal should be annualised over the 
entire lifetime of x+y years and not of x and y years separately in each country. 
Deregistered passenger cars in Germany are on average 12 years old (Federal Ministry of 
Transport, Building and Urban Development, 2010). This number does not account for 
subsequent use in another country if the deregistered car is exported. 

Both backcasting and forecasting would require that the content of the basket is adapted as 
done for the statistical consumer basket by the national statistical agencies of the EU 
Member States e.g. replacing type writer paper and ribbon by inkjet/laser printer paper and 
printer cartridges46.   

                                                  
46See the following links for some examples for changes in the in inflation baskets:  http://www.manfred-

jahreis.de/download/pdf/Warenkorb.pdf, http://www.ons.gov.uk/ons/rel/cpi/cpi-rpi-basket/2011/index.html 
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WASTE MANAGEMENT INDICATORS  

The methodological framework for the waste management indicators called for some discussion as 
for example to the functional unit. Methodological aspects that need further improvement are listed 
below together with recommendations. 

• Statistical data: The information level in the WStatR data (Eurostat, 2011a) will be improved 
beginning with the reference year 2010, with regard to the waste management indicators, 
and will increase the reliability and value of the obtained waste management indicators. 
The main changes in the WStatR data will be the level of detail for the generation and 
treatment data, which will be harmonized. Secondly, the treatment data will be separately 
displayed in six treatment groups for every waste category. Aggregates will no longer be 
used.  

• Nonetheless, the information level for the treatment group recovery other than energy 
recovery will not be sufficient for mixed wastes. Especially for household and similar 
wastes, additional national statistics are necessary to determine the different treatment 
options (mechanical biological treatment (MBT), composting, anaerobic digestion, material 
recycling facilities, sorting etc.) and recovered secondary products/wastes. 

Resource-efficiency policy will benefit from the information about the potential improvement of 
waste management. Therefore, it is desirable to calculate the absolute theoretical potential impact 
of all specific waste streams and then divide it by the status quo value including the achieved 
benefits due to recovery. Hence, the potential impacts can be shown and serve as a basis for 
technology and management scenarios for waste collection, separation and treatment including 
recycling and recovery. Such scenarios need to be modelled using a consequential approach 
(Situation B of the ILCD Handbook (EC, 2010c)) to reflect the society-wide changes in production 
capacity that they imply. Scenarios could draw on the same data as the monitoring indicator; 
however, adjusted life cycle modelling and additional data may be required. 

DATA UPDATABILITY, GAPS AND OUTLOOK  

DATA USED AND THEIR UPDATABILITY 

STATISTICAL DATA 

Resource impact indicators 

• Territorial data: emissions to air: climate change, acidification and photochemical ozone 
creation: There are generally good and reliable data from European Environmental Agency 
(EEA) or national authorities (such as the German Federal Environment Agency) to United 
Nations Framework Convention on Climate Change (UNFCCC) or Convention on Long-range 
Transboundary Air Pollution (CLRTAP). 

• Territorial data: emissions to air: ozone depletion: Raw data comprise production volumes of 
the ozone depleting substances (ODs) CFCs, halons, other fully halogenated CFCs, carbon 
tetrachloride, methyl chloroform, HCFCs, HBFCs, and bromochloromethane. Publicly 
available data include "calculated levels of production", which provides the amount of 
controlled substances produced minus the amount destroyed by technologies to be 
approved by the parties, minus the amount entirely used as feedstock in the manufacture 
of other chemicals. The data source for production of ODS is the UNEP Ozone Secretariat 
(UNEP, 2010). The underlying data are not publicly available; the UNEP Ozone Secretariat is 
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not able to directly share underlying data (e.g. quantities destroyed). For such data the 
request would need to come directly from a government that is party to the protocol, who 
would also need to assure that the data would be treated as confidential (personal 
communication, Mutisya, 26 October 2010). The inventory consists of the production of 
controlled ODs substances (all Annex Groups) as published by the UNEP Ozone Secretariat. 
Negative production quantities are replaced with zeros (negative quantities result from the 
destruction of old gases but the underlying data is not available as mentioned above).  

• Territorial data: emissions to air: Human health + Eco-toxicological effects: 1) Partly based 
on aggregated official data sources, as well as gap-filled air pollutant data  published by 
the EEA, based on the national emissions reported to the Convention on Long-Range 
Transboundary Air Pollution (CLRTAP) (EEA, 2010). 2) Partly based on independent 
estimation methods which consist of approximating the fraction of pesticides used in 
agriculture (from FAO data) emitted to air from the PestLCI 1.0 model (Birkved and 
Hauschild, 2006). Whenever a new version of the PestLCI model is available, it should be 
used for future inventories. The underlying assumptions and parameter input data will, 
however, be largely similar to the present case since climate and soil data from the 
database of the version 2.0 have been used (personal communication, Dijkman, 2 June 
2011, Dijkman et al., 2012). 

• Territorial data: emissions to air: Ionizing radiations are based on an estimation method 
which consists of extrapolating UK emissions data on the basis of nuclear power capacity 
ratios, which is the method behind that part of the CML normalisation data (Wegener 
Sleeswijk et al., 2008). Raw data (and sources) consist of emissions of radioactive 
substances in the UK between 2000 and 2005 (UK Environment Agency, 2006) and annual 
data are the nationally-installed nuclear power capacities from Eurostat47.  

• Territorial data: Emissions to water consist of chemicals relevant to the impact categories: 
human toxicity, ecological toxicity, eutrophication and ionizing radiation. Human health + 
Eco-toxicological effects are based on 1) estimates for emissions of pesticides using the 
PestLCI model (Birkved and Hauschild, 2006) and 2) estimates available from EEA-reported 
emissions data and auxiliary data for the connection rate to wastewater collection systems 
and industrial turnover. Emissions factors are estimated and applied to the countries and 
years for which emissions data are not available. Eutrophication uses model data of 
nitrogen and phosphorous emissions to water generated at the JRC-IES (Bouraoui et al., 
2011) consisting of diffuse and point source emissions of nitrogen and phosphorus into 
water. Emissions data are available at the basin level. They then need to be translated into 
territorial emission inventories by matching the river basins used in the Bouraoui et al. study 
(2011) with those available from the EEA's WISE (Water Information System for Europe) 
website on River Basin Districts (RBDs), which are attributed to specific countries. Ionizing 
radiations: The method and data to obtain a national inventory of the emissions of 
radioactive substances to water is the same as in the case of the emissions to air. 

• Territorial data: resource extractions: Data sources for harvested biomass in fresh weight (at 
standardised water content for grassland biomass and wood, respectively) are the Eurostat 
online data under “material flow accounts” which only report the EU-27 total biomass 
harvest and cover the period from 2000 to 2007. Hence, additional data must be acquired 
from international data sources, such as the online data base of FAOSTAT (Statistics 
Division of the Food and Agriculture Organization) for primary crops, wood and fish capture. 
For this kind of data FAOSTAT was determined to be of sufficient quality, but adjustments 
(of the water content, of fodder crops and grazing and estimations of crop residues used) 

                                                  
47 http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/data/database 
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still had to be made based on the Eurostat guidelines for compiling economy-wide material 
flow accounts (Eurostat, 2009b). 

• Territorial data: resource extractions: Data sources for gross metal ore are contained in the 
Eurostat online data under “material flow accounts” which only report the EU-27 total gross 
ore extraction covering the period from 2000 to 2007. Additional data must therefore be 
acquired from international data sources, looking first at the mineral statistics of USGS 
(United States Geological Survey), and BGS (British Geological Survey). For metal content, 
these data sources have been determined to be high in quality, but for gross ore 
independent accounts needed to be established starting from the available country data of 
Eurostat. The EU metal account therefore must be made up of the accounts for all 27 EU 
member countries by summing up the numbers to get the EU-27 total. Raw data for 
territorial metals extraction are acquired as metal contents (e.g. Cu in metric tonnes). 
Furthermore, raw data can be expressed as gross ore (run-of-mine production). Gross ore 
data is acquired depending on data availability (where coupled production must be taken 
into account as described in Eurostat (2009b)) which is beneficial for mass balances. The 
categories of metals to be accounted for depend on data availability. The statistical sources 
of USGS and BGS, in particular the critical raw materials report (European Commission, 
2010d), have been used to assure all relevant metals extractions are captured in the 
territorial inventory. Of the 12 critical raw metallic minerals, only tungsten is mined within 
the EU-27. 

• Territorial data: resource extractions: Data sources for non-metallic minerals extracted in 
EU-27 are the Eurostat online data under “material flow accounts” which only report the 
EU-27 total minerals extraction and cover the period from 2000 to 2007. Additional data 
therefore must be acquired from international data sources, including the mineral statistics 
of USGS and BGS. The two critical raw non-metallic minerals, fluorspar and graphite, are 
both mined within the EU-27. 

• Territorial data: Water and waste water: For the current timeframe and with data available, 
there remains only the possibility to perform independent preliminary estimates in order to 
arrive at yearly data for the territorial water inventory for EU-27, which must initially be 
performed in a broad and general way. Eurostat’s project, running until December 2011, 
includes the development of a methodology for water accounts which seeks to prepare the 
data collection of each member country through tables and a compilation guide. It can be 
noted, however, that water statistics for Germany offer a wide range of data (every three 
years with the latest data for 2007), such as from the Federal State and watershed which 
allow users to derive comprehensive and consistent territorial water accounts and water 
balances for the country. 

• Territorial data: Energy: Data is good for both EU-27 and Germany (Eurostat Energy 
Statistics).  

• Territorial data: Land use and land use change: The respective territorial inventory 
databases for EU-27 and Germany, including the net CO2 emissions/removals from LULUCF 
(Land Use Land Use Change and Forestry), are available from the national inventory reports 
for greenhouse gases UNFCCC. The net CO2 emissions/removals from LULUCF are not part 
of the reported greenhouse gas emissions to air after the Kyoto protocol, and were 
therefore added to complete the territorial inventory of emissions to air. Specific land use 
data by crops for agricultural land is provided on an annual basis from FAOSTAT online.  

• Imports and Exports: The Eurostat external trade statistics (ComExt) available online are the 
main source of any data for imports and exports to/from the EU and its member states. 
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There is one exception: ComExt position HS48 2716  which is electrical energy is falsely 
reported in physical units of kg. This data must be replaced with data from the Eurostat 
energy statistics or balances for imports and exports of electricity in energy units such as 
kWh. Confidential data is another issue, but it was found for EU-27 and for Germany that it 
was not very significant in quantitative terms. For some positions data in the most recent 
years are not given for the most detailed level of HS 8digits. It is therefore recommended to 
use the data for the last two years reported only with careful checks for their completeness. 
Confidentiality is also an issue for country-specific data and requires careful treatment of 
the raw data.  

Basket-of-products indicators 

• Nutrition: Statistical data is available for EU-27 and Germany. On a European level there are 
two main sources to be considered, namely ´From farm to fork´ statistics of Eurostat 
(2008b, 2008c) and expenditure consumption data. For Germany there are time series and 
annual statistical data available from the German Federal Ministry of Food, Agriculture and 
Consumer Protection (2008) and expenditure data from private households from the 
German Federal Statistical Office (2008). In general, the German ministerial statistics 
provide a high level of detail which cannot be obtained for EU-27.  Germany was therefore 
used as an example for the indicators derived under (relatively) good conditions, and to 
highlight where European statistics could be improved towards this goal. Life cycle data is 
available for many of the products in the basket, including beef and pork, milk, butter, 
cheese, sugar, oil, potatoes, apples and coffee. Other data has been developed specifically 
for the life cycle indicators. While there is good data availability to begin with, there are 
several assumptions that still need to be made to enable the use of this data in the context 
of life cycle indicators. 

• Shelter/Housing: About every three years a different member state produces a collection of 
the most up-to-date statistics on housing in the European Union. The data used here was 
published in 2006 by Italy (Ministry of Infrastructure of the Italian Republic, 2006). In the 
past the Committee on Housing and Land Management of the United Nations Economic 
Commission for Europe (UNECE) produced a Bulletin of housing statistics every two years. 
The latest Bulletin was published in 2006 and since then the service has been discontinued 
(UNECE, 2006). The German statistical office has time series data on housing statistics 
publicly available (in German) on its website. This data covers, among other things, the 
quantity of buildings and dwellings, as well as the flows of completed buildings and 
dwellings, and of buildings and dwellings demolished or otherwise removed from the 
housing stock (Federal Statistical Office, 2010a, 2010b). Based on the house description, 
the life cycle inventory (LCI) data sets are modelled or, if possible, sourced directly from the 
study Nemry et al. (2008b). Energy statistics in Germany are provided by AG 
Energiebilanzen. A detailed annual primary energy consumption statistical study including 
households (AG Energiebilanzen, 2010) provides the necessary energy consumption data of 
households/dwellings. The emissions profiles for space heating per energy unit are taken 
from the German LCI database Ökobau.dat (Federal Ministry of Transport, Building and 
Urban Development, 2010). 

• Consumer goods: The statistical data source for EU-27 is statistics on the production of 
manufactured goods (Prodcom). From the same source national data, e.g. for Germany, can 
be derived. The Prodcom database49 hosted by Eurostat consists of data on total production, 

                                                  
48 Harmonised System 
49 http://epp.eurostat.ec.europa.eu/portal/page/portal/prodcom/introduction 
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sold production, imports and exports of about 4500 manufactured products. Quantities are 
expressed both in number of pieces and in monetary units. Sold production corresponds to 
total production minus internal consumption of the manufacturer. Apparent consumption at 
the national level can be derived from these data (apparent consumption = sold production 
+ imports - exports). The above data cover flows of consumer goods. Regarding the stocks 
of consumer products in private households, the German statistical office periodically 
conducts surveys on a sample of households to estimate the average market penetration, 
i.e. how many products are within each household on average. No time series exist for this 
data, but snapshots are available for the years 1998, 2003 and 2008 in Germany (Federal 
Statistical Office, 2008).  

• Mobility: European macro statistical data on transport for EU-27 are available at (Eurostat, 
2011b). The German ministry in charge of transport (Bundesministerium für Verkehr, Bau 
und Stadtentwicklung) also publishes a yearly statistical book on transport called “Verkehr 
in Zahlen” (traffic in numbers) prepared by the German Institute for Economic Research. It is 
the reference for German transport statistics at the macro level. Several LCA studies for 
cars and buses have been carried out for large automotive companies. These studies have 
covered the entire life cycle of cars and buses. The production stage has been built on the 
bill of materials (BOM) of the car/bus to quantify the environmental impacts of all upstream 
processes associated with the extraction of raw materials from and emissions to the 
natural environment. Manufacturer information has been employed for the use stage. 
Material recycling for 100% of the ferrous metals and aluminium has been assumed for the 
end-of-life stage. For cars data has been used from publicly available environmental 
product declarations and these sources are the most recent available. The LCA model for 
the car has been generalised by taking an average of six cars. The LCA model for the bus is 
based on a single bus, but all identifying information has been removed. 

Waste management indicators 

• The current statistical data situation is a markedly challenging with regard to the 
development of robust waste management indicators. The main problems are the different 
aggregation levels between the generation and treatment data, and the double counting in 
the generation data, which leads to a significantly higher amount of generated waste 
compared to treated waste (around 16%). Waste categories which normally undergo non-
energetic recovery, such as metallic, glass, paper, cardboard and plastic wastes are only 
separately accounted for under non-energetic recovery. The entire amounts of these 
incinerated wastes (R1 or D10) are accounted for together under waste category “other 
incinerated wastes.” The same holds true if these waste categories are land-filled (“other 
disposed wastes”). For waste category 10.1 household and similar wastes, only disposal and 
incineration (R1 and D10) are separately accounted for in the treatment statistics. Non-
energetic recovered household wastes are accounted for in the waste category “other 
recovered wastes.” 

LIFE CYCLE INVENTORY (LCI) DATA  

A large number of life cycle inventory (LCI) databases and LCA studies on products, services and 
waste treatments are available50. The data sets from the reference ELCD database ((EC, 2010e)) 
developed for European Union has been used whenever possible for consistency reasons to 
calculate Life Cycle Inventory (LCI) indicators. Nevertheless, as the ELCD is not intended to cover all 
materials and products, datasets from other databases have been used in this project and must be 
                                                  
50 See for instance: http://lca.jrc.ec.europa.eu/lcainfohub/directory.vm 
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used in the future. Preference was given to data that are compliant with the requirements of the 
International Reference Life Cycle Data System (ILCD) Handbook, which equally ensures compliance 
with ISO 14040 and 14044 standards.  

A fully consistent reference year for all LCI data sets is currently not available. For most data sets 
the reference year is 2005/2006 with some recent adaptations. Updates for LCI data in the LCI 
databases are usually done in periods of approximately four years. The updates consider technology 
developments (e.g. energy consumption in steel works), impacts of policies on the relevant unit 
processes (e.g. new emission limits in power plants) and relevant changes in the trade mixes of 
upstream interim products to have appropriate country or region consumption mixes. This situation 
is similar across the major LCI databases. The energy mixes of countries and regions, such as EU-
27, are updated annually in some commercial databases. 

TABLE 15 LIFE CYCLE INVENTORY (LCI) DATA SETS USED AND SUGGESTIONS FOR IMPROVEMENTS 

Category Examples of LCI data sets 
Main sources for LCI data 

or unit processes 
Potential improvements 

Machinery  
Air conditioning, excavators, 
electric motor parts 

Various literature data 
Country-specific LCI data for relevant 
production countries, including supply 
chain 

Energy 
Natural gas, crude oil, refinery 
products, electricity 

ELCD (EC, 2010e)  

Ores / metals  
Steel coils, aluminum, iron 
ore, aluminum oxide 

Worldsteel, EEA further 
industry data 

Country specific LCI data for relevant 
production countries, including supply 
chain 

Chemicals & Plastics 
Urea, methanol, caprolactam, 
NPK fertilizer, polypropylene 

Various industry data 
Country specific LCI data for relevant 
production countries, including supply 
chain 

Nutrition 
Milk products, meat, coffee, 
sugar, potatoes, apples  

Various industry data, FAO 
statistics and literature  

Replacement of LCI data sets for 
some products by country specific 
data sets 

Shelter/private 
housing 

Single house, multi-family 
hose, high-rise building 

IMPRO building (Nemry, 
2008b) 

 

Consumer goods 
Cotton shirt, shoes white 
goods, laptop 

EuP study Lot 13 & 14 
(Presutto et al., 2007a, b, c), 
(Jönbrink, 2007), (Albers et al., 
2008), further industry data 

Analysis of average supply chain in 
production country (e.g. provenance 
yarn, cotton for cotton shirt 
production in country X) 

Mobility  
Passenger car, truck ship, bus, 
train and plane 

ELCD (EC, 2010e), (Ifeu, 
2008), (EEA, 2006), (INFRAS, 
2004); (Faltenbacher, 2006), 
further industry data 

 

Services  Omitted from this study 
Statistical data needed to select or 
compile LCI data on different types of 
services 

Waste treatment 

Incineration, landfill, recycling 
of glass, metals, paper etc., 
mechanical treatment, 
composting, anaerobic 
digestion 

ELCD (EC, 2010e), (AGBR, 
2009), (Frischenschlager, 
2010), (Knappe, 2007), 
further industry data and 
literature 

Country specific composition of 
waste, consideration of value 
corrected substitution  

DATA GAPS 

Statistical data for resource impact indicators 

• Territorial data: Emissions to air relevant to ozone depletion: For the EU-27 indicators none 
of the relevant emissions could be included in the inventory, except for HCFCs in Germany. 
For all other emissions the production minus destruction of old gases resulted in negative 
figures. Therefore, HCFCs are not included in the impact assessment of the German 
indicators. A meaningful break down into specific HCFCs is not possible. 
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• Territorial data: Emissions to air relevant for human health + eco-toxicological effects: The 
European Environment Agency data (EEA, 2010) used to not include several emissions that 
are covered by the LCI data, such as dioxin, anthracene, benzo[a]anthracene, polychlorinated 
bisphenyls, hydrogen chloride and vanadium.  

• Territorial data: Emissions to water relevant for the impact categories human and eco-
toxicity, ionizing radiations: Radioactive emissions to water are not included in the domestic 
inventory. Among the missing emissions are hydrogen chloride, dioxin, anthracene, decane 
and vanadium. 

• Territorial data: emissions to soils relevant for the impact categories human toxicity and 
ecological toxicity: These emissions could not be covered within this project due to the lack 
of suitable territorial data. The EPER/E-PRTR dataset that includes emissions to soils was 
generally considered as unsuitable for this project. Also, the PestLCI model—used to 
estimate emissions of pesticides to air and water—does not appropriately support 
emissions of pesticides to soils (they appear as zero in the modelling results). PestLCI 2.0—
which should be used from 2011 onwards—will not support emissions to soils at all. Other 
potential data sources for emissions (to air, water or soil) relevant for human health and 
eco-toxicological effects were investigated, but found unsuitable for this development.  

• Territorial data relevant to resource extractions: Significant gaps have not been identified. 
The majority of rare resources are not extracted in the EU (according to the impact 
assessment methods). The inventory does not contain heavy metals extracted from soil (via 
biomass as micro-nutrition) in contrast to the LCI data. 

• Territorial data relevant to water: Water consumption is not considered in the domestic 
inventory because statistical data for the EU is incomplete. In contrast data availability for 
Germany is fairly good (data is updated in three-year intervals). 

• Services: In this study only tourism (for Germany) could be integrated into the prototype. 
Any data for EU-27 is insufficient in that respect. Business trips could not be considered due 
to insufficient data for both Germany and EU-27. Other services were not considered at all.  

Statistical data for basket-of-products indicators 

• The share of private consumption and industry use for nutrition is not given in the published 
statistics; therefore, it had to be estimated. The same holds true for the consumer products 
laptop. 

• The average lifetime of consumer goods cannot be calculated based on statistical data and 
must be estimated (see Swedish Environmental Protection Agency, 1999). 

Statistical data for waste management indicators 

• The WStaR treatment data (Eurostat, 2011a) has data gaps for all waste streams. For these 
amounts the information about the treatment type is not given (e.g. recovered household 
and similar waste is aggregated under “other recovered waste”).  

• The waste management indicators for discarded vehicles do not contain other vehicles than 
those covered under the ELV Directive. 

• The data under the Waste Statistics Regulation (WStatR) used for the EU indicators exclude 
exported waste from the amount of treated waste. The impacts of waste treated elsewhere 
are therefore not considered. 
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• The environmental impact and benefit of recovered materials are not defined as waste 
under waste Directive (EC, 2008b) and therefore excluded from the indicators. 

• For some waste streams, the Waste Statistics Regulation (WStatR) and additional data 
sources do not provide the level of disaggregation needed to perform the calculation of 
indicators (e.g. treatment data for different kind of mineral wastes, treatment types for 
animal and vegetal wastes, no information about treatment of WEEE). 

Life cycle inventory (LCI) data  

• Land use is not considered in the LCI data. 

• The LCI data do not provide country-specific water consumption data, but it is necessary to 
include water consumption in the impact assessment. 

• For some imported products country-specific LCI data is not available.  

• Resource indicators: For Germany no country-specific LCI data sets for exports have been 
used. For the imports to Germany the same export countries (and LCI data sets) used for 
the EU indicators were also utilized. 

• Basket-of-products indicators: For the end-of-life phase of consumption category nutrition, 
only carbon dioxide is considered to achieve a complete carbon balance. The production of 
trains and planes necessary for public transport are not taken into account. 

• Waste management indicators: The waste management indicators for paper and cardboard 
wastes do not contain the credits for recycled paper.  

DATA FOR LONG-TERM METHOD, FORECASTING AND BACKCASTING  

STATISTICAL DATA FOR RESOURCE IMPACT INDICATORS 

Statistical data for the resource impact indicators are sub-divided into territorial emission and 
resource use data, as well as into external trade data (imports and exports). The attribution is not 
always straightforward, e.g. data for the macro economy level are derived from models like the 
Pest-LCI model (Birkved and Hauschild, 2006) or from normalisation data (EC, 2011c, Wegener 
Sleeswijk et al., 2008). Table 16 gives an overview of the long-term perspective and possible 
extension to other EU Members and beyond, as well as for back- and forecasting.  

The territorial EU-27 data can be derived from the sum of the individual countries’ data, whereas 
EU-27 imports and exports need to be restricted to the extra-EU trade data only. EU-27 data is 
naturally limited to the year of existence of the individual member state, i.e. as long as the data for 
the country is available, it can be summed up for all countries that currently form the EU-27, even 
though they were not part of the European Union in former years. Similarly, for countries that have 
emerged from the former USSR, statistics dating to 1992 exist. A sufficiently reliable baseline 
indicator for the early 1990s may be viable; however, limitations may occur with the Eastern and 
South-eastern EU countries like the Baltic States, Czech Republic and Slovakia after their split 
(former Yugoslavia). Prior to these political changes, data can in principle be derived for the EU15 
(for other limitations see Table 16).  

Import and export data from the Eurostat external trade database are available only from the time 
a country becomes a member state. For earlier years—if relevant—import and export data from 
the United Nations external trade statistics UN-COMTRADE can be used. 
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TABLE 16 DATA CONCEPT FOR TERRITORIAL AND IMPORT/EXPORT DATA  

Territorial data Long-term and geographical scope Back- and forecasting 

Resource extraction: 

Metal ores, Non-
metallic minerals, and 
Biomass harvest 

The data needed here is compiled from well-established data 
sources like USGS or FAO which presumably undergo 
continuing quality development. 
In general, this data is available for almost every country in the 
world – with restrictions as to when the particular country was 
established. The EU-27 officially exists only since 2007; 
however, the EU-27 aggregate can in general be built up from 
the individual member state’s data since 1992.   

Data is available dating back to 
1980; FAO data even as far back as 
1961; restrictions apply due to 
political changes, such as the split-
up of the former USSR. 
Forecasting is not a common 
method applied for these resources; 
there appear to be rather selected 
forecasts such as those of FAO for 
food (e.g. how to feed the world in 
2050?).     

Water extraction 

It is expected that Eurostat will produce more comprehensive 
coverage data in the future from its Questionnaire to Member 
States.  
The restrictions for EU countries apply to many other countries 
as well. For some countries data for water extraction is good, 
such as the data for Germany.  

Data availability is in general a 
serious restriction both for actual 
and recent data.  
Forecasting does not seem to be an 
issue in view of the poor data 
situation even at present.  

Energy use 
Continuing excellent data provision 
Geographical restrictions apply like those described before (for 
metals, minerals and biomass).  

Data dating back to 1990 are 
usually available, while restrictions 
due to political changes apply as 
well. Forecasting is done in many 
national institutions and for the EU 
by DG Energy (EC, 2010f).  

Land use (land 
occupation and land 
conversion):  

Built-up area, 
agriculture, forestry; 
other relevant land 
uses e.g. for resource 
extraction; in m2 

Land use data are usually available at good quality from 
national statistics or surveys; increasingly also from GIS resp. 
satellite data. Land use change data can be obtained at 
presumably good quality from National Inventory Reports (NIR) 
to UNFCCC, as well as for EU-27 (reported by EEA) and 
Germany (reported by Federal Environment Agency). For some 
other individual EU member countries, however, there are 
partial data gaps.     
Geographical restrictions apply like those described before. In 
particular land use change data are available only for so-called 
Annex I countries to the UNFCCC. The EEA prepares an annual 
NIR which reports for the entire EU-27. 

Data commonly dates back to 1990 
for UNFCCC.  
Forecasting is unknown in this case.  

Emissions to air  

UNFCCC data from NIR (see above row) with long-term 
perspective. Same for CLRTAP data. 
Emissions of radioactive substances are based on installed 
power capacity data (Eurostat) with long-term perspective 
combined with emission factors. 
Emissions of ozone depleting substances actually are 
production data (UNEP) with long-term perspective. 
Geographical restrictions apply like described before (see row 
above). 

Data commonly goes back to 1990, 
depending on political boundaries.  
Forecasting is done with focus on 
greenhouse gases e.g. in many 
national institutions and for the EU 
by DG Energy (see footnote related 
to “Energy use”.  
Forecasting is unknown for other 
gases. 

Emissions to water 

FAO data on pesticide consumption (used in combination with 
PestLCI model) with long-term good-quality perspective. In 
general, this data is available for almost every country in the 
world – with restrictions as to when the particular country was 
established. The EU-27 officially exists only since 2007, 
however, the EU-27 aggregate can in general be built up from 
the individual member state’s data since 1992. 
Emissions of other hazardous substances to water collected by 
the EEA (Waterbase) also with long-term perspective. 
Geographical restriction: many gaps in geographical coverage 
to date. 

FAO data on pesticide consumption 
commonly goes back to 1990, 
depending on political boundaries. 
Food production forecasts exist but 
availability of associated pesticide 
consumption forecasts is unknown. 
Waterbase presents to date many 
gaps in time coverage. Few data 
sources exist prior to 2000. 
Forecasting does not seem to be an 
issue in view of the poor data 
situation even at present. 
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Territorial data Long-term and geographical scope Back- and forecasting 

Emissions to soil   

Not covered: E-PRTR and EPER data include emissions to soil 
but were generally considered as unsuitable for this project; 
the PestLCI model will not support emissions to soil in its 
version 2.0 (in version 1.0 emissions to soil always appear as 
zero). Main relevant emissions to soil considering this are those 
that leave the system boundaries over time (e.g. remaining Cd 
of P-fertiliser that stays in agricultural soil after 100 years or 
when converted to no agricultural soil). The topic "Emissions to 
soil" requires a coordinated revision of the concept in 
cooperation of LCIA method developers and LCI experts. 

Not applicable (see on the left) 

Imports and Exports  

Continuing perspective for Eurostat ComExt data as well as for 
UN-COMTRADE data. 
Geographical restrictions apply, e.g. EU-27 data only available 
since 1999.  

Backcasting is bound to statistical 
limits, including Eurostat data which 
is available from the month in which 
a country becomes an EU Member 
State. 
Forecasting is unknown.  

STATISTICAL DATA FOR BASKET-OF-PRODUCTS INDICATORS 

Two factors are important when backcasting to the basket-of-indicators and should be applied: 

1. The composition of the basket of products, i.e. the selection of product groups and services 
that will be broadly representative of total private consumption in a given reference region 
and reference year 

2. The volume of consumption of each item within the basket. 

For backcasting of consumption data, in addition to trade data, the same restrictions apply as 
described in detail in Table 16 for the resource impact indicators. EU-27 trade data is only available 
starting from 1999. Further backcasting is not meaningful. Aside from these restrictions, a 
backcasting and adaptation of the basket composition should be possible.  

Forecasting of statistical consumption and trade data is unknown. Possible forecasts can be 
estimated for future basket compositions on a short and mid-term basis. If the timescale is only a 
few years, there is good reason to assume that past trends will continue, e.g. changing diets in Asia 
to include higher meat and dairy consumption. 

STATISTICAL DATA FOR WASTE MANAGEMENT INDICATORS 

The published data under the WStatR (Eurostat, 2011a) provide data starting from 2004 on a 
biannual basis. A backcasting beyond 2004 on the EU-27 level would be difficult, because data 
sources with comprehensive waste statistics exist only for some member states. A forecasting of 
waste amounts might be done based on trends in previous years and based on legislation and 
planned treatment capacities (e.g. disposal of untreated household waste banned in a certain 
Member State in the future).  

The experiences from the waste management indicator development show the need for more 
detailed waste statistics. The information levels for the different treatment options must especially 
be enhanced. Higher disaggregation of waste categories and general characterizations of the waste 
categories would be useful (in particular, calorific value and chemical element content, both for 
recycling and for behaviour in waste incineration and landfills). With the changes done in the 
WStatR (EC, 2010g), starting with reference year 2010, it is expected that the related waste 
statistics will partially provide the necessary statistical data to extend the calculation of the waste 
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management indicators to all member states. However, little change is foreseen with regard to the 
waste characteristics.  

LIFE CYCLE INVENTORY (LCI) DATA  

The first reliable life cycle inventory (LCI) data were generated in the early 1990s, so backcasting to 
this point in time can be done for certain products using past LCA studies and combining them with 
current information. Backcasting of LCI data prior to that point is possible by adjusting the energy 
mixes of the products under consideration and key emissions of relevant processes. However, little 
reliable information is available on older technologies such as production processes  

Forecasting of LCI data can be done for some selected data sets but not on a general basis. Data 
sets for future electricity and energy carrier supply can be generated based on energy outlooks 
(global outlooks from International Energy Agency or country-specific). Further forecasting within 
LCI data sets could be done for energy efficiency developments (e.g. fuel economy of passenger 
cars or power plants) and emission standards.  

Future updates of the life cycle indicators can be developed drawing on other or additional 
databases. In this context the use of data from the ILCD Data Network51 is envisaged. The Network 
foresees the provision of a global data publication and access platform of consistent and 
independently quality-assured LCI data. The ILCD Data Network is open to all data providers from 
industry, national LCA projects, consultants and researchers.. It may be eligible for the 
implementation of the life cycle indicators within the EU, so a process might be initiated to promote 
the provision of necessary LCI data sets via the ILCD Data Network. As the result, the number of 
products covered in the resource indicators and basket-of-product indicators can be increased 
significantly over time so that more reliable indicators are produced. 
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Abstract 
Sustainable development is an underlying objective of the European Union treaties. An important part of sustainable 

development is its environmental aspect, as reflected in the Europe 2020 strategy and its Resource-efficient Europe flagship 

initiative.  

For quantifying and monitoring our progress towards sustainability in terms of the environmental performance, indicators are 

needed. These indicators should provide an integrated view on the links between consumption, production, resource depletion, 

resource use, resource recycling, environmental impacts and waste generation. One of the approaches that facilitate such 

integrated view is life cycle thinking. This integrative approach underlies the development of life cycle indicators for quantifying 

and monitoring progress towards the sustainable development of the European Union. 

This report outlines the framework, methodology, data basis and updating procedure for three indicator sets: 1) resource 

indicators (resource efficiency, decoupling and impact indicators), 2) basket-of-products indicators, and 3) waste management 

indicators. 
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