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Executive Summary  1 

Sustainable development is an underlying objective of the European Union treaties. It is 2 

mainstreamed to the European Union policies, along with the approach chosen to facilitate 3 

meeting this objectiveðlife cycle thinking.  4 

So far, we lack the tools necessary to measure our progress towards this ambitious goal. 5 

Therefore, we developed a new type of life cycle based indicators for quantifying and 6 

monitoring progress towards the sustainable development of the European Union.  7 

These indicators will serve the implementation of modern life-cycle based environmental 8 

policies, like the Sustainable Consumption and Production Action Plan (COM(2008) 397). 9 

Indicators supporting modern policies have to take the life cycle view of the links between 10 

consumption and production on the one hand, and resource use, environmental impacts and 11 

waste generation on the other. This life cycle perspective is also a global perspective; 12 

therefore, it is not enough to consider domestic activities only. In the indicatorsô framework it 13 

means including environmental impacts occurring abroad, but driven by national or 14 

European demand for imported goods.  15 

This document outlines the framework, methodology, data basis and updating procedure 16 

for the three indicator sets: 17 

 decoupling indicators (resource efficiency indicators),  18 

 basket-of-products indicators, 19 

 waste management indicators.  20 

Policy background  and the framework  21 

Macro-level monitoring indicators are required in the following policy areas:  22 

 Sustainable use of natural resources without environmental burden shifting in a 23 

globalised economy as stressed in the Thematic Strategy on the Sustainable Use of 24 

Natural Resources (COM(2005) 670). 25 

 Goods and services (products) and their environmental impacts within and outside 26 

European Union over their entire life cycle as emphasized in Integrated Product 27 

Policy Communication (COM(2003) 302). 28 

 End-of-life of products as a leverage for a higher material and energy resource 29 

efficiency and reduced environmental pressure of waste management as addressed 30 

in the Thematic Strategy on the Prevention and Recycling of Waste (COM(2005) 31 

666). 32 

These indicators need to be consistent with other instrumentsðsuch as Ecodesign, Ecolabel 33 

and Green Public Procurementðso that policy measures taken in view of these macro-level 34 

indicators are effective and that the improvements achieved are appropriately reflected. 35 

These indicators need to be built into coherent framework, since resources, products and 36 

waste are linked by the life cycles of products. Moreover, its consumption and production is 37 

the driver of the environmental impacts for which European Union is responsible. To provide 38 

reliable information for policy makers, the indicators must be scientifically proven and 39 

conform with relevant international standards as well as European recommendations. They 40 

are ultimately required not only on the level of the EU27, but also for each EU Member State.  41 
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Life cycle thinking and assessment 1 

Life Cycle Thinking (LCT) seeks to identify possible improvements to products by lowering 2 

their environmental impacts and reducing use of resources across all life cycle stages 3 

(Figure 1). The life cycle encompasses raw material extraction, manufacturing and 4 

distribution, use and/or consumption, and ends with re-use, recycling of materials, energy 5 

recovery and ultimate disposal. 6 

 7 

Figure 1. Life cycle of products (goods and services) 8 

A Life Cycle Assessment (LCA) quantifies and assesses the emissions, resources 9 

consumed, and pressures on health and the environment attributed to different products over 10 

their entire life cycle. It quantifies all physical exchanges with the environment, whether these 11 

are inputs (resources, materials, land use and energy), or outputs (emissions to air, water 12 

and soil). 13 

All these inputs and outputs (Life Cycle Inventory) are then classified according to the 14 

environmental impact category they belong to; as the result we get the environmental impact 15 

profile of a product. These impacts can be expressed either in each impact category or 16 

further aggregatedðusing the relative weights of the environmental impactsðinto single 17 

indicator of overall environmental impact (Figure 2). 18 

 19 

Figure 2. Life Cycle Assessmentτmeasuring the environmental impact 20 
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Decoupling indicators (r esource efficiency in dicators )  1 

The decoupling indicators measure the total environmental impact of European Union, 2 

and of each Member State in relation to the resources used. The set of decoupling 3 

indicators is designed to measure mainly the resource use efficiency. The ultimate eco-4 

efficiency indicator remains the main indicator supported by two sub-indicators (resource 5 

productivity indicators and resources specific impact indicators). 6 

The general approach for the decoupling indicators is to combine macro-level territorial 7 

resource extraction and emission inventories with the life cycle inventory data of imported 8 

and exported products, drawing on trade statistics (Figure 3). Environmental impacts are 9 

assessed using Life Cycle Impact Assessment methodologies. The overall environmental 10 

impact is derived via applying a weighting scheme across the impact categories.  11 

 12 

 13 

Figure 3. Decoupling indicators framework 14 

 15 

Meaningfulness and expected applications of the decoupling indicators in the contexts of 16 

policy development, implementation and monitoring are as follows: 17 

 The eco-efficiency indicator monitors decoupling of economic growth from the overall 18 

environmental impact associated with apparent consumption and related use of 19 

natural resources. 20 

 The resource productivity indicators measure progress in productivity in the use of 21 

individual natural resources.  22 

 The resource specific impacts indicators evaluate how negative environmental 23 

impacts may (or may not) decouple from resource use. 24 

Furthermore, a number of sub-indicators can be derived which contribute to fine-tuning the 25 

monitoring for steering European consumption and production towards sustainable 26 

development. For instance, they could address the question of shifting of burdens outside 27 

Europe via trade or the shifting of emissions and impacts between the environmental media. 28 
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Basket-of-products indicators  1 

The basket-of-products reflects the environmental impact and the resources used that are 2 

associated with the final consumption of an average citizen in the EU-27 over the entire life 3 

cycle of goods and services. The basket-of-product indicators are based on apparent 4 

domestic final consumption and it includes several demand categories (nutrition, shelter, 5 

consumer goods, mobility and services).  6 

The calculations combine life cycle data for products with expenditure and consumption 7 

statistics. The impacts are calculated for impact categories (e.g. climate change, 8 

eutrophication) and areas of protection (e.g. human health, natural environment). 9 

The application of basket-of-products indicators in the contexts of policy development, 10 

implementation and monitoring is as follows: 11 

 To monitor the environmental impacts of relevant goods and services consumed by 12 

the citizens in the EU27 and member states.   13 

 The detailed consideration of products and their subsequent updates in future years 14 

will allow to monitor the consumption behaviour change and the transition towards 15 

more sustainable products and their consumption with time.  16 

 Scenarios can be calculated to assess the impacts of policy measures with regard to 17 

more environmentally sound goods and services and to various growth scenarios. 18 

Waste Management Indicators  19 

The waste management indicators assess the environmental impacts related to the 20 

management of theðenvironmentallyðmost important waste streams. The indicators cover 21 

the entire waste management chain including collection, transport, storage, conditioning and 22 

treatment and also include recycling/recovery and final deposition of any remaining wastes.  23 

This includes the benefits of saved resources associated with e.g. recycling/recovery. 24 

The waste management indicators are calculated by combining Life Cycle Inventory (LCI) 25 

data  on waste management technologies and statistical data on waste generation and 26 

treatment routes towards obtaining the impacts per average EU citizen (and for the EU27). 27 

The waste management indicators are stepwise aggregated from the emissions and 28 

resource used (on the level of the individual resources extracted and substances emitted) to 29 

arrive at the impact expressed in the impact categories (e.g. climate change, human toxicity) 30 

and further on to the overall environmental impact. 31 

The waste management indicators serve to support monitoring and policy development, 32 

implementation and monitoring as follows: 33 

 To monitor how changes in waste amounts and composition as well as technological 34 

progress result in reduced environmental impacts related to waste management in 35 

the EU27. 36 

 To single out material and energy resources saved by waste management and how 37 

therefore a better waste management helps to work towards increasing material and 38 

energy resource efficiency. 39 

 To identify the need for action in form of new or revised policy measures (using policy 40 

scenarios, the potential benefit and impact of policy measures can be quantified).   41 
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1 Introduction  1 

Sustainable development is an underlying objective of the European Union treaties. To 2 

effectively steer the European economy towards sustainable development, it is necessary to 3 

monitor progress towards it. Indicators supporting recent environmental policy developments, 4 

such as the Sustainable Consumption and Production (SCP) Action Plan, need to take an 5 

integrated view on the links between consumption and production on the one hand, and 6 

resource use, environmental impacts and waste generation on the other. The need of such 7 

indicators was a major outcome of the 3rd International Life Cycle Thinking Workshop, 8 

organized by the JRC in Cyprus in January 20071. 9 

Macro-level life-cycle based monitoring indicators are required by three key policies: 10 

1. Decoupling indicators: The Thematic Strategy on the sustainable use of natural 11 

resources2 identifies several key points: 12 

a. natural resources are "[...] used to make products or as sinks that absorb 13 

emissions (soil, air and water)[...]"; 14 

b. consideration of the entire life cycle:  ñit is necessary to develop means to 15 

identify the negative environmental impacts of the use of materials and energy 16 

throughout life cycles (often referred to as the cradle to grave approach) and 17 

to determine their respective significanceò; 18 

c. shifting of environmental burden in a globalised economy. 19 

The Thematic Strategy goes as far as to outline a set of three resource impact 20 

indicators monitoring resource productivity, resource-specific impacts, and overall 21 

eco-efficiency. 22 

2. Basket of products indicators: According to the Integrated Product Policy3 the 23 

consumption of goods and services (products) is the driver for resource use, waste 24 

generation, and environmental impacts in European Union, as well asðthrough 25 

tradeðcontributes to impacts that happen outside of the European Union. The policy 26 

stresses the necessity to consider the full life cycle of products when assessing their 27 

environmental performance. 28 

3. Waste management indicators: The Thematic Strategy on the prevention and 29 

recycling of waste4 addresses the end-of-life part of product life cycles. It also 30 

highlights the importance of life cycle thinking. Environmental pressures and resource 31 

consumption caused by the generation and management of waste can be reduced 32 

through waste prevention. If treated, generated waste can yield secondary resources 33 

(including energy), which would then prevent the use of primary resources (and the 34 

related environmental impacts). 35 

For each indicatorsô set, this document outlines the framework and methodology for 36 

calculation based on the combination of micro-level LCA data and macro-level statistics, as 37 

well as implementation based on available data sources. 38 

                                                           

1
 Full report is available at http://lct.jrc.ec.europa.eu/assessment/publications 

2
COM(2005) 670 final 

3
 COM(2003) 302 final 

4
 COM(2005) 666 final 
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2 Decoupling i ndicators  (resource efficiency indicators)  1 

2.1 Aim and Scope 2 

The aim of the decoupling indicators is to measure the total environmental impact of 3 

European Union, and of each Member State5 in relation to the resources used. The set of 4 

decoupling indicators is designed to measure mainly the resource use efficiency. Therefore, 5 

the eco-efficiency indicator remains the main indicator supported by two sub-indicators 6 

(resource productivity indicators and resources specific impact indicators). The decoupling 7 

indicators are calculated as a ratio between the macro-level overall environmental impact 8 

related to resource use and the overall economic indicator (e.g. GDP). 9 

The decoupling indicators cover all impacts associated with domestic, direct and indirect, use 10 

of resources. This means not only the impacts that occur in Europe, but also those that are 11 

related to our consumption, but occur elsewhere.  12 

According to the Thematic Strategy resources include ñéraw materials such as minerals, 13 

biomass and biological resources; environmental media such as air, water and soil; flow 14 

resources such as wind, geothermal, tidal and solar energy; and space (land area).ò  15 

Several studies have been carried out to assess the environmental impacts of natural 16 

resource use in an economy, and in particular within the EU. Those studies, together with 17 

official documents from European Commission services are the basis of this document. 18 

The resource impact indicator framework (as well as other indicators sets) is based on the 19 

life cycle approach; therefore we use the LCA (Life Cycle Assessment) terminology. Please 20 

refer to Annex 1. Life cycle thinking (LCT) and Life Cycle Assessment (LCA) for basic 21 

information. 22 

The general approach for the resource impact indicators is a combination of macro-level 23 

data (territorial emission, resource extraction and trade) with micro-level data (Life Cycle 24 

Inventory, i.e. emissions and resource extraction).  25 

The indicators will help to: 26 

 monitor progress towards sustainability/resource efficiency, i.e. they should be 27 

specific for a single year, providing the basis for a time series, with the potential for 28 

updating of data, and 29 

 include (indirect) impacts occurring abroad but associated with European 30 

consumption, i.e. imported with imported goods (and exclude those associated with 31 

exported goods), and 32 

 cover all relevant environmental impacts (as expressed by impact categories such 33 

as climate change, cancer effects, etc) which can then be brought together into a 34 

aggregated or even single score indicators by applying a weighting scheme. 35 

The decoupling indicators are initially developed for a baseline year (2004); two additional 36 

years (2005 and 2006) are also planned. 37 

                                                           

5
 For the time being, the calculations are provided for the EU and for one, chosen Member State (Germany).   
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2.2 Starting point  1 

Currently, Eurostat uses the Domestic Material Consumption (DMC) as a denominator to 2 

derive the headline indicator for resource productivity under key challenge 3: sustainable 3 

consumption and production (Eurostat 2009b), expressed as GDP/DMC (in constant euro 4 

per kg). It is acknowledged by the EC that ñDMC is used as a proxy for the more relevant 5 

indicator, Total Material Consumption (TMC), which includes upstream hidden flows related 6 

to imports and exports of raw materials, finished and semi-manufactured products. The EU 7 

level TMC is still under development as only a few Member States are currently able to 8 

calculate it (EC 2007). Eurostat is also developing the Raw Material Equivalent indicator 9 

(RME), based on pilot studies in Germany and Czech Republic, which is half way from DMC 10 

to TMC in accounting for the used part of indirect material resource flows only and thus 11 

leaving out the unused extraction which nevertheless impacts on the environment.  12 

The above mentioned approaches, however, have several shortcomings.  13 

One of the most important downside of DMC and TMC is summing up all the materials into 14 

single figure without consideration for the fact, that the mass of the material used is not alone 15 

related to the environmental impact of the given resource. Therefore, DMC and TMC are only 16 

rough proxies for measuring the overall environmental impact of resource use, as materials, 17 

energy carriers and land used and the individual emissions (e.g. CO2, mercury, particles) 18 

have very different impacts on the environment. 19 

Moreover, DMC cannot be directly used due its asymmetry resulting from combining 20 

domestic extraction with trade data. Domestic extraction relates to raw materials whereas 21 

trade is looking at products at various stages of manufacturingðfor example, raw products, 22 

semi-manufactured and final products. When these two pieces are added together to make 23 

indicators, such as DMC, the national production is counted differently then the traded 24 

products. Also, a great part of the raw material that was required in foreign countries to 25 

produce traded goodsðand thus impacted on the environment as wellðis left out of the 26 

account. This results in a distorted picture of the total global raw material requirement for 27 

economies. 28 

Due to the reasons described above, DMC and TMC are not indicators measuring impacts in 29 

a life cycle perspective, and hence cannot be used here as the basis for monitoring 30 

decoupling or sustainability. A major question therefore has been how to measure resource 31 

use and resource use impacts in the broader meaning, as defined in e.g. the Thematic 32 

Strategy on Natural Resources and other modern policies.  33 

2.3 Framework for resource impact indicators  34 

The development of the decoupling indicators (resource efficiency indicators) is guided by 35 

the Thematic Strategy on the sustainable use of natural resources (Figure 2-1). This 36 

depiction, although useful to illustrate the concept in the simplified way, needs to be made 37 

operational. The same applies to the definition of resources, which in the Strategy is by 38 

necessity very wide and needs operationalisation to fit the purpose for which the indicators 39 

are designed. 40 

The application of the three indicatorsô sets in the contexts of policy design, development and 41 

monitoring are as follows: 42 
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 Eco-efficiency indicator measures decoupling of the economic growth from the 1 

overall environmental impact associated with apparent consumption and related use 2 

of natural resources. 3 

with sub-indicators of: 4 

 Resource productivity indicators measure progress in productivity in the use of 5 

natural resources. They show the development over time of the ratio of an economic 6 

indicator (e.g. GDP) in relationship to the amount of individual natural resources 7 

used. 8 

 Resource specific impacts indicators measure how negative environmental 9 

impacts decouple from resource use.  10 

 11 

Figure 2-1. Resource impact indicators derived from the TS Natural Resources illustrating in a 12 
simplified manner the concept of decoupling and the related indicators. 13 

Furthermore, a number of sub-indicators can be derived, allowing for a more detailed 14 

analysis of the main drivers of the overall indicator and its changes over time.   15 

The above sketched set of the decoupling indicators overcomes the identified weaknesses of 16 

the formerly used proxies DMC, TMC, etc. It provides a coherent set of indicators, that 17 

actually address the impacts on the environment, health and resource availability as well as 18 

covers the whole life cycle. The decoupling indicators can be easily interpreted for policy 19 

analysis: they show effects on a macro-level with a direct, stepwise link from overall impact, 20 

to impact category, to individual contributor and even (for the explicitly modelled product 21 

groups, imports and exports) for the main contributors and their trends. The indicators are 22 

also able to show on all levels a shifting of burdens, e.g. among land use, energy or specific 23 

emissions or of impacts to other countries via imported product groups.  24 

A stepwise aggregation of information is supported, for transparency and in support of the 25 

detailed analysis: 26 

 elementary flows (e.g. CO2 emission to air, iron extraction form earth, land use 27 

agricultural land) are the indicator's base data, derived from the underlying data and 28 

information, 29 




























































































































