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Annex A – Review of targets and indicators
1.1

Inventory of resource use targets and indicators

1.1.1

Categories of indicators

Indicators exist at various levels of detail or aggregation. It is therefore useful to distinguish
between indicators that are suited for:
Macro level, e.g. global, EU, national, etc.
Meso level, e.g. industry sector, consumption area, region, city, etc.
Micro level, e.g. product, company, specific resource, local, etc.
Indicators at a macro level can then be broken down into more detailed indicators that provide
information on specific resources, locations or cases. Inversely, indicators at a more detailed level
can be aggregated to a macro level. However, the quality of information is affected every time
this is done.
Based on the above classification, resource efficiency indicators can be broadly classified into
four levels according to scale1,2,3:
Economy-wide indicators: represent the macro level resource efficiency of the
whole world, individual nations and regions.
Sector-specific indicators for the agriculture, industry, manufacturing,
transport and public and service sectors. At this level the gross value-added
(GVA) is typically used to quantify the economic benefits.
Company or organisation level, where the resource efficiency of private
businesses, factories, shops, municipalities, etc. can be tracked.
Product, process or service level resource efficiency indicators are typically
provided on the functional unit they provide, e.g. per km for a car, per kW
cooling for an air-conditioner, etc.
Finally, some indicators are better suited at identifying what has happened in the past (lagging
indicators), whilst others can inform on potential future performance (leading indicators). Given
that most indicators require information that must be gathered from several sources or require
data processing, indicators tend to only be available after the phenomenon they are describing
has occurred, e.g. the consumption of fossil fuels. However, despite the delay of availability of

1

United Nations ESCAP (2009) Eco-efficiency Indicators: Measuring Resource-use Efficiency and the Impact of
Economic Activities on the Environment.
(www.unescap.org/esd/environment/publications/EEI/ESCAP_EEI%20Publication%202561.pdf)
2
OECD (2008) Measuring material flows and resource productivity – Volume I.
3
Bringezu, S. & Bleischwitz, R. (2009) Sustainable Resource Management. Global trends, visions and policies.
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information some indicators provide an idea of what to expect in the future, e.g. current R&D
spending in resource efficient technology can inform on the potential for resource efficiency.

1.1.2

Resource efficiency targets

Targets are specific policy objectives. They are given by a defined indicator of a measurable
quantifiable limit, e.g. a reduction of domestic material consumption by x % compared to a
reference year. In the context of environmental policy, setting quantitative and binding targets
are a powerful approach for policy implementation. It shows a strong commitment to the issue
and gives a clear direction to Europe and Member States and economic sectors on what needs
to be achieved. Based on the precautionary principle, the setting of targets also defines what
an acceptable level of risk and what level of environmental quality is desired in society.
In the field of resource use, two main types of targets can be distinguished:
1. efficiency targets, which maximise the output per input (e.g. resource productivity in
€/kg; share of renewable energy production of total energy consumption; etc.)
2. absolute (cap) targets (e.g. a maximum 2°C rise in global mean temperature, or 350 ppm
CO2 in the atmosphere).
A common concept found in the literature for expressing resource efficiency targets is ‘Factor
X’4. This refers to what factor improvement of resource productivity is needed to achieve a given
target. For example, a Factor 4 is a target to produce the same utility (of a product or service) by
using 25% of the resources compared to what is currently used.
Similar to the different levels that indicators can be used, targets can be set for different levels of
the society. This can be done at a governmental level, e.g. global, region, country, city, etc; at a
sector level, e.g. targeting agriculture, mining, manufacturing, transport, retail, waste
management, etc; or, at a company or organisation level. EMAS5 and other environmental
management systems (EMS) track the environmental performance (e.g. use of natural resources
and raw materials, land use, etc.) of organisations. Using EMS, organisations can set targets
based on what they want to achieve. Finally specific standards based on efficiency indicators can
also be proposed for products and vehicles (both mandatory and voluntary), e.g. implementing
measures under the Ecodesign Directive, Energy Efficiency Design Index (EEDI) for ships.
An initial review of indicators of resource use and efficiency revealed that hundreds of indicators
already exist. These range from well-developed indicators that are part of national accounts and
statistical offices, to ‘ideas’ or ‘first concepts’ for potential indicators proposed by researchers.
The indicators reviewed include those used by governmental organisations (e.g. UN, EU, OECD,
national environmental agencies, etc.); research institutions (e.g. Stockholm Resilience Centre,
Wuppertal Institute, Institute for Social Ecology, SERI, etc.); and, NGOs (Friends of the Earth,
Global Footprint Network, etc.).

4
5

See the Factor Ten Institute: www.factor10-institute.org
EU Eco-Management and Audit Scheme (EMAS). Website: ec.europa.eu/environment/emas
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1.2

Related headline indicators in the EU and OECD

Considerable work has already gone into defining indicators for sustainable development6,7,
sustainable consumption and production8, and green growth9 (see Table 1). Many of these
indicators are also highly relevant for resource use and resource efficiency. Although many
indicators exist to track resource use, environmental impacts and human development, only a
limited set of these have been used to set targets.
Table 1: Indicators for Sustainable Development (Eurostat); Sustainable Consumption and
Production (ETC/SCP); and, Green Growth (OECD)
Indicator

Socioeconomic
development

Sustainable
Development Headline
Indicators10

Sustainable
Consumption and
Production11

Green Growth 12

Economic growth and structure
Productivity and trade
Employment / unemployment
Socio-demographic patterns
Income and education
Multi-factor productivity
including environmental service
Material productivity (demandbased, production-based)
Non-energy materials, waste
materials, nutrients

Growth rate of real GDP per
capita

Environmental
productivity
Sustainable
consumption
Resource productivity
and
production
- Nonrenewable
resources

DMC for total and selected
minerals and fossil fuels (4.1)

- Renewable
resources

Net change in land cover 19902000 (5.1)
European ecological footprint
per capita compared to available
biocapacity (1.1)
Surface and groundwater
abstraction as a share of
Water productivity
available resources (5.2)
DE, DMC and DMI for biomass
(5.3)

6

Eurostat (2009) Sustainable development in the European Union - 2009 monitoring report on the EU sustainable
development strategy.
7
European Sustainable Development Network (ESDN). Website: www.sd-network.eu/
8
ETC/SCP (2011) Progress in Sustainable Consumption and Production in Europe. Indicator-based Report. European
Topic Centre on Sustainable Consumption and Production.
9
OECD (2011) Monitoring progress towards Green Growth. OECD Indicators. Draft report, February 3, 2011.
10
Eurostat (2009) Sustainable Development in the EU. 2009 monitoring report of the EU sustainable development
strategy.
11
ETC/SCP (2011) Progress in Sustainable Consumption and Production in Europe. Indicator-based Report. European
Topic Centre on Sustainable Consumption and Production.
12
OECD (2011) Towards Green Growth – Monitoring Progress. OECD Indicators. Meeting of the Council at Ministerial
Level, 25-26 May 201
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Indicator

Sustainable
Development Headline
Indicators10

Sustainable
Consumption and
Production11

Green Growth 12

- Production

Developments in air emissions
and direct material input and
economic output for individual
key sectors including public
services (6.1)

- Products

Development in efficiency of cars Production of environmental
and household appliances (7.1)
goods and services

- Consumption

Trends in share of expenditure on
COICOP categories per capita
(9.1)

Food & drink

CO2 productivity (demandbased, production based)

Development in global GHG,
acidification emissions, ground
ozone precursor emissions and
global material use per capita
activated by European
expenditure on food and drink
(12.1)
Ecological footprint of food
consumption (12.2)
Development in global GHG,
acidification emissions, ground
ozone precursor emissions and
global material use per capita
activated by European use of
housing and infrastructure (14.1)

Housing &
buildings

Energy consumption per m2 for
space heating, alongside growth
in m2 of living space per capita,
alongside total energy
consumption for space heating
(16.1)
Developments in specific energy
consumption of average
household appliances, alongside
ownership rates of appliances
and total electricity consumption
in households (16.2)

- Waste

Development in generation of
waste in Europe other than
mining and agricultural waste,
and residual waste from waste
treatment (total and by sector)
(10.1)
Total recycling amounts for
different material types (glass,
metals, etc.) (11.1)
% recycling rates for municipal
and packaging waste (11.2)
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Indicator

Social
inclusion

Sustainable
Development Headline
Indicators10
Population at-risk-of-poverty or
exclusion

Green Growth 12

Developments in Income
Equality: Gini Index (3.3)
Proportion of population in
developing countries living under
the poverty line (3.1)

Demographic
changes

Employment rate of older
workers

Public health

Healthy life years and life
expectancy at birth, by gender

Climate
change and
energy

Sustainable
Consumption and
Production11

Greenhouse gas emissions

Greenhouse gas emissions as
reported by Europe under Kyoto CO2 productivity (demandper capita as compared to 2
based, production based)
tonne/capita 2050 threshold (2.3)
Energy productivity

Share of renewable energy in
gross final energy consumption
Development in global GHG,
acidification emissions, ground
Energy consumption of transport ozone precursor emissions and
relative to GDP
global material use per capita
activated by European
expenditure on mobility (17.1)
Fragmentation of ecosystems
and habitats by transport
infrastructure (17.2)
Passenger transport demand by
mode and purpose alongside
developments in GDP (18.1)

Sustainable
transport

Developments in specific fuel
consumption of an average car
alongside trends in private car
ownership and GHG emissions
(19.1)
Uptake of cleaner and alternative
fuels (19.2)
Real change in transport price by
mode (33.1)

Natural
resources

Common bird index

Wildlife resources

Fish catches taken from stocks
outside safe biological limits:
Status of fish stocks managed by
the EU in the North-East Atlantic

Fish resources

Freshwater resources
Forest resources
Mineral resources
Land resources
Soil resources
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Indicator

Sustainable
Development Headline
Indicators10

Global
partnership

Official development assistance
as share of gross national
income

Good
governance

No headline indicator

Human
development

Innovation

Sustainable
Consumption and
Production11

Green Growth 12

Regulation and management
approaches
Development in Human
Development Index for EEA
countries and developing
countries (3.2)
Government budget
appropriations and outlays on
R&D of importance to Green
R&D (gba)- Total GBAORD by
Growth
NABS socio-economic objectives
(22.1)
Patents of importance to Green
Growth
Environment related innovation

Taxes

Total environmental tax
revenues as a share of total tax
revenues and as share of GDP
(23.1)

Environmentally related taxation

Energy pricing
Water pricing and cost recovery
Finance

Number and capitalisation of
International financial flows of
green, social and ethical funds in
importance to Green Growth
Europe (24.1)
Sustainable companies
performance compared to other
companies - KLD/Jantzi Global
Environment SM Index (or other
indexes) (24.3)
Number of organisations with
registered environmental
management system according
to EMAS and ISO 14001 (27.1)

Companies

Number and share of companies
and public institutions signing
the UN Global Compact (27.4)
Number of organisations
publishing environmental,
sustainability etc. reports
according to GRI or other
established standards (28.1)
Number and share of
organisations signing up to the
Carbon Disclosure Project (CDP)
(28.2)
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Indicator

Sustainable
Development Headline
Indicators10

Sustainable
Consumption and
Production11

Green Growth 12

Number of eco-label awards
according to the EU Flower, and
national and regional labels (31.1)
Cities

Cities signing the Alborg
Commitments (32.3)
Environmentally induced health
problems and related costs

Environmental
quality of life

Exposure to natural or industrial
risks and related economic losses
Access to sewage treatment and
drinking water

Training
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1.3

DPSIR Framework

This section aims to consider the overall use of resources under a DPSIR perspective in order to
structure the review of indicators and targets of resource use and resource efficiency.
Figure 1: The DPSIR framework13

Driving forces
Production and consumption patterns are driven by the social, demographic and economic
developments. In particular, the human needs for food and freshwater, and the demand from
economic activities (e.g. manufacturing and construction sectors), entails great pressure on the
use of natural resources. Both Gross Domestic Product per unit of resource use and the amount
of resource use per capita are interesting indicators of the relative decoupling of resource use
from the overall economic development, and hence of the trends in resource efficiency.
Consumer behaviour and technological changes are also interesting patterns to monitor as they
contribute to the future trends in the use of specific resources. E.g. the changes in diet habits for
example can favour the consumption of fish versus meat, and emerging technologies can provide
the opportunity to use alternative materials.
Pressures
Natural resources can be used directly for producing final goods and services, e.g. use of
construction minerals for the building and infrastructure sector, use of metals for high-tech
industries, use of water for household sector. They can also be used as primary resources in value
chains in order to produce intermediary goods and commodities, e.g. use of biomass for the
production of biofuels, which will be consumed for producing energy. Therefore, resource use not
only exerts pressures on the natural environment (e.g. emissions, generation of waste) all along
its life-cycle, from resource extraction, process to consumption and disposal, but is also likely to
impact the production or consumption, and therefore the stocks, of a broad range of other
natural resources. Production and consumption patterns therefore create a complex web of
linkages where natural resources are considered either as inputs or outcomes. These figures
clearly show that water, land and energy are the common denominators for the production and

13

EEA (2003) Environmental Indicators: Typology and Use in Reporting, internal working paper
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the consumption of materials (that entail biomass, minerals and metals). These specific
resources will therefore be key factors of the measure of resource efficiency all along the value
chains.
State of the natural environment and natural resources
State indicators describe physical, biological and chemical phenomena that relates to the natural
resources and the natural environment. These indicators are particularly relevant for monitoring
the health of environmental media and biota (e.g. the existing wildlife resources, the
concentration of phosphorus in lakes, the atmospheric-CO2 concentration, etc.). They are also
appropriate to monitor the abundance of the stocks of non-renewable resources and renewable
resources (e.g. the abundance and distribution of metals or fish stocks), the quality of biotic
resources and resources availability in order to prevent scarcity and overexploitation.
Impacts on the use of natural resources and on the natural environment
Due to pressures it exerted on natural resources and environment, unsustainable trends in
resource use put at risk:
 the availability of the resource itself and of the other natural resources it is linked with via
production and consumption patterns (1),
 the natural environment and human health (2),
 its own long-term economic and social outcomes (3).
Given the interlinkages between resources described above, it is important to keep in mind that
the impacts on stocks and the natural environmental would ideally need to be estimated all along
the value chains.
Responses
According to the DPSIR framework, this category of indicators aims to account for the political
and societal responses implemented to prevent, compensate, ameliorate or adapt to changes in
the state of the environment and impacts observed. Raising resource efficiency is seen as a
promising path towards the decoupling of the environmental impacts of resource use from
economic development, like, among other solutions, e.g. modifying the consumption and
production patterns.
Different responses will indeed be required for monitoring and regulating the use of local
resources (e.g. water and soil) versus global resources (e.g. materials subject to physical trade),
renewable versus non-renewable resources with the definition of sustainability thresholds, and
overall other categories of resources subject to specific issues related to their stocks or
environmental impacts (e.g. critical minerals and metals, livestock, etc.). E.g. although water can
globally be considered as a non-depletable resource, it is very location-specific demand
combined with climatic conditions can lead to severe seasonal shortages and scarcity, which
requires to carry out a local approach for its appropriate management and target settings. On the
contrary, the increasing physical trade of materials requires a global approach to be applied in
order to describe resource efficiency by taking into account the impacts of resource use within
and outside national boundaries.
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1.4

Approach for reviewing indicators and targets

In order to provide a comprehensive overview of existing indicators and targets it was found
useful to start top-down with the main categories of resources at a macro level. The choice of
resources to analyse was based on three criteria: the risk of depletion, the importance the
resource has for the economy or society, and, the contribution to global environmental
impacts.
The DPSIR framework was then used on the resource categories most pertinent to resource
efficiency at a macro level, e.g. materials, energy, freshwater and land use. This allowed all
indicators and targets reviewed to be structured and characterised. It also provides a map of how
the indicators and targets are linked to each other.
Resource efficiency indicators can be directly derived from the DPSIR framework. For example,
resource productivity is often a pressure indicator, e.g. material consumed, coupled with a driver
indicator, e.g. GDP. Resource specific impact indicators are the coupling of impact indicators
and pressure indicators. State indicators are understood as indicators that inform of the natural
stock of the resource, its abundance, availability and quality. In the context of this study the
response indicators refer to resource efficiency policies and targets set by Member States and
other countries.
Indicators related to main
material categories

Indicators related to
DPSIR

Minerals

Metals
Nuclear

Drivers

Biomass

Energy

Fossil
fuels

RES

Pressures

Water

Blue
water

Green
water

Land

Grey
water

Land
use

Soil

Fossil
fuels

State of
stock

Impact

Responses
/ Targets

Structure of approach for reviewing
resource use and efficiency indicators

Indicators related to
key material
categories based on
environmental
impacts and economic
importance

Materials

Detailing indicators
from macro to micro
level

Figure 2: The approach for reviewing indicators relevant for resource use and efficiency

1.5

Critical raw materials

A recent study by DG ENTR “Critical raw materials for the EU” pointed out 14 materials with
“high risk” of scarcity in the EU, from a group of 41 minerals and metals assessed in terms of
supply risk (political and economic factor that could affect their availability) and environmental
country risk (environmental protection measures in specific countries that could affect their
supply to the EU). The list of critical raw materials at EU level is shown in Table 2.
The high supply risk for these materials is mainly because of the location of the sources: China,
Russia, Democratic Republic of Congo and Brazil; the lack of substitutes for the materials and the
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low recycling rate. Due to the variable factors used for the analysis and classification (economical
and political situation, possible environmental protection measures, etc.), the study recommends
updating the analysis, and hence, the list of critical raw materials every 5 years.
Table 2: List of critical raw materials at EU level14
Antimony

Indium

Beryllium

Magnesium

Cobalt

Niobium

Fluorspar

Platinum Group Metals

Gallium

Rare Earths

Germanium

Tantalum

Graphite

Tungsten

The indicator used to assess these materials is the share of the demand resulting from driving
emerging technologies in total today’s demand of each raw material. Among other indicators
usually used for metallic and non-metallic minerals, common indicators are economic
importance, supply risk, environmental country risk, and domestic consumption data
(extractions, imports and exports). Other indicators are reuse and recycling rates, future demand,
substitutability, and use per economic sector or benefits per economic sector. Some specific
indicators are World Bank’s “Worldwide Governance Indicator”, Herfindahl-Hirschman Index, and
local indicators on social perception of the extraction and process of the materials15.

1.6

Main resource categories pertinent for resource efficiency

As there are literately thousands of different types of resources, it was not possible to review
resource use and efficiency indicators for all of them. In order to focus the project team’s efforts,
the resources most pertinent for resource efficiency were identified. These are resources, which
have a risk of supply, are important for the economy, and contribute significantly to
environmental impacts. The economic importance of each resource was based on the
‘megasectors’ approach found in DG ENTR’s report for “Critical raw materials for the EU” (Annex
II)16. An indication of the share of total environmental impacts was given by a Eurostat report on
the “Environmental Impact of the use of Natural Resources and Products”17. The
UNEP/International Panel for Sustainable Resource Management’s report 18 that assessed the
environmental impacts of consumption and production was also used.

14

EC, DG Enterprise and Industry. Critical raw materials for the EU. Report of the Ad-hoc Working Group on defining
critical raw materials. July 2010.
15
See: ec.europa.eu/enterprise/sectors/metals-minerals/non-energy-extractive-industries/metallicminerals/index_en.htm
16
DG ENTR (2010) Critical raw materials for the EU. Report of the Ad-hoc Working Group on defining critical raw
materials. European Commission
17
van der Voet, E., van Oers, L., de Bruyn, S., de Jong, F., Tukker, A. (2009) Environmental Impact of the use of Natural
Resources and Products. Study by CML, CE Delft and TNO for DG Eurostat, European Commission.
18
UNEP (2010) Assessing the environmental impacts of consumption and production – Priority Products and Materials.
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The following table shows the result of the qualitative assessment. Fossil fuels, land use, crops
and livestock are the resources most pertinent to resource efficiency. Air and seawater (as an
input) are not considered relevant for resource efficiency. The environmental impacts to air and
seawater are however important, but this is due to the use of other resources. In the study, air
and seawater was not considered as a resource, but the emissions to air and seawater were
considered. This has also been confirmed by the review: no targets have been proposed for the
use of air or seawater. Only targets relating to emissions to air and water have been set.
Table 3: Table to assess the importance of a resource category in relation to resource
efficiency
Resource
category

Risk of depletion
/ degradation

Economic
importance

Share of total
env. impact

Pertinence of
resource efficiency

Materials
Minerals

YES

Metals

YES

Biomass

YES

Crops

YES

Livestock

YES

Fish

YES

Wood

YES

Fossil fuels

YES

Energy
Fossil fuels

YES

Nuclear

YES

Renewable
energies

YES

Air

NO

Water
Fresh water

YES

Seawater

NO

Land
Land use

YES

Soil

YES
High

Medium

Low

Since decoupling the environmental impacts from resource use is a key aspect of resource
efficiency, attempts to quantify these environmental impacts, or at least classify resource use or
sectors following their level of environmental impacts appear to be a promising approach to
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prioritise critical resource uses and the setting of appropriate targets. Here only a rough
indication of priority is given.

1.6.1

Recent research developments

There are currently several on-going projects that seek to develop indicators (and in some cases
targets) that can be related to resource efficiency. At EU level three on-going FP719 projects were
identified as relevant for applying indicators and targets in resource efficiency policy:
POINT20 sought to fill the gaps in our knowledge about the role of indicators in
policy-making. The project focused on indicators designed to measure
sustainable development and the integration of environmental concerns into
other sectors of policymaking. Based on case studies of the implementation of
different indicators in various countries, lessons were learnt about their influence
in policy-making.
The IN-STREAM21 project led by the Ecologic Institute aims to integrate
indicators that measure progress in economic success, human well-being,
environmental protection, and long-term sustainability through both qualitative
and quantitative analyses. The project is currently trying to improve the use of
indicators in relation to different policy areas, including resource efficiency.
The goal of the OPEN:EU22 project is to develop a scientifically robust “footprint
family” of sustainable development indicators that will allow policy makers to
quantify the environmental impacts of EU consumption and help them set
targets to reduce negative impacts. By acknowledging the planet’s limited
resources, OPEN:EU promotes the use of three indicators: Ecological Footprint,
Carbon Footprint and Water Footprint. The combination of these indicators can
be used to set targets to achieve a ‘One Planet Economy’.

1.7

Review of resource use and resource efficiency indicators
and targets

A first classification of indicators and targets was based on the most relevant categories of
resources that are produced or consumed through value chains and are given a market value. In
the following section, the targets and their associated indicators are reviewed in relation to the
main groups of resources that contribute to significant environmental impacts.

19

Seventh Framework Programme for Research and Technological Development - the EU's main instrument for
funding research.
20
POINT (Policy Influence of Indicators) project website: www.point-eufp7.info
21
IN-STREAM (INtegrating MainSTREAM Economic Indicators with those of Sustainable Development) project
website: www.in-stream.eu
22
OPEN:EU (One Planet Economy Network) project website: www.oneplaneteconomynetwork.org
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1.7.1

Material resources and waste

The main categories of material resources in relation to environmental impacts are minerals,
metals, agricultural crops, livestock and fossil fuels. Resources derived from fishery and
forestry are also considered as the protection of their ecosystems is important. While fossil fuels
are the greatest contributor to global warming, biomass (both food and non-food) is the main
cause of loss of biodiversity, degradation of water quality and changes in land use. Fossil fuels will
be dealt in the next section under energy resources. Even though plastic is derived from fossil
fuels, for practical purposes plastics it is considered in this section.

1.7.1.1

Overall material resource indicators

1.7.1.1.1

Material Flow Analysis (MFA) indicators

The most established method for measuring economy-wide material resource use is Material
Flow Analysis (MFA).23 Consequently, it is used for setting targets related to material use. MFA is
a substantial framework for documenting and analysing an economy’s material resource use.
MFA describes the flow of materials in the economy in physical terms (total inputs and outputs
measured by weight). The main categories of materials are biomass, non-metallic minerals,
metals and fossil fuels. MFA keeps track of all materials that enter and leave the economy within
one year applying the mass balance principle. MFA therefore provides a biophysical account of
the level of material flow in national economies analogue to the concept of GDP in national
economic accounting. MFA has been standardised by Eurostat24.
Rest of the world environment and economy
Domestic environment

Total Material Requirement (TMR)

Domestic economy
Imports

Domestic
Extraction
Used

Exports
Domestic
Material
Input

Net Additions
to Stock
Domestic
Material
Consumption

Unused
Domestic
Extraction

Domestic
Processed
Output
Unused
Domestic
Extraction

Stock

23

Bringezu, S. & Bleischwitz, R. (editors) (2009) Sustainable Resource Management. Global trends, visions and policies.
Greenleaf Publishing.
24
Eurostat (2001) Economy-wide material flow accounts and derived indicators. A methodological guide. European
Commission.
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Figure 3: Material balance and flow schemes used in MFA25
Targets relating to material use typically use Domestic extraction (DE), Domestic Material
Input (DMI) and Domestic Material Consumption (DMC) as indicators (see Figure 3). Apart from
those direct accounts, other MFA indicators exist that additionally consider indirect flows. These
are for example Raw Material Equivalents (RME) and Raw Material Consumption (RMC), or
Total Material Requirement (TMR) and Total Material Consumption (TMC). However, data for
calculating these indicators are not sufficiently available.
MFA based indicators are the most commonly used to report on resource use and resource
efficiency (with GDP as the default economic indicator). DMC is currently used by Eurostat as a
headline indicator for sustainable development to report on sustainable consumption and
production, but RMC is thought to better address global resource use and efficiency, when the
data is available. Austria and Germany have put forth targets for increasing resource productivity
(by factor four) as well as either decreasing, or at least not increasing, resource consumption
(Germany only considers abiotic primary material consumed). TMR has been used to set caps in
the Basque Country in Spain (maintain 1998 per capita level) or reductions of absolute material
requirement in Italy (25% by 2010, 75% by 2030 and 90% by 2050). Japan was the first country
in the world to set targets for resource productivity (measured in GDP/DMI). These were first
established for 2010, but now also for 2015. Although Japan has been successful in adopting clear
resource efficiency targets, other countries (and industry sectors) are hesitant to use resource
productivity as a target as so many factors can change the economic component and it is not
suitable when comparing the economic value of different resource types. Instead, defining the
target in terms of absolute decoupling of resource consumption from economic activity could be
more relevant.
The World Business Council for Sustainable Development, the Factor 10 Institute and Wuppertal
propose to limit the use of (abiotic) materials to around 5-6 tonnes per capita per year.
Although no scientific evidence is given for this value, it is thought that this could be used as an
equitable long term target that will allow 9 billion people to live within the carry capacity of the
planet.
Non-metallic minerals
The main categories of minerals that MFA tracks are industrial (e.g. salts, clays, chemicals,
fertilisers, etc.) and construction minerals (sand, gravel, stone, gypsum, slate, etc.). Sand and
gravel constitute by far the largest amounts extracted.26 For most construction materials, the
EU is self sufficient. Glass and cement demands significant amounts of energy to be produced.
Otherwise most of the construction minerals have relatively small environmental impacts, even if
they are used in large quantities (about half of EU’s material consumption). The majority of
construction materials are used in buildings and infrastructure which go into society’s material
stock for the benefit of future generations. The built environment is, however, also one of the
main drivers of increases of land use. Mineral waste constitutes the majority of total waste in

25

Bringezu, S. & Bleischwitz, R. (editors) (2009) Sustainable Resource Management. Global trends, visions and policies.
Greenleaf Publishing.
26
Eurostat. Material flow accounts (env_ac_mfa).
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the EU27. A specific concern for agriculture regarding minerals is phosphate. It is a mineral
whose supply could be threatened (71% of production comes from only three countries: Morocco,
China and Israel)28. At the same time phosphorus is one of the major causes of eutrophication
due to effluents and leaching from agricultural land. MFA does not take into account soil
erosion.
Metals
In MFA, metals are grouped in the major categories: iron ores and non-ferrous metal ores, i.e.
copper, nickel, lead, tin, bauxite (aluminium), uranium, etc. Among the metals iron ore is
extracted and used in the greatest quantities. Metals, which represent about a quarter of EU’s
material consumption, are mainly used in the construction and industry sectors. The EU has
become increasingly dependent on the import of metals. In general, metals represent high
value in the economy, particularly precious metals such as gold, silver and platinum. Also of great
concern is the risk of supply of certain rare elements that have been identified as critical for
manufacturing in the EU. The environmental impacts per quantity of metal used are also high.
These relate to factors such as the amount of energy (and associated CO2 emissions) needed for
refining and production, to toxicity issues of hazardous substances such as lead. Currently MFA
does not take into account indirect flows – in particular waste rock. If this was done, the large
flows related to mining will be more apparent.
Biomass
Several different crop types are accounted for in MFA, e.g. cereals, sugar crops, vegetables,
fruits, fibres, etc. as well as crop residues. Cereals, fodder crops and sugar crops are the crops
consumed in greatest quantities in the EU. The majority of these crops are consumed as food
(either directly or indirectly through meat production), but increasing amounts are also used as
biofuels for transport and energy production. Although the agricultural sector represents only a
minor share29 of the total gross value added of the EU economy, it is of major importance for
human health and food security. Crops have a significant share of total environmental impacts
due to intensive agricultural practices, particularly related to land use (including soil
degradation and biodiversity loss), eutrophication and global warming. Crops have the
potential to be a material resource for biomaterials to substitute plastic.
MFA accounts for resources needed for animal production, e.g. fodder crops and grazed
grassland, and with import and exports also accounts for meat and other animal products.
Animal production represents about 40% of agricultural output by monetary value. In the EU pig
and chicken meat is consumed in the greatest quantities30, but bovine meat has by far the largest
environmental impacts, due to the amount of feed needed per kilogram of meat. Compared to
most industrial processes animal production is an inefficient transformation process.31

27

Arcadis, VITO, Umweltsbundesamt & BIO Intelligence Service (2010) Analysis of the evolution of waste reduction and
the scope of waste prevention. Study for the European Commission, DG Environment
28
European Commission (2008) Annexes to the Raw Materials Initiative. SEC(2008) 2741.
29
This is considered on average, as certain food products can have very a high value, e.g. wine, spices, etc.
30 Eurostat (2008) Food from farm to fork.
31 UNEP (2010) Assessing the Environmental Impacts of Consumption and Production.
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According to the recent report from Stockholm International Water Institute (SIWI)32 on food
waste, losses and wastage may be in the order of 50 % between field and fork.

32 SIWI (2008) Saving Water: From Field to Fork: Curbing Losses and Wastage in the Food Chain, [Available online:
www.siwi.org/documents/Resources/Policy_Briefs/PB_From_Filed_to_Fork_2008.pdf]
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Table 4: An overview of the strength and weaknesses of MFA indicators to be used as a
resource efficiency indicator and possible target33
PROS









Based on official statistics





CONS



Limited in lifecycle perspective, e.g. upstream
material use of imports (it needs to move
towards RME and TMR to be useful for policy
making)



Available in time series and countries across the
world

Does not inform on environmental impacts,
only a proxy (but could be combined with life
cycle impacts, e.g. EMC)



Easy to disaggregate

Implicit weighting in kilograms (heaviest
resources have greater importance)




Does not include water, air and land use

Integrated into national accounts
Easy to calculate
Easy to communicate
Harmonised method
Can be used immediately

Transparent structure
Can be extended to include impacts abroad,
e.g. RME, and unused materials, e.g. TMR

1.7.1.1.2

No reference to a sustainability threshold

Material intensity per service unit (MIPS)

On a more micro level, MIPS (Material Input per Service unit) is an indicator invented by Friedrich
Schmidt-Bleek in the 1990s and since developed by the Wuppertal Institute.34 It quantifies the
material intensity of a product or service by adding up the overall material input needed
throughout the product chain to make the product or provide the service. MIPS is measured in
kilograms or tonnes of material per unit of service. The dimension for unit of service is not
defined as this depends on the product or service. It is used to evaluate the resource efficiency of
product, services or complex systems. The categories of resources accounted are biotic raw
materials, abiotic raw materials, water, air, and earth movement in agriculture and forestry,
including erosion.
MIPS calculates materials extracted from nature, transforming all the material inputs and energy
consumption for production and transport to kilograms or tonnes of material needed by means
of calculation factors. It takes into account all material flows, used and unused (also known as the
ecological rucksack). The rationale behind the MIPS is the fewer raw materials used, the less
environmental impacts caused.

1.7.1.1.3

Waste indicators

The quantities of material that leave the economy in the form of waste represent the most
apparent potential for increasing resource efficiency. If society’s metabolism was self
sufficient, it would produce no waste. The prevention of waste and increased reuse and recycling
can contribute to resource efficiency (both in terms of reducing resource use and environmental

33 Results from an expert consultation: BIO IS (2011) Evaluation of Potential Headline Indicators for the Roadmap on
Resource Efficiency. Information Hub Enquiry from the European Commission, Eurostat.
34 Wuppertal Institute (2002) Calculating MIPS. Resource productivity of products and services.
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impacts35). Targets for reuse and recycling are already in place in the EU under the Waste
Framework Directive and other waste related directives, e.g. WEEE (Waste of Electric and
Electronic Equipment), ELV (End-of-Life Vehicles), etc. Although reuse and recycling indicators
do exist, the manner in which the data is collected is not harmonised. This is because reuse and
recycling data can be gathered at different points of waste management, e.g. collection, actually
recycled, available as secondary material, actually used to substitute primary material, etc. 36
Current EU legislation allows interpretation of the definitions of waste, which results in WEEE
and ELV are exported as reusable EEE and cars. Waste indicators and targets are typically
defined by the amount generated (e.g. France aims to reduce 7% of Municipal Solid Waste
(MSW) per inhabitant by 2015), or the amount processed by a certain waste management
process, e.g. reused, recycled, landfilled, etc., given in terms of (recovery, reuse and) recycling
rates. Recycling rates for metals can be defined in several ways. The indicator for ‘recycled
content’ is based on how much recycled material is actually used in products, whilst an ‘end-oflife’ recycling indicator focus on how much can be recycled37. The end-of-life recycling indicator is
preferred for policy. The UNEP International Resource Panel proposes three indicators: old scrap
collection rate (i.e. amount of metal collected for recycling); recycling process efficiency (i.e. the
efficiency of extracting recyclable metal from the metal collected); and, end-of-life recycling rate
(i.e. amount of recyclable metal in waste streams)38. There is on-going work to define waste
prevention indicators39 and the UNEP StEP (Solving the E-waste Problem) Initiative has recently
proposed a composite E-waste Solution Index, which aims to benchmark the management of
WEEE in different countries.

1.7.1.2

Indicators mostly related to abiotic materials
Abiotic materials, such as metals and minerals, are also non-renewable persistent resources
which do not physically get depleted, but only get dispersed. Their geological abundance on
Earth is not so much an issue, but rather their availability geographically, technically,
economically and geopolitically40. This is related to their location and concentrations on the
planet. The major concern related to abiotic materials is the risks of supply shortage and the
consequences for the EU economy.

35

Mainly reduced energy need and reduced impacts from avoided excavation
International Resource Panel (2011) Recycling Rates of Metals. A Status Report. UNEP.
37
Atherton, J. (2007) Declaration by the Metals Industry on Recycling Principles. International Journal of Life Cycle
Management.
38
UNEP (2011) Recycling Rates of Metals – A Status Report, A Report of the Working Group on the Global Metal Flows
to the International Resource Panel.
39
BIO IS, Copenhagen Resource Institute and the Regional Environmental Center (2009) Waste Prevention. Overview
of Indicators. Study commissioned by the European Commission, DG Environment.
40
DG Enterprise and Industry (2010) Critical raw materials for the EU. Report of the Ad-hoc Working Group on defining
critical raw materials. European Commission.
36
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Table 5: Targets and indicators related to the use of minerals and metals
Target

Indicator

Source

Comments

Resource productivity =
Gross Domestic Product
(GDP) /
Domestic Material
Consumption (DMC)
[€/kg]
Eurostat uses DMC as a
proxy for Total Material
Consumption (TMC) until
data is available
Gross Domestic Product
(GDP) [€]
Domestic Extraction
(DE) [tonnes]
Domestic Material Input
(DMI) [tonnes]
Domestic Material
Consumption (DMC)
[tonnes]

EU:
Thematic
Strategy for the
Sustainable Use
of Natural
Sources 2005

The Europe 2020 Flagship
Initiative is supposed to
define this further.
Resource productivity is
used as an indicator for
monitoring the EU
sustainable development
strategy.

Resource productivity
Absolute decoupling: GDP
growth < Resource
productivity
(no timeline is given)

Short term: resource
throughput should stay at the
same level
Long term: resource
consumption should decrease
absolutely and resource
productivity should increase
by factor 4

Doubling of resource
productivity by 2020
(compared to 1994)
Long term: Achieve a factor 4
improvement

Resource productivity =
amount of abiotic
primary material
consumed/GDP

Achieving dematerialisation
with a factor 2 to 4 by
2030

Associated indicators
being developed, e.g.
EMC

Maintaining the Total
Material Requirement (TMR)
per capita at 1998 level in
2006

Total Material
Requirement (TMR) per
capita [tonnes]

Achieve a reduction of the
total material requirement
(TMR) of 25% by 2010, 75%
by 2030 and 90% by 2050

Total Material
Requirement (TMR)
[tonnes]

Austria:
Strategy for
Sustainable
Development
2009
Action Plan on
Resource
Efficiency 2010
Federal Waste
Management
Plan Raw
Materials Plan
Germany:
Perspectives for
Germany. The
German Federal
Sustainable
Development
Strategy.
Netherlands:
4th National
Environmental
Policy
Programme
Spain: Basque
Environmental
Strategy for
Sustainable
Development
Italy:
Environmental
Action Plan for
sustainable
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Target

Indicator

Reduce the water
consumption, material
intensity and waste
generation in the production
sector by 50% between 1990
and 2010
By 2015:
obtain 3700 EUR/tonne
(420,000 JPY/tonne) resource
productivity
or
6800 EUR/tonne (770000
JPY/tonne) resource
productivity when excluding
the input of earth and rock
resources

No specific indicators
were given

Factor 4: four times as much
wealth can be extracted from
energy and material
resources
Factor Five: reduction of
environmental impacts per
unit of economic output.
Factor 10: global material
extraction should be reduced
by 50% in order to avoid
systematic degradation
In 2050, economic growth is
decoupled from
environmental and material
consumption and re-coupled
to sustainable economic
development and meeting
needs.

Source
development
Poland:
Second National
Environmental
Policy

Resource productivity =
GDP / DMI
TMR is also tracked to
account for hidden
flows, but Japan
acknowledges it is
difficult to obtain
accurate information of
flows outside of Japan.
DMC and TMC are also
used.
Resource productivity by
industry area (different
types of goods and
services) will also be
tracked.
MIPS

Japan:
Fundamental
Plan for
establishing a
sound materialcycle society41

No specific indicator is
given

Report to the
Club of Rome,
200942
Wuppertal

MIPS

No specific indicator is
given

41

Comments

Previous target set by the
Fundamental Plan was to
improve resource
productivity by 40% from
2000 to 2010.
A supplementary indicator
excluding earth and rock
resources is used as these
changes in these
resources have a great
impact.

Wuppertal

World Business
Council for
Sustainable
Development,
201043

Proposed as a vision, not a
target.

Government of Japan (2008) Fundamental Plan for Establishing a Sound Material-Cycle Society. Available at:
www.env.go.jp/en/recycle/smcs/2nd-f_plan.pdf
42
von Weizsäcker, E., Hargroves, K., Smith, M.H., Desha, C. and Stasinopoulos, P. (2009) Transforming the Global
Economy through 80% Improvements in Resource Productivity. Earthscan.
43
World Business Council for Sustainable Development (2010) Vision 2050. The new agenda for business.
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Target

Indicator

Source

Comments

In 2050, 4-to-10-fold
improvement of material
productivity.

No specific indicator is
given

75% reduction in resource
flows and the Ecological
Footprint by 2050 (factor four
reduction).

Domestic Material Input
(DMI) [tonnes]
Domestic Material
Consumption (DMC)
[tonnes]
Ecological Footprint
[global ha]
CO2 emissions (includes
emissions embodied in
imports)

Ecological
Budget UK:
Centre for
Urban & Regional
Ecology (CURE),
SEI – University
of York, WWF44

Ecological Budget UK has
constructed
a new indicator for carbon
dioxide that
extends current CO2
accounts that measure
only emissions from
production (territorial
emissions)

Response indicator

Finland

Example of such a
environmental
management system is
WWF’s Green Office
system45

Response indicator
No specific indicator
provided

UK:
Strategy for
Sustainable
Construction,
2008
World Business
Council for
Sustainable
Development
Factor 10
Institute46

Resource use
Systems designed to reduce
material and energy
consumption should be set up
by 2015 in all workplaces with
more than 50 staff
By 2012, 25% of products
used in construction projects
to be from schemes
recognized for responsible
sourcing
In 2050, limitation of the use
of non-renewable materials
to around five tonnes per
person per year
By 2050, the worldwide
average per capita
consumption shall not exceed
6 tons of non-renewable
natural resources per year
TMR of abiotic materials
reduced in 80% in following
50-100 years, to reach a level
around 5.6-6.1 tonnes TMC
per capita.

Pressure indicator
No specific indicator
provided
Pressure indicator
No specific indicator
provided

Pressure indicator
Total Material
Requirement (TMR) of
abiotic materials
[t/capita] (does not

Wuppertal
Institute, 200947

Proposed as a vision, not a
target.

Proposed target values for
long term development

44

WWF (2006) Counting consumption. CO2 emissions, material flows and Ecological Footprint of the UK by region and
devolved country. Ecological Budget UK Centre for Urban & Regional Ecology (CURE), SEI – University of York,
Ecological Budget UK.
45
Green Office website:
wwf.panda.org/what_we_do/where_we_work/greatermekong/our_solutions/projects/green_office/
46
Schmidt-Bleek (2009) A Solution Named Dematerialization. Factor Ten Institute.
47
S. Bringezu, R. Bleischwitz. Sustainable resource management. Global trends, visions and policies. Greenleaf
publishing. 2009.
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Target

Indicator

Source

Comments

Net additions to stock
reduced in 100% to reach
zero.
Biomass consumption
remains stable, reducing
imports and increasing
domestic harvesting about
25% for 2050.
Factor 4 – 10 reduction target
for the use of mineral
resources

include biomass or
erosion)
Total Material
Consumption (TMC) of
abiotic materials
[t/capita]

Pressure indicator
No specific indicator
proposed

Stichting Natuur
en Milieu, 200148

Proposed reduction
targets for the
Netherlands

Pressure indicator
Recycling amounts [t] /
Recycling rates [%]

EU:
Waste
Framework
Directive, ELV,
WEEE, Batteries
Directive,
Packaging and
packaging waste
Directive

Waste statistics often
include reuse within
recycling. ELV and WEEE
statistics include per
default reuse together
with recycling and
recovery. Waste
treatment facilities might
have available the
information split by
treatment category.

Waste
Recycling targets set for
multiple waste streams

Reuse and recycling
amounts [t] / Reuse and
recycling rates [%]
Recovery, reuse and
recycling amounts [t]
Recovery, reuse and
recycling rates [%]

The 5th EU EAP
had a target of
300 kg household
waste per capita,
but this target
has been
replaced by an
overall objective
to substantially
reduce waste
generation and
disposal of waste
in the 6th EU
EAP.49.

By 2015, 7% reduction of
Municipal Solid Waste (MSW)
per inhabitant

Pressure indicator
MSW per capita [kg]

France:
Grenelle I law,
201050

Amount of household waste
not re-used, recycled or
composted, to be reduced
from over 22.2 Mt in 2000 to:

Pressure indicator

UK:

Total household waste
[million tonnes]

National Waste
Strategy, 2007

48

Muilerman, H. and Blonk, H.(2001) Towards a sustainable use of natural resources. Stichting Natuur en Milieu.
www.eea.europa.eu/data-and-maps/indicators/municipal-waste-generation/
50
LOI n° 2009-967 du 3 août 2009 de programmation relative à la mise en œuvre du Grenelle de l'environnement (1)
49
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Target

Indicator

Source

Comments

By 2015, achieve cyclical use
rate of 14-15%

Cyclical Use Rate =
Amount of cyclical use /
(Amount of cyclical use +
DMI) [%]

By 2015, limit final disposal
amount to 23 million tonnes
Waste targets are broken
down for MSW and industrial
wastes.

Total amount of waste
[t]

Japan:
Fundamental
Plan for
establishing a
sound materialcycle society
Japan:
Fundamental
Plan for
establishing a
sound materialcycle society

Previous target set by the
Fundamental Plan was to
achieve a cyclical use rate
of 14%
(40% improvement from
2000 to 2010)
Previous target set by the
Fundamental Plan was to
reduce disposal amount to
28 million tonnes.
To coordinate efforts for a
low carbon society, a
reduction target for CO2
emissions from waste of
7.8 million tonnes by 2010
was set.

Phase 2 of the Courtauld
Commitment sets new
targets for 2012:
- to reduce the weight,
increase recycling rates and
increase the recycled
content of all grocery
packaging, as appropriate.
Through these measures
the aim is to reduce the
carbon impact of this
grocery packaging by 10%.

Pressure indicator

UK retailers:
Courtauld
Commitment51

The Courtauld
Commitment is a
voluntary agreement
among manufacturers,
retailers and packaging
associations led by WRAP
(Waste & Resources
Action Programme). The
first phase did achieve
zero growth or packaging
waste and reduced food
waste.

Pressure indicator
Recycling amounts [t] /
Recycling rates [%]

EU:
Prognos, 200852

Targets have only been
proposed.
Achievement of these
targets is estimated to

15.8 Mt by 2010 (29%) and
12.2 Mt by 2020 (45%)

- to reduce UK household
food and drink waste by
4%.
- to reduce traditional
grocery product and
packaging waste in the
grocery supply chain by 5%
- including both solid and
liquid wastes.
Recycling targets for
packaging waste (glass 80%,
paper 80%, metals 80%,
plastics 35%, wood 25%),

51
52

www.wrap.org.uk/retail/courtauld_commitment/
Prognos (2008) Resource savings and CO2 reduction potential in waste management in Europe and the possible
contribution to the CO2 reduction target in 2020.
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Target

Indicator

Source

Recycling and energy
recovery target for MSW
60%, Recycling and energy
recovery target for C&D
waste 60%
Ban of landfill for
biodegradable waste

Comments
contribute with 31% of the
EU GHG reduction targets
until 2020.

Ban of landfill for higher
calorific fractions
In 2050, recycling is a key
strategy: in industries like
aluminium, energy savings by
a factor of 20 over primary
production through recycling.

1.7.1.3

Pressure indicator
No specific indicator
provided

World Business
Council for
Sustainable
Development,
201053

Proposed as a vision, not a
target.

Supply risk indicators
Indicators exist for resource depletion for minerals, metals, and fossil fuels in the form of
estimations of the reserve base (amount of resources, as geologically evaluated, which have a
reasonable potential for becoming economically available). However, depletion is not the main
concern for most of these resources54. Despite figures showing that the supply of a certain
resource will run out in the near future if our present extraction rates (defined as reserve base
divided by annual global consumption) are maintained, the main concern in the near to
midterm horizon is their market availability (due to mismatches between supply and
demand). Global reserve figures are not considered reliable indicators of long term availability.
An illustration of this is the situation for the so-called rare earths55. These minerals are actually
relatively plentiful in the Earth’s crust and even though demand for them has risen drastically,
they are not in risk of being depleted. However, rare earths are scarce in the sense that they are
widely dispersed and not found in concentrated forms, which makes mining for them not very
economical (often they are by-products from the coupled production of major ores).
Instead of resource depletion, a more appropriate indicator would be related to supply risk.
There are several ways to measure supply risk (e.g. stability of the producing countries,
concentration of dominant producing countries or mining firms, extent to which the material can
be substituted, potential of meeting supply by recycling, etc.). Supply risk is not an absolute
condition. It can merely be temporal or regional as price shifts, and technology improvement can
change the conditions for when extraction (or recovery) is economically attractive. The question

53

World Business Council for Sustainable Development (2010) Vision 2050. The new agenda for business.
European Commission (2010) Critical raw materials for the EU. Report of the Ad-hoc Working Group on defining
critical raw materials. DG Enterprise and Industry.
55
Rare earths include yttrium, scandium, and the so-called lanthanides (lanthanum, cerium, praseodymium,
neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium and lutetium)
54
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of supply risk is interesting to consider as it is very linked to issues such as resource dependency,
security and equity.

1.7.1.4

Indicators mostly related to biotic materials
Biotic materials are natural resources that have originated from living organisms. The main
categories of biotic materials used as resources for human consumption are plants (and fungi),
animals and fossil fuels. Biotic materials are renewable resources, but if overexploited can risk
becoming exhaustible, as in the example of fish stocks. Agriculture mainly provides biotic
materials for food consumption, but biofuels and fibres for textiles are also important products
for the economy. The major concerns with the consumption of biotic material are the associated
water consumption (70% of global freshwater is used by the agricultural sector), soil degradation
and land use.

1.7.1.4.1

Agri-environmental indicators

Eurostat tracks a set of 28 indicators to monitor the integration of environmental concerns in the
Common Agricultural Policy56. The indicators are structured according to DPSIR and therefore
provide information on both resource use (driving forces) and environmental impacts (pressures).
However, the level of development of these indicators differs. Some are well-established with
data are available at national and at regional level. Other indicators, despite being well-defined,
lack regional or harmonised data. Their modelling approaches are in some cases weak. Finally
there are also indicators that still need substantial improvements in order to become fully
operational. Representing the key resource use issues there are indicators for land use, water
consumption, use of fertilisers and pesticides. Farm management such as organic farming (part
of EU’s sustainable development indicators), tillage practices and intensification are also tracked.
Regarding environmental impacts there are indicators that inform of nitrogen balance,
phosphorus pollution, pesticide risk, ammonia emissions, GHG emissions, soil erosion, soil
quality and water quality. The diversity of crops and livestock are also tracked as well as
biodiversity (using population trends of farmland birds as a proxy).
Most targets related to agriculture deal with land use and organic farming (e.g. Austria, Czech
Republic, Denmark, Finland, France, Germany and Poland all aim to increase the amount of
agricultural land used for organic farming). Denmark is among the few countries that have set
national targets for nitrogen and phosphorous discharge. The targets are reduction target
originally proposed as part of the water plans under the EU Water Framework Directive. Targets
have also been set for the share of manure that should be used in biogas production and
pesticide treatment. The nitrogen discharge targets were proposed in 2009, but this has since
been moderated due to concerns that Germany and Netherlands will not be introducing their

56

Eurostat, Agri-environmental indicators.
http://epp.eurostat.ec.europa.eu/portal/page/portal/agri_environmental_indicators/introduction/analytical_framewor
k
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plans as fast57. Setting higher targets would put the pig production in Denmark at a
disadvantage.
Although meant to promote the use of renewable energy, targets for the share of biofuels for
transport have had a significant impact on the use of resources in the agricultural sector. The
EU, USA, Japan and other countries have already set targets for the share of use of biofuel
(e.g. the USA aims to have 20% of transport fuel based on biomass by 2020). The biofuel policies
have provided learning lessons regarding perverted consequences for other resource areas, e.g.
the competition for resources between food and fuel.
The Stockholm Resilience Centre has proposed planetary boundaries for safe operating space for
humanity, and defined three global targets related to agriculture for 58:
Limit amount of N2 removed from the atmosphere for human use to 35 millions
of tonnes/year
Limit quantity of phosphorus from human activities released into the oceans to
11 millions of tonnes/year
Limit the global share of land cover converted to cropland to 15%
These suggestions for global targets still need to be further validated, but they could provide a
basis for discussion on what would be appropriate targets to set for the EU. Other indicators that
could be proposed as a target for agricultural resource efficiency (see section 0) are:
HANPP (amount of biomass removed from the land)59
Ecological Footprint (EF) - includes both cropland and grazing land
Water Footprint (e.g. litres of water per kilogram of food)
Global land use for domestic supply (to inform about ‘land grabbing’)
Amount of animal protein in diets (based on nutritional energy)60
Average energy or GHG emissions per produced unit (energy input per protein
output)
Some of these indicators have only recently been proposed and (with the exception of EF) they
have not been developed into policy targets. Targets that touch upon trade or consumption
patterns are typically considered politically sensitive. Although they may have great potential
for resource efficiency, it is difficult to gather political support for them.

57

Stockholm Environment Institute and Aarhus University (2011) Implementability of agro-environmental targets in
Denmark. Study for the Baltic Sea Region.
58
Rockstrom et al. (2009) Editorial, Earth's boundaries? Nature. Vol. 461, Issue 461, pp. 447-448. See also:
www.stockholmresilience.org/planetary-boundaries)
59
Haberl H., Erb K-H., Krausmann F., Gaube V., Bondeau A., Plutzar C., Gingrich S., Lucht W., Fischer-Kowalski M
(2007) Quantifying and mapping the human appropriation of net primary production in earth's terrestrial ecosystems.
In: Proceedings of the National Academy of Sciences of the United States of America, Washington (DC): National
Academy of Sciences of the United States of America 104, pp. 12942-12947.
60
Institute of Social Ecology and Potsdam Institute for Climate Impact Research (2009) Eating the Planet: Feeding and
fuelling the world sustainably, fairly and humanely – a scoping study. Study commissioned by Compassion in World
Farming.
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Table 6: Targets and indicators related to crop and livestock production
Target

Indicator

Source

Comments

Limit amount of N2
removed from the
atmosphere for human use
to 35 millions of tonnes/year

Impact indicator
Amount of N2 removed from
the atmosphere for human use

Stockholm
Resilience
Centre, 200961

Proposed as planetary
boundaries for safe
operating space for
humanity

Limit quantity of
phosphorus flowing into the
oceans to 11 millions of
tonnes/year
Reduce 19,000 tonnes of N
discharge to the aquatic
environment by 2015

Impact indicator
Amount of phosphorus flowing
into the oceans

Agricultural resources

Reduce 210 tonnes of P
discharge to the aquatic
environment by 2015
Pesticide ‘extent of burden’
(behandlings-omfang) shall
be reduced to 1.4 by the end
of 2013

Impact indicator
Amount of N discharged to the
aquatic environment
In previous action plans, targets
for N reductions were based on
leaching from the root zone (c.
1 m below soil surface). The
targets in Green Growth are
based on the discharge of N to
the “aquatic environment”,
which has introduced a
significant uncertainty
Impact indicator
Amount of P discharged to the
aquatic environment

50 % of animal manure in
2020 shall be used for green
energy

Impact indicator
Index for amount of pesticides
used on fields and also the
extent of non-sprayed areas
This new indicator replaces the
previous ‘treatment frequency’
(behandlingshyppighed).
1.4 in extent of burden equals
1.7 in treatment frequency
Response indicator
Share of manure used to
produce biogas

50% of farms involved in

Response indicator

Green Growth
Strategy
(2009),
Denmark
following the
water plans
created under
the Water
Framework
Directive

A following political
agreement (Green
Growth 2.0) postponed
the target to 2027.
Partly due to concerns
that Germany and
Netherlands will not be
introducing their plans
as fast and this would
put the pig production
in Denmark at a
disadvantage.
This is a 50% reduction
compared to the year
2000.
Original pesticide
target was set forth for
2009, but as it was not
met, it was postponed
to 2013.

This is expected to
reduce N discharge as
well as benefit organic
farms with natural
degassed fertilisers.
France

61

Rockstrom et al. (2009) Editorial, Earth's boundaries? Vol 461 September 2009, issue 461, 447-448. See also:
www.stockholmresilience.org/ planetary-boundaries)
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Target
environmental certification
2030 target: Globally
aggregated demand for
animal products to an
average (and more evenly
shared) per-head intake of
90 g meat per day.
2050 target: Not more than
50 g of this should come
from red meat from
ruminant animals.

By 2015 at least 60% of
phosphorus compounds
present in wastewater will
be recovered for use on
productive land. At least
half of this amount should
be returned to arable land
In 2050, doubling of
agricultural output without
associated increases in the
amount of water and land
used.
In 2050, producing the same
yield with at least 50% less
fertiliser.
Significant reduction of
emissions per unit output
from agriculture.
In 2050, 2 - 10% increase of
highly efficient irrigation.
In 2050, 80% of crops are
planted on unplowed land

Indicator

Source

Comments

Pressure indicator
Average amount of meat eaten
per day per person [kg]

McMichael,
A.J., Powles,
J.W. Butler,
C.D. and Uauy,
R. (2007) Food,
livestock
production,
energy,
climate
change, and
health. The
Lancet Energy and
Health 5.
Swedish
Environmental
Quality
Objectives

Linked with target for
GHG emissions from
agriculture

World Business
Council for
Sustainable
Development,
201062

Proposed as a vision,
not a target.

Response indicator

Pressure indicator

Related to waste water

Pressure indicator

Impact indicator

Pressure indicator
Pressure indicator

Organic farming
The share of ecological
farmed areas on all
agricultures used areas shall
increase to 20 % by the year
2010

62

Pressure indicator
Austria

World Business Council for Sustainable Development (2010) Vision 2050. The new agenda for business.
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Target

Indicator

To achieve by 2010 an
approx. 10% share of
organic farming in the total
agricultural land
A doubling of the organic
farming area by 2020
Some 10% of arable land
must be farmed organically
by 2010, and 25% by 2025
Switching 6% of farmland
to organic farming by 2010,
15% by 2013 and 20% by
2020
15% organic products in
public restaurants in 2010
Proportion of agricultural
land farmed organically
20% by 2010
Farms applying ecological
production methods should
make up 2-5% of the
country’s total agricultural
land.

Pressure indicator

Factor 2 – 4 for greenhouse
effect and land take
reduction target for the use
of agricultural products,
material and fuel

Impact indicator

Source

Comments

Czech Republic

Pressure indicator

Denmark

Pressure indicator
Finland
Pressure indicator
France

Pressure indicator

France

Pressure indicator
Germany
Pressure indicator
Poland

No specific indicators provided

Stichting
Natuur en
Milieu, 200163

State indicator

Czech Republic

Proposed reduction
targets for the
Netherlands

Land use
Stable or decreasing area of
fallow
Reduce land utilisation to 30
ha/day
Doubling the number of
hectares under pulses
cultivation by 2020
50% increase between 2009
and 2012 of farmland
engaged in the Natura 2000
network
The total area of farmland
should not be less than 1.8
billion mu (120 million
hectare).

63

Pressure indicator

Germany

Pressure indicator
France
Response indicator
France

Pressure indicator
China

Muilerman, H. and Blonk, H.(2001) Towards a sustainable use of natural resources. Stichting Natuur en Milieu.
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Target

Indicator

Source

Comments

75% reduction of Ecological
Footprint by 2050
Limit percentage of global
land cover
converted to cropland to
15%

State indicator
Ecological Footprint [global ha]
State indicator
Percentage of global land cover
converted to cropland

Wales:
WWF, 200764
Stockholm
Resilience
Centre, 200965

Proposed by WWF to
the Welsh Assembly
Proposed as planetary
boundary for safe
operating space for
humanity

1.7.1.4.2

Fishery indicators

Although MFA does account for capture of fish, crustaceans, molluscs and aquatic invertebrates,
the information is more elaborate in fisheries statistics (both fisheries catches and aquaculture).
The main concern with fisheries is the overexploitation of fish stocks and the impacts on
marine ecosystems. Production from aquaculture has increased globally. EU aquaculture only
represents 2% of world aquaculture production. Despite great progress in aquaculture
techniques, the EU output from aquaculture has been constant since 2000, far from the 30%
increase observed in the rest of the world.
Low fish stocks have raised concerns of the sustainability and profitability of the fishing industry,
and placed it on top of the international fisheries agenda. Nowadays, the Total Allowable
Catches (TACs) for each fish stock are shared between the EU Member States according to a
fixed allocation key based on their historic catches. Limiting the days which vessels can spend at
sea is now a systematic element in all long-term fishery plans. A long-term commitment was also
made by the EU Member States at the 2002 Johannesburg World Summit on Sustainable
Development in order to bring all European fish stocks to a state where they can produce at
Maximum Sustainable Yield (MSY) by 2015. As a result, the annual EU regulations setting Total
Allowable Catches (TACs) and quotas for the most important commercial species are no longer
simply a mechanism for dividing up a common resource. They are also called upon to provide
protection and preservation of vulnerable fish populations. At the MS level, no specific target
apart from the TAC has been identified in the EU-27. Despite the efforts in setting up indicators
and quotas for sustainable fisheries, the Common Fisheries Policy (CFP) has so far failed to
deliver healthy stocks and keep the fishing industry profitable66.
Table 7: Targets and indicators related to fisheries
Target

Indicator

Source

Comments

Pressure indicator
Fisheries production [t]:
catch / landings
Maximum sustainable yield

EU: Common
Fisheries Policy

Multi-annual plans set clear
goals for sustainable
management of specific
stocks and map out the
path to achieving them.

Fish catches
Total Allowable Catch

64

Ravetz J., Bond S., Meikle A. (2007) One Planet Wales. WWF-UK.
Rockstrom et al. (2009) Editorial, Earth's boundaries? Vol 461 September 2009, issue 461, 447-448. See also:
www.stockholmresilience.org/ planetary-boundaries)
66
European Commission (2009) Green Paper. Reform of the Common Fisheries Policy. COM(2009)163 final.
65

42 | Assessment of Resource Efficiency Indicators and Targets

Review of targets and indicators

Target

Indicator

Source

Comments

Limitation of fishing
effort (fishing days,
number of trips, number
of days at sea, etc.)

Pressure indicator
Fishing effort/Capacity: Fleet
power [kW / horsepower per
day] or Gross tonnes [GT /
GT per day]
State indicator
Maximum sustainable yield
[%]
Fish catches taken from
stocks outside safe biological
limits [%]
Pressure indicator
Fisheries production [t]:
catch / landings

Fishery
statistics,
Eurostat

Indicator used for
monitoring the EU
sustainable development
strategy

ICES

Indicator used for
monitoring the EU
sustainable development
strategy

No target provided, only
advice on fish stocks.

Reduce total allowable
catch for East Atlantic
and Mediterranean from
13,500 tonnes to
between 0 and 6,000
tonnes per year
No target provided

1.7.1.4.3

State indicator
Self-sufficiency = domestic
supply (catches and
aquaculture) / domestic
demand (apparent
consumption) [%]

Proposed
WWF, 201067

New Economics
Foundation/
OCEAN201268

Self-sufficiency is not a
measure of the
sustainability of fisheries. It
informs of the reliance of
the EU on fish from
elsewhere.

Forestry indicators

Forest products are classified in MFA as timber (for wood and pulp) and wood fuel. They are
however more detailed data and indicators available from Eurostat’s forestry statistics. Almost
half of the timber in the EU is used in the construction sector. About one third is used for paper
and cardboard. A significant amount of paper and cardboard production in the EU depends on
recovered paper supply (driven partly by recycling targets for paper).
Forests provide a number of crucial ecosystem services such as storage of carbon, watershed,
wildlife habitats, biodiversity and recreational space. The uses of forest products have
relatively minor detrimental impact on the environment compared to other material resources.
There is a growing recognition for the sustainable management of forests. Despite this, the
demand for certain hardwoods is causing deforestation associated with substantial
environmental impacts in sensitive areas in certain regions of the world. As a reaction, Germany
and the UK, for example, has set an objective of increasing the consumption of wood from
sustainable forestry. Otherwise most of the targets related to resource efficient forestry are
related to increasing the land area used for forests.

67
68

wwf.panda.org/what_we_do/footprint/smart_fishing/target_fisheries/bluefin_tuna/
New Economics Foundation (2010) Fish dependence. The increasing reliance of the EU on fish from elsewhere.
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Table 8: Targets and indicators related to forestry
Target

Indicator

Source

Increase the per capita
consumption of wood and
wood products from
sustainable forestry from
1.1 m3 to 1,3 m3 of raw wood
25% of products used in
construction projects to be
from schemes recognised
for responsible sourcing
Forest should cover 20-25%
of Denmark within a tree
generation (80-100 years)

Pressure indicator
Wood and wood
production recalculated to
raw wood [m3/capita]

Germany

State indicator
Forest cover

The National
Forest Program
(2002),
Denmark

In 2050, forest covers 30%
of world land area.

State indicator
No specific indicator is
provided.
Pressure indicator
No specific indicator is
provided.
Pressure indicator
No specific indicator is
provided.
State indicator
No specific indicator is
provided.

World Business
Council for
Sustainable
Development,
201069

Comments

Forestry

In 2050, 60% increase of
planted forest area.
In 2050, deforestation rate
close to 0.
In 2050, 10% increase of
total stock of carbon
sequestered in forests
compared with 2010.
In 2050, three-fold increase
of total yield and harvest
from planted forests
In 2050, consumption of
roundwood grows by 50%
to meet an increased
demand for building
materials and other wood
products
Factor 2 – 4 for greenhouse
effect and land take
reduction target for the use
of wood fibres as fuel and
material

69
70

UK

40,000 ha of forests
should be natural forests,
untouched forests and
forests under old forms of
management by 2040.
Proposed as a vision, not a
target.

Pressure indicator
No specific indicator is
provided.
Pressure indicator
No specific indicator is
provided.

Impact indicator
No specific indicators
provided

Stichting Natuur
en Milieu, 200170

Proposed reduction
targets for the
Netherlands

World Business Council for Sustainable Development (2010) Vision 2050. The new agenda for business.
Muilerman, H. and Blonk, H. (2001) Towards a sustainable use of natural resources. Stichting Natuur en Milieu.
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1.7.2

Energy

Many of the material resources covered in the previous section are also energy carriers, e.g.
uranium, biofuels and fossil fuels. Energy resources can be measured in terms of weight (as in
MFA), or in terms of the energy they provide. The existing energy statistics provide data on
production and consumption of energy in relation to type of energy and the consuming sector.
Energy accounts balance the energy supply (production) with demand (consumption).71 About a
third of the final energy in the EU is consumed by the transport sector.72 Households and industry
consume about a quarter each. The greatest consumers in the industry sector are manufacturers
of iron and steel, chemicals, glass and pottery, paper (and printing), and food and drink products.
As the consumption of fossil fuels is the main anthropogenic cause of global warming, most
of the targets and associated indicators related to energy are derived from GHG emissions.
They tend to relate to reducing energy consumption (energy efficiency) and renewable energy
sources (low carbon energy).

1.7.2.1

Indicators related to fossil fuels
Oil, coal, natural gas and peat are collectively known as fossil fuels. They are all non-renewable
natural resources used to produce energy. MFA measures the extraction and consumption of all
fossil fuels by weight. Around a quarter of DMC in the EU is fossil fuel, mainly used for energy
production and transportation, and only a minor part for plastic production. Energy statistics are
well-established in the EU, particularly for fossil fuels, which are typically measured in tonnes of
oil equivalent (toe).
Common for all uses of fossil fuels is their substantial contribution through combustion to
global warming, but also to acidification, smog and toxicity. Compared to their environmental
impacts, fossil fuels are eco-inefficient (low added value per unit of environmental impact).
They are however at present indispensible for the functioning of the economy. Processes
depending on large quantities of fossil fuel include electrical utilities, residential heating, metal
refining, transportation and energy intensive industries73.
Over half of EU’s primary production of energy is based on fossil fuels.74 For the transport sector
almost all energy is provided by fossil fuels, which is why the EU set forth a target that 10% of
transport fuel should come from renewable sources by 2020. The consumption of fossil fuels is
directly related to carbon emissions. Due to the amount of fossil fuels consumed, indicators of
energy consumption are often linked to GHG emissions (except in countries where other energy
sources provide significant amounts of energy).
In Europe, one of the principal challenges is securing future supply of fossil fuel resources (or
decreasing its dependence) to meet growing energy demand, while at the same time
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International Energy Agency (IEA). Website: www.iea.org
Eurostat (2010) Energy, Transport and Environment Indicators.
73
IEAE (2005) Energy Indicators for Sustainable Development: Guidelines and Methodologies, Available online: wwwpub.iaea.org/MTCD/publications/PDF/Pub1222_web.pdf
74
Eurostat (2010) Energy, Transport and Environment Indicators.
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decreasing the negative environmental impacts (particularly CO2 emissions). Following the
Kyoto Protocol, several targets have been set at the EU level, e.g. reduction of greenhouse gas
emissions by 20% compared to 1990 levels (or by 30% if the conditions are right) and increasing
energy efficiency by 20%. Based on the EU targets, each MS has set individual GHG reduction
targets under the Kyoto Protocol and has produced a National Energy Efficiency Action Plan for
reducing energy consumption. Some MS present these energy reduction targets in relation to
GDP.

1.7.2.2

Indicators related to nuclear energy
Nuclear energy accounts for almost 30% of the primary energy production in the EU. The
essential input material for the production of nuclear energy is uranium. Although uranium is not
a renewable energy resource, the supply of uranium is not of great concern. The management of
nuclear waste is, however, a major concern for human and environmental health. Hazardous
waste is tracked by the European Topic Centre on Sustainable Consumption and Production, but
no targets have been set specifically for nuclear waste. Several MS are however currently
considering phasing out nuclear energy.

1.7.2.3

Indicators related to renewable energies
The main categories of renewable energy resources are hydro, wind, solar, geothermal energy
and biomass. In 2007, 16% of the primary energy production in the EU was supplied by renewable
energy sources, but only 8% of gross inland consumption75. Common for all renewable energy
sources is their relatively low environmental impacts compared to fossil fuels. Nonetheless
renewable energies may represent substantial resource requirements as well as a variety of
potential environmental impacts. Some renewable energy sources are non-exhaustible, e.g.
solar and wind energy, whilst hydro and biomass can be exhaustible.
Biofuels include solid biofuels (e.g. fuel wood, dried manure), bioethanol (made from e.g. corn,
sugar, crop residues and algae), biodiesel (made from e.g. rapeseed, soya, sunflower, crop
residues and algae) and biogas (made from e.g. crop residues and biodegradable waste). These
material categories can be indirectly derived from MFA data, but are more elaborated in
agricultural and waste statistics. A major driver for the consumption of biofuels is the push for
renewable energy sources. Some (first generation) biofuels from crops compete with food crops.
Crops used for biofuels share the same environmental impacts as for food such as land use
(including soil degradation and biodiversity loss) and eutrophication. The technologies to
produce refined biofuels are developing and becoming more eco-efficient.76
A mandatory target has been set to reach a 20% share of renewable energies in the EU’s
energy mix by 2020. A mandatory 10% minimum target for the share of biofuels in transport
fuels has also been set for all Member States to be achieved by 2020.77 Each Member State is
75

Eurostat (2009) Energy, Transport and Environment Indicators.
UNEP/International Panel for Sustainable Resource Management (2010) Assessing Biofuels. Towards sustainable
production and use of resources.
77
Renewable Energy Directive (2009/28/EC). Available at
eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:EN:PDF
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required to develop a National Renewable Energy Action Plan and to set targets. Most notable of
the targets currently proposed is Denmark that despite having a high reliance on fossil fuels
today (about 80%), aims to be a ‘fossil-free society’ independent of coal, oil and gas by 2050.
Table 9: Targets and indicators related to the energy
Target

Indicator

Source

Comments

Pressure indicator
Energy intensity of the
economy:
Ratio between the Gross
Inland Consumption of
Energy and the Gross
Domestic Product (GDP) [kg
of oil equivalent per €]
Pressure indicator

EU:
EU 2020
Energy
Strategy

Indicator used for
monitoring the EU
sustainable
development
strategy

Energy consumption
Improve energy efficiency by 20%
by 2020 compared to the year
2000.

Improvement of energy intensity
by at least 5% until 2010 and at
least 20% until 2020 (as compared
to the average of 2001-2005)
Reduction 246 ktoe per year
(energy)
National annual indicative target,
in terms of the volume of energy
savings adopted for 2016, accounts
for 19,842 GWh (for a transition
period 2010 3,573 GWh)
Acceleration and subsequent
stabilisation of the annual rate of
fall of the energy intensity of GDP
creation by 3.0-3.5 % (long term
indicative target)
Acceleration and subsequent
stabilisation of the annual rate of
fall of the electricity intensity of
GDP creation by 1.4 – 2.4% (long
term indicative target)
Denmark’s overall energy
consumption must be reduced by
4% by 2020 compared to 2006
4-6% reduction in the consumption
of primary energy sources in 2010
Energy savings target within the
context of White Certificates is 54
TWh for the first period from 1 July
2006 to 30 July 2009

Austria

Pressure indicator
Gross inland consumption
[toe]
Pressure indicator

Bulgaria

Czech
Republic

Pressure indicator

Czech
Republic

Pressure indicator
Gross inland consumption
[toe]
Pressure indicator

Denmark

Finland

Pressure indicator
France
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Target

Indicator

Reduce energy intensity by 2 % per
year by 2015 and 2.5 % per year by
2030

Pressure indicator

To double energy productivity by
2020 compared to 1990

Pressure indicator

Increasing energy efficiency by
3,5% per year

Pressure indicator

25% decrease of primary energy
consumption per GDP by 2010

Source

Comments

France

Germany

Hungary
Pressure indicator
Latvia

Improve energy efficiency by 1,3%
per year

Pressure indicator

Decrease of energy intensity by 2%
a year
Cut energy consumption in terms
of GDP by about 25% between
1990 and 2010
Reduce the level of primary energy
consumption by 15 per cent by
2010, compared to 2000 levels
Systems designed to reduce
material and energy consumption
should be set up by 2015 in all
workplaces with more than 50 staff

Pressure indicator

Response indicator

Finland

Reduce energy consumption per
unit GDP by 20% by 2010.

Pressure indicator

Factor 4: four times as much
wealth can be extracted from
energy and material resources

Pressure indicator

China Circular
Economy,
2008
Wuppertal

Reduction of total energy
consumption by 2050 compared to
2007:
Germany: from -19% to -33%
Denmark: -50%
Finland: +12%
Norway: -30%
Sweden: -30%
UK: -42%

Pressure indicator

Netherlands
Spain

Pressure indicator
Poland
Pressure indicator

78

Future
Climate
Engineering
Solutions: 13
engineering
associations79

Example of such a
environmental
management
system is WWF’s
Green Office
system78

A demonstration of
targets that could be
achieved with
technology in order
to meet the target of
an average global
temperature rise
below 2oC

Green Office website:
wwf.panda.org/what_we_do/where_we_work/greatermekong/our_solutions/projects/green_office/
79
The Danish Society of Engineers, IDA (2009) Future Climate Engineering Solutions – Joint Report.
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Target

Indicator

Source

Comments

Pressure indicator
The 2020 target is defined as
share of energy from
renewable sources in gross
final consumption
Pressure indicator
The 2020 target is defined as
share of biofuels of total fuel
consumption for transport

EU:
EU 2020
Energy
Strategy

Indicator used for
monitoring the EU
sustainable
development
strategy
Indicator used for
monitoring the EU
sustainable
development
strategy

Renewable energy
Increase the share of renewable
energy to 20% by 2020.

Increase the share of renewable
energy in the transport sector to
10% by 2020.
Target for 2010 is 5.75%
Establishment of 400 MW new
windmills at sea by 2012
Renewable energy shall account
for 10 % of the total energy use in
the transport sector by 2020
Use of 50% of animal manure for
green energy by 2020
Fossil-free society by 2050 (100%
renewable energy system)

Response indicator

Bringing the share of renewables in
electricity production to 21% by
2010
Proportion of total energy
consumption attributable to
renewable energies is 4.2% of
primary energy consumption by
2010 and 12.5% of electricity
consumption by 2010 and 20% by
2020 and 50% by 2050.
5% of all fuel sold on UK forecourts
have to come from a renewable
source by 2010
Electricity suppliers to produce an
additional 9500 GWh
(approximately 2 %) of their
electricity from renewable sources
by 2010.
In 2050, increase to 50% share of
co-combustion of renewable and
waste in fuel needed for industrial
production.

Pressure indicator

EU:
EU 2020
Energy
Strategy

Denmark

Pressure indicator

Denmark

Pressure/Response indicator

Denmark

Pressure indicator

Climate
Commission,
Denmark,
2010
France

Pressure indicator

Germany

Pressure indicator

UK

Pressure indicator

Australia:
National
Mandatory
Renewable
Energy Target
World
Business
Council for
Sustainable

Pressure indicator

Proposed as a vision,
not a target.
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Target

Indicator

Source

In 2050, energy mix: 50% of
renewable, 25% of nuclear energy,
25% of fossil fuels, equipped with
Carbon capture and storage
facilities from 2030 onwards.
Biofuels contribution of 30% of
transport energy needs, of which
half come from agriculture and the
remaining half from forests and
other forms of biomass.
30% increase of sustainable biofuel
use in aviation by 2030. Significant
share in shipping.

Pressure indicator

Development,
201080

Comments

Pressure indicator

Pressure indicator

Emissions
Reduce GHG emissions by 20% by
2020 compared to 1990. (Rising to
30% if conditions are right)

Impact indicator
Greenhouse gas emissions
[kg CO2-eq.]

EU:
EU 2020
Energy
Strategy

Indicator used for
monitoring the EU
sustainable
development
strategy

Reduce GHG emissions by 80 -95%
by 2020 compared to 1990.

Impact indicator
Greenhouse gas emissions
[kg CO2-eq.]

European
Council

Not a target, but a
long-term
commitment

Reduce GHG emissions by 50% by
2025 compared to 1990 (and 60%
by 2030 and 80% by 2050)

Impact indicator
Greenhouse gas emissions
[kg CO2-eq.]

UK

Car emissions are to be capped at
120g of CO2/km by 2012

Response indicator
Car emissions [CO2/km]

EU:
Strategy to
reduce CO2
emissions
from
passenger
cars and lightcommercial

The goal of reducing
new car emissions to
120 g CO2/km by
2012 is not likely to
be achieved because
some measures have
been implemented
late.81

Vehicles, 2007
2030 target: GHG emissions from
agriculture should be limited to
their levels in 2005.

Impact indicator
Greenhouse gas emissions
[kg CO2-eq.]

80

McMichael,
A.J., Powles,
J.W. Butler,
C.D. and Uauy,
R. (2007) Food,
livestock
production,

Linked with target
for meat
consumption

World Business Council for Sustainable Development (2010) Vision 2050. The new agenda for business.
European Commission (2010) The progress report on implementation of the Community’s integrated approach to
reduce CO2 emissions from light-duty vehicle. COM(2010) 65.
81
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Target

Indicator

Source

Comments

energy, climate
change, and
health. The
Lancet - Energy
and Health 5.

World
Business
Council for
Sustainable
Development,
201082

Proposed as a vision,
not a target.

Impact indicator

Stern Review,
200783

GHG emissions limited to an
average of 5 tonnes per capita by
2050

Impact indicator

World
Resources
Institute

Assuming 2oC global
warming limit and
global population of
9 million.

GHG emissions limited to an
average of 2 tonnes per capita by
2050, 1 tonne per capita in 2100.

Impact indicator

Ekins, Meyer
and SchmidtBleek, 200984

Atmospheric carbon dioxide
concentration (parts per million by
volume) < 350
Change in radiative forcing < 1
W/m2 (watts per m2)

State indicator
Atmospheric carbon dioxide
concentration [CO2 ppm]
State indicator
Change in radiative forcing
[watts per m2]

Stockholm
Resilience
Centre,
200985

In 2050, GHG intensity of light duty
vehicles reduced by 80%.

Pressure indicator
No specific indicator
provided

New-vehicle carbon intensity up to
30-40%.

Pressure indicator

GHG intensity of others (road
freight, aviation and shipping)
reduced by at least 50%

Pressure indicator
No specific indicator
provided

CCS-adapted (CO2 capture and
storage) power stations become
commercially viable and grow to
account for nearly 12% of power
production by the end of the
2030s.

Pressure indicator
No specific indicator
provided

GHG emissions limited to an
average of 2 tonnes per capita by
2050

No specific indicator
provided

Proposed as
planetary
boundaries for safe
operating space for
humanity
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World Business Council for Sustainable Development (2010) Vision 2050. The new agenda for business.
Stern, N. (2007) The Economics of Climate Change. The Stern Review. Cambridge University Press.
84
Ekins, P., Meyer, B. and Schmidt-Bleek, F. (2009) Reducing Resource Consumption
A Proposal for Global Resource and Environmental Policy, GWS discussion paper.
85
Rockstrom et al. (2009) Editorial, Earth's boundaries? Vol 461 September 2009, issue 461, 447-448. See also:
www.stockholmresilience.org/ planetary-boundaries)
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Target

Indicator

Reduction of GHG emissions by
2050 compared to 2007:
Germany: from -50% to -63%
Denmark: -94%
Finland: -74%
Norway: -76%
Sweden: -100% (no net emissions)
UK: -89%
India (10% economic growth pa):
+103%

Pressure indicator

Factor 2 - 4 for greenhouse effect
reduction target for the use of
fossil resources

Impact indicator
No specific indicator
proposed

1.7.3

Source

Comments

Future
Climate
Engineering
Solutions: 13
engineering
associations86

A demonstration of
targets that could be
achieved with
technology in order
to meet the target of
an average global
temperature rise
below 2oC

Stichting
Natuur en
Milieu, 200187

Proposed reduction
targets for the
Netherlands

Water

The main challenge of water use is balancing the supply and consumption at a local level. In
Europe the availability of freshwater has become increasingly problematic as water usage is
increasing in households, industries, and agricultural sectors. Energy production (cooling water)
accounts for 44% of total water abstraction, 24% of abstracted water is used in agriculture, 21%
is used in public water supply and 11% for industrial purposes88. The combined effect of reduced
levels of water availability and increased ratios of water extraction to availability leads to a
growing number of river basins becoming water-stressed. In Europe:
at least 20% of water is wasted due to inefficiency89, i.e. through losses in
public water supply and irrigation networks, inadequate water appliances in
households, inefficient water practices in industry, etc. Water leakages from
distribution networks are as high as 50% in certain areas90;
70% of surface water and 75% of groundwater is at serious risk from pollution
and other changes;
60% of cities over-exploit their groundwater resources (groundwater is being
used at a faster rate than it can be replenished);
50% of wetlands are endangered due to over-exploitation of groundwater; and,

86

The Danish Society of Engineers, IDA (2009) Future Climate Engineering Solutions – Joint Report.
Muilerman, H. and Blonk, H.(2001) Towards a sustainable use of natural resources. Stichting Natuur en Milieu.
88
EEA (2009) Water resources across Europe — confronting water scarcity and drought, EEA Report No 2/2009,
Available online: www.eea.europa.eu/publications/water-resources-across-europe/at_download/file
89
European Commission (2007) Addressing the challenge of water scarcity and droughts in the European Union.
Impact Assessment. SEC(2007) 99.
90
European Commission (2010) Water Scarcity & Droughts – 2012 Policy Review – Building blocks Non-Paper. DG
Environment.
87

52 | Assessment of Resource Efficiency Indicators and Targets

Review of targets and indicators

since 1985, the area of irrigated land in southern Europe has risen by 20%91.
The impact of water withdrawals depends on where and when water is extracted. Although
freshwater on a global level is a renewable resource, it can be exhausted locally and / or
temporary. Water scarcity is defined as the insufficient water resources to satisfy long-term
average requirements. Droughts are only considered as a temporary decrease of the average
water availability due to e.g. rainfall deficiency.
National statistical systems include water accounts. These accounts distinguish between
withdrawals (abstraction) of water from rivers, lakes and aquifers (surface and ground water) that
are used in agriculture, industry and for domestic purposes (‘blue water’); water from rainfall that
is used to grow crops (‘green water’); and, wastewater which can be recycled (‘grey water’).
Nonetheless real water consumption data for specific uses is currently lacking and there is
significant potential to cost-efficiently reduce the water losses and account for non-revenue
water.
Water indicators that provide information on the quantities of water abstracted in specific areas
and on the quantities actually consumed are used to monitor water scarcity. Currently, the most
prominent indicator to give guidance on water scarcity is the Water Exploitation Index (WEI),
which was developed by the EEA. This indicator compares water actually extracted with available
freshwater resources (long term annual average). The warning threshold for a water scarce
region compared to a non-stressed region is around 20%. Severe scarcity occurs when WEI
exceeds 40%. An analysis of the local context of water scarcity is required as there can be diverse
situations even at regional or large river basin level. However, for an environmentally sustainable
use of freshwater, threshold values should be set on the maximum consumption (not only
extraction) of different types of water – non-renewable water, surface water (blue water), and
rainwater (green water) – in relation to available water resources92.It has been suggested that
75% of water resources withdrawn for agriculture, industry and domestic purposes leaves
insufficient quantities to meet environmental flows93. Despite these general guidelines, no
quantitative targets for water consumption have been proposed.
An additional dimension to local water scarcity in the EU is that some regions are indirectly
dependent on water resources from countries outside of the EU, e.g. water used in imported
food. To address this issue, the Water Footprint94, similar to Carbon Footprint, was developed. It
measures the total volume of global freshwater that an entity (e.g. country, organisation,
product, service) consumes – and not just its water content. This includes the water used to
produce the goods imported considering their entire life cycle from raw material extraction or
farming to consumption.
At present the EEA aims to further develop water related resource efficiency indicators on an
EU-wide level. Here existing resource (water) efficiency indicators were identified and analysed
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Brochure on the Water Framework Directive, Available online:
ec.europa.eu/environment/water/pdf/WFD_brochure_en.pdf
92
Ecologic Institute and SERI (2010) Establishing Environmental Sustainability Thresholds and Indicators. Study
commissioned by the European Commission, DG Environment.
93
Molden, D., Fraiture, C.d., Rijsberman, F. (2007) Water Scarcity: The Food Factor. Issues in Science and Technology.
94
Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M., Mekonnen, M.M. (2009) Water Footprint Manual – State of the Art
2009. Water Footprint Network. Website: www.waterfootprint.org
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to determine whether they could be proposed to be developed on an EU-wide level95. Most of the
identified indicators relate the use and pollution of water to economic development (GDP or
value added in a sector).
Table 10: Targets and indicators related to the use of water
Target

Indicator

Source

Comments

State indicator

EU:
The 6th environment
action programme and
the Water Framework
Directive

Cut water consumption in the
production sector by 50% in the
20-year period between 1990 and
2010

Pressure indicator

Poland

Reduce water consumption by
25% by 2020 relative to
2004/2005 in construction sector

Pressure indicator

UK

Water consumption
Ensure that rates of extraction
from water resources are
sustainable over the long term,
and to promote sustainable
water use based on a long-term
protection of available water
resources.

To reduce per capita
consumption of water in the
home to an average of 130 litres
per person per day by 2030, or
possibly even 120 litres per
person per day

Pressure indicator

Halve the proportion of people
without access to safe freshwater
and sanitation by the year 2015.

Driver indicator

Goal of 20% reduction in water
use per capita statewide by 2020

Pressure indicator

Promote the conservation and
wise use of water to affect a 30 %
reduction or increased efficiency
in water use in various sectors by
2025 (based on 2009 water use
levels).

Pressure indicator

UN Millenium
Development Goals
California, USA: Water
Conservation Act 200996.

Canada

95

ETC/ICM (2011) Background report on resource efficiency indicators. Draft Report for EEA. European Topic Centre
for Inland, Coastal and Marine Waters. June 9, 2011.
96

See: www.water.ca.gov/wateruseefficiency/sb7/docs/SBx7PublicDraft-7262010.pdf,
methodologies for target setting for the suppliers.

54 | Assessment of Resource Efficiency Indicators and Targets

which

provide

the

Review of targets and indicators

Target

Indicator

Source

Comments

Limit consumption of freshwater
by humans to 4,000 km3 per year

Pressure indicator
Freshwater
consumption [km3
per year]

Stockholm Resilience
Centre, 200997

Proposed as
planetary boundary
for safe operating
space for humanity

Water quality
Sets quality standards for
drinking water quality at the tap
(microbiological, chemical and
organoleptic parameters)
Limits for physical, chemical and
microbiological parameters of
bathing waters

1.7.4

State indicator
EU:
Drinking Water Directive
State indicator

EU:
Bathing Water Directive,
2006

Land

Land use refers to the spatial dimensions of resources, which include terrestrial and water
systems. This includes land that is used for economic activities but also land for ecosystems, e.g.
natural habitats. Agriculture and forestry are the largest uses of land in the EU. The main
pressures caused by land use through economic activities (biomass production, minerals
extraction, construction and building, etc.) include fragmentation of habitats and landscapes,
sealing of natural soils and land use intensity, which reduces the soil biodiversity. From an
environmental point of view, unsustainable land management may lead to for example
erosion, desertification, natural habitat loss and other threats to ecosystems.
The targets set for land use typically relate to agriculture (e.g. organic farming) and forest use
(see the section on agri-environmental indicators). Although spatial or land use planning is
typically performed at a regional or municipal level, there are examples of land use targets set by
MS. Germany, for example, has set an objective to reduce the daily growth of land use for
housing, transport and soil sealing to 30 ha in 2020. Denmark, on the other hand, has set long
term targets to increase the amount of forest area.
The targets set for land use all relate to agriculture (e.g. organic farming) and forest use (see
Table 6 and Table 8).

1.8

Interlinkages between resource indicators

The uses of resources are interlinked (see Figure 4). Fossil fuels, biomass and uranium minerals
are used to produce energy. Energy and water consumption is associated with almost every life
cycle stage of products and services. Land is used to extract, mine and harvest all natural
resources, but is also affected by the emissions and waste produced by most economic activities.
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Rockstrom et al. (2009) Editorial, Earth's boundaries? Vol 461 September 2009, issue 461, 447-448. See also:
www.stockholmresilience.org/ planetary-boundaries)

Assessment of Resource Efficiency Indicators and Targets | 55

Annex Report

The metal
industry
requires large
amounts of
energy and
water for
production

Materials

Most fossil fuels are used for energy, but
5-9% are used for non-energy purposes,
e.g. plastics, fertilisers, chemicals

Fossil fuels
Minerals
Metals

Energy

The majority of GHG
emissions are from
energy industries
and transport

Fossil fuels
Rare earths are critical for many
renewable energy sources, e.g. PV.
Renewable energy installations require
minerals and metals to be constructed
Only a very small amount of uranium
is required for energy generation

Biomass

Nuclear
Renewables

Over 2/3 of renewable energy
sources are from biomass

Water

Food, feed, bioenergy and forests
compete for the same resources

Land

Phosphorous is a critical fertiliser

Agriculture
Electricity
production
Industry

GHG
emissions

Land use and
land use
change has an
important
role in climate
change
Agriculture
contributes
with about
10% of total
GHG emissions

Agriculture
Over 30% of abstracted water is
used for irrigation

Maintenance of the built
infrastructure requires 60-90%
of construction minerals

Wood supply
Natural areas

Built-up land
Energy is needed to pump groundwater,
desalination and treat wastewater

Over 30% of abstracted
water is used for cooling
purposes in electricity
production

Figure 4: Examples of the interdependencies of resource use
When setting targets for resource use these interdependencies must be well understood. A
single target for a resource type might influence the use of other resources, e.g. setting a limit for
beef production will influence the amount of fodder crops needed, crop land, water and soil.
Inversely a target set for one resource might offset any efficiencies achieved for other resources,
e.g. a target for biofuel use in transport could increase the demand for biofuel crop production,
agricultural land and water.

1.9

Review of environmental impact indicators

The above-mentioned indicators and targets address resource use. In this section the aspect of
environmental impacts of resource use are reviewed. Resource use can sometimes be
considered as proxies for environmental impacts (e.g. the more resources extracted the
greater the environmental impacts), but this is not always the case. With some resources, even
though the resource is used in great quantities (based on weight) its total impacts on the
environment can be relatively small.98 Several attempts have been made to develop indicators
that account for the environmental impacts of resource use. Work in this field is still in progress.
So far, no comprehensive environmental impact indicator directly related to resource use has
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been developed98. Yet, despite a few methodological weaknesses, several indicators have the
potential to provide a fair indication of environmental impacts related to resource use99.
There are basically two ways in which the environmental impacts of resource use can be
determined. One approach is to use national environmental accounts from statistical offices,
which track the material flows through the economy together with emissions (e.g. GHG) and
waste. National environmental accounts also include data on environmental stocks and assets
such as water and land. The other approach is to use life cycle inventory (LCI) data based on life
cycle assessments (LCA). LCI tracks the raw material, energy and water inputs to a system and
the outputs to nature in the form of waste and emissions to air, land and water.
There is on-going effort to improve the existing environmental impact indicators, but also
developing new indicators. For example, Ecologic Institute is currently supporting the
Commission in developing comprehensive indicators such as the ‘Environmental Pressure
Index’ and ‘Policy Performance Index’ that will improve the decision-making of policymakers100.

1.9.1

Environmental accounts

In a similar way to national economic accounts, national environmental accounts follow the flow
of the production and consumption of products across the economy. Through a ‘top-down’
approach, it is possible to determine the environmental impacts of sectors, products and primary
natural resources. Although more a framework than an actual indicator, environmental accounts
can support many environmental impact analyses for resource efficiency.

1.9.1.1

Environmentally Extended Input-Output framework (EE IO)
National economic accounts can be ‘extended’ with national environmental accounts to provide
information, such as emissions, land use and waste, for each industry sector. National
Accounting Matrices including Environmental Accounts (NAMEA) is produced voluntarily by all
EU Member States. As this statistical information system includes both economic and
environmental data, it can be used to analyse the decoupling of economic growth from
resource use and environmental pressures101. EE IO allows accounting for many environmental
impacts, including the environmental pressure embodied into imports and exports (detection of
burden shifting). It also presents a detailed distinction of sectors which enable detecting changes
in production and consumption patterns. Its main drawbacks consist of:
98

BIO Intelligence Service, IEEP, IFF and Umweltbundesamt (2010) Preparatory study for the Review of the Thematic
Strategy on the Sustainable Use of Natural Resources. Study commissioned by the European Commission, DG
Environment.
99
Best, A., Giljum, S., Simmons, C., Blobel, D., Lewis, K., Hammer, M., Cavalieri, S., Lutter, S. and Maguire, C. (2008)
Potential of the Ecological Footprint for monitoring environmental impacts from natural resource use. Analysis of the
potential of the Ecological Footprint and related assessment tools for use in the EU’s Thematic Strategy on the
Sustainable Use of Natural Resources. Ecologic, SERI, Best Foot Forward and EnviroCentre. Report to the European
Commission, DG Environment.
100
Ecologic Institute and Bosch & Partner (2011) Indicator-based environmental reporting. Study commissioned by the
German Federal Environment Agency (UBA). See: http://ecologic.eu/3862
101
van der Voet, E., van Oers, L., de Bruyn, S., de Jong, F. & Tukker, A. (2009) Environmental Impact of the use of
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the lack of consistent data in some NAMEAs frameworks which include a limited
amount of pollutants (mainly emissions to air);
the definition of sectors at a high level of aggregation;
difficulty to disaggregate environmental impacts to specific resources;
the assumption that foreign production is similar to domestic production.
However, on-going research102 is likely to overcome these current weaknesses and develop a
more comprehensive EE-IO approach, which could deliver a general decoupling indicator for
resource efficiency.

1.9.1.2

Ecosystem accounts
At present EEA is working towards developing different accounting methodologies for land,
water and ecosystems. A methodology for simplified ecosystem capital accounts was recently
proposed103. Based on existing environmental accounts (e.g. MFA, Corine Land Cover), EEA aims
to construct six different indices:
Landscape index: measured from land cover, natural richness and
fragmentation
Carbon/Biomass index: ecosystem productivity and net source/storage of
carbon
Water index: available water resource (water quantity & quality, river basins
ecological status)
Biodiversity index (primarily species-based)
Dependency index: from artificial inputs such as fertilisers and other chemicals,
irrigation, energy, work, subsidies
Health index: health of human, wildlife and plant species populations
These indices will then be used to compute a ‘Total Ecosystem Potential’ indicator. A negative
change of Total Ecosystem Potential will inform of physical ecosystem degradation.
Other environmental accounting methodologies, such as Land and Ecosystems accounting
(LEAC)104 and System of Environmental Economic Accounting for Water (SEEA-Water)105, will
allow the changes to ecosystems to be described quantitatively and quality over time and in
relation to a geographical location106.
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See EXIOPOL: a project under the Sixth Framework Programme that aims to develop a new environmental
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EEA (2010) The European Environment. State and Outlook 2010 (SOER 2010). Land use.
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1.9.2

Life cycle assessment based indicators

The environmental impacts of raw materials, products and services can be calculated using Life
Cycle Inventory (LCI) databases. The ILCD framework107 suggests the following impact
categories to be considered in life cycle assessments:
Climate change
Ozone depletion
Acidification
Eutrophication (terrestrial, fresh water, marine)
Photochemical ozone formation
Human toxicity (cancerous, non-cancerous)
Respiratory inorganics (particulate matter)
Ecotoxicity
Ionising radiation (human health, ecosystems)
Resource depletion (abiotic materials, water)
Land use
The LCI data for some of these impact categories are more reliable than others, e.g. land use is
not considered to be very accurate in LCAs at present. Environmental impacts can be expressed
either in individual impact categories (e.g. climate change) or further aggregated, using the
relative weights of the environmental impacts, into single indicator of overall environmental
impact. Work is currently ongoing towards a weighting scheme for environmental impacts in the
EU108. However, the weighting of environmental impact categories is a controversial issue.
Weighting methods are not scientifically proven and are seen as subjective steps rather than
objective steps in environmental impact assessments.

1.9.3

Weighting schemes for environmental impacts

The Institute of Environmental Sciences at the Leiden University is working (as December 2010)
on a weighting scheme for the overall environmental impact109 for the Joint Research Centre of
the European Commission, based on the International Life Cycle Data system (ILCD). These
weighting sets are from a first review of currently available weighting sets conducted for the JRC.
They in no way necessarily reflect the views of the Commission. However, the midpoint impact
107

DG JRC (2010) ILCD Handbook: Analysis of existing Environmental Impact Assessment methodologies for use in Life
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impact. Deliverable A2b. Section 2. Recommended weighting approach for measuring the EU-27 overall
environmental impact.
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categories presented in the JRC work are slightly different from the ones in the EMC
methodology used in the present study, so the weighting scheme needed some adaptations in
order to be used. The EMC methodology also proposes equal weighting factors as an alternative
method, compared to the EPA/BEE/NOGEPA weighting methods. Table 11 shows these different
weighting factors compared.
Table 11: Weighting factors used in the environmental impact assessment
Average EPA,
Average EPA,
ILCD impact categories
BEES,
EMC impact categories
BEES,
NOGEPA
NOGEPA
Climate change
23
Climate change
23
Ozone depletion
4
Ozone depletion potential
4
Acidification
4
Acidification potential
4
Eutrophication
7
Eutrophication potential
7
Terrestrial
7/3
Fresh water
7/3
Marine
7/3
Photochemical ozone formation
5
Photochemical oxidation
5
Human toxicity cancerous
6
Human toxicity
6
Human toxicity non-cancerous
4
Particulate matter/respiratory
7
inorganics
Freshwater aquatic
Fresh water ecotoxicity
11
11
ecotoxicity
Ionizing radiation, human health
6/2
Ionising radiation
6/2
Ionizing radiation, ecosystems
6/2
Resource depletion
7
7
Abiotic resources
depletion
Resource depletion water
5
5
Land use
10
Land use contribution
10
Marine aquatic ecotoxicity
0
Terrestrial ecotoxicity
0
Total
100
85

1.9.3.1

Environmentally Weighted Material Consumption (EMC)
The concept of EMC was developed in 2005 by van der Voet et al.110 to estimate the contribution
of different materials to environmental impacts. The apparent consumption of selected base
materials is combined with quantifiable impact categories by means of a multiplying factor which
is derived by using life cycle inventory data sets, i.e. it is a weighted indicator of the
environmental impacts of material consumption. It is then capable of illustrating how data on
material flows, such as Domestic Material Consumption (DMC), is linked with data derived from
110

van der Voet, E., van Oers, L., Moll, S., Schütz, H., Bringezu, S., de Bruyn, S., Sevenster, M., Warringa, G. (2005)
Policy Review on Decoupling: Development of indicators to assess decoupling of economic development and
environmental pressure in the EU-25 and AC-3 countries. Institute of Environmental Sciences (CML), Leiden University;
Wuppertal Institute for Climate, Environment and Energy; CE Solutions for Environment, Economy and Technology.
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Life Cycle Assessments (LCA), considering the cradle-to-material and recycling-to-disposal
pathways of materials.
EMC allows the potential environmental impacts of different materials to be considered in
relation to the weight or volume of their use. Using GDP, DMA and EMC, it is possible to
provide a measure for both types of decoupling: economic growth from resource use, and
resource use from environmental impacts111. EMC uses data from MFA material flows,
production and trade statistics and LCI. As EMC uses MFA it only considers the main material
categories and not small scale materials. The uncertainties in both MFA and LCA data are
therefore also inherent to EMC. The calculation of environmental impacts is also greatly
simplified (e.g. double counting does occur) as the complexity of modelling all material flows and
products in the economy would be too great.
In its coverage of emissions and impacts, EMC is acknowledged as currently the most,
comprehensive indicator available to measure the environmental impacts of resource use. It has
already been used in several studies for the European Commission, but is not an adopted
indicator by Eurostat. Further work is required to compile material balances, improve the LCI
data, select impact factors and agree on a weighting scheme to produce an aggregate indicator
for the environmental impact of resource use112.

1.9.3.2
Life cycle based macro-level monitoring indicators on resources,
products and wastes
DG JRC has recently proposed a framework and methodology to calculate three resource
efficiency related indicators113. Similar to EMC, the approach uses LCI data to calculate
environmental impacts of:
all goods and services that are consumed in the EU territory in one year including
imports and excluding exports (decoupling or eco-efficiency indicator). A
representative product of each product groups is selected to model the life cycle
impacts of the entire group. The environmental impacts are calculated on the
basis of cradle-to-gate LCI data including transport to and from the boundary of
the EU. Environmental impacts associated with tourism and business trips are
also taken into account.
the final consumption of an average citizen in the EU-27 including the entire life
cycle of goods and services consumed in a year (basket-of-products indicator).
The indicator is based on apparent domestic final consumption and it includes
several demand categories (nutrition, shelter, consumer goods, mobility and
services).
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van der Voet, E., van Oers, L., de Bruyn, S., de Jong, F. & Tukker, A. (2009) Environmental Impact of the use of
Natural Resources and Products. Study for Eurostat, European Commission by CML, CE Delft and TNO.
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DG JRC (2010) Decoupling indicators, Basket-of-products indicators, Waste management indicators. Framework,
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The management of the most important waste streams in the EU (waste
management indicator). The environmental impacts uses LCI data covering the
entire waste management chain including collection, transport, storage,
conditioning and treatment and also include recycling/recovery and final
deposition of any remaining wastes. This includes the benefits of saved
resources associated with e.g. recycling/recovery.

1.9.4

Indirect environmental impact indicators

Although not directly an environmental impact indicator, some resource use indicators are
directly linked with environmental impacts that they can serve as a good proxy. Below is an
example for biomass, but pressure indicators such as land use change (particularly increases in
artificial surfaces), water abstraction and fish catches114 can effectively be used to inform on the
state of the environment.

1.9.4.1

Human Appropriation of Net Primary Productivity (HANPP)
HANPP is an aggregated indicator that reflects the use of land for biomass production. NPP is
the net amount of biomass produced each year by plants on a specific area of land. HANPP
therefore measures to what extent land conversion and biomass harvest alter the
availability of NPP (biomass) in ecosystems. The amount of biomass removed from the land
has been demonstrated as a useful pressure indicator for biodiversity loss 115. The Institute for
Social Ecology (SEC)116 has proposed a clear method for defining HANPP117, but this has not
been standardised making it difficult to compare results.
HANPP is widely accepted in the academic community, but studies of HANPP are limited
(mostly performed in Austria by SEC). It has been considered by the European Commission, but
it has not yet been used as an indicator at a policy level.118 Its scope is limited and is built on
satellite-based data rather than statistics. It does not account for burden shifting. However, it
can efficiently complement other indicators (e.g. biomass material flows) by providing more
specific and detailed information on the use of bio-productive land.

114

Eurostat uses “fish catches taken from stocks outside safe biological limits” as an indicator for the ecological
damage to marine ecosystems
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1.9.5

Environmental impact indicators that relate to
sustainability thresholds or targets

An issue with environmental impact indicators is that they provide a value but do not inform on
the extent of environmental damage the impact represents. Environmental thresholds or limits
to carry capacity are sought for by policy makers in order to identify the most critical
environmental issues. For example the threshold of 2°C rise in global mean temperature, or 350
ppm CO2 in the atmosphere, was used to set EU’s GHG emissions targets. Although there is in
most cases not sufficient scientific evidence to determine environmental thresholds119, there
have been attempts in defining them as they are powerful tools to communicate the need for
action and to raise awareness.

1.9.5.1

Ecological Footprint
The Ecological Footprint (EF) measures how much biologically productive land and water area is
required to provide the resources consumed and absorb the wastes generated by a human
population, taking into account prevailing technology120. In other words, it evaluates resource
use in terms of demand of regenerative capacity, calculating a virtual land area in order to
translate carbon dioxide emissions. This is done by calculating the CO2 emissions of a country or
activity, and then relating this to the amount of forest land needed to sequester the emissions.
The unit of measurement is global hectares, a standardised unit of measurement equal to one
hectare of land with global average bioproductivity. EF tracks the use of six categories of
productive areas: cropland, grazing land, fishing grounds, forest area, built-up land, and
carbon demand on land. The data requirements for the indicator are agricultural, forestry and
fisheries statistics, land use and CO2 emissions which are widely used and reported in national
databases and the Food and Agriculture Organization of the United Nations (FAO).
If the amount of global hectares calculated is greater than the amount of land currently available,
then consumption is above the carry capacity of the planet and will lead to environmental
degradation. As EF is consumption-oriented, it allows burden shifting to be accounted for to a
certain extent. However, it focuses on renewable (biomass) resources and only includes CO2
emissions (other GHG emissions are not included). Therefore it is not easily expandable since the
globally available hectares become questionable when other types of emissions are included121.
The main strength of EF is its ability to effectively communicate whether the planet is living
within its regenerative capacity and helps raise awareness of the impacts of consumption
patterns. It has been adopted by WWF as a key metric together with its Living Planet Index (a
measure of the planet’s ecosystems) and water footprint122.
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The Global Footprint Network123 has been responsible for developing international EF calculation
standards and provides National Footprint Accounts for all countries in the world. Several
countries around the world have used the EF in national environmental policy. Japan,
Switzerland, UAE, Ecuador, Finland, Scotland and Wales have formally adopted it as a
sustainable development indicator. Although the EF is well suited to inform of consumption in
relation to biocapacity, it has been criticised as its scope is too limited to provide a total picture of
decoupling of the economy121. A project, called “One Planet Economy Network” under the
Seventh Framework Programme (FP7) and led by the WWF, is currently investigating a footprint
family consisting of the three indicators: Ecological, Carbon and Water Footprint, for EU policy
work.124 The combination of these three indicators can be used to set targets to achieve a ‘One
Planet Economy’.

1.9.5.2

Environmental Impact Load (EVIL)
The IFEU research institute in Heidelberg, Germany, developed an indicator that informs of the
acceptable maximum level of environmental impacts of resource use or economic activity
which will guarantee the sustainable development of society125. The so-called Environmental
Impact Load or EVIL indicator is defined by a quantification of an environmental pressure for
which the long-term carry capacity can be granted. For example, if 18 million tonnes of CO 2 eq.
were defined as the safeguard for climate change, then 1 EVIL = 18 million tonnes CO 2 eq. The
emissions from the use of resources or economic activities would then be related to this
threshold. In this way EVIL combines scientific knowledge and subjective political consensus on
the judgement of sustainability thresholds. The EVIL indicator is currently only a proposal for an
indicator. It has not been used in policy as it requires sustainability thresholds to be defined.

1.9.5.3

Environmental Performance Index
The Environmental Performance Index (EPI) has been constructed by the Yale Center for
Environmental Law and Policy and the Center for International Earth Science Information
Network at Columbia University’s Earth Institute126. It measures the effectiveness of national
environmental protection efforts by tracking 25 performance indicators covering ten policy
categories related to environmental health and ecosystem vitality. Based on existing
internationally agreed targets, leading national regulatory requirements and expert judgement,
target values have been proposed for each of the environmental performance indicators.
Examples of resource related target values are for forestry there should be an increase in growing
stock (defined as the standing volume of the trees (in cubic meters) in a forest above a certain
minimum size) and no change in forest cover change (measures deforestation). EPI is calculated
as the gap (proximity-to-target) between a country’s environmental performance and the
defined sustainability target. The 25 performance indicators are aggregated using weighting
123
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factor based on a policy judgement (e.g. climate change receives 25%, while the ecosystem
vitality related to agriculture only has 4.2% weight). EPI has currently been assessed for 163
countries around the world. It was first produced in 2006 and every two years since. The World
Economic Forum and DG JRC collaborated on the 2010 EPI report.

1.9.5.4

Sustainability Society Index
In order to compare and monitor countries progress to sustainability, the Sustainability Society
Index (SSI) was developed by the Sustainable Society Foundation127. The approach to calculating
SSI is similar to EPI, but encompasses all three dimensions of sustainable development:
human well-being, environmental well-being and economic well-being. It uses 24 individual
indicators with have clearly defined targets. For example, the targets for human well-being are
related to the UN’s Millennium Development Goals. Environmental targets are based partly on
EPI, but include 100% renewable energy of total energy consumed; less than 2 tonnes CO 2 per
capita per year; limit on energy consumption; 100% of water withdrawals are from renewable
sources; 0.4‰ increase of forest cover change over ten years. Interestingly, the economic wellbeing targets address some resource relevant indicators, e.g. organic farming (target 20%) and
material consumption measured by Ecological Footprint, excluding the Carbon Footprint as this
is already included in CO2 emissions (target 0.9 gha). Each indicator is made dimensionless by
assigning a score from zero to ten depending how close it is to certain targets (ten means the
target has been achieved). A single score is given by a calculating a simple average of all
indicators (i.e. all indicators are given equal weighting). The majority of data used to calculate the
SSI is based on available country data and statistics. The SSI was first launched in 2006. The
methodology was revised in both 2008 and again in 2010. The last version of the SSI covers 151
countries. DG JRC reviewed the 2010 SSI and found the conceptual structure of the indicator to
be sound, but had recommendations to the weighting and aggregation of all three wellbeing dimensions (this causes serious information losses and allows one dimension to
compensate another).
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Table 12: Overview of the advantages and disadvantages of environmental impact indicators
related to resource efficiency
INDICATOR

PROS

Indirect
environmental
impact
indicators

- Easier to set targets for resource use as

Environmental
accounts

- Provides good information of the

this is directly actionable

relationship between the economy and
the environment

- Can detect burden shifting
- Possible to accounts ecosystems
- Combines resource use (e.g. MFA) and
environmental impacts (LCI data)

- Helps to identify most environmentally
harmful materials

- Broad scope of resources and
environmental impact categories

Indicators
related to
environmental
thresholds



impacts
biomass extraction.

products from production to consumption



- Not a direct measure of environmental
- HANPP is not broadly used, focuses on

- Tracks the flow of all materials and

LCI based
environmental
impact
indicators

CONS

-

- Not an indicator as such, but a framework
for data that can be used to provide
indicators

- Does not cover all environmental impacts
- Flows structured by product, not resource
- Assumes foreign production is similar to
domestic production

- Methodology still needs further
development

- LCI data needs to be improved. A large
number of coefficients for calculating
environmental impacts are needed for
time series and different countries

Able to make burden shifting visible

- Weighting is problematic
- No reference to a sustainability threshold

Easy to communicate, simple message

- Many questionable assumptions made /

Can be aggregated and disaggregated

Good to raise awareness
Related to a carrying capacity
Good data availability over time and
countries

scientific evidence lacking

- Not well accepted by policy makers and
not seen appropriate for policy
development

- Weighting implicit therefore not
transparent or consistent

- For Ecological Footprint, underlying
methods are still being discussed (e.g.
global versus local yields), calculation not
transparent, and focus on climate change
and does not address other emissions

1.9.6

Summary of environmental impact indicators

The above reviewed environmental indicators provide information that is suited for different
purposes.128 Some indicators are broad in scope and cover all environmental impacts (LCI
based indicators), others are more focused (e.g. HANPP and EF). Environmental accounts are
well suited for integrated assessment of the impacts of resources and resource efficiency, but are
not indicators as such. Life cycle inventory (LCI) based indicators such as EMC provide a very
comprehensive of environmental impacts, but need to improve the quality of current LCI data.
128
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As there are several different environmental issues, it is often desired to have a single indicator to
inform of the totality of environmental impacts. However, every time an indicator is
aggregated information is lost resulting in abstract values and less transparency, particularly
if subjective weightings of environmental issues are used. Impact indicators related to
environmental thresholds (or existing targets) are effective when communicating with the
general public. The thresholds themselves are however more interesting to consider for
setting resource efficiency targets than the constructed indicators themselves.

1.10

Review of resource benefit indicators

Economic (market) value is traditionally used to measure the utility or benefit derived from
resource use. In the following a brief review is made of the ‘resource benefit’ indicators currently
used and also of recent proposals for other indicators that could inform of human well-being
and quality of life derived from resource use. As this study focuses on indicators for resource
use and environmental impacts, resource benefit indicators is not given much attention. The
following section gives only a brief overview of economic activity and human well-being is
calculated and an update of on-going work in this area.

1.10.1

Economic indicators

The gross domestic product (GDP) is the market value of all final goods and services produced
within a country in a given period of time. It is calculated as follows:
GDP = private consumption + gross private domestic investment
+ government purchases + (exports − imports)
In order to compare GDP across countries it is converted to purchasing power parity (PPP), an
exchange rate calculation based on the price of a comparable basket of goods across countries.
GVA (gross value added) is a component of GDP and used to measure the value of goods and
services produced in an industry or sector of an economy. It allows us to track the market value of
resource use in different sectors and along the value chain.
GDP is the default proxy for the standard of living, but recently efforts have been made to use
alternative metrics. As GDP only takes the monetary economy into account, an improved
indicator for resource benefit should take into account the costs and benefits that exist outside
the market. Examples of this are:
the Index of Sustainable Economic Welfare (ISEW)129 which adjusts GDP by
subtracting social and environmental costs, and adding the value of non-market
productive activity, such as volunteer work and child rearing.
the Wealth Estimates and Adjusted Net Savings indicators130 developed by
the World Bank131. The Wealth Estimate measure total wealth of nations which
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besides produced capital (traditional economic value) includes natural capital
(e.g. mineral and energy resources, protected areas, agricultural land, forest
resources) and intangible capital (e.g. human resources and social capital). The
Adjusted Net Savings (also called Genuine Saving) attempts to calculate the true
rate of savings in an economy after taking into account investments in human
capital, depletion of natural resources and damage caused by pollution.
the Economics of Ecosystems and Biodiversity (TEEB) Initiative132, which is
based on the Millennium Ecosystem Assessment, aims to promote a better
understanding of the true economic value of ecosystem services and to offer
economic tools that account for the external benefits from nature.

1.10.2

Beyond GDP

Following its communication133, the European Commission launched the Beyond GDP
Initiative134, which aims to develop indicators that are as clear and appealing as GDP, but more
inclusive of environmental and social aspects of progress. The idea is that economic growth is not
necessarily a good indicator for human development and well-being135.
At the request of the French government, a commission was created to identify the limits of GDP
and assess the feasibility of other measurement tools136. Similarly, the UK has launched a
national debate around the topic of national well-being and how to measure it137. Examples of
organisations that are using other indicators than GDP to track progress are the United
Nations138 (Millennium Development Goals and the Human Development Index), OECD and
Gallup139. Australia, Canada and the Netherlands have all set up frameworks for measuring
national well-being. These different frameworks take into account a variety of different
indicators that inform about health, education, democracy, life satisfaction, social cohesion,
environmental stability, etc.
Another approach is to use surveys that gather information directly from individuals on the
quality of life. Various indices for measuring quality of life and happiness have been developed by
different research teams, e.g. European Quality of Life Survey (EQLS)140, Happy Planet
Index141, World Database of Happiness142.
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1.11

Indicators and targets in EU Member States

A review of relevant literature and databases was performed to provide an overview of existing
resource efficiency indicators and targets in EU Member States (MS). A recent survey of EEA
Member States’ resource efficiency policies and instruments143 was used to verify information
gather from previous documents such as the EEA background paper on the Resource Efficiency
Knowledge Base, along with the EEA’s Eionet SCP database provides detailed factsheets and
information on a range of MS policies that address resource use. Moreover, the “Preparatory
Study for the Review of the Thematic Strategy on the Sustainable Use of Natural Resources” 144
also provides a detailed review of polices on resource use in EU MS. Some of the principal
findings of the above mentioned sources are provided here.
The literature review indicates that several EU MS set targets and indicators to measure resource
use and/or resource efficiency. Oftentimes, actions and targets to achieve resource efficiency are
embedded within broader sustainable development national strategies or take the form of an
initiative that tackles a specific resource or category of resource145. These initiatives vary by their
type, scope, and the method of governance. The BIO report on the Review of the Thematic
Strategy on the Sustainable Use of Natural Resources identified two categories of MS in terms of
how they address natural resources:
The MS who have adopted a pro-active approach to manage natural resources,
at least in regard to specific resources, often referring to the key concepts of the
EU’s Thematic Strategy on the Sustainable Use of Natural Resources (Finland,
Austria, Germany and France)
MS who seem to be in a delayed phase in the management of the natural
resources use. A coherent approach to govern resource use has not yet been
developed (Slovenia, Poland and Portugal)

1.11.1

Summary of review

The literature review show that several EU MS are setting up targets and indicator on efficient
use of resources. A closer look at country-specific targets and indicators indicate a large variety
of the types of indicators being used, the type of resource being targeted and the indicators used
to measure progress. Some MS adopted a National Strategy focused on specific or have
implemented national strategies that target the use of all natural resources.
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EEA (2011) 2011 survey of resource efficiency policies in EEA member and cooperating countries. Initial findings
from the analysis of draft national reports on resource efficiency policies and instruments. Website:
www.eea.europa.eu/themes/economy/resource-efficiency/resource-efficiency-policies-country-profiles
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BIO Intelligence Service, IEEP, IFF and Umweltbundesamt (2010) Preparatory study for the Review of the Thematic
Strategy on the Sustainable Use of Natural Resources. Study commissioned by the European Commission, DG
Environment.
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BIO et al. (2010) Preparatory Study for the Review of the Thematic Strategy on the Sustainable Use of Natural
Resources
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A number of EU MS have defined quantitative targets addressing the use of natural resources
directly. These usually are targets aimed at achieving “factor X” resource productivity, or the
decoupling of economic growth from the use of natural resources at an aggregate level146. In
addition to targets that directly address the use of natural resources, there are also several
quantitative targets (binding or indicative) that relate to EU policy areas such as the recycling of
waste (e.g. packaging waste), climate change (the emission of greenhouse gases) and energy
efficiency.
Overall, there does not seem to be a consistent or systematic approach across MS targets and
indicators towards resource efficiency. However, some similarities can be found. For example,
the majority of the targets reflect a production-oriented approach focusing on the domestic
economy and in general the production-consumption categories of highest environmental
impact (food and drink, housing and mobility) seem to be addressed by a growing number of
targets.147
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EEA (2011) 2011 survey of resource efficiency policies in EEA member and cooperating countries. Initial findings from
the analysis of draft national reports on resource efficiency policies and instruments. Website:
www.eea.europa.eu/themes/economy/resource-efficiency/resource-efficiency-policies-country-profiles
147
EEA (2010) Background paper on Resource Efficiency Knowledge base
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1.12

Indicators and targets in selected other countries

1.12.1

United States of America

In the USA, there are several existing programmes at Federal and State level that aim to move
the USA towards a more resource efficiency society. However, there is no comprehensive formal
strategy on the use of resources, national policy on sustainable consumption and production, or
sustainable development policy at the Federal level. US regulations and economic instruments
seek to prevent or mitigate certain environmental impacts, but rarely take into account upstream
or downstream effects148. To this date, the US does not set specific targets related to resource
efficiency. However, several programmes aim at reaching certain environmental targets, which
involve specific resources. Although no Federal target for the overall share of renewable energy
exists, the Renewable Fuels Standard149, which was established by Congress, sets a long-term
target of 136 billion litres (36 billion gallons) renewable transport fuel by 2022 (this
corresponds to a 20% of share of biofuels for transport150).
In response to supporting the economic recovery, President Obama recently called for 80% of
America’s electricity to come from clean sources by 2035, including wind, solar, nuclear, clean
coal and natural gas151. He also intends to put forward measures to ensure that the US is the first
country to put 1 million advanced technology vehicles on its roads.
At a State level the Renewable Portfolio Standard (RPS) provides states with a mechanism to
increase renewable energy generation152. An RPS requires electric utilities and other retail
electric providers to supply a specified minimum amount of customer load with electricity from
eligible renewable energy sources (see Table 13).

State

Table 13: State requirements on Renewable Portfolio Standards
Specific Provisions (% of
Target (% of electricity sales)
electric sales)
4.5% by 2012 from distributed energy
resources

AZ

15% by 2025

CA
CO

20% by 2010
IOUs 20% by 2020; electric cooperatives and municipal
utilities 10% by 2020

CT

27% by 2020

DC
DE
HI
IA

20% by 2020

4% Energy Efficiency and CHP by
2010
0.4% solar by 2022

20% by 2019

2.005% solar by 2019

IOUs: 0.4% solar by 2020

20% by 2020
105 MW by 2025

148

EPA (2009) Sustainable Materials Management: The Road Ahead
www.epa.gov/otaq/renewablefuels/420f10007.htm
150
UNEP (2009) Towards sustainable production and use of resources: Assessing Biofuels. International Panel for
Sustainable Resource Management
151
White House (2011) The State of the Union: President Obama's Plan to Win the Future. 25 th January 2011.
www.whitehouse.gov/the-press-office/2011/01/25/fact-sheet-state-union-president-obamas-plan-win-future
152
www.epa.gov/chp/state-policy/renewable_fs.html
149
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State
IL
MA
MD
ME
MI
MN
MO
MT
ND*
NH
NJ
NM
NV
NY
OH
OR
PA
RI
SD*

Target (% of electricity sales)
25% by 2025
Class I: 4% by 2009 (+1%/year after); Class II: 3.6%
renewable, 3.5% waste energy by 2009; APS: 5% by
2020 increasing by 0.25% each year after.
20% by 2022
10% by 2015
Xcel Energy (utility) 30% by 2020; other utilities 25% by
2025
15% by 2021

Class II: 3.6% renewable, 3.5% waste
energy by 2009
2% solar by 2022

Xcel Energy: 25% wind
0.3% solar retail sales by 2021

15% by 2015
10% by 2015
23.8% by 2025 - 16.3% new

0.3% solar by 2025

22.5% by 2021

20% by 2015

2.12% from solar by 2021
Wind: 4%; solar: 4%; biomass and
geothermal: 2%; distributed
renewables: 3% by 2020 (IOU only)
1% solar by 2015

24% by 2013

0.154% customer-sited by 2013

25% by 2025 (12.5% renewable energy)
Large utilities (>3% state’s total electricity sales) 25% by
2025
18% by May 31, 2021 (8% renewable energy)

1% solar by 2025
Smaller utilities 5-10% by 2025
(depending on size)
0.5% solar by 2025

IOUs: 20% by 2020; rural electric cooperatives 10% by
2020

16% by 2020
10% by 2015
5,880 MW by 2015

UT*
VA*

20% by 2025

WA
WI

18.75% wind by 2013

30% by 2000; 10% new by 2017

TX

VT*

Specific Provisions (% of
electric sales)

At least 500 MW from renewables
other than wind

12% of 2007 sales by 2022
20% by 2017; Total incremental energy growth between 2005-2012 to be met with new
renewables (10% cap)
15% by 2020
10% by December 31, 2015

Other examples of targets are153:
the Massachusetts State Sustainability Program, which sets targets applicable to
state facilities with respect to greenhouse gas emission reductions, energy
conservation and efficiency, renewable energy, green buildings, and water
conservation
the City of Minneapolis’ Sustainability Initiative, which includes the use of
sustainability indicators and publication of an annual GreenPrint Report
The 1985 Farm Bill attempted to promote the sustainable use of soils through the retirement of
marginal land and the improvement of agricultural practices. 154 The progress indicators that are
used to measure soil conversation include:
153

EPA website: www.epa.gov/oswer/international/factsheets/200810-sustainable-consumption-and-production.htm
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Total amount of soil loss (in tonnes per year)
Erosion rate (tonnes per acre per year), which is used to estimate the intensity of
soil erosion
Soil loss tolerance level (maximum rate of annual erosion that may occur and
still permit a high level of crop productivity to be obtained economically and
indefinitely)
Social costs of the actual erosion and social benefits of erosion savings:
combination of estimates of sheet and rill, and wind erosion with the National
Resources Inventories data
Each of the above indicators can be narrowed down by type of erosion (sheet and rill, or wind
erosion) and type of land (highly erodible land or not). These distinctions enable to target the
fields or geographical areas where soil conservation policies have been the most effective for soil
savings.
Despite the lack of a comprehensive resource efficiency strategy in the USA, a recent report
published by the EPA on sustainable materials management recommends several actions that
the US government should take towards a more efficient management of materials. It should
however be noted that no quantitative targets or indicators on how to measure the sustainable
management of materials are provided. The recommendations of the report include:
Promote efforts to manage materials and products on a life-cycle basis
Build capacity and integrate materials management approaches in existing
government programmes
Accelerate the broad, ongoing public dialogue on life-cycle materials
management

1.12.2

Canada

In Canada, several legislations exist that aim at controlling the use of specific natural resources.
Similar to the USA, Canada does not have an overarching national strategy for resource use or
resource efficiency, but the sustainable use of natural resources is nonetheless one of the
objectives of Canada’s Federal Sustainable Development Strategy (FSDS).155 The FSDS was
adopted in 2010. The strategy’s goals on sustainable resource use include “maintaining and
strengthening the competiveness of the Canadian economy through the sustainable development
and use of natural resources”. Table 14 provides an overview of the resource related targets in
Canada’s FSDS.

154

BIO et al. (2010) Preparatory Study for the Review of the Thematic Strategy on the Sustainable Use of Natural
Resources
155
Canada Environment Ministry website: www.ec.gc.ca/dd-sd/default.asp?lang=En&n=C2844D2D-1
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Table 14: Overview of resource related targets in Canada’s Federal Sustainable Development
Strategy
Theme

Goal

Target

Climate change

Reduce greenhouse gas emission
levels to mitigate the severity and
unavoidable impacts of climate
change.

Relative to 2005 emission levels, reduce
Canada’s total greenhouse gas emissions
(GHG) 17% by 2020.

Air pollution

Minimize the threats to air quality so
that the air Canadians breathe is
clean and supports healthy
ecosystems.

Reduce air pollutants in order to maintain or
improve air quality across the country and
achieve the emission targets, which are
currently under development in consultations
with provinces and stakeholders.

Water quality

Protect and enhance the quality of
water so that it is clean, safe and
secure for all Canadians and supports
healthy ecosystems.

Complete federal actions to restore beneficial
uses in Canadian Areas of Concern in the Great
Lakes by 2020.

Water
availability

Enhance information to ensure that
Canadians can manage and use
water resources in a manner
consistent with the sustainability of
the resource.

Promote the conservation and wise use of
water to affect a 30% reduction or increased
efficiency in water use in various sectors by
2025 (based on 2009 water use levels).

Ecosystem
Habitat
Conservation
and Protection

Biological
Resources

Maintain productive and resilient
ecosystems with the capacity to
recover and adapt; and protect areas
in ways that leave them unimpaired
for present and future generations.

Sustainable production and
consumption of biological resources
within ecosystem limits.

Park Protected Habitat: Maintain or improve
the overall ecological integrity in all national
parks from March 2008 to March 2013.
Improve the conservation of ocean areas and
marine ecosystems by 2012.
Threats of new alien invasive species entering
Canada are understood and reduced by 2015.
Improve the management of Canada’s Forest
Ecosystem through the development and
dissemination of knowledge.

Currently only renewable energy targets exist at provincial level156 (see Table 15). However, the
Government of Canada did set itself a goal of reducing greenhouse gas emissions by 20% from
2006 levels by 2020. As part of this plan, an objective was set that 90% of electricity needs should
be provided by non-emitting sources, such as hydro, nuclear, clean coal or wind power by 2020.
Canada already has 59% of electricity produced by renewables (most of it hydropower).

156

Renewable Energy Policies for Remote and
afficher.do?id=1291667110819&lang=eng#return_note30

Rural
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Table 15: Renewable energy targets for Canada’s nine provinces
Province

Policy tool

British Columbia

Target

Alberta
Manitoba

Target
Target

Ontario

Ministerial
Directive

Quebec
Prince Edward
Island
New Brunswick
Northwest
Territories
Nova Scotia
Newfoundland
Yukon

Target
Renewable
Portfolio
Standard
Renewable
Portfolio
Standard
Target
Renewable
Portfolio
Standard
Target
Target

Renewable energy as a per cent of total generation
Clean or renewable energy generation will continue to
account for at least 90 per cent of total generation, 100% of
generation to have net zero GHG emissions by 2016
12.5% by 2008
1,000 MW wind power by 2014;
Conserve 842 MW by 2017
Procure an additional 2,200 MW of renewable generation by
2012 (directive set in 2007)
Approximately 40% renewables by 2025 (directive set in
2006)
4,000 MW wind power by 2015
15% by 2010 (already met and exceeded); 100% by 2015
500 MW of wind energy by 2013
Additional 10% by 2016
10% by 2010, 25% by 2025
20% by 2013, 25% by 2025 (target)
50 MW of wind power; 98% from renewables by 2016
20% increase by 2020

Furthermore, Canada’s Environmental Sustainability Indicators (CESI) initiative provides data
and information to track Canada’s performance on key environmental sustainability issues:
air quality (Fine Particulate Matter and Ground Level Ozone)
air pollutant emissions (SOx, NOx, VOCs, NH3, CO, PM)
toxic substances to air (mercury, hexavalent chromium)
greenhouse gas emissions
air health indicator (cardiopulmonary (CP) mortality risk attributable to air
pollutants)
water quality
water quantity and availability
pressures on water quality (e.g. household use of chemical fertilisers and
pesticides)
sustainability of timber harvest
protected areas
Under the CESI, water level indicators have been developed, which track water levels over time
and how humans affect water supply through land use, reservoir storage, water diversions (e.g.,
dams and weirs) and water withdrawals. The main indicator reports yearly water-level trends for
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Canada’s 25 drainage regions as “high,” “normal” or “low” for the decade 1998–2007. Water-level
characteristics are determined by comparing daily water-level measurements to 30-year normal
levels for each water-quantity monitoring station in each region157. This indicator summarises the
fraction of monitoring stations for which high, normal or low water levels were observed for 2007
for each drainage region. Finally, Canada has also developed well-being indicators related to
quality and use of freshwater resources. The surface freshwater quality for aquatic life indicator
provides information on the suitability of waters for sensitive aquatic organisms and the health of
aquatic ecosystems in general. The residential water use indicator provides information on daily
residential water use per person and gives a partial measure of water use intensity and water
conservation. The residential water use measure shows only a small portion (10%) of overall
water use in Canada; it does not provide a complete picture of the demand on freshwater
resources, and the relationship between freshwater and well-being. Nevertheless, it offers some
insight into the use of freshwater for immediate household needs, such as drinking, bathing, or
doing laundry, and how levels of water usage may change over time. Extensive water use in
periods of water shortages occurs in some areas and can be a potential threat to human wellbeing.158

1.12.3

Japan

Japan has one of the most comprehensive strategies towards resource use and resource
efficiency of the non-EU countries reviewed in this study. Since the 1970s, Japan has developed a
coherent and holistic vision regarding material cycle management, supported and strengthened
by the implementation and wide diffusion of the concept of a Sound Material-Cycle Society.
Japan has shifted from a waste management policy to an integrated waste and material
management approach that promotes dematerialisation and resource efficiency. The in-depth
integration of the life-cycle approach into a national strategic framework appears to be one of
the key reasons of the successful material policy in Japan159.
In Japan, in order to establish a Sound Material-Cycle Society, policies have been
comprehensively developed based on the ‘Second Fundamental Plan for establishing a Sound
Material-Cycle Society’ (hereafter referred to as the Fundamental Plan). The Fundamental Plan
aims to reduce the total material input, amount of extracted resources, generation of waste,
energy consumption, and increase the “reuse” and “recycling” of resources and products. The
Fundamental Plan includes several quantitative targets and progress indicators, which are
assessed every year, with 2015 as the target year of the plan.160
Two types of quantitative indicators are included within the Fundamental Plan toward a Sound
Material-Cycle Society. These are targets based on indicators from Material Flow Accounts and
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Environment Canada (2010) Water Levels Indicator, Data Sources and Methods, Available online:
www.ec.gc.ca/indicateurs-indicators/2102636F-9078-409F-8133-8775E51400BE/WATERL-DSM-EN.pdf
158
Canada well-being indicators website: www4.hrsdc.gc.ca/.3ndic.1t.4r@-eng.jsp?iid=63
159
BIO et al. (2010) Preparatory Study for the Review of the Thematic Strategy on the Sustainable Use of Natural
Resources
160
Japan Ministry of the Environment (2009) Establishing a sound material-cycle society: Creating economic
development through the establishment of a sound material-cycle society, Available online:
http://www.env.go.jp/en/recycle/smcs/a-rep/2009gs_full.pdf
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targets concerning waste management effort indices. The material flow indicators aim at
ensuring appropriate material cycles and reducing per unit resource inputs by reducing the final
disposal amount of waste, clarifying the sources of waste generation and fostering the cyclical
use of material. This includes:
Resource productivity (total productivity (GDP/Direct material input)
Productivity excluding resource input of soil and stone (aggregates)
productivity by sector

161

and

Cyclical use rate
Final disposal amount
Input rate of biomass resources
Measurement of hidden flows and total material requirement
The effort indices aim at tracking the progress of measures and effort undertaken by entities
towards a Sound Material-Cycle Society, in order to provide information and to formulate future
policies. It includes for instance the number of resource recovery facilities or the percentage of
local governments that are implementing paid garbage collection. Table 16 lists the specific
material flow indicators and quantitative targets. The figure below shows a visual representation
of the Japan’s concept of a Sound Material-Cycle Society.
Table 16: Japan’s resource productivity targets
Indicator

Status 2000

Status 2007

Target 2015

Resource
productivity
[yen/tonne]

263,000 yen/tonne

361,000 yen/tonne

420,000 yen/tonne

Resource
productivity
excluding input of
earth and rocks
[yen/tonne]

770,000 yen/tonne

Recycling rate

10.0%

13.5%

14 - 15%

Final disposal

57 million tonnes

27 million tonnes

23 million tonnes

Daily per capita
garbage

1.185 kg

1.089 kg

Reduction rate 10%
compared to 2000

Daily per capita
household garbage

0.654 kg

Wastes from
business activities

1.799 kg

8.1%
0.586 kg
13.5%
1.509 kg

Reduction rate 20%
compared to 2000
Reduction rate 20%
compared to 2000

161

Exclusion of inputs of soil and stone because of their significant weight in resource inputs that may hinder trends for
other materials.
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per capita

Figure 5: Japan’s sound material-cycle society162

1.12.4

China

In China, the Circular Economy Promotion Law is the principal national strategy that includes
targets and indicators related to resource use and efficiency. The Circular Economy concept was
developed in China as a strategy for reducing the demand of its economy upon natural resources
as well as the damage it causes to natural environments163. The Law came into force on January
1, 2009.
The Circular Economy approach to resource efficiency integrates cleaner production and
industrial ecology in a broader system encompassing industrial firms, networks or chains of firms,
eco-industrial parks, and regional infrastructure to support resource optimisation. The three
basic levels of action are:
At the individual firm level, managers must seek much higher efficiency through
the 3Rs of Cleaner Production, reduce consumption of resources and emission of
pollutants and waste, reuse resources, and recycle by-products.
The second level is to reuse and recycle resources within industrial parks and
clustered or chained industries, so that resources will circulate fully in the local
production system.
The third level is to integrate different production and consumption systems in a
region so the resources circulate among industries and urban systems. This level

162

Japanese Initiative toward a Sound Material-Cycle Society Jiro Hiratsuka Waste Management and Recycling
Department, Ministry of the Environment, Japan, 2004.
163
Environment Knowledge Hub, UNEP document, Available online, www.ekh.unep.org/files/CIRCULAR ECONOMY IN
CHINA.doc
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requires development of municipal or regional by-product collection, storage,
processing, and distribution systems.
Under the Circular Economy Promotion Law, targets include reducing energy consumption per
unit GDP by 20% by 2010. Total discharge quantity of pollutants such as chemical oxygen
content and sulphur dioxide should be lowered by 10% and the total area of farmland should not
be less than 1.8 billion mu (120 million hectare). The Circular Economy Promotion Law is meant
to make an important contribution towards achieving these goals; however, the Law does not set
its own quantitative and measurable objectives to be met164. An index system for appraising
circular economy in four aspects have been developed:
Output of resources (GDP produced by consumption of non-renewable
resources (including coal, oil, iron ore, non-ferrous metal ore, rare earth ore,
phosphorus ore, sulphur ore, limestone and gravel, etc.)
Consumption of resources (resources consumed per unit products or per unit
GDP)
Comprehensive utilization of resources (reclamation and utilization of solid
waste, wastewater, urban household garbage and traditional waste and old
materials and embodies the effect of recycling waste)
Discharge of waste (final discharge (disposal) quantity of solid waste,
wastewater, SO2, reduced discharge (disposal) quantity of waste through
development of circular economy.)165
Figure 6 provides detailed indicators used to measure progress of the Circular Economy.
Figure 6: Indicators used in China’s Circular Economy Promotion Law166

Input indicators

Output indicators

1. Direct Material Input (DMI)

1. Domestic Processed Output
(DPO)

2. Total Material Requirement
(TMR)

Consumption indicators

Balance indicators

1. Domestic Material Consumption
(DMC)

1. Physical Trade Balance (PTB)
2. Net addition to Stock (NAS)

2. Total Material Consumption
(TMC)

164

BIO et al. (2010) Preparatory Study for the Review of the Thematic Strategy on the Sustainable Use of Natural
Resources
165
Zhu Dajian (2008) Background, Pattern and Policy of China for Developing Circular Economy, Chinese Journal of
Population, Resources and Environment 2008 Vol. 6 No.4, Available online:
www.indigodev.com/documents/CE_Zhu_Background.pdf
166
Dr. Prasad Modak (2010) Presentation on Decoupling of Environmental Degradation from Resource Use through
Integrated Waste Management, Second Meeting of the Regional 3R Forum in AsiaKuala Lumpur, Malaysia, Available
online ;www.uncrd.or.jp/env/3r_02/presentations/1-1PrasadModakDecouplingRevised.pdf
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In terms of level of implementation, it is still too early to assess the actual effectiveness of the
Law. Nonetheless, the Law has already encountered a number of difficulties, in part linked to the
global economic downturn following the financial crisis and in its wide scope. This resulted in
particular in difficulties in practically and consistently implementing provisions, which address a
large range of economic sectors.167

1.12.5

Australia

In Australia, no overarching national strategy exists on resource use and efficiency; however,
several initiatives have been developed to tackle specific natural resources such as water, fossil
fuels and land resources. Concerning fossil fuels, a range of government initiatives aim to reduce
the greenhouse intensity of energy supply and increasing energy efficiency. For example, the
national Mandatory Renewable Energy Target Scheme requires electricity suppliers to produce
an additional 9500 GWh (approximately 2%) of their electricity from renewable sources by 2010.
The availability of freshwater is a resource that of particularly concern in Australia due to the
regular threat of water shortages. The severe economic, social and environmental impacts that
water shortages cause, is driving a more sustainable use of water resources. The Australian
approach to managing water resources relies on the two following major policies:
Water Reform of 1994 and the National Water Initiative (NWI) of 2004
Water Act (2007), its 2008 amendment and associated regulations
The National Water Initiative defined specific objectives to be achieved, such as:
Completing the return of all currently overallocated or overused systems to
environmentally sustainable levels of extraction (obj.4), whose progress is
monitored by performance indicators.
Determining clear and nationally compatible characteristics for secure water
access entitlements (obj.1).
Progressive removal of barriers to trade in water and meeting other
requirements to facilitate the broadening and deepening of the water market,
with an open trading market to be in place (obj.5).168
The above policies also established the rules for the implementation of “water trading”. Water
trading” consists of buying, selling, leasing or exchanging water access entitlements or water
allocations169 at a price determined on an open market. The system is a way to optimise the
autonomous allocation between competing users of scarce water resources according to their

167

BIO et al. (2010) Preparatory Study for the Review of the Thematic Strategy on the Sustainable Use of Natural
Resources
168
BIO et al. (2010) Preparatory Study for the Review of the Thematic Strategy on the Sustainable Use of Natural
Resources
169 “
A water access entitlement (permanent trade), such as a water licence, refers to an ongoing entitlement to
exclusively access a share of water. A water allocation (temporary trade) refers to the specific volume of water that is
allocated to water access entitlements in a given season.” (National Water Commission website: www.water.gov.au)
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most valuable use while protecting the resource.170 This instrument is meant to optimise the
autonomous allocation between competing users of increasingly scarce water resources
according to their most valuable use, especially in the field of irrigation. This approach focuses
more on decoupling economic growth from resource use than from environmental impacts.

1.12.6

Switzerland

In Switzerland the efficient use of natural resources is addressed in the Swiss Sustainable
Development Strategy. Several sustainable development indicators include those that measure
resource use. The Swiss approach to selecting such indicators was to concentrate as much as
possible on crucial sustainable development processes that would be valid in the long term. This
has lead to the inclusion of the decoupling between the use of natural resources and economic
growth, implicitly part of the “economic efficiency” qualitative objective, as another important
process for sustainable development. The four crucial processes identified represented in Figure
7.
The Swiss MONET system structure was developed in response to this strategy to monitor
sustainable development progress based on indicators measuring the four processes shown in
Figure 7 of which resource efficiency is key (Decoupling: how efficiently are we using our natural
resources?). MONET is a joint activity of the Federal Statistical Office (FSO), the Federal Office
for the Environment (FOEN) and the Federal Office for Spatial Development (ARE).
Figure 7: Swiss approach towards sustainable development indicators171

The MONET system aims to provide information about the current situation and trends in social,
economic and environmental aspects of sustainable development and to demonstrate
Switzerland’s position compared to other countries. MONET has identified 26 topics of relevance
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Boesch, Anne et al. (2009) Towards Key Sustainable Development Indicators: The Swiss Approach, Available online:
www.statssa.gov.za/isi2009/ScientificProgramme/IPMS/0989.pdf
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to sustainable development, and each topic is illustrated with 4 to 10 indicators. Each MONET
indicator is related to one of the five following types:
Level (indicators describing the extent to which the needs of individuals and
society are met)
Capital (indicators describing the status and potential of resources environmental, economic, and social)
Input/Output (indicators describing flows to, or from, the capital to meet the
needs of individuals and society)
Structural Criteria (indicators describing the efficiency of the flows to, and from,
the capital, as well as disparities in the meeting of needs or in the access to
stocks of capital)
Response (indicators describing social and political measures taken to counter
undesired developments)
The following indicators that are used and specifically address resource use are listed below.
Specific targets concerning the indicators below have not been identified.
Material requirement abroad for imports (imports to Switzerland and indirect
flows associated with imports, million tons): The indicators show the
development of imports into Switzerland and the related material requirement
abroad. Data is collected within the framework of the Federal Statistical Office’s
economy-wide material flow accounts (EW-MFA). The MFAs cover all materials
produced in Switzerland, as well as imported raw materials and manufactured
goods.
Energy dependency: Domestic production of primary energy carriers and gross
energy imports (import surplus of energy and nuclear fuels)
Ecological Footprint: (global hectares per person) The Ecological Footprint
shows the magnitude of the use of and stress on natural resources, such as crop
cultivation and the consumption of energy and wood.
Energy consumption: Final energy consumption per capita, in kWh
Consumption of raw materials/ material intensity: The Total Material
Requirement (TMR) of a country is the sum of all direct flows (domestically
extracted or imported raw materials like minerals and biomass) used by the
national economy as well as all indirect flows (unutilised domestic extraction or
hidden flows associated with products imported into Switzerland). Material
intensity is calculated by dividing the TMR by the Gross Domestic Product.172
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Monet website: www.bfs.admin.ch/bfs/portal/en/index/themen/21/02/ind9.approach.903.html
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1.12.7

Summary of review

Findings in this section on resource efficiency indicators and targets in non-EU countries reveal
that with the exception of Japan and China, few countries reviewed set specific quantified
resource efficiency indicators or targets as part of their national programmes. Nonetheless,
national governments and organisations are aware of the importance of setting goals towards
resource efficiency, which is seen in the reports from the US EPA on sound management of
materials, the Canada’s Environmental Sustainability Indicators and the Australian government’s
report on indictors to use in environmental performance reporting.
Furthermore, initiatives exist in all countries reviewed that target the sustainable use of specific
resources. The Australian example of water trading is an example of an innovative strategy using
market-based tools towards protection water resources. The Japanese initiative illustrates the
successful integration of the life-cycle thinking concept into a legislative framework, supported
by a set of monitoring indicators. China’s Circular Economy concept provides an interesting
example of a new attempt to develop “a circular economy” across sectors and resources through
a core strategic framework, with the aim of simultaneously conserving inputs, managing waste,
and achieving sustainable development.
The following table shows a summary table of the resource efficiency indicators and targets that
exist in the non-EU countries reviewed.
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Annex B – Indicator evaluation
This Annex includes the original list of resource use and efficiency related indicators (Table 17)
and the compiled RACER and Specific Evaluations for the selected 29 indicators.
Table 17: Initial list of indicators
Resource
category /
Issue
Materials

Indicator

Short description of
indicator

Unit

DPSIR

Data
situation

DMC provides information on
the apparent consumption of
materials on the national level.
DMC is calculated as domestic
extraction plus imports minus
exports. The indicator excludes
indirect materials flows of trade
and unused materials.

1000
tonnes

Pressure

Available from
EUROSTAT MFA
accounts and SD
indicators

Pressure

Currently being
developed in
pilot studies at
EUROSTAT and
national level

1000
tonnes

Pressure

Suggested by EC
as future
headline
indicator for
sustainable
production and
consumption

€/
tonne

Available from
Combined:
EUROSTAT MFA
economic /
accounts and SD
pressure
indicators

€/
tonne

Currently being
Combined: developed in
economic / pilot studies at
pressure
EUROSTAT and
national level

Aggregated materials

Material
consumption

Domestic
Material
Consumpti
on (DMC)
[absolute /
per capita]
Raw
Material
Consumpti
on (RMC)
[absolute /
per capita]
(Optional
in addition
to RMC):
Total
Material
Consumpti
on (TMC)
[absolute /
per capita]

Material
productivity

GDP per
DMC

GDP per
RMC
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In addition to DMC, RMC also
includes the indirect (upstream)
material flows of imports and
exports, but excludes unused
materials.
In addition to RMC, TMC also
includes unused materials of
domestic and foreign origin. As
the inclusion of unused
materials significantly changes
the meaning of the indicator,
we suggest using it as an option
additionally to RMC.
GDP/DMC illustrates the
amount of economic value
generated by unit of domestic
material consumption on the
national level.
GDP/RMC illustrates the
amount of economic value
generated by unit of raw
material consumption on the
national level.
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1000
tonnes

Indicator evaluation

Resource
category /
Issue

Indicator

(Optional in
addition to
GDP per
RMC): GDP
per TMC

Environment
al impacts of
material
consumption

Environmen
tallyweighted
consumption (EMC)

Short description of
indicator
GDP/TMC illustrates the
amount of economic value
generated by unit of total
material consumption. As the
inclusion of unused materials
significantly changes the
meaning of the indicator, it is
an option additionally to
GDP/RMC.
Through combining data on
quantities of material
consumption with data on
specific impacts of different
materials from LCA databases,
EMC presents an aggregated
estimate on the different
environmental impacts of
material use

Data
situation

Unit

DPSIR

€/
tonne

Suggested by EC
as future
Combined: headline
economic / indicator for
pressure
sustainable
production and
consumption

Normal
ised
impact
units

Overall
environmental
impacts
indicator

Indicator derived from macro
LCA

Animal
products in
nutritional
energy

Consumption of animal
products such as meat and
dairy products in total
consumption of nutritional
energy.

%

PTB biomass

Physical Trade Balance of
biomass (direct imports minus
direct exports of biomass)

1000
tonnes

RTB biomass

Raw Material Trade Balance of
biomass (RTP also includes
indirect flows of biomass
embodied in imports and
exports of products)

1000
tonnes

Share of the TAC (based on the
concept of maximum
sustainable yield) that is
acquired by fish capture
production.

%

Normal
ised
impact
units

Impact

Discussed by EC
as possible
indicator to
measure the
environmental
impacts of
resource use

Impact

Developed by
JRC as possible
indicator to
measure the
environmental
impacts of
resource use

Pressures

Data partly
available from
nutrient
statistics

Biomass
Animal
biomass

Biomass
trade

Fisheries

Fish capture
production
per Total
Allowable
Catch (TAC)

Available from
EUROSTAT MFA
Pressures
accounts and SD
indicators
Currently being
developed in
Pressures pilot studies at
EUROSTAT and
national level
Data available
from EU
Pressures /
Common
State /
Fisheries Policy
Impacts
framework and
ICES

Fossil fuels
Fossil fuel
consumption

DMC (RMC)
fossils

Illustrates the national
consumption of fossil fuels in
absolute numbers

1000
tonnes

Pressure

DMC available
from
EUROSTAT;
RMC currently
being developed
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Resource
category /
Issue

Indicator

Import
dependency

Imports of
fossil fuels
per TPES

Short description of
indicator

DPSIR

Data
situation

%

Pressure

Data available
from
EUROSTAT and
IEA

Share of metals from
secondary sources
(reuse/recycling) in total
consumption of metals.

%

Response

[to be identified]

Available (global) reserves (and
resources) of specific metals

1000
tonnes

State

Data situation
unreliable

Indicator shows the share of
imports of fossil fuels in total
primary energy supply of a
country

Unit

Metal ores
Reuse,
recycling,
recovery

Reserves

Supply risks

Recovery/
reuse/
recycling
rates for
specific
metals
Stocks of
specific
metals

Supply risk
index

This composite indicator
considers several aspects, such
as the level of concentration of
worldwide production and the
political and economic stability
of the producing countries.

Score
numbe
rs

Economic

Data available
for 41 raw
materials from
the Ad-Hoc
Working Group
on Critical Raw
Materials

Illustrates the annual increase
in man-made stocks (buildings,
infrastructure, etc.)

1000
tonnes

Pressure

Data not yet
available

Share of construction minerals
from secondary sources
(reuse/recycling) in total
consumption of construction
minerals

%

Response

[to be identified]

Minerals
Man-made
stocks

Reuse,
recycling,
recovery

Net
additions to
stock
Secondary
construction
minerals per
DMC
construction
minerals

Waste

Waste
production

Residual
waste per
material
input of
countries

Residual waste refers to waste
which is not prevented, reused,
recycled or composted. It is
expressed by the total amount
of material input of virgin
materials of a country

%

Pressure

EUROSTAT
reports waste
data, but data is
inhomogeneous
across countries

This indicator quantifies the
energy consumption of a
country, either aggregated
over all energy types or
disaggregated for specific
energy carriers

1000
tonnes
of oil
equival
ent

Pressure

Available from
EUROSTAT

Energy & GHG emissions
Energy

Energy
consumption
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Gross inland
energy
consumption [total,
by energy
source]
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Resource
category /
Issue
Energy
efficiency

Renewable
energy

Energy
import
dependency

Indicator
GDP per
gross inland
energy
consumption
Renewable
per gross
inland
energy
consumption
Energy
imports per
TPES

Short description of
indicator

Unit

DPSIR

Data
situation

Illustrates the amount of
economic value generated by
energy consumption

1000 €
per kg
of oil
equival
ent

Combined:
Available from
pressure /
EUROSTAT
economic

Illustrates the share of
renewable energy in total
energy consumption of a
country

%

Pressure

Available from
EUROSTAT

This indicator presents the
share of energy imports in total
primary energy supply of a
country

%

Pressure

Available from
EUROSTAT

GHG emissions

GHG
emissions

GHG
emissions
intensity

Territorial
(productionbased) GHG
emissions
[absolute /
per capita]
Carbon
Footprint
(consumption-based)
GHG
emissions
[absolute /
per capita]

Total GHG emissions emitted
within national territory

tonnes
CO2
equival
ents

Total GHG emissions related to
the final consumption of a
country (including GHG
emissions embodied in
international trade)

tonnes
CO2
equival
ents

Territorial
(productionTotal territory GHG emissions
based) GHG
emitted per unit of GDP
emissions
per GDP

tonnes
CO2
eq. / €

Carbon
Footprint
(consumption-based)
GHG
emissions
per GDP

Total GHG emissions related to
the final consumption of a
country (including GHG
emissions embodied in
international trade) per unit of
GDP

tonnes
CO2
eq. / €

Water
withdrawal
[by source,
by sector,
per capita]

Annual quantity of water
withdrawn from different
sources (surface, ground, etc.)

Available from
EUROSTAT &
Pressure / UNFCCC
Impact
national
emission
inventories
Carbon
Footprint
methodologies
Pressure / and data sets
Impact
currently being
developed and
tested by several
academic groups
Available from
Combined: EUROSTAT &
pressure
UNFCCC
/impact /
national
economic emission
inventories
Carbon
Footprint
Combined: methodologies
pressure
and data sets
/impact /
currently being
economic developed and
tested by several
academic groups

Water
Water
abstraction

m³

Pressure

Data available
for 15-20 MS
from
EUROSTAT
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Resource
category /
Issue

Indicator

Short description of
indicator

Water
Water withdrawn as a share of
Exploitation available annual average
Index
renewable water resources.

Water
consumption

Water
consumpZti
on [by
source, by
sector]

Water actually consumed
through evaporation,
transpiration or incorporation
in crops or products and thus
not returned to same water
shed

Unit

%

m³

DPSIR

Data
situation

Pressure /
State /
Impact

Data available
from EEA. Water
accounting
tables currently
developed at
EUROSTAT

Pressure

Water
accounting
tables currently
developed at
EUROSTAT

Water
Footprint of
countries

Illustrates the consumption of
(blue, green - and grey) water
related to the final
consumption of goods in a
country (including embodied
water)

m³

Pressure

Water
embodied in
trade

Net import
of virtual
water

Illustrates the balance of water
embodied in imports minus
water embodied in exports

m³

Pressure

Water
productivity

Water
consumption (or
Water
Footprint)
per GDP

Illustrates the amount of GDP
generated by unit of consumed
water in a country

€ / m³

Pressure

Available from
National Water
Footprint
Accounts;
however
international
data so far only
available for year
2001
Available from
National Water
Footprint
Accounts;
however
international
data so far only
available for year
2001
Available from
National Water
Footprint
Accounts;
however
international
data so far only
available for year
2001

Land

Global land
use

Actual land
demand

Direct land use within a country
plus land embodied in trade
(indirect land use).

ha

Pressure

Actual land
demand
methodologies
and data sets
currently being
developed and
tested by several
academic groups

Land
conversion

Net-growth
of built-up
land

Land converted to built-up land
minus formerly built-up land
converted back to natural land
as share of total built-up land.

%

Pressure

Data available
from EEA &
EUROSTAT
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Resource
category /
Issue

Indicator

Unused
material
extraction

Protected
areas

Ecosystem
quality

Intensity of
land use

Soil

Share of
protected
land area in
total land
area

LEAC-based
indicators

HANPP

Short description of
indicator
Indicator illustrates the amount
of unused material extraction
of non-renewable resources as
indirect indicator on land
conversion from mining and
quarrying (in territory (within
EU) and consumption (global)
perspective)

Degree to which a country
achieves targets under
NATURA 2000 and Habitat
Directive
LEAC is the EEA Programme on
Land and Ecosystem
Accounting, that describe
systematically how the
quantity and quality of
ecosystems change over time.
A number of different
indicators can be derived from
the LEAC system
Human Appropriation of Net
Primary Production (HANPP) is
the difference between NPP
that would be available in an
ecosystem in the absence of
human activities and the
amount of NP actually
remaining in the ecosystem.

DPSIR

Data
situation

1000
tonnes

Pressure

Data available
for some MS
(e.g. Germany,
Italy), only
estimations
available for EU27 and non-EU
countries

%

Pressure /
State /
Response

Data available
from NATURA
2000 and
Habitat Directive

Pressure /
Impact

The LEAC
system is
developed and
maintained by
the EEA

Pressure /
Impact

Data sets
available from
the IFF / Institute
for Social
Ecology (SEC)

Unit

misc.

%

eHANPP

In addition to the HANPP
concept, embodied HANPP
(eHANPP) includes indirect
HANPP embodied in trade.

MJ p.c.
/%

Pressure /
Impact

Nutrient
balance
(N, P)

This indicator illustrates the
balance between nutrient
inflows and outflows for a given
agricultural area
(region/country)

kg
N/ha
kg P/ha

State /
Impact

Soil erosion

Estimated and measured soil
erosion by rill, wind, water or
tillage (see e.g. ENVASSO
project).

kg ha-1
yr-1

Pressure /
Impact

Data sets
currently being
developed at the
IFF / Institute for
Social Ecology
(SEC)
Data available in
a number of
agricultural
monitoring
tools, but not for
all EU-27
Data partly
available from
JRC (PESERA
model)

Assessment of resource efficiency indicators and targets | 89

Annex Report

Resource
category /
Issue

Indicator

Short description of
indicator

Unit

DPSIR

Data
situation

This indicator illustrates the
appropriations and outlays by
governments for the R&D
spending areas of
"environment" and "energy", as
a percentage of total R&D or as
a percentage of GDP.

%

Response

Data available
from
EUROSTAT

Environmental taxes include
energy taxes, transport taxes,
pollution taxes and resource
taxes.

%

Response

Data available
from
EUROSTAT

%

Response

Data currently
available for a
few MS (PWC
study on GPP);
methodologies
for GPP
currently
developed at
EUROSTAT

€

Response

Data available
from Cleantech

Response

Data available
from
EUROSTATs
"Community
Innovation
Survey (CIS)
2008".
Aggregated data
already
available,
detailed data to
be published by
autumn 2011

Overarching
responses

Research and
development
(R&D)

Taxes

Government
expenditures on
environmental and
energy R&D
(% of total
R&D or % of
GDP)
Environmental
taxes (% of
government
budget)

Public
procurement

Green public
procureIllustrates the share of green
ment (% of
public procurement in total
total
public procurement
procurement)

Investments

New investments in
green
technologies

Ecoinnovation

90 |

Innovations
with
positive
environmental
effects

Indicators covers companies'
new investments in the
following areas: solar, biofuels,
transportation, energy
efficiency, water, agriculture,
waste & recycling, smart grid,
materials, and industrials.

A set of indicators, which
illustrate the share of
companies having introduced
an innovation leading to
reduced material use, reduced
energy use, reduced CO2
emissions and increased
recycling.
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1.13

Materials

1.13.1

Domestic Material Consumption (DMC)

Name of indicator: Domestic Material Consumption (DMC) [absolute / per capita]
Resource category/issue: Materials/Aggregated materials/Material consumption

Technical description
The DMC accounts for all materials used within an economy (production and consumption), i.e.
all materials extracted or directly imported minus direct physical exports.
DMC = domestic extraction (DE) + imports – exports. The accounting unit are metric tonnes.
DMC is usually differentiated along four material categories, i.e. biomass, fossil energy carriers,
metals, non-metallic minerals (i.e. construction and industrial minerals).
DMC is currently the headline indicator derived from Material Flow Accounts (MFA). MFA is part
of Environmental Accounts and as such implemented in statistical reporting of the EU.

Policy relevance
DMC is an aggregate indicator that accounts for all materials used. As such the indicator
addresses the following policy questions:


Overall use of materials, i.e. biotic (renewable) and abiotic (non-renewable) resources.
This is an indication of the overall physical scale of an economy. The society’s (growing)
use of resources stands vis-à-vis a limited natural stock of resources. As such, DMC is a
pressure indicator.



Broken down to the four material categories, DMC links to impacts on the environmental
system and thus can be used as a rough proxy for environmental impacts. See R.1.



DMC follows a systemic perspective and thus allows for identifying shifts between
resources and thus shifts between potential environmental impacts. See R.1.

RACER Evaluation
R: Relevant
R.1: Policy support
for resource
policies

DMC directly links to most aspects of resource use and resource efficiency addressed
in the Flagship Initiative or the Resource Strategy:
(1) DMC allows for monitoring increases or reductions in total use of natural resources
(2) DMC can easily be disaggregated and then combined with auxiliary information
on trade balances, crop yields, energy content, etc. in order to address issues such as:
 CAP and CFP policy, land use and intensity of use, food security by analysing
material flows in agriculture, forestry and fishery
 security of supply of essential or critical metals by monitoring flows of metals and
non-metallic minerals, and fossil fuels but also fish and land
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 policies on transport, sealing of land, competing land uses, development of socioeconomic stocks by monitoring the use of construction minerals
 climate change and CO2 emissions by following use of fossil fuels
 substitution effects and trade offs between resources and resource uses (such as
between fossil fuels and biofuels and between biofuel and nutrition in agricultural
production, for example) can be highlighted due to the systemic structure of DMC
 environmental pressure from extraction, land use or wastes and emissions can be
allocated to resource use (DMC) and thus economic activities
Additionally, DMC is structured in a comparable way as SNA wherefore DMC can be
linked to economic processes, in particular economic growth.
DMC provides the data base for analysis of past development, analysis on different
scales (global, EU wide, national down to sectoral), and allows for linking to economic
process as well as modelling and scenarios
R.2: Policy support
for other policies

DMC also provides valuable information for or links to other policies such as: Raw
Material Initiative (COM(2008) 699), commodity markets and raw materials
(COM(2911) 25), Sustainable Consumption and Production and Sustainable Industrial
Policy (SCP/SIP; COM(2008) 397), Ecodesign, Integrated Product Policy (IPP),
prevention and recycling of waste (COM(2005) 666 final); Policies on Energy (Energy
2020, Energy Efficiency Plan, Renewable Energy, Energy Labelling) and Climate
Action, Policies on agriculture, fisheries and food, and Policies on land use,
biodiversity, forests, soil etc.

R.3: Sensitiveness

DMC data are reported annually for the EU and the EU Member States. The data are
available with an n-2 time lag on the Member States level, and with 1-2 years
additional delay for the EU level.

R.4: Rebound
effects

DMC is an absolute measure of resource use. The rebound effect is not explicitly
addressed but implicitly covered in terms of increases or decreases in absolute
material use. However, these increases or decreases can have different reasons and
might have (been) caused (by) reverse developments in other sectors.
DMC captures direct material flows without considering upstream material
requirements of trade flows. Thus, effects (including rebound effects) resulting from
shifting production to foreign economies cannot be addressed by this indicator.

R.5: Past trends

Consistent time series exist from 2000 onwards for the EU-27 MS and from 1970
onwards for the EU-15 MS. For the new member states, DMC data can also be
compiled for years before 2000 and is partly done by national statistical offices or
research institutes.
For the EU level, DMC can be compiled for the EU in an evolutionary sense, i.e. with a
growing number of EU member states. A calculation of an EU-27 aggregate prior to
2000 is only possible with major effort including bilateral trade data for example.

R.6: Future trends
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DMC is compatible with the SNA framework. Thus, future trends can be modelled by
combining physical data with economic models and scenarios. Applications of the link
to economic models are available through EU projects, most notably MOSUS (FP5),
petrE (AGF) or MAMOD (DG Env).
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R.7: Early warning

The indicator by itself cannot be considered an early warning. However, combined
with information on economic growth and economic sectors and linked to
environmental impacts, the DMC can support an analysis on early warning.

A: Accepted
A.1: Policy makers

MFA (and with it the headline indicator DMC) as part of the environmental accounts
are governed by the proposed REGULATION OF THE EUROPEAN PARLIAMENT
AND OF THE COUNCIL on European environmental economic accounts
(COM/2010/0132. The regulation has been prepared and is to be ratified in June 2011).
As such, MFA and derived indicators are well accepted by policy makers. Also the
OECD has underlined the importance of MFA by publishing their "Recommendations
on Material Flows and Resource Productivity" in 2004 and 2008.

A.2: Statistics

MFA and with it the compilation of DMC is implemented in EU statistics through
voluntary biannual reporting of Member States, the data from which are then
compiled by Eurostat on the EU level. DMC is a headline indicator of Material Flow
Accounts (MFA) and environmental accounts. As soon as the proposed “Regulation of
the European Parliament and of the Council on European Environmental Economic
Accounts” is ratified (expected for June 2011), MFA will turn into a compulsory and
routine data report.

A.3: Business /
Industry

Increasingly, businesses/industries evaluate their material throughput – partly
supported by an increasing number of “resource efficiency agencies” (for instance,
using the MIPS or other approaches similar to the DMC).
Furthermore, DMC on the product level can be modelled using input-output models,
and as such for the sector level and for product groups, delivering relevant
information on material-intensive production in specific sectors. However, DMC is an
indicator of national accounts and thus mostly applied on the macro-level. As such,
DMC can provide the national frame for activities of sectors or business within.

A.4: Academia

Social metabolism and MFA are a well established concept and tool respectively in
the European and international research community, in particular the societies of
Ecological Economics and Industrial Ecology.

A.5: Civil society

The DMC is known, although not very prominent, in civil society. However, it is
increasingly used in relation to the discussion on resource efficiency in general, and
especially in the context of global distribution of resource supply and demand. DMC is
for example applied in cooperation between NGOs and academia (e.g. FOE-SERI)

C: Credible
C.1: Unambiguous
results

DMC does convey a clear message: higher values indicate that we use more natural
resources. DMC is mostly shown along four main material categories (biomass, fossil
fuels, metals, non-metallic minerals) and can be further disaggregated easily in order
to acknowledge the differences between resources and also to identify substitution
effects.

C.2: Transparency

DMC and the underlying MFA methodology are well documented in Eurostat’s
compilation guides (Eurostat 2001: Economy-wide Material Flow Accounts and
Derived Indicators. A methodological guide; Eurostat 2009: Economy wide Material
Flow Accounts. Compilation Guidelines for reporting to the 2009 Eurostat
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questionnaire) and in OECD’s "Recommendations on Material Flows and Resource
Productivity" from 2008.
E: Easy
E.1: Availability of
data to calculate
the indicator

Underlying data are to a large extent from national statistics (agricultural and forestry
statistics, fishery statistics, mining statistics, production statistics, foreign trade
statistics etc.) which a reported on a yearly basis by national statistical offices or
international statistics.

E.2: Availability of
the calculated
indicator

Data are reported for most Member States and can be accessed through the National
Statistical Offices. Eurostat compiles MFA and with it DMC data biannually. Eurostat
data are available online in aggregated form; in a more disaggregated form, they
would have to be obtained directly from Eurostat.
Apart from the EU, DMC data are also available for a large number of countries
(mostly in time series from 1980 onwards) and for the global level as well.

E.3: Technical
feasibility

Based on the aforementioned data, the indicator can be easily calculated and further
analyzed with standard spreadsheet software (Gnumeric, MS Excel).

R: Robust
R.1: Data quality

Underlying data are reported in (inter)national statistics (agricultural and forestry
statistics, fishery statistics, mining statistics, production statistics, foreign trade
statistics etc.) which are reported on a yearly basis; in case of missing data,
estimation routines are specified. MFA data and with it DMC data are reported by NSI
and compiled by Eurostat.

R.2: Level of
aggregation of
data

The level of aggregation and the possibility of disaggregation fits well to the policy
questions the indicators is designed to address.

R.3:
Reproducibility

DMC and the underlying MFA methodology are documented in Eurostat’s
compilation guides (Eurostat 2001: Economy-wide Material Flow Accounts and
Derived Indicators. A methodological guide; Eurostat 2009: Economy wide Material
Flow Accounts. Compilation Guidelines for reporting to the 2009 Eurostat
questionnaire). The procedure is harmonized, standardized, and agreed upon by the
EU Member States.

R.4: Geographical
scale

Data are available at the national level and accordingly for various aggregated
(including different European) regions, data are not broadly available on a
subnational level.

R.5: Burden
shifting

94 |

 The indicator only provides a very rough proxy for burden shifting because it only
takes direct trade flows into account and not the upstream (material) requirements.
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Specific evaluation
Target setting

Limiting the amount of resources used links to protecting natural stocks of resources
(fish, metals, fossil fuels, certain types of minerals) and not exceeding ecological
thresholds, mitigating the risk of supply and food security, ensuring development in
particular for developing countries (due to the strong link between resource use and
economic development), ensuring the absorption capacity of ecosystems is not
exceeded by reducing emissions and wastes, cost saving due to lower demand for
resources, in particular resources of rising international prices, etc.

Levels of economic
activities

The indicator reflects the national level and can be aggregated to the European level.
Furthermore, DMC data can be linked to Input-Output Tables and thus to economic
sectors and product groups (see projects on linking MFA data to IO, such as projects
on calculating RME (references), EXIOPOL etc.)

Territory vs. lifecycle perspective

The indicator focuses on resource use activities within national boundaries under
consideration of direct trade flows entering or leaving the country (or system). Hence,
DMC is closer to a territory (or domestic production) approach and only partly
considers life-cycle aspects (or consumption aspects).

Level of
aggregation within
each indicator

DMC is mostly expressed along four main material categories (biomass, fossil fuels,
metals, non-metallic minerals). This level is most appropriate for the application of
policies and targets. For specific questions, a more disaggregated level could be more
adequate, such as for biomass or metals.

Links to
environmental
impacts

DMC does not directly link to environmental impacts. However, single material
categories can be used as a rough proxy for impacts such as the use of fossil fuel
which is directly linked to CO2 emissions, fish or metals which are directly linked to
the depletion of natural stocks, or agricultural production which is directly linked to
land use and the intensity of land use and thus land degradation, biodiversity loss etc.

Links to economic
data

MFA, the underlying accounting framework of which DMC is the headline indicator,
follows the same system boundaries as SNA and uses mostly the same statistical
data. Thus SNA and MFA are closely linked and highly comparable. In combination
with input-output data/models analyses regarding the economy-environment
relationship in a country or region can be carried out.

Summary appraisal
Suitability for
basket

For several reasons the DMC is a promising candidate for the basket of indicators:
 DMC is readily available in terms of methodological harmonisation and underlying
data sources
 DMC is available in historical time series and thus allows for analysing past trends
 DMC is easy to compile, transparent, robust, comparable to economic accounts
and indicators
 DMC covers all material resources used within an economy in a systemic way
However, there is one major issue that DMC cannot indicate: the total requirement of
a nation’s final demand, i.e. domestic resource use including the upstream material
requirements of traded goods. For this question, the indicator RMC provides the
better answers.
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Complementarity
to other indicators

RMC: DMC complements the RMC by representing the domestic resource use of a
nation, not considering material requirements outside of the economy
DMC is correlated with the three minerals categories: fossil fuels (R2= 0,67), metals
(R2=0,67), construction minerals (R2=0,6)
Materials, energy, water, and land can be seen as the main resource groups. These
four together therefore provide a good coverage of resource use.
DMC as an input indicator and waste and emissions as output indicator do show the
two sides of the coin.
DMC and EMC show high correlation, DMC provides the data basis for the EMC
account.

1.13.2

Raw Material consumption (RMC)

Name of indicator: Raw Material Consumption (RMC) [absolute / per capita]
Resource category/issue: Materials/Aggregated materials/Material consumption

Technical description
The RMC accounts for all materials used for producing goods for domestic final consumption.
RMC = domestic extraction (DE) + Raw Material Equivalents (RME) of imports – RME of exports
The accounting unit is metric tonnes.
RMC is usually differentiated along four material categories, i.e. biomass, fossil energy carriers,
metals, non-metallic minerals (i.e. construction and industrial minerals).
RMC is an indicator under the Material Flow Accounts (MFA) framework.

Policy relevance
RMC is an aggregate indicator that accounts for all materials used. As such the indicator
addresses the following policy questions:
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Overall use of materials, i.e. biotic (renewable) and abiotic (non-renewable) resources.
This is an indication of the overall physical scale of an economy. The society’s (growing)
use of resources stands vis-à-vis a limited natural stock of resources. As such, RMC is a
pressure indicator.



Broken down to the four material categories, RMC links to impacts on the environmental
system and thus can be used as a rough proxy for environmental impacts. See R.1.



RMC follows a systemic perspective and thus allows for identifying shifts between
resources and thus shifts between potential environmental impacts. See R.1.
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RACER Evaluation
R: Relevant
R.1: Policy support
for resource
policies

RMC is not yet broadly implemented but has the potential to directly link to most
aspects of resource use and resource efficiency addressed in the Flagship Initiative or
the Resource Strategy:
(1) RMC allows for monitoring increases or reductions in total use of natural resources
(2) RMC can easily be disaggregated and then be combined with auxiliary information
on trade balances, crop yields, energy content, etc. in order to address issues such as:
 CAP and CFP policy, land use and intensity of use, food security by analysing
material flows in agriculture, forestry and fishery
 security of supply of essential or critical metals by monitoring flows of metals and
non-metallic minerals, and fossil fuels but also fish and land
 policies on transport, sealing of land, competing land uses, development of socioeconomic stocks by monitoring the use of construction minerals
 climate change and CO2 emissions by following use of fossil fuels
 substitution effects and trade offs between resources and resource uses (such as
between fossil fuels and biofuels and between biofuel and nutrition in agricultural
production, for example) can be highlighted due to the systemic structure of DMC
 environmental pressure from extraction, land use or wastes and emissions can be
allocated to resource use (RMC) and thus economic activities
RMC can be calculated also for past years (at least for some points in time) and thus
provides the data base for analysis of past development, analysis on different scales
(global, EU wide, national down to sectoral), and in particular allows for linking to
economic sectors (via the link to IO tables). By that RMC data can be linked to
economic modelling and scenario building.

R.2: Policy support
for other policies

RMC also provides valuable information for or links to other policies such as: Raw
Material Initiative (COM(2008) 699), commodity markets and raw materials
(COM(2911) 25), Sustainable Consumption and Production and Sustainable Industrial
Policy (SCP/SIP; COM(2008) 397), Ecodesign, Integrated Product Policy (IPP),
prevention and recycling of waste (COM(2005) 666 final); Policies on Energy (Energy
2020, Energy Efficiency Plan, Renewable Energy, Energy Labelling) and Climate
Action, Policies on agriculture, fisheries and food, and Policies on land use,
biodiversity, forests, soil etc.

R.3: Sensitiveness

RMC data are currently in development, first calculations exist for Austria (1995,
2000, 2005), the Czech Republic (2003) and Germany (2000-2005) as well as for the
EU (2000, 2005). Final results of the EU account should be available at the end of 2011
also in time series for 2000-2008 from a FP7 financed research project as well as from
a Eurostat funded project.
The current approaches for calculating RME either use MRIO tables (and thus
bilateral trade data) or a hybrid approach which applies coefficients derived from IO
tables and LCA studies. The Eurostat funded project currently compiles a list of
coefficients (country specific in some cases and in other cases standard coefficients
as proxies) that allows for a first rough estimate. However, the sensitiveness of the
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coefficients is limited since the represent a proxy based on a specific country or year.
As soon as the first phase in development of methods is finalized (expected by end of
2011 / beginning of 2012), the indicator can be calculated by using the Eurostat
coefficients or for those years where IO or SU tables are available in more detail. At
the moment, IO tables are not available on an annual basis. Current IO tables for the
EU are available till 2006, for selected countries also 2007 data exist. MFA data as the
overall framework is reported annually for the EU and the EU Member States.
The time lag related to RMC depends on that of the MFA data (n-2 on MS level plus 12 years for the compilation at the EU level) and in case of using IO n-4 for most EU
MS.
R.4: Rebound
effects

RMC is an absolute measure of raw material use. The rebound effect is not explicitly
addressed but implicitly covered in terms of increases or decreases in absolute raw
material use. However, these increases or decreases can have different reasons and
might have (been) caused (by) reverse developments in other sectors.
RMC captures raw material use under consideration of upstream material
requirements of trade flows. Thus, effects (including rebound effects) resulting from
shifting production to foreign economies can be addressed by this indicator.

R.5: Past trends

By the end of 2011, a time series for the EU from 2000 to 2008 should be available.

R.6: Future trends

RMC is compatible with the SNA framework. Thus, future trends can be modelled by
combining physical data with economic models and scenarios. Applications of the
link to economic models are available through EU projects, most notably MOSUS
(FP5), petrE (AGF) or MAMOD (DG Env)..

R.7: Early warning

The indicator by itself cannot be considered an early warning. However, combined
with information on economic growth and economic sectors and linked to
environmental impacts, the DMC can support an analysis in terms of early warning.

A: Accepted
A.1: Policy makers

RMC is considered the “better” indicator with regard to global resource use issues as
compared to DMC because RMC additionally covers the material requirements
outside of the country of observation. RMC is also part of MFA and environmental
accounts which are governed by the proposed REGULATION OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL on European environmental economic
accounts (COM/2010/0132. The regulation is currently prepared and is to be ratified in
June 2011.) As such, MFA and derived indicators are well accepted by policy makers.

A.2: Statistics

RMC combines two strong methods that are well based and implemented in
statistical reporting: first, MFA methodology, which is implemented in EU statistics
through biannual reporting of Member States the data from which are then compiled
by Eurostat on the EU level (proposed “Regulation of the European Parliament and of
the Council on European Environmental Economic Accounts”, ratification expected
for June 2011). Second, input-output tables are part of economic national accounts.
The methodology currently discussed in the Eurostat project (ref) integrates a third
component, i.e. LCA coefficients for those sectors that are not well-represented in
European economies. LCA information is prepared in the Eurostat project (check) or
is available from different data sets (e.g. GEMIS or ecoinvent) which are based on
case studies.
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A.3: Business /
Industry

Increasingly, businesses/industries evaluate their material throughput – partly
supported by an increasing number of “resource efficiency agencies” (for instance,
using the MIPS or other approaches similar to the DMC). Furthermore, RMC on the
product level can be modelled using input-output models, and as such for the sector
level and for product groups, delivering relevant information on material-intensive
production in specific sectors. However, RMC is an indicator of national accounts and
thus mostly applied on the macro-level. As such, DMC can provide the national frame
for activities of sectors or business within.

A.4: Academia

Social metabolism and MFA are well established concept and tool in European and
international research community, in particular the society of Ecological Economics
and Industrial Ecology. RME and derived indicators like RMC are rather new
approaches, around which highly dynamic research activities are currently unfolding.

A.5: Civil society

The RMC is not very well known in civil society. However, indicators on resource use
are increasingly demanded for and discussed facing EU and international policies on
resource efficiency.

C: Credible
C.1: Unambiguous
results

RMC does convey a clear message: higher values indicate that we use more natural
resources. RMC is mostly shown along four main material categories (biomass, fossil
fuels, metals, non-metallic minerals) and can be further disaggregated easily in order
to acknowledge the differences between resources and also to identify substitution
effects.

C.2: Transparency

Methods for calculating RMC are currently under development. The ongoing Eurostat
project aims at establishing a compilation method (combining MFA data with IO and
LCA) that fits for EU Member States and the EU as a whole. Final results are expected
for end of 2011.
Other projects apply comparable methods (Austria, Czech Republic, Germany) which
are well documented in the respective final reports. The EU FP7 project EXIOPOL
combines MFA data with MRIO data on a very high level of sectoral disaggregation.
The FP7 project FORWAST concentrated on the combination of IO tables with waste
data, and the recently started FP7 project CREEA is combining the experiences made
with the state of the art in water accounting. However methodologies are not
standardised yet.

E: Easy
E.1: Availability of
data to calculate
the indicator

Underlying data come from three sources:
MFA data are reported by NSI on a yearly basis and compiled by Eurostat biannually.
MFA data in itself are based on data from national statistics (agricultural and forestry
statistics, fishery statistics, mining statistics, production statistics, foreign trade
statistics etc.).
Monetary IO tables, which are readily available at the national level as part of the MS’
national accounts. Currently, multi-regional input-output tables are under
development in academia (e.g. EXIOPOL).
LCA data is used in a hybrid IO-LCA approach. These are available from different data
sets (e.g. GEMIS or ecoinvent) which are based on case studies.
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E.2: Availability of
the calculated
indicator

Data are only available on a case study level. A broad application is not yet available
but expected within the next year.

E.3: Technical
feasibility

Based on the aforementioned data, the indicator can be calculated and further
analyzed with standard spreadsheet software (Gnumeric, MS Excel) although the
part of calculations based on input-output data requires some time and effort.
However, for a more elaborated calculation of RMC with reasonable sectoral
disaggregation standard spreadsheet software is not adequate. Matlab or other
software for matrices calculations are needed and also technical know-how is
required.

R: Robust
R.1: Data quality

MFA data are reported by NSI and compiled by Eurostat. Underlying data are
reported in (inter)national statistics (agricultural and forestry statistics, fishery
statistics, mining statistics, production statistics, foreign trade statistics, etc.) which a
reported on a yearly basis.
IO or SU tables are part of standard statistical reporting. The reporting frequency
varies on the Member State level; on the EU level, IO tables are reported annually.
Currently, multi-regional input-output (MRIO) tables are under development in
academia (e.g. EXIOPOL). However, the sectoral disaggregation of IO data is often
limited, in particular for the primary sectors.
LCA data are available from different data sets (e.g. GEMIS or ecoinvent) which are
based on case studies. Coefficients derived from LCA often lack MFA-compatible
system boundaries and transparency with regard to MFA relevant issues. Consistency
has to be checked.

R.2: Level of
aggregation of
data

The level of aggregation and the possibility of disaggregation fits well to the policy
questions the indicator is designed to address.

R.3: Reproducibility

RMC methods are currently being developed. At present, two approaches exist that
are closely related: first, a hybrid approach combining IO tables and selected LCA
coefficients, and second an IO approach using MRIO tables. First results to these
approaches exist and are well documented in the respective project reports.
However, results differ according to the specifications and assumptions made and
the data used.

R.4: Geographical
scale

Data are available at the national level and accordingly for various aggregated
(including different European) regions; data are additionally available on the sectoral
level.

R.5: Burden
shifting
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 In combination with DMC, the indicator can highlight burden shifting by specifically
identifying the upstream (material) requirements of EU trade flows and thus showing
the outsourcing of material use in light of EU resource productivity.
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Specific evaluation
Target setting

Limiting the amount of resources used links to protecting natural stocks of resources
(fish, metals, fossil fuels, certain types of minerals) and not exceeding ecological
thresholds, mitigating the risk of supply and food security, ensuring development in
particular for developing countries (due to the strong link between resource use and
economic development), ensuring the absorption capacity of ecosystems is not
exceeded by reducing emissions and wastes, cost saving due to lower demand for
resources, in particular resources of rising international prices, etc.
Moreover, by limiting the amount of materials embodied in imported products the
impact of domestic production and consumption in foreign terrain can be reduced.

Levels of economic
activities

The indicator reflects the national level and can be aggregated to the European level.
Furthermore, RMC data can be broken down by economic sectors and product groups
by using IO modelling.

Territory vs. lifecycle perspective

The RMC applies a consumption-oriented approach as it quantifies material use along
the whole production (and trade) chain, starting with the extraction in a specific
country, and relates it to production/consumption activities in another country.
Hence, the indicator focuses on resource use associated to final consumption in a
particular country. By that RMC applies a life-cycle approach addressing consumption
aspects.

Level of
aggregation within
each indicator

RMC is mostly expressed along four main material categories (biomass, fossil fuels,
metals, non-metallic minerals). This level is most appropriate for the application of
policies and targets. For specific questions, a more disaggregated level could be more
adequate, such as for biomass or metals.

Links to
environmental
impacts

RMC does not directly link to environmental impacts. However, single material
categories can be used as a rough proxy for impacts such as the use of fossil fuel
which is directly linked to CO2 emissions, fish or metals which are directly linked to
the depletion of natural stocks, or agricultural production which is directly linked to
land use and the intensity of land use.

Links to economic
data

RMC follows the same system boundaries as SNA and the NACE sectors. Thus SNA
and MFA are closely linked and highly comparable.

Summary appraisal
Suitability for
basket

For several reasons the RMC is a promising candidate for the basket of indicators (as
soon as a standard method and results are available):
 RMC can be calculated for past years and thus allows for analysing past trends
 RMC is easy to compile, transparent, robust, comparable to economic accounts
and indicators
 RMC covers all material resources used within an economy in a systemic way
 RMC focuses on global resource use associated to final consumption in a
particular country. As such it enables tracing back any outsourcing of
environmental burdens.

Complementarity
to other indicators

RMC complements DMC by representing the upstream material requirements
additional to domestic resource use
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Materials, energy, water, and land can be seen as the main resource groups. These
four together therefore provide a good coverage of resource use.
RMC as an input indicator and waste and emissions as output indicator do show the
two sides of the coin.
RMC combined with data on environmental impacts of specific product groups could
be used for the calculation of a EMC-like indicator.

1.13.3

Environmentally-weighted material consumption
(EMC)

Name of indicator: Environmentally-weighted material consumption (EMC)
Resource category/issue: Environmental impacts of material consumption
Technical description
EMC is a weighted indicator of material consumption based on environmental impacts. It is
capable of illustrating how data on material flows (for example, data included in the indicator
Domestic Material Consumption (DMC)) can be linked with information on the life-cycle wide
environmental impacts of these materials, derived from Life Cycle Assessment (LCA). EMC
estimates the environmental impacts of materials throughout their life cycle. The EMC
combines a set of specific impact indicators (e.g. global warming, human-health and ecotoxicity impacts, ozone depletion, eutrophication, acidification, land use, etc.) that are then
aggregated using weighting factors.
Policy relevance
The EMC indicator has a potentially high relevance in the context of EU resource use policies. It
allows illustrating the different environmental impacts (according to Life Cycle Inventory (LCI)
impact categories) of material use of a country and identifies the priority materials for policy
intervention, i.e. those materials and product groups with the largest environmental impacts.

RACER Evaluation
R: Relevant
R.1: Policy support
for resource use

The EMC goes along well with several EU specific policies, as it measures a wide
scope of negative environmental impacts of material consumption. The indicator
therefore has a potentially high relevance in the context of the Resource Efficiency
Flagship. As sustainable use of natural resources is one of the policy targets of the
EU, it also contributes to the objectives of the EU’s Sustainable Development
Strategy and the Resource Strategy. However, no direct link to limits of the planet's
carrying capacity is provided. Furthermore, EMC provides guidance in monitoring
and guidance in strategic policy making.
So far, the EMC has not been applied for target setting, but it has been used for
monitoring purposes in the EU and in some Member States (e.g. the Netherlands).
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R.2: Policy support
for other policies

The EMC indicator has not been applied to other policy areas, as it was designed as
an indicator to measure the environmental impacts of material consumption.
However, potentially, it could also be used to monitor developments in related policy
areas, such as energy and climate policy, agricultural policy, and health policy, and
provide information on the impacts of resource use on those policy areas.

 R.3: Sensitiveness The EMC shows annual changes in environmental impacts from resource use. The
material flow data are available in time series and therefore sensitive, LCI data is
updated not on a regular basis. Hence, activities such as technological change are
not depicted on a short term basis.


 R.4: Rebound

 The EMC is a macro indicator, based on data on material consumption in absolute

effects

terms. It is able to capture rebound effects as LCI data show an increase in
environmental impacts for upstream material use, i.e. impacts reflected in the LCA
factors are bigger for finished products than for raw materials.

 R.5: Past trends  Calculating time series is possible and has already been done in pilot calculations
(1990-2000).

 R.6: Future trends Predictions of future resource use from the indicator alone are not possible as the
EMC measures past resource use. But it could be used as input data for modelling as
has already been done with other MFA data. Also the underlying LCI method allows
to be used for detailed forecasting models of technology development but it is
difficult to estimate future LCA factors.

 R.7: Early warning

The EMC can to some extent illustrate impacts that will take place in the future due
to current resource use (e.g. it reflects GHG potentials, which will affect the climate
in the future). However, as an indicator focused on environmental impacts, its main
objective is to illustrate past trends.

A: Accepted
A.1: Policy makers

The EMC is potentially well accepted by many policy makers and environmental
interest groups. MFA is a sound methodology for measuring resource consumption
and the combination with LCA impact categories results in capturing quantitatively
all relevant environmental impacts. However, EMC is not used officially so far.
Quality, appropriateness, and actuality of LCI data will be crucial for its future
acceptance.

A.2: Statistics

Due to the important LCI component in the EMC, which is not derived from official
statistics, but stems from other sources (in the case of EMC, a private LCA database),
acceptance by statisticians is low. However, in the future, publicly available database
(such as the EU ELCD database) could be used as an alternative source for LCA
factors, which could improve the acceptance by statisticians.

A.3: Business /
Industry

EMC is not widely applied by businesses/ industry. It is likely to be rejected by basic
materials and energy industry, as basic industries appear to be responsible for most
of the environmental pressures, while the causes/drivers behind resource use and
impacts are actually industrial production and demand.

A.4: Academia

EMC has supporters and opponents in academia. The bottomline is that the indicator
is being discussed within the community.
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A.5: Civil society

Due to the complexity of the method, it is not applied by civil society so far.
Nevertheless, since it is aggregated down to a single number, it has potential to
communicate environmental impacts to civil society taking into account the
simplification and the problems going along with such an aggregation.

C: Credible
C.1: Unambiguous
results

The EMC allows deriving clear conclusions about which resource flows should be the
priority targets of policy action, if negative environmental impacts should be
reduced. However, no reduction targets can be derived directly from the indicators.
Some critical methodological issues are also important regarding this criterion. First,
the impact of a certain material depends on the weighting chosen for the 13 different
impact categories. Several options were tested and the decision by the EMC team
was to present the results with an equal weighting across the different impact
categories. This approach is arguable. In the end, this cannot be resolved
scientifically, as it is more a result of political priorities. Second, the process of
transforming MFA data into finished materials (as the basis to apply LCA factors) is
time-consuming and error-prone, because the material use categories are
incomplete and double counting cannot be excluded. Third, it makes a large
difference at what level of detail the materials are defined. The more aggregated the
higher the impact. While there are only three types of biomass, plastics are divided
into ten categories, metals into 20, etc. Here it seems that this is only a matter of
convention, as adding more materials just increases the work load, but is not a
systematic issue.

C.2: Transparency

The method is generally transparent and several reports are available describing the
technical procedures to calculate this indicator. However, the LCI data used for the
existing EMC studies is not freely available, which makes it more difficult to evaluate
the quality of the used LCA factors. Regarding the weighting scheme for reducing a
number of categories down to one indicator, the project team decided to aggregate
the eleven impact categories based on equal weighting. This approach is, as any
other weighting scheme, controversial but at least makes it transparent.

E: Easy
E.1: Availability of
data to calculate
the indicator

On one hand, the EMC is based on material flow data publicly available from
EUROSTAT. On the other hand, the EMC uses a LCA database (ecoinvent) for
deriving the impact factors, which is available only under a licence. As mentioned
above, other LCA databases could be used in the future to replace ecoinvent.

E.2: Availability of
the calculated
indicator

EMC has been calculated in a time series for all EU-27 countries and Turkey for the
period of 1990 to 2000. The results have not been updated since. The results are
available online in Excel format.

E.3: Technical
feasibility

Specific LCA software needs to be used to calculate the EMC (CMLCA program).
Expert knowledge would also be required if other LCI data sets would be applied.

R: Robust
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R.1: Data quality

The EMC is based on two main components: material flow accounts (DMC) and LCA
impact factors. The quality of the DMC data can be evaluated as generally good, but
some components require critical evaluation (e.g. construction minerals). More
uncertainties and restrictions arise from the use of LCI data. However, also for this
component, data are good for some process categories, e.g. related to energy use.
The LCI process data are averages for Western Europe and the LCI database is
updated once a decade rather than once a year. Furthermore, there are large
differences in quality between the different impact categories of the LCIA. While
global warming potentials are based on internationally agreed studies, large
uncertainties exist in the impact categories related to toxicity.

R.2: Level of
aggregation of
data

The EMC is based on DMC data. With this regard, one has to mention the difficulties
resulting from establishing appropriate balances of finished materials to which the
LCA impact factors are applied. The more processing and diversification from raw
materials to finished materials takes place, the more primary data of the MFA
accounts have to be transformed into finished materials. Potential double counting
is another problem in this regard. Factors for further processed materials can already
include impacts of lower levels (e.g. fertilizer is not included as a material, as it is
included in the life-cycle wide impacts of agricultural products).

R.3:
Reproducibility

Although methodological descriptions do exist, the exact reproducibility of results is
not straightforward, as the methodology is quite complex - in particular regarding
the composition of material balances. Studies may only be reproduced by experts
having access to LCA databases.

R.4: Geographical
scale

The EMC has been calculated on a national level. Regional/local application might be
possible but require calculations of the indicator and data availability below the
national level is insufficient for the material flow component of the EMC.

 R.5: Burden

 The EMC is able to make burden shifting visible due to the application of a life cycle

shifting

perspective. However, if based on DMC, only direct trade flows are considered. The
EMC concept, though, could be easily applied to RMC and by this be able to fully
capture burden shifting.

Specific evaluation
Target setting

 The indicator mainly depicts strong environmental impacts, i.e. climate change, soil
damage, erosion, etc., via consumption of finished materials, so target setting would
be particularly justified from an environmental perspective.

 EMC has so far not been used to set targets, neither on the national nor on the EU
level.
Levels of economic
activities

The EMC focuses on the economy-wide (macro) perspective. If amounts of materials
and energy carriers consumed by different industries are known, the impact results
can also be related to different industries.

Territory vs. life-  The indicator takes a life-cycle perspective and is consumption-oriented. Very
cycle perspective
important and inherent to the method is that EMC is based on material flow
accounts and aggregates impacts up to finished materials. Therefore, it only has an
indirect link to products as drivers behind the impacts.
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Level of
 A double aggregation step is made by adding up materials to approach the total
aggregation within metabolism of a national economy, and by adding up different impact categories to
each indicator
arrive at a total estimate of environmental impacts, where the contribution of the
different materials as well as the contribution of the impact categories is still visible.
Thus, results of the EMC can be illustrated with disaggregation by specific
environmental impacts.
Links to
environmental
impacts

 The EMC has a strong link to a large number of environmental impacts, as it was
designed to further develop DMC by including information on environmental
impacts. EMC uses a standard classification of impacts as used in LCA.

Links to economic EMC has only a loose link to economic data through its focus on environmental
data
impacts. However, it has been tested in combination with GDP and it could be used
to measure "double decoupling": economic growth from resource use and resource
use from environmental impacts.

Summary appraisal
Suitability for
basket

 The EMC covers material use and a large number of impact categories. It allows a
fine differentiation and high responsiveness to changes and gives a holistic view on
environmental impacts of resource use. The EMC therefore has a significant
potential for playing an important role in the basket.

 However, the methodology still needs further development with regard to several
aspects. As mentioned above the calculation of physical balances of the analysed
materials needs to be improved due to the problem of establishing balances for
finished materials, to which the life-cycle factors are applied. The LCI data needs to
be updated more frequently and missing coefficients to reflect changes over time
and spatial differences still need to be developed. The weighting of EMC is a
problematic and controversial issue, but unavoidable, if one aggregated result needs
to be presented. Furthermore, EMC makes no direct reference to a sustainability
threshold.
Complementarity  With its focus on environmental impacts, EMC could play a complementary role to
to other indicators
those indicators in the basket, which focus on the physical use in quantity units.

1.13.4

Life-Cycle Resource indicator

Name of indicator: Life-cycle resource indicator (LRCI; by JRC)
Resource category/issue: Environmental impacts of material consumption
Technical description
The life-cycle resource indicator is being developed by JRC (Ispra) and designed to illustrate the
total environmental impacts associated with EU consumption. It is being available as a pilot in
2011. The indicator is based on a selection of the 15 most impacting product groups that are
consumed in the EU territory in one year (it adds import and subtracts exports). The
methodology is based on life cycle inventory (LCI) data and international trade data.
Environmental impacts are calculated on basis of cradle-to-gate LCI data for a set of relevant
goods including transport to and from the boundary of the EU. Environmental impacts
associated with tourism and business trips are also taken into account. The EU internal inventory
includes material resources, water, energy and land use.
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Policy relevance
The decoupling indicators measure the total environmental impact of the European Union, and
of each Member State in relation to the resources used. The set of decoupling indicators is
designed to measure mainly the resource use efficiency, i.e. the de-coupling between economic
growth and environmental impacts from resource use. The ultimate eco-efficiency indicator
remains the main indicator supported by two sub-indicators sets (resource productivity indicators
and resources specific impact indicators).

RACER Evaluation
R: Relevant
R.1: Policy support
for resource policies

This indicator is supposed to serve the implementation of life-cycle based
environmental policies like Integrated Product Policy (2003), the Thematic Strategy
on Sustainable Use of Natural Resources (2005) and the Sustainable Consumption
and Production Action Plan. It has potentially a very high relevance for the Flagship
Initiative, but has not been taken up so far, as it is not yet fully available.
Life-cycle thinking is the approach chosen to facilitate the objectives of sustainable
development of the European Union policies. Resource efficiency indicators require
indicators on overall amount of resource use and on impacts as complementary
indicators.

R.2: Policy support
for other policies

The indicator is primarily being developed, in order to evaluate the environmental
impacts related to resource use. However, potentially, it could also be used to
monitor developments in related policy areas, such as energy and climate policy,
agricultural policy, and health policy.

R.3: Sensitiveness

The indicator can be interpreted for policy analysis as it shows effects on a macrolevel with a direct, stepwise link from overall impact to impact category, to
individual contributor and even for the main contributors and their trends. While
physical quantities are changing annually and therefore are sensitive, LCI data is
updated on a rather irregular basis. Hence, activities such as technological change
are not depicted on a short term basis.

 R.4: Rebound
effects

The aim of the decoupling indicators is to measure the total environmental impact
of EU in relation to all resources used in the economic system. Hence, the indicator
monitors decoupling of economic growth from the overall environmental impacts
associated with consumption and production (and related use of natural resources
and environmental impacts respectively). LCA data show an increase in
environmental impacts for upstream material use, i.e. impacts factors are higher
for finished products compared to raw materials.

 R.5: Past trends

The (decoupling) indicator is initially being developed for a baseline year (2004);
two additional years (2005, 2006) have also been implemented and an update to
2009 is planned. Hence, past trends can be derived once the indicator is operational
but the trends are not yet available. However, as mentioned in R.3, time series are
available for physical data only, while time series for LCA data are scarce.

 R.6: Future trends

The indicator can in principle be combined with models which deliver data on the
future resource use of countries. However, it is difficult to estimate the LCA impact
factors for the future, so it is unclear, how the overall impact indicator would deal
with this uncertainty.
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 R.7: Early warning  The overall impact indicator illustrates occurring environmental impacts rather
than the drivers of future impacts, thus the capacity to serve as an early warning
indicator is limited.
A: Accepted
A.1: Policy makers

The indicator is only currently being developed, so evaluations of the acceptance of
the indicator are not possible at this stage. However, as policy makers (DG ENV)
commissioned the development of this indicator, the indicator potentially has a high
acceptance.

A.2: Statistics
A.3: Business /
Industry
A.4: Academia

The indicator is only currently being developed, so evaluations of the acceptance of
the indicator are not possible at this stage.



A.5: Civil society
C: Credible
C.1: Unambiguous
results

The decoupling indicator measures the total environmental impact of the European
Union, and of each Member State in relation to the resources used. Thereby, the
indicator illustrates the environmental impact of important goods and services
(illustrated via LCI) produced and consumed in the EU-27 + imported goods/services exported goods/services. However, the limitation to only 15 product groups
questions the potential to produce unambiguous results. Also the weighting scheme
is questionable and not described transparently.

C.2: Transparency In August 2010 the JRC (in cooperation with IES) released a document (a draft for
public consultation) “Framework, methodology, data basis and updating
procedures” describing the decoupling indicators (along with basket-of-products
indicators and waste management indicators). Therein the methodology of the
overall environmental indicator is described. The basic calculations, data sets,
inventories and impact categories, adjustments of LCI’s and selection of the product
groups are being described properly. Nevertheless, very little information on
important aspects such as the clarification of system boundaries (LCI) and especially
the weighting scheme (applied in order to receive a single score) is given.
E: Easy
E.1: Availability of The OEI indicator is based on data from Eurostat, NAMEA, FAO etc. with most of the
data to calculate
data being available for free. Hence, the availability regarding the physical flow data
the indicator
can be taken as granted. The LCA component of the indicator, however, is only
partly freely available through the European LCA platform. Other data systems
needed are e.g. the GaBi software system from PE International.
E.2: Availability of Data on the OEI indicator are very scarce. In the mentioned report there is some
the calculated
information on aggregated EU-27 data as well as for one pilot country (Germany).
indicator
Since this report is a draft and no further data can be retrieved from the internet or
any other source the availability of significant data could not be determined.
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E.3: Technical
feasibility

 For the OEI indicator LCI quantification data is related to different impact categories.
For this calculation step, specific LCA software knowledge is required. These
categories are then aggregated to the Life-Cycle Resource Indicator. Once all basic
data is available, no special technical knowledge is required to calculate the indicator
since the prototype is an Excel-based calculator.

R: Robust
R.1: Data quality  Most of the resource and impact categories are covered by solid data material
(basic data)
(Eurostat, NAMEA, FAO, BGS, UNFCCC, CLRTAP, JRC-IES...). The quality of trade
data (Eurostat) is considered good. Issues of confidential data could pose limitations
but the major confidential product groups are not represented in the TOP 50 for
accounting environmental impacts.
For LCI data the ELCD (published by the EC) and the data of the GaBI 2006 database
(a collection of various LCA databases) are used. For the draft indicator the adaption
of LCI data will be limited to exchanging of country specific energy data for the
supply of electricity and fuels. Future steps will be the adjustment of the country
specific energy efficiency, process emissions of non-energy conversion processes,
etc. This is necessary to improve the LCI data of the imported goods, since the
adjustment of the energy models alone is only partly capturing the differences of
production among countries. Furthermore, LCI data needs to be improved in terms
of comprehensiveness, actuality, accuracy, and regional adaptation. A large number
of coefficients for calculating environmental impacts are needed for time series and
different countries.
Most of macro statistics data (from e.g. governmental statistics) are updated on an
annual basis. Updates from industry associations’ data are not always given. For LCI
data it is not important to be updated on a regular basis but only if e.g. changes in
technologies take place. For LCI data the focus should be on national adaption since
e.g. electricity mixes and therefore their environmental impacts vary dramatically
throughout different countries. These national differences should therefore be
represented in the LCI data, changing the environmental impacts of products (and
materials) depending on the country of origin. Inventory data for toxic emissions and
radiation are available for a limited number of products only.
R.2: Level of
aggregation of
data

The indicator supports a stepwise aggregation of data. It is based on the product
level (LCA) and aggregated up to national/EU level. The environmental impacts (e.g.
NOx, CO2, land use etc.) are based on the inventory of a respective resource and from
there on aggregated to midpoints (climate change, acidification etc) and endpoints
(damage to human health, resource scarcity and damage to ecosystem diversity)
respectively, resulting in the overall environmental impact. One key problem is that
LCA impact factors are only available for single products, which make it difficult to
apply them for macro assessments. Therefore, JRC applies the approach to select a
limited number of representative products for each product group.

R.3:
Reproducibility

Since it is a newly developed methodology, which is so far applied by only one
institution, the standards set for it are ubiquitous. Used parameters or systems such
as the GDP, Life Cycle Inventories, resource flows etc. are calculated following
international standards/guidelines. However, as the methodologies are only
currently being developed and described, it remains to be seen, how easily the
results can be reproduced by other institutions.
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R.4: Geographical
scale

 R.5: Burden
shifting

Eurostat data (GDP, annual trade statistics…) should be available throughout EU-27
on national level, LCI data is adapted to capture the regional differences (if no
consistent country specific LCI data is available). No data for sub-national regions are
so far available.
The indicator explicitly addresses the shifting of burdens among the EU-27 and trade
partners by using the combination of territorial macro statistics regarding emissions,
resource extraction and related LCI data for imports and exports. Furthermore, the
indicators are able to show on all levels a shifting of burdens, e.g. among land use,
energy or specific emissions or of impacts to other countries via imported product
groups.

Specific evaluation
Target setting

 The justification to set targets with this indicator is given by strong environmental
reasons, i.e. to limit human damage on ecosystems. It has also links to weak social
criterion of a fair global distribution of resources and related environmental burden.

 As the indicator is only currently being developed, it has not yet been used in target
setting. However, target setting is in principle possible.
Levels of economic
 The inventory will be based on macro-level statistical data combined with specific
activities
Life Cycle Inventory (LCI) data. The approach thus combines macro data on resource
use with impact data on the level of products and product groups.
Territory vs. life-  The indicator takes a life-cycle or consumption-oriented perspective. The overall
cycle perspective
emissions of (apparent) domestic consumption are derived by adding domestic
impacts and imported impacts and subtracting exported impacts. (The focus of the
indicator is on goods and services. Their environmental impacts are calculated on
basis of cradle-to-gate LCI data for a set of relevant goods including transport to and
from the boundary of the EU).
Level of
 For transparency reasons a stepwise aggregation of information is supported.
aggregation within Elementary flows are the indicator’s base data (derived from underlying data and
each indicator
information), impact categories are the impact potentials, aggregating the
elementary flows in their relative relevance to the environmental problem fields
expressed by the impact categories. The overall environmental impacts (single
score) is derived by applying a weighting scheme across the impact categories.
Links to
environmental
impacts

 The indicator has a strong link to environmental impacts, as it is being designed to
illustrate the various impacts related to human resource use. The concept will cover
impact categories such as climate change, ozone depletion, photochemical ozone
formation, acidification, eutrophication, human toxicity, land use, resource
depletion.

Links to economic In the descriptive framework mainly the GDP is used to derive de-coupling factors
data
between GDP and environmental impacts. While the underlying resource use data
are linked to the economic-environmental accounts, the links of the LCI impact
factors to economic data are weak.
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Summary appraisal
Suitability for
basket

 The life-cycle resource indicator could take an important place in a basket of

Complementarity
to other indicators

1.13.5

resource efficiency indicators. It takes into account a broad range of environmental
impacts and derives a lot of data from EU (and closely related) institutions. On the
other hand, the method still needs further development (only 15 product groups are
currently covered, the LCI data set is not complete, etc.) and has only been applied
to a basis year and two additional years as representative time series. Hence, the
practicality of the approach cannot be assessed properly at this stage.
The life-cycle resource indicator could complement other resource use indicators
informing about the amounts of human resource use by a comprehensive
assessment of the environmental impacts related to those resource uses. In fact,
proper accounts of physical flows are a precondition to calculate a solid
environmental impact indicator.

Animal products in nutritional energy

Name of indicator: Animal products in nutritional energy
Resource category/issue: Animal biomass
Technical description
Data are available from FAOSTAT and Eurostat.
FAOSTAT Food Supply (1961 – n-4): The FAO consumption section is divided into two parts –
Crops Primary Equivalent and Livestock and Fish Primary Equivalent, the first containing more
than 100 different commodities, the second around 40. Both provide data required for this
indicator (Food consumption (Kcal/capita/day)).
Eurostat Gross human apparent consumption of main food items per capita (1999 – n-2; not all
EU MS included)

RACER Evaluation
R: Relevant
R.1: Policy support The called-for “significant transition in […] agricultural […] systems”, including CAP
reform and the synergies with goals in fighting climate change / reducing GHG
for resource
emissions and with protecting land resources, and security of food supply ensure the
policies
policy support for this indicator within the context of the Flagship Initiative.
R.2: Policy support “Some 25% or more of impacts related to final consumption is driven by food
consumption. Main determinants are diets and how these influence the overall
for other policies
volume of biomass based material inputs into the economy. In order to provide 1 kg
meat or milk a multiple amount of fodder crops is required, making the fraction of
meat and dairy in the diet one of the main drivers of impacts.” (EU Environmental
Data Centre on Natural Resources and Products). In addition, there are strong
synergies with Public Health Policy (nutrition is identified as one of the priorities; a
goal is no increase the share of fruits and vegetables in European diets).
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 R.3: Sensitiveness Indicator is reported annually, FAOSTAT currently has a 4-year delay, Eurostat has a
2-year delay (but only for a small selection of countries are the most recent data
available); due to the short “life span” of animal products, policies affecting
production would become visible within this indicator fairly quickly

 R.4: Rebound

 Rebound effects are not explicitly covered by the indicator. The share of animal
products in overall nutritional energy would also increase if total nutritional energy
supply were to increase with plant-based products making up the major share of that
increase.

effects


 R.5: Past trends  FAOSTAT provides data from 1961 onwards for most of the EU-27 countries. For the
Czech Republic, Estonia, Latvia, Lithuania, Slovakia and Slovenia data exist from
1992 onwards.

 R.6: Future trends Indicator can be combined with scenarios for agricultural production (feed, livestock)
and for nutrition (level and composition of diets)

 R.7: Early warning The indicator by itself cannot be considered an early warning in terms of
environmental impact. It must be combined with information about the structure of
agricultural production and trade. However, it can be an early warning in terms of
human health (obesity, malnutrition).
A: Accepted
A.1: Policy makers

In the context of action against climate change, the indicator is referred to by UNEP
and the IPCC, seems to have a high degree of acceptance at the international level
which has not yet been translated to the EU level.Achim Steiner, UN UnderSecretary General and Executive Director of the UN Environment Programme
(UNEP): “A substantial reduction of[climate/ environmental] impacts would only be
possible with a substantial worldwide diet change, away from animal products.”
According to IPCC chairman Dr. Rajendra Pachauri, “one of the most urgent, and
perhaps the easiest and most beneficial, means by which we can reduce emissions
through lifestyle changes is to change our dietary habits. I believe the world today is
consuming far too much meat protein and therefore what we really need to do is cut
down on meat consumption.”

A.2: Statistics

FAO indicates that “food supply data is some of the most important data in
FAOSTAT”, the data are supplied by the designated national units and the
completeness of coverage suggest that these statistics are regularly collected by all
EU member states. The EU Environmental Data Centre on Natural Resources and on
Products (EDCNRP) states that “the fraction of meat and dairy in the diet [is] one of
the main drivers of impacts”. Most statistics on animal products are based on
directives (e.g. Directive 2003/107/EC of the European Parliament and of the Council
of 5 December 2003 on milk), for some crops, reports to Eurostat are based on
“gentlemen’s agreements”.

A.3: Business /
Industry

The share of animal products in human nutrition is a relevant and accepted indicator
in business and industry. The question of whether targets should be set for this
indicator is, however, highly disputed: Meat industry and livestock farming tend to
be opposed while the fast growing niche of organic foods tends to promote limits to
the share of animal products in diets in the context of a health and environmental
protection approach.
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A.4: Academia

The link between diet and environmental impacts and more precisely between the
role of animal products in nutrition and the environmental impacts associated with
livestock farming is widely accepted in academia. A number of studies have sought
and continue to investigate this relationship both at universities and at private
research institutes (e.g. Worldwatch Institute). The JRC has also been active in this
field (It was a study coordinated by the JRC (EIPRO study) which showed that food
and drink is responsible for 20 % to 30 % of the environmental impact of private
consumption in the EU, with meat and dairy products contributing most.).

A.5: Civil society

This indicator is widely accepted by civil society and is especially promoted by NGOs
concerned with the cross section between human welfare / combating poverty and
environmental protection as well as animal welfare. Examples of NGOs targeting the
share of animal products in nutrition are environmentally oriented (Friends of the
Earth, Greenpeace, WWF) as well as focused on animal welfare (PETA, SAFE).

C: Credible
C.1: Unambiguous
results

The indicator itself is clear and unambiguous: A higher share of animal products in
nutritional energy is associated with higher environmental impact (under the
precondition that basic nutritional requirements are met). Evaluation and
accordingly target-setting, however, requires additional information (i.e. on
environmental impacts of livestock farming).

C.2: Transparency

The underlying methodology is documented in a very detailed manner in the FAO’s
2001 “Food balance sheets – A handbook”

E: Easy
E.1: Availability of
data to calculate
the indicator

Data are reported annually to the FAO and are available online and free of cost. For
more recent years and a smaller selection of countries, the same is true of the
Eurostat data. Confidential data are not included, no relevant data are withheld.

E.2. Availability of
the calculated
indicator

The calculated is indicator is currently not available. The underlying data, however, is
and the calculation is very straight-forward.

E.3: Technical
feasibility

Based on the aforementioned data, the indicator can be easily calculated and further
analyzed with standard spreadsheet software (Gnumeric, MS Excel).

R: Robust
R.1: Data quality  Data is reported by government bodies. Eurostat validates incoming data.
R.2:
Reproducibility

Data are reported to FAOSTAT and Eurostat based on manuals detailing the
compilation procedure. The procedure is harmonized and standardized.

R.3: Geographical Data are available at the national level and accordingly for various aggregated
scale
(including different European) regions, data are not available on a subnational level.

 R.4: Burden
shifting

 The indicator by itself cannot reflect burden-shifting. This requires auxiliary data on
agricultural production and trade.
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Specific evaluation
Target setting

 The relationship between animal products and a number of environmental (climate
change, deforestation, soil erosion) and social (hunger, malnutrition, health) issues
justifies setting a target for animal products in human nutrition.

Levels of economic
 The indicator reflects the national level and can be aggregated to the European
activities
level. It is highly relevant at the national level and at two further levels of
aggregation: 1) major agricultural regions in Europe and 2) EU Total.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
Level of
 It may be advisable to use both the aggregate indicator and a disaggregation into
aggregation within meat and other animal products.
each indicator
Links to
environmental
impacts

In its intensive form, the indicator cannot be directly linked to environmental
pressures. The extensive variables on which it is based (i.e. total food supply and
total supply of animal products), however, can be linked to environmental pressures
(e.g. biomass and according land requirement, associated GHG emissions).

Links to economic
data

The indicator can be linked to economic data on the agricultural and food production
sectors. An approximation in terms of equivalent system boundaries can be made.

Summary appraisal
Suitability for
basket

 The indicator is suitable for basket because it is an indicator of good quality which

Complementarity
to other indicators

spans a number of different policy fields and provides information which
complements a number of other (potential) indicators in the basket.
Material consumption: allows for comparison of role of animal products in over all
(biomass) material consumption and share in biomass for nutrition
PTB biomass and RTB biomass: animal products play an important role in agricultural
trade
GHG emissions: Livestock farming contributes, correlations could be examined
Land use: information on land use (intensity) will be relevant in interpreting the
animal products in nutritional energy

1.13.6

Physical Trade Balance of biomass products (PTB
biomass)

Name of indicator: Physical Trade Balance of biomass products (PTB biomass)
Resource category/issue: Biomass trade
Technical description
PTB biomass = imports minus exports of biomass products (basic commodities up to finished goods)
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Unit: metric tonnes
Methodological framework: Material Flow Accounts (MFA) as part of Environmental Accounts.
The indicator covers the direct imports and exports but not the intermediate inputs into
production for export.

RACER Evaluation
R: Relevant
R.1: Policy support Trade plays an important role in terms of security of supply identified as an aim
for resource
under the Flagship Initiative.
policies

 R.2: Policy support Trade in agricultural products is an important element of the CAP, both with regard
for other policies

to export subsidies and the EU’s role as a net-importer of agricultural products (with
a large share of imports stemming from LDCs). Also an important indicator in terms
of energy policy (biofuels), environmental policy (use of renewable materials, land
use), climate policy (reduction of GHG emissions), regional development.

 R.3: Sensitiveness MFA data and with it PTB is reported annually for most EU Member States and on
the EU level. The data are available with an n-2 time lag on the Member States level,
and with 1-2 years additional delay for the EU level.

 R.4: Rebound

 Rebound effects are not explicitly covered by the indicator. PTB of biomass can be

effects

useful in assessing whether improvements in DMC efficiency might stem from
outsourcing of production. Shifts between fodder production or fodder imports can
become visible, but PTB cannot provide a definitive answer as upstream material
requirements are not covered.

 R.5: Past trends  Consistent time series exist from 2000 onwards for the EU-27 MS and from 1970
onwards for the EU-15 MS. For the new member states, PTB data can also be
compiled for years before 2000. Only the aggregation to the EU level is not possible
for years prior to accession – or only with major effort (i.e. bilateral trade data).

 R.6: Future trends PTB is part of the MFA framework and thus compatible with the SNA. Future trends
can be modelled by combining physical trade data (the basis of PTB) with economic
models and scenarios. There are no scenarios which offer a perfect fit because the
category “biomass” does not fully correspond to a specific economic activity or
sector.

 R.7: Early warning The indicator by itself cannot provide an early warning. However, combined with
information on resource demand and import dependency, it can provide signals on
security of supply with biomass products.
A: Accepted
A.1: Policy makers

MFA (and with it PTB biomass) as part of the environmental accounts are governed by
the proposed REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL on European environmental economic accounts (COM/2010/0132). As
such, MFA and derived indicators are well accepted by policy makers.

A.2: Statistics

The collection of the MFA data on which PTB biomass is based is implemented by
Eurostat (REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
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on European environmental economic accounts, COM/2010/0132). The data is
reported by the NSI and compiled by Eurostat biannually.
A.3: Business /
Industry

The PTB biomass is a macro-level indicator and thus not well-established in
business/industry. It could be of interest in the context of green growth and CSR,
however, it seems that an obstacle might be that the link to environmental
burden/impact is not apparent enough and that the sectoral data might still be too
strongly aggregated to allow business/industry to use it as a performance measure.

A.4: Academia

The PTB biomass is part of the MFA framework which is well-established in academia,
both at public and private research institutes and especially in the fields of Ecological
Economics and Industrial Ecology. However, the trade issue especially illustrates the
lack of consideration of upstream requirements in trade flow data. RTB (raw
material trade balance based on RME accounts) as a further development of PTB is
considered to be more meaningful.

A.5: Civil society

The PTB biomass is known although not very prominent in civil society, it is applied
especially in the context of cooperation between NGOs and academia (e.g. FOESERI, Amazonia 21, French décroissance movement)

C: Credible
C.1: Unambiguous
results

The indicator itself is clear and unambiguous: positive values represent net-imports,
i.e. dependence on imports, negative values imply net-exports. Evaluation and
accordingly target-setting, however, requires additional information (especially on
environmental burden shifting associated with a given level of PTB biomass).

C.2: Transparency

The underlying MFA methodology is documented in Eurostat’s compilation guide
(Eurostat 2001: Economy-wide Material Flow Accounts and Derived Indicators. A
methodological guide; Eurostat 2009: Economy wide Material Flow Accounts.
Compilation Guidelines for reporting to the 2009 Eurostat questionnaire).

E: Easy
E.1: Availability of
data to calculate
the indicator

Data are reported for most Member States and can be accessed there. Eurostat
compiles MFA and with it PTBbiomass data biannually. Eurostat data are available
online in aggregated form (i.e. such that the overall PTB could be calculated), in a
more disaggregated form they would have to be obtained directly from Eurostat.

E.2. Availability of
the calculated
indicator

PTBbiomass is not directly available but is easy to calculate as it is derived from physical
foreign trade statistics which are part of standard statistical reporting in statistical
offices (national and international).

E.3: Technical
feasibility

Based on the aforementioned data, the indicator can be easily calculated and further
analyzed with standard spreadsheet software (Gnumeric, MS Excel).

R: Robust
R.1: Data quality  Data is based on standard foreign trade statistics and reported by statistical offices
as part of MFA data. Eurostat compiles and validates incoming data.
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R.2. Level of
aggregation

It may be advisable to use both the aggregate indicator and a possible
disaggregation into different biomass categories (i.e. wood, different agricultural
products, by-products etc.) in order to identify dominant flows within the PTB biomass

R.3: Reproducibility

Data are reported to Eurostat based on the guide detailing the compilation
procedure (Eurostat 2001: Economy-wide Material Flow Accounts and Derived
Indicators. A methodological guide., Eurostat 2009: Economy wide Material Flow
Accounts. Compilation Guidelines for reporting to the 2009 Eurostat questionnaire).
The procedure is harmonized, standardized, and agreed upon by the EU Member
States.

R.4: Geographical Data are available at the national level and accordingly for various aggregated
scale
(including different European) regions, data are not available on a subnational level.

 R.5: Burden

 The indicator only provides a very rough proxy for burden shifting because it only

shifting

takes direct trade flows into account and not the upstream (material) requirements.

Specific evaluation
Target setting

 Limiting the net-imports of biomass is related to security of supply of agricultural
produce, and to fair global distribution of food and land.

Levels of economic
 The indicator reflects the national level and can be aggregated to the European level
activities
as well as to the level of major agricultural regions in Europe. The underlying
database allows for disaggregation to the single traded products or to the producing
sectors.
Territory vs. life-  The indicator reflects elements of the apparent consumption of a given economy.
cycle perspective
Links to
environmental
impacts

 The indicator cannot be directly linked to environmental impact, especially because
it contains no information about upstream material requirements in the production
of traded goods. It can only provide an indication of which biomass categories to
examine in terms of the environmental impact associated with their production and
its outsourcing via trade.

Links to economic
data

Foreign trade data are available both in physical and monetary units. Thus, the
indicator can easily be linked to economic data on the aggregated or disaggregated
level, such as the agricultural and forestry sectors or even on the level of traded
products.

Summary appraisal
Suitability for
basket

 Semi-suitable for basket: In terms of security of supply as well as outsourcing of

Complementarity
to other indicators

production, it is important that an indicator on biomass trade be included in the
basket. However, the does not entirely satisfactory in this role because it contains no
information about upstream requirements associated with biomass trade flows.
RTBbiomass would be the preferred option.
Material consumption: Trade balance adds additional contextual information to
(biomass) DMC
Animal Products in Nutritional Energy: animal products made up 14% of agricultural
exports and 13% of agricultural imports in 2005
RTB biomass: PTB biomass provides the basis for the calculation of RTB biomass
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Water: Depending on the water availability/scarcity in a country/region, biomass
trade may play an important role for virtual water imports
Energy: Biomass is currently being promoted as an energy carrier, in the future, it
will be important to assess how much of the additional need is covered by imports
Land use: Synergies with land use indicators can be used to verify whether land use
changes / outsourcing of land use have occurred through trade

1.13.7

Raw Material Trade Balance (RTB biomass)

Name of indicator: Raw Material Trade Balance (RTB biomass)
Resource category/issue: Biomass trade
Technical description
RTB biomass = imports minus exports of biomass products, including upstream material
requirements (as Raw Material Equivalents, RME)
Unit: metric tonnes
Methodological Framework: Material Flow Accounting (MFA) as part of Environmental Accounts
The indicator covers the direct imports and exports including the intermediate inputs into
production for export.

RACER Evaluation
R: Relevant
R.1: Policy support Trade plays an important role in terms of security of supply of renewable resources
for resource
identified as an aim under the Flagship Initiative.
policies
R.2: Policy support Trade in agricultural products is an important element of the CAP, both with regard
for other policies
to export subsidies and the EU’s role as a net-importer of agricultural products (with
a large share of imports stemming from LDCs). Also an important indicator in terms
of energy policy (biofuels), environmental policy (use of renewable materials, land
use), climate policy (reduction of GHG emissions), regional development.

 R.3: Sensitiveness As soon as the development of methods is finalized (expected by end of 2011 /
beginning of 2012), the indicator could be calculated annually. MFA data as the
overall framework is reported annually for most EU Member States and on the EU
level.
The time lag related to RTBbiomass depends on that of the MFA data (n-2 on MS level
plus 1-2 years for the compilation at the EU level) and of the IO data (also n-4 for
most EU MS).

 R.4: Rebound
effects
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 R.5: Past trends  No consistent time series yet exists, but RTB could be calculated for the time span in
which the according MFA (2000 onwards for the EU-27 MS and from 1970 onwards
for the EU-15 MS) and IO data (2000 onwards for the EU-27 MS and from 1995
onwards for the EU-15 MS) are available.

 R.6: Future trends RTB is part of the MFA framework and thus compatible with the SNA. Future trends
can be modelled by combining physical trade data (the basis of RTB) with economic
models and based on economic scenarios.


 R.7: Early warning The indicator by itself cannot provide an early warning. However, combined with
information on resource demand, resource availability and import dependency, it
can provide signals on security of supply with biomass products.
A: Accepted
A.1: Policy makers

RTB biomass data are not yet available in a comprehensive way, but only as case
studies. However, the inclusion of upstream material requirements is not yet wellestablished, even though strong interest has been expressed in the policy sphere.

A.2: Statistics

Eurostat is currently working on developing a method for RTB calculation. In
Germany, the work on this indicator was conducted by the NSI. The MFA and IO data
is generally provided by the NSIs.

A.3: Business /
Industry

The RTB biomass is not well-established in business/industry. However, it caters to the
question of export taxes on upstream material which may aid in introducing the
indicator.

A.4: Academia

Several approaches to the calculation of raw material equivalents (RMEs) have been
developed both at public and private research institutes and especially in the fields of
Ecological Economics and Industrial Ecology.

A.5: Civil society

While the general idea of examining the upstream material requirements in the
production of NGOs is well-established within civil society, RTB biomass as an indicator
is not.

C: Credible
C.1: Unambiguous
results

Since the indicator reflects a balance, the results are not completely unambiguous: A
low biomass RTB can be the result of a high level of imports and exports and thus of
high overall material consumption or of a low level of both.

C.2: Transparency

Due to the lack of a standardized method for RTB biomass calculation, transparency is
not yet given. The method which was used to obtain the different sets of data must
be taken into consideration. It can be calculated based on MFA data and MRIO data
or a combination of IO data and LCA coefficients. However, at the Eurostat level,
work is currently in progress aiming towards standardization of an IO/LCA approach.
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E: Easy
E.1: Availability of
data to calculate
the indicator

The required MFA and IO data for calculation are part of statistical reporting and
thus reported regularly by NSIs. LCA coefficients are available from different data
sets (e.g. GEMIS or ecoinvent) which are based on case studies. Alternatively, MRIO
models are still under development.

E.2. Availability of
the calculated
indicator

The indicator is not yet available on the EU level but in development. Work on the
indicator is ongoing in a Eurostat project (Conceptual framework for measuring the
environmental impact of the use of natural resources and products) and FP7 projects
(EXIOPOL and CREEA). Corresponding results are expected for the end of 2011 or
during 2012. RTB calculations have also been conducted on the Member States level
in AT, CZ, DE. Results from these projects are already available (Schaffartzik et al.
2011, Weinzettel and Kovanda 2009, Buyny et al. 2009).

E.3: Technical
feasibility

Based on the aforementioned data, the indicator can be calculated and further
analyzed with standard spreadsheet software (Gnumeric, MS Excel) although the
part of calculations based on input-output data requires some time and effort. If
sectoral disaggregation is high, more advanced software (e.g. Matlab) and highcapacity computers are required.

R: Robust
R.1: Data quality  Data is based on standard statistical reporting: foreign trade statistics, IO tables (as
part of economic accounts). Eurostat compiles and validates incoming data. If a
hybrid IO-LCA approach is used, data are reported by different private and public
environmental institutions and are based on case studies.
R.2. Level of
aggregation

It may be advisable to use both the aggregate indicator and a possible
disaggregation into different biomass categories (i.e. wood, different agricultural
products, by-products etc.) in order to identify dominant flows within the RTB biomass

R.3:
Reproducibility

So far, there is no harmonized and standardized procedure for RTB biomass calculation.
At the Eurostat level, the methodological harmonization is currently being pursued
using an LCA/IO approach.

R.4: Geographical Data are available at the national level and accordingly for various aggregated
scale
(including different European) regions, data are not available on a subnational level.

 R.5: Burden
shifting

 The indicator provides a proxy for burden shifting in that it depicts the relationship
between imports and exports and includes upstream material requirements of
traded goods. If calculated based on MRIO tables and/or bilateral trade matrices it
can also geographically specify occurrences of burden shifting.

Specific evaluation
Target setting

 Limiting the net-imports of biomass is related to security of supply of agricultural
produce and to fair global distribution of food and land.

Levels of economic
 The indicator reflects the national level and can be aggregated to the European level
activities
as well as on the level of major agricultural regions. The underlying database allows
for disaggregation to economic sectors or even single traded products.
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Territory vs. life-  The indicator examines all upstream requirements (partly based on a life-cycle
cycle perspective
perspective) associated with the biomass trade flows from/to a designated territory.
Links to
environmental
impacts

 Environmental impact can be roughly approximated using this indicator because
RTBbiomass represents raw material extraction related to trade flows and as such
represents pressure on the environment through biomass extraction, land use and
land use changes, intensity of land use etc.

Links to economic
data

Through its IO-component, the indicator is already based on economic data, the link
to which can be made explicit. Through foreign trade statistics, an additional link to
economic data is given.

Summary appraisal
Suitability for
basket

 Semi-suitable for basket: The indicator offers some advantages compared to

Complementarity
to other indicators

including only PTB of biomass. However, it is not yet standardized. The indicator
eHANPP would have a similar (or actually preferable) information content, but it
seems that RTB of biomass will be available for general use more quickly.
Material consumption: Trade balance adds additional contextual information to
(biomass) DMC
Animal Products in Nutritional Energy: animal products made up 14% of agricultural
exports and 13% of agricultural imports in 2005
PTB biomass: provides the basis for the calculation of RTB biomass
Water: Depending on the water supply in a country/region, biomass trade may play
an important role for virtual water imports
Energy: Biomass is currently being promoted as an energy carrier, in the future, it
will be important to assess how much of the additional need is covered by imports
Land use: Synergies with land use indicators can be used to verify whether land use
changes / outsourcing of land use have occurred through trade

1.13.8

Fish capture production per Total Allowable Catch
(TAC)

Name of indicator: Fish capture production per Total Allowable Catch (TAC)
Resource category/issue: Fisheries
Technical description
Quotient of total catch (in t) and total allowable catch (in t)
“TACs are set annually for most stocks and every two years for deep sea species. For an
increasing number of stocks, TACs are set in line with multi-annual plans.” (European
Commission
Fisheries
in
TACs
and
Quotas:
http://ec.europa.eu/fisheries/cfp/fishing_rules/tacs/index_en.htm))
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RACER Evaluation
R: Relevant
R.1: Policy support  The reform of the Common Fisheries Policy (CFP) is, amongst others, explicitly
for resource policies mentioned in the Flagship Initiative as one of the medium-term measures in
achieving a resource-efficient Europe. Total Allowable Catch is one of the pillars of
the CFP and thus sheds some light on this aspect of the Flagship Initiative.
R.2: Policy support  The conservation of fish is one of the goals of the Common Fisheries Policy (CFP),
for other policies
to this end, the TAC and national quotas are set.

 R.3: Sensitiveness  The total catch data are collected annually and published with a n-1 time lag.
 R.4: Rebound effects
 Rebound effects are not explicitly covered by the indicator. However, because both
the total catch and the TAC are disaggregated by regions and species, potential
trade-offs might be monitored.

 R.5: Past trends

 The indicator can be calculated for the time span from 1950 onwards (for the EU15) and from 1993 onwards (for the EU-27).

 R.6: Future trends  The indicator can be combined with economic forecasts on price development or
with ecological models for fish population (in the tradition of Schaefer 1954)
development in order to develop scenarios for future trends. In some cases, TACs
are multi-annual and thus an assumption must only be made about total catch.

 R.7: Early warning  The TAC is a threshold defined by the Council and based on scientific advice
(STECF) with a commitment to management of fish stocks within maximum
sustainable yield. Approximating or surpassing the TAC is therefore an early
warning for the marine ecosystems affected.
A: Accepted
A.1: Policy makers

The TAC is one of the most prominent features of the CFP and is defined by the
Member States in the Council. The reporting of the total catch by Eurostat is
governed by three Council Regulations (3880/91, 2018/93, 2597/95).

A.2: Statistics

Statistics is not involved in the generation or reporting of the TACs. The reporting
of fish catch by national authorities is an established component of Eurostat’s data
collection as is documented in the Handbook of Fishery Statistical Standards.
Eurostat validates the data.

A.3: Business /
Industry

The Commission consults the Regional Advisory Councils in developing its TAC
proposal. The fisheries sector is required to report the catch (by vessel). Business
and industry is thus directly involved in the data generation.

A.4: Academia

The TACs are based – amongst others – on information supplied by the Scientific,
Technical and Economic Committee (STECF). Otherwise, the take on this issue
from academia has come more from the marine policy/management angle and not
so much dealt with the question of the relation between total catch and TACs.
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A.5: Civil society

As an instrument for controlling fishing/avoiding overfishing, the TACs are widely
accepted by NGOs. There have been several instances of NGOs campaigning for
TACs to be set at sustainable levels (Greenpeace, WWF, Seas at Risk, Marine
Conservation Society and others).

C: Credible
C.1: Unambiguous
results

The indicator conveys a very clear message: The TACs are based on maximum
sustainable yields. Thus, if the quotient of total catch (in t) and total allowable
catch (in t) is larger than 1, countries are overfishing and not adhering to the target
which has been set.

C.2: Transparency

The data is collected based on the guidelines in the Handbook of Fishery Statistical
Standards as well as the Eurostat publication “Fisheries: The collection and
compilation of fish catch and landing statistics in member countries of the
European Economic Area”.

E: Easy
E.1: Availability of
data to calculate the
indicator

The data on fish catch are easily obtainable as they are reported by Eurostat. The
data on Total Allowable Catch must be extracted from the according Council
Regulation once it has been published. TACs are available by species and country as
well as TAC per species.

E.2. Availability of
the calculated
indicator

The calculated is indicator is currently not available. The underlying data, however,
is and the calculation is very straight-forward.

E.3: Technical
feasibility

The data extraction from the Council Regulation is rather work-intensive. Once the
aforementioned data has been collected, the indicator can be calculated and
further analyzed with standard spreadsheet software (Gnumeric, MS Excel).

R: Robust
R.1: Data quality

 Data is reported by government bodies. Eurostat validates incoming data.

R.2. Level of
aggregation

For the purpose of analysis, the disaggregation by species, maritime area and
country may be useful – the original data are available at this level of
disaggregation.

R.3: Reproducibility

The data are collected based on the guidelines in the Handbook of Fishery
Statistical Standards as well as the Eurostat publication "Fisheries: The collection
and compilation of fish catch and landing statistics in member countries of the
European Economic Area". The methodology is standardized.

R.4: Geographical  Data are available at the national level, as aggregates for different marine zones
scale
and accordingly for various aggregated (including different European) regions.
Data are not available on a subnational level.

 R.5: Burden shifting In its disaggregated form (by area or by species), the indicator provides some clues
on shifts of fishing activities from one area or species to another.

Specific evaluation
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Target setting

 The TAC defines how much of which fish species each country is allowed to capture
within a defined period of time. Thus, targets already exist. These link to ecosystem
protection, preservation of stocks, protection of (future) interests of the fisheries
industry and the associated workplaces, equitable access to resources.

Levels of economic
 The indicator can be applied to the fisheries sector at the national level and be
activities
further aggregated (e.g. European regions, EU-27). It can also be aggregated by
maritime zone and/or fish species.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
Links to
environmental
impacts

 Environmental impacts, mainly on natural stocks and their depletion, can be roughly
approximated using this indicator.

Links to economic
data

The indicator can be linked to economic data on the (projected) performance of the
fisheries sector.

Summary appraisal
Suitability for
basket

 For the issue of fishing and European maritime ecosystems, this indicator is suitable

Complementarity
to other indicators

1.13.9

for the basket. If a selection of indicators had to be made, the only question would
be where this issue ranks in relevance compared to other issues.
The indicator only covers one specific type of renewable resource and thus needs to
be complemented by a number of other indicators focusing on other resource
categories. A close link exists with the indicator “Animal Products in Nutritional
Energy” (if disaggregated so that fishery can be distinguished).

Recycling Input Rate (RIR)

Name of indicator: Recycling Input Rate (RIR)
Resource category/issue: Reuse, recycling, recovery
Technical description
Indicator description: The UNEP Resource Panel recently published a Status Report on
“Recycling Rates of Metals” (UNEP 2011, Reck and Lifset 2008) which includes a comprehensive
discussion of Recycling Indicators. The Report further proposes to use the indicator RIR as the
most relevant perspective in the context of resource use.
RIR = secondary input / (primary + secondary input)
primary metal input = metal content in the extracted ore
secondary input = scrap used in fabrication (new & old) + scrap used in production (new & old)
Unit: percentage calculated from mass flows (e.g. metric tonnes)
Methodological framework: compatible with Substance Flow Accounting (SFA) (see for
example the STAF Project at Yale University; or ETH Zürich, TU Wien) and Material Flow
Accounting (MFA).
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RACER Evaluation
R: Relevant
R.1: Policy support
for resource
policies

RIR directly links to several aspects of resource use and resource efficiency addressed
in the Flagship Initiative or the Resource Strategy. However, indicators on recycling
only capture part of the system and success in the area of recycling are not expected
to solve problems on the sustainable use of resources as a whole.
The RIR in particular addresses issues related to:
 Security of supply and making the EU more resilient to future increases in global
commodity prices, in particular for critical raw materials
 Reducing the reliance on increasingly scarce materials
 “Recycling will reduce the pressure on demand for primary raw materials, help to
reuse valuable materials which would otherwise be wasted, and reduce energy
consumption and greenhouse gas emissions from extraction and processing.”
(Flagship Initiative p.4)
 Supporting the strategy to make the EU a “circular economy”
 Innovation and development of new technologies in relation to recycling

R.2: Policy support
for other policies

RIR links to other policies such as: Raw Material Initiative (COM(2008) 699),
commodity markets and raw materials (COM(2911) 25), Sustainable Consumption
and Production and Sustainable Industrial Policy (SCP/SIP; COM(2008) 397),
Ecodesign, Integrated Product Policy (IPP), prevention and recycling of waste
(COM(2005) 666 final) and other waste management programmes etc.
Specific waste reduction, recycling and treatment targets have already been set in
the Waste Framework Directive and other EU directives (WEEE directive, ELV
directive).

R.3: Sensitiveness

The indicator has the potential to capture short-term effects. However, the
sensitiveness to policy changes depends on whether there are incentives for change
as well as on the development of new technologies that enable the practical
implementation of theoretical recycling options.

R.4: Rebound
effects

RIR is a relative measure and therefore cannot capture rebound effects: Neither can it
highlight whether efficiency gains from recycling are compensated by overall
increases of total consumption, nor can it address effects resulting from shifting
production to foreign economies.

R.5: Past trends

No consistent data set is available for recycling. Building up a satisfying data base
that allows for illustrating past trends is considered a highly ambitious task.

R.6: Future trends

Recycling data could be used as input data for modelling as has already been done
with other physical flow data.

R.7: Early warning

Recycling data cover only a specific detail of the whole economy. Changes in the
empirical data therefore can be driven by various different causes. Additionally,
aggregated recycling rates do not directly link to environmental impacts or
environmental thresholds.

A: Accepted

Assessment of resource efficiency indicators and targets | 125

Annex Report

A.1: Policy makers

Recycling is widely accepted as a key factor for reducing the demand for primary raw
materials, for pushing a “circular economy”, and in general for the efficiency of
industrial production. However, indicators on recycling are currently manifold, a
methodological standardization is urgently needed.

A.2: Statistics

Recycling rates of metals or non-metallic minerals are not yet implemented in
statistical reporting.

A.3: Business /
Industry

Recycling is an issue that first gained importance on the industry (micro) level. Thus,
the acceptance of recycling rates and the value of monitoring can be considered as
important on the industry level. The importance is even increasing with rising global
market prices for metals and minerals.

A.4: Academia

Recycling is a field of interest for academia, in particular research groups focussing on
substance flows. However, a standardization of indicators has not yet been achieved
which can be applied across substances and address different research questions in a
comparable way.

A.5: Civil society

Recycling can be easily understood by the general public and is accepted by the civil
society as an indicator of importance. However, the lack of transparency in what
exactly is measured has not yet lead to a deep understanding of recycling.

C: Credible
C.1: Unambiguous
results

Higher recycling rates do show that more resources are used in a closed circle.
However, without an additional measure of total amounts of secondary (or
alternatively primary) raw materials used by societies the indicator cannot show if
more or less of a particular resource is used.

C.2: Transparency

At the moment, different definitions of recycling rates are available. More
transparency and a harmonization of terms and methods are urgently needed. The
proposed indicator RIR has the potential of providing this, but the implementation
still has to take place.

E: Easy
E.1: Availability of
data to calculate
the indicator

No consistent data on recycling rates for metals or non-metallic minerals are available
across substances and sectors. The underlying data (consistent with macro material
flow data or also waste statistics) lack consistency.

E.2: Availability of
the calculated
indicator

The indicator RIR has not been implemented yet apart from case studies.

E.3: Technical
feasibility

If the underlying data were available, the indicator could be calculated most easily.

R: Robust
R.1: Data quality
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R.2: Level of
aggregation of
data

Recycling data are captured on the industry (micro) level and – if consistently
measured – can then be aggregated to the macro level.

R.3:
Reproducibility

Currently, several definitions of and measures for recycling are available and the
indication on what exactly is measured in not always clear. This makes it very difficult
to understand and reproduce results.

R.4: Geographical
scale

No consistent data are available yet. However, the proposed indicator can be
collected on the industry (micro) level and thus allows for aggregation on the national
and EU level.

R.5: Burden
shifting

Indicators on recycling focus on a detailed level. Efficiency gains through shifting to
other resources or other countries are not captured by recycling indicators.

Specific evaluation
Target setting

Targeting recycling has the potential of directly relieving pressure on limited natural
stocks of metals and minerals as well as reducing the dependence on foreign supply
of resources. The latter also relates to cost savings due to lower demand for
resources, in particular resources of rising international prices. Targets on recycling
exist already in some directives addressing specific products. E.g. Waste Framework
Directive, packaging directive, WEEE directive, ELV directive, etc. include targets for
material recycling or energy recovery of certain waste streams.

Levels of economic
activities

Recycling has a strong link to substances (single metals or materials) and products
(addressing the particular use of a substance) and measures on recycling have to be
set on the meso- or micro level in order to be reasonable and effective.

Territory vs. lifecycle perspective

This indicator clearly represents a life-cycle perspective because it focuses on the
production chain of a particular product. However, the adequate and consistent
consideration of foreign resource flows has to be taken care of.

Level of
aggregation within
each indicator

The indicator addresses the micro-level and thus has its main application on a very
disaggregated level. However, data on recycling can be aggregated to the national
level, but issues of inconsistencies and double counting might get relevant then.

Links to
environmental
impacts

Recycling and thus the direct relief of natural stock directly links to the issue of
depletion of stocks. However, the indicator is a relative measure that does not
necessarily translate into changes of absolute amounts.

Links to economic
data

Recycling data can be linked to economic performance of sectors or businesses.

Summary appraisal
Suitability for
basket

An indicator on recycling is not suitable as a headline indicator addressing overall
objectives but is rather an indicator representing a measure that allows for the
practical application of more overarching objective. Recycling indicator thus is
considered highly relevant as an additional indicator on a 2nd level, i.e. in a broader set
of indicators that supplements a basket of indicators.

Complementarity
to other indicators

RIR links to the DMC, the DMC for metals and minerals in particular. RIR also links to
particular issues of impact measures such as the EMC or the JRC indicators
addressing depletion of natural stocks.
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1.13.10

Secondary construction minerals per DMC
construction minerals

Name of indicator: Secondary construction minerals per DMC construction minerals
Resource category/issue: Reuse, recycling, recovery
No separate evaluation was conducted.

1.13.11

Municipal Solid Waste (MSW)

Name of indicator: Municipal Solid Waste (MSW) [tonnes; absolute / per capita / per
household]
Resource category/issue: Waste generation
Technical description & policy relevance
Waste generation is influenced both by how efficiently resources are used in production and the
quantity of goods produced and consumed. Waste represents an enormous loss of resources in
the form of both materials and energy. The immediate candidates for headline indicators for
waste generation are:
Total waste generation: covers all waste generated by the various sectors173. In
the EU construction (33%) and mining and quarrying (25%) are the largest
contributors. Manufacturing (12%), households (7%), utilities (7%) and
agriculture (5%) represent substantial amounts. The data for waste is
categorised by 31 different waste streams (mineral waste is almost 2/3). It is
possible to divide waste in hazardous and non-hazardous waste.
Municipal Solid Waste (MSW): is waste generated by households, commercial
activities and other sources whose activities are similar to those of households
and commercial enterprises. It does not include other waste arising e.g., from
mining, industrial or construction and demolition processes. MSW is made up to
residual waste, bulky waste, secondary materials from separate collection (e.g.,
paper and glass), household hazardous waste, street sweepings and litter
collections. It is made up of materials such as paper, cardboard, metals, textiles,
organics (food and garden waste) and wood. Municipal waste represents
approximately 10% of all waste generated in the EU. MSW per capita has
remained stable for many years (so relative decoupling from economic growth),
but in total quantities it has not been reduced.
Household waste: is all waste generated by households. Organic waste (30%)
and paper and cardboard (26%) are the largest material types of household
waste.174

173
174
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According to the EEA175, municipal waste is currently the best indicator available for describing
the general development of waste generation and treatment in European countries. This is
because all countries collect data on municipal waste. Data coverage for other wastes, for
example total waste or household waste, is more limited. Despite only representing 10% of the
total waste generated, it has good policy attention.

Municipal solid
waste
Household
waste

Waste from
municipal
services
Garden &
park waste

Total waste
generated

Commercial
waste waste

Figure 8: The relationship between total waste generated, MSW and household waste
MSW is considered to be the best choice of these. It is easier to relate to waste policies such as
waste prevention and recycling at this level.

RACER Evaluation
R: Relevant
R.1: Policy support  Waste has a high relevance in the context of the European Commission’s Flagship
for resource policies Initiative. One goal of this initiative is to make the EU a 'circular economy' based on
a recycling society with the aim of reducing waste generation and using waste as a
resource.

 However, in order to capture the whole problem, additional indicators such as
recycling rates, percentage of waste landfilled, etc. would have to be combined
with the total amount of MSW generated.
R.2: Policy support  Waste is a key indicator directly related to resource efficiency. It has good policy
for other policies
attention, e.g. Waste Framework Directive, recycling targets for specific waste
streams, Thematic Strategy on the Prevention and Recycling of Waste, etc. It is an
important component of sustainable development, environmental pressures and
material security. Specific waste reduction, recycling and treatment targets have
already been set in the Waste Framework Directive and other EU directives (WEEE
directive, ELV directive).

 R.3: Sensitiveness  The sensitiveness to policy changes depends on whether there are incentives for
change of attitude (longer term) or legal instruments (shorter term). The most
recent data on MSW published by Eurostat are for the year 2009 (n-2).

 R.4: Rebound effects
 The indicator expressed in absolute or per capita terms fully captures rebound
effects as long as they are not shifted to other countries or regions.

175

www.eea.europa.eu/data-and-maps/indicators/municipal-waste-generation/municipal-waste-generationassessment-published-3
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 R.5: Past trends

 The Regulation (EC) 2150/2002 on waste statistics created a framework for
harmonised Community statistics on waste. Since 2002 Member States are
required to provide data on the generation, recovery and disposal of waste every
two years; the first reference period for the data collection exercise was 2004.176

 R.6: Future trends  Municipal waste is a sustainable development indicator and could be used for
modelling future trends. It is possible to extrapolate timelines of MSW generation,
also to evaluate possible policy measures.

 R.7: Early warning  As waste is directly related to resource efficiency, it can provide an indication on
how resource efficient an economy works. Dramatically increasing amounts of
MSW could be a signal for policy measures that aim to reduce waste accumulation.
A: Accepted
A.1: Policy makers

Waste as a key factor for environmental issues is widely accepted and used by
policy makers (many laws, directives etc. address waste issues). Concerning MSW
also data for recycling rates for secondary materials (+) or waste that goes directly
to landfills (-) are often used.
The EU’s Sustainable Development Strategy and its Sixth Environment Action
Programme (EAP) identify waste prevention and management as one of four top
priorities.

A.2: Statistics

The indicator is accepted by statisticians. Statistical data for MSW is provided by
Eurostat177. Statistics exist for EU and national levels.

A.3: Business /
Industry

Waste in general is a common indicator used in (manufacturing) companies, but
this is not necessarily municipal waste. Waste from commerce and trade, small
businesses, office buildings and institutions (schools, hospitals, government
buildings) is part of MSW, so reduction measures in such small businesses influence
the accumulation of MSW.

A.4: Academia

MSW as one out of many waste streams is widely accepted and explored by the
scientific community. It is a widely used and accepted indicator. Many scientific
studies concerning prevention of MSW, improving recycling rates and technologies
etc. can be found.

A.5: Civil society

Municipal waste can be easily understood by the general public and is accepted by
the civil society as an environmental indicator. There is already a high level of
awareness in many countries but also potential for improvement in other EU
countries.

C: Credible
C.1: Unambiguous
results

176
177
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There can be some ambiguity regarding the manner waste streams are accounted
for, e.g. distinction between household and municipal waste. Generally MSW
includes waste from households PLUS commerce and trade, small businesses,
office buildings and institutions (schools, hospitals, government buildings) but NOT

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Waste_statistics
http://epp.eurostat.ec.europa.eu/cache/ITY_SDDS/de/env_wasmun_esms.htm
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waste from bigger processing plants or factories. So the actual accumulation of
MSW depends on the structure of the economy in a region and the amount of
waste that is counted as MSW by the local authorities.
Reduction of waste can have many reasons (e.g. changes in population size and
GDP) and is not necessarily a result of sound waste management policy. The policy
link, thus, is rather weak. Important factors like recycling rates for secondary raw
materials or the amount of organic waste composted are not obvious. Further
information is needed for a comprehensive understanding.
MSW only considers collected waste and therefore excludes garden or food waste
composted at home and other wastes that are not collected. Also not included is
waste that is generated by larger companies or factories. Their waste usually is not
collected by the municipality but rather by private waste collection companies.
Also be aware that the impacts that are generated by a certain amount of MSW can
be very different according to the way the waste is treated. Incineration, landfilling
or different ways of recycling have widely varying impacts to the environment.
C.2: Transparency

Data is self-reported by local authorities. Reporting is regulated by laws and
directives so it can be regarded as quite transparent, although implementation and
data quality vary from country to country.

E: Easy
E.1: Availability of
data to calculate
the indicator

Waste data are available and regularly updated. They are part of the structural
indicators and collected annually.178 There are national and European reporting
obligations for MSW.

E.2: Availability of
the calculated
indicator

Statistical data for MSW is provided by Eurostat179 and by national statistical
institutes.

E.3: Technical
feasibility

The indicator can be calculated using standard software. Data can be downloaded
for free and processed easily.

R: Robust
R.1: Data quality  Municipal waste data is consistently collected by national statistical institutes and
considered of high accuracy when comparing over time. But still consistency in
reporting holds some unsolved problems and thus data may lack comparability
between countries. This is not a problem while showing general trends of waste
accumulation at a European level. Restrictions due to changes in the methodology
are well documented180.
R.2: Level of
aggregation of
data

 Waste data is collected at the level of municipalities or regions and then aggregated
on a national level. Thus the level of aggregation is suitable for this indicator.

178

http://epp.eurostat.ec.europa.eu/portal/page/portal/structural_indicators/indicators/environment
http://epp.eurostat.ec.europa.eu/cache/ITY_SDDS/de/env_wasmun_esms.htm
180
http://epp.eurostat.ec.europa.eu/portal/page/portal/sdi/files/Municipal_Waste.pdf
179
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R.3:
Reproducibility

In theory, only one harmonised methodology is applied by all users. Data collection
methods are thus considered of high standards. In practice, however, differences in
the implementation are observed between countries.

R.4: Geographical Data is available on a national level for all 27 EU Member States. As countries may
scale
include different waste streams under municipal waste (e.g. discarded cars, C&D
waste), comparability may suffer.

 R.5: Burden

 Waste that is exported, e.g. electrical and electronic equipment, under the pretext of

shifting

still being reusable is not accounted for. Furthermore, waste from production
processes is not allocated to the consuming country but rather to the producing
country. Therefore, burden shifting is not considered by this indicator.

Specific evaluation
Target setting

 Waste and its treatment have various impacts on the environment and on human
health. GHG emissions (mainly CO2 from incineration and methane from landfills)
trigger climate change, leachate from landfills is a danger for water bodies and
emissions from incineration can have effects on human health. If waste is not treated
in a proper way it can exaggerate the absorption capacity of local or regional
ecosystems.

 Targets have already been set in the Waste Framework Directive. Here a clear waste
hierarchy is postulated (prevention, reuse, recycling, energy recovery, disposal) that
has to be implemented in national laws concerning waste. Other directives like e.g.
packaging directive, WEEE directive, ELV directive, etc. include targets for material
recycling or energy recovery of certain waste streams.
Levels of economic
 Municipal waste does not cover all economic activities, but focuses on households
activities
and waste from commerce and trade, small businesses, office buildings and
institutions (schools, hospitals, government buildings). The indicator thus cannot be
applied on the industry level.
Territory vs. life-  The indicator represents an entirely territorial perspective. And not even this is
cycle perspective
guaranteed. Waste that is not collected by the municipalities (e.g. collected by
private waste collection companies or sold under the pretext of still being reusable)
is not considered by the indicator.
Level of
 As there are differences in waste management and reporting practices in different
aggregation within countries, it is not always possible to disaggregate municipal waste into the different
each indicator
waste streams.
Links to
environmental
impacts

 Treatment of municipal waste is directly linked to many heavy environmental

Links to economic
data
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impacts, e.g. methane and leachate produced by landfills and air pollutants (heavy
metals, nitrous oxides, carbon dioxide, etc.) generated by waste incineration plant.
However, mere waste volumes are not a sufficient indicator for the illustration of
waste related environmental impacts.
Municipal waste is directly linked to private household consumption and small
business activities and explicitly not considers the whole economy. A combination
with economic data is therefore only meaningful on a national level.

Assessment of resource efficiency indicators and
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Summary appraisal
Suitability for
basket

 MSW is a widely accepted and often used indicator. It is suitable for showing the
level of (private) consumption meaning that most of the goods people buy are
discarded after a certain time period. There is also a direct correlation between GDP
and MSW accumulation.

 Data situation is quite good as there are statistics published by Eurostat.
Nevertheless, incomprehensiveness of the indicator, methodological differences
between countries and weak links to impacts reduce validity and significance of the
indicator.
Complementarity
to other indicators

1.13.12

The indicator provides data about the quantitative amount of material that leaves
the economy as a waste stream and thus is complementary to material consumption
indicators or recycling rates.

Generation of hazardous waste

Name of indicator: Generation of hazardous waste [tonnes; absolute / per capita / per
household]
Resource category/issue: Hazardous waste
Technical description & policy relevance
Hazardous waste is waste that is harmful to human health and the environment. It is defined by
the EU Hazardous Waste Directive (91/689/EEC) and the associated List of Waste
(2000/532/EC).181 It is also part of the Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and their Disposal, which prevent shipments of hazardous
waste from developed to less developed countries. Although hazardous waste was less than 4%
of the total waste generated in the EU-27 in 2008, it represents a waste stream that is potentially
very damaging.
EUROSTAT’s data centre on waste collects data on hazardous waste.182

RACER Evaluation
R: Relevant
R.1: Policy support Waste management is part of the EU Flagship Initiative on Resource Efficiency. The
for resource
Resource Efficiency Roadmap states as one goal to avoid hazardous waste and
policies
suggests the 'total annual generation of hazardous waste' as a suited indicator.
R.2: Policy support The 6th Environmental Action Programme set out an objective to significantly reduce
for other policies
the volumes of hazardous waste produced. It also states that “the level of their
hazardousness should be reduced and they should present as little risk as possible;
preference should be given to recovery and especially recycling; the quantity of

181
182

http://scp.eionet.europa.eu/definitions/hazardous
http://epp.EUROSTAT.ec.europa.eu/portal/page/portal/waste/introduction/
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waste for disposal should be minimised and should be safely disposed of; …”).183

 The generation of hazardous waste has good policy attention and concern in the EU
and internationally. Several directives address the use of hazardous substances, e.g.
RoHS.

 The Basel Convention on the Control of Transboundary Movements of Hazardous
Wastes and their Disposal is an international treaty designed to protect human
health and the environment from potential adverse effects of hazardous wastes,
through the control of transboundary movements and disposal of hazardous
wastes. The driving force for drafting and adopting the Basel Convention was to
prevent shipments of hazardous waste from developed to less developed countries,
a practise which had begun to take place as authorised disposal routes had become
more expensive as a consequence of environmental regulations becoming stricter.

 R.3: Sensitiveness Statistics for hazardous waste generation are tracked every two years. The delay is a
year or two.

 The sensitiveness to policy changes depends whether there are incentives for change
of attitude (longer term, e.g. convincing people not to use certain
substances/products) or legal instruments (shorter term, e.g. ROHS directive).

 R.4: Rebound
effects

 Hazardous waste indicators can be given as both total amounts (absolute), or per
GDP (relative). The indicator expressed in absolute terms fully captures rebound
effects as long as they are not shifted to other countries or regions

184
 R.5: Past trends  There are datasets for hazardous waste which go back to 1996 , but do not cover all

EU Member States and are inconsistent over time due to changes in classifications.

 R.6: Future trends Generation of hazardous waste has been proposed as a sustainable development
indicator by Eurostat185. Statistics of hazardous waste could be used for modelling
future trends. It is possible to extrapolate timelines of HW generation and also to
evaluate policy measures.

 R.7: Early warning As hazardous waste represents a potential high risk for human health and
environmental damage, it is crucial to be aware about its proper treatment or
disposal. By definition, HW contains substances that are toxic, corrosive, ignitable, or
reactive (also more detailed categories exist in the EU hazardous waste list). If it
comes out that HW is found for example in a landfill that is not suitable for the
disposal of HW this should be an alarm signal for policy makers that there is maybe a
lack of control concerning EU and national laws. However, volumes of hazardous
waste are only limitedly useful as an early warning signal as rather the treatment
matters for the actual impacts.

183

http://eea.eionet.europa.eu/Public/irc/eionetcircle/etc_waste/library?l=/core_indicators_wmf/fact_sheets/indicator_hazardous_1/_EN_1.0_&a=d
184
http://eea.eionet.europa.eu/Public/irc/eionetcircle/etc_waste/library?l=/core_indicators_wmf/fact_sheets/indicator_hazardous_1/_EN_1.0_&a=d
185
http://epp.eurostat.ec.europa.eu/portal/page/portal/sdi/indicators/theme2
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A: Accepted
A.1: Policy makers

Hazardous Waste as a factor for environmental issues is widely accepted by policy
makers (Hazardous waste catalogue186, RoHS directive, Basel Convention on the
Control of Transboundary Movements of Hazardous Wastes and their Disposal).

A.2: Statistics

The indicator is accepted by statisticians.

A.3: Business /
Industry

Waste in general is a common indicator used in (manufacturing) companies.
Hazardous waste is a big issue especially for industries that produce it (reporting
obligations, European waste codes). Reduction of HW can go along with massive
cost reductions for companies (usually they have to pay for the hand-over of HW to
specialised firms).

A.4: Academia

HW as one out of many waste streams is widely accepted and explored by the
scientific community. Many scientific studies concerning prevention of HW, or
improving the treatment or disposal of HW can be found.

A.5: Civil society

Hazardous waste draws great attention and concern among the general public. Even
though only small amounts of hazardous waste come from households (batteries,
medicaments, partly E-scrap) it is important that this waste stream is collected
separately.

C: Credible
C.1: Unambiguous
results

The indicator is clear and credible. There can be found statistics for the accumulation
of HW in tonnes. Different categories of harmful characteristics are defined in EU
legislation. However, additional information on the accumulation and quality of HW
and its treatment is essential for a correct interpretation.

C.2: Transparency

Statistical data is provided by Eurostat and collected in a consistent and harmonised
manner. Thus, the indicator is rather transparent.

E: Easy
E.1: Availability of
data to calculate
the indicator

Base data are collected by national statistical institutes and reported to Eurostat.
Base data cannot be obtained.

E.2: Availability of
the calculated
indicator

Reporting is performed consistently in a harmonised manner. Statistical data for HW
is provided by Eurostat187; Statistics exist for EU and national levels.

E.3: Technical
feasibility

The indicator can be calculated using standard software. Data can be downloaded
for free and then be processed.

R: Robust
R.1: Data quality  Hazardous waste data is consistently collected from reliable sources and considered
of high accuracy.

186
187

http://www.environ.ie/en/Publications/Environment/Waste/WEEE/FileDownLoad,1343,en.pdf
http://epp.eurostat.ec.europa.eu/portal/page/portal/waste/data/wastestreams/hazardous_waste
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R.2: Level of
aggregation of
data

 Hazardous waste data is collected at the level of municipalities or regions (also
bigger companies / factories that are self dependent for the disposal) and is
aggregated on a national level. This data is then published by Eurostat. Thus the
level of aggregation is suitable for this indicator.

R.3:
Reproducibility

Data collection methods are documented in detail, thus, ensuring reproducibility.
However, as a matter of fact, statistical data costly collected by national statistical
institutes can hardly be reproduced.

R.4: Geographical Comparable data is available on a national level for all 27 EU Member States.
scale
Furthermore, data are often also available on an industry and product level.

 R.5: Burden

 Hazardous waste may not be exported, but WEEE containing hazardous substances

shifting

is sometimes exported as reusable products. Furthermore, waste from production
processes is not allocated to the consuming country but rather to the producing
country. Therefore, burden shifting is not considered by this indicator.

Specific evaluation
Target setting

 The EU has formulated targets for the reduction of hazardous substances in the
RoHS Directive188. By reducing the use of hazardous substances in products the
amount of hazardous waste shall be reduced. The treatment of hazardous waste is
regulated by EU legislation.

Levels of economic
 Hazardous waste in principle covers all economic activities, but the main producer of
activities
HW is industry. If sectoral data is provided by the national statistical institute,
analyses and projections can be made on a meso level.
Territory vs. life-  The indicator represents an entirely territorial perspective.
cycle perspective
Level of
 It is possible to aggregate and disaggregate hazardous waste. Different criteria exist
aggregation within that define waste as hazardous (European waste codes). For the interpretation of the
each indicator
indicator a disaggregation is useful as HW categories and related treatments have
widely varying environmental impacts.
Links to
environmental
impacts

 Hazardous waste potentially causes huge environmental problems. In the case of a

Links to economic
data

188
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lack of sound treatment, big threats for soil and water bodies but also for human
health arise. The level of impacts is highly dependent on the treatment of hazardous
waste which is directly linked to potential environmental impacts. HW poses
potential threats to human and ecosystem health. Thus adequate treatment is
absolutely necessary which is widely recognised and accepted by policy makers and
industry. The main problem yet is illegal disposal of HW.
Hazardous waste statistics may be linked to sectors and industries or even products
(e.g. chemical industry, nuclear energy, etc.).

www.rohs.eu/english/index.html
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Summary appraisal
Suitability for
basket

 HW is suitable as it informs on the qualitative aspects (toxicity) of waste generation.

Complementarity
to other indicators

Data situation is quite good as there are statistics published by Eurostat. However,
additional information on the accumulation and quality of HW and its treatment is
essential for a correct interpretation.
HW is complementary to material consumption indicators as it provides information
about the quality (toxicity) and quantity of a certain amount of material that is used
in the economy and leaves it as a waste stream.
But this does not necessarily provide information about the actual impacts because
they are contingent on the treatment of the specific hazardous waste.
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1.14

Energy/GHG Emissions

1.14.1

Gross inland energy consumption (GIC)

Name of indicator: Gross inland energy consumption (GIC) [total, by energy source]
Resource category/issue: Energy consumption
Technical description
Gross inland energy consumption is a measure of apparent energy consumption. It is equal to the
amount of energy produced domestically plus the energy imports and net withdrawals from
stocks minus the energy exports. Eurostat publishes this data by fuel type: solid fuels, petroleum
products, natural gas, nuclear heat, renewable energies. The data are available in physical units
(e.g. kWh, TJ, toe).
Policy relevance
The indicator is central within the EU 2020 Flagship Initiative on a resource-efficient Europe and
is also a core indicator within a range of policy strategies currently implemented at national,
European and UN levels. However, on the UN level its acceptability and applicability for future
policies were considerably reduced due to its inability to capture the issue of burden shifting and
to illustrate consumer responsibility.

RACER Evaluation
R: Relevant
R.1: Policy support The European Union has set itself a target for 2020 of saving 20% of its primary energy
for resource
consumption compared to baseline projections. This objective was identified in the
policies
Commission’s Communication on Energy 2020 as a key step towards achieving longterm energy and climate goals. The proposed indicator therefore has high relevance in
the context of the Europe 2020 Initiative.
R.2: Policy support The indicator was also applied in other relevant policies in EU member states and
for other policies
elsewhere, such as sustainable development strategies, energy strategies and resource
(efficiency) strategies.

 R.3: Sensitiveness Energy consumption is highly sensitive to short term policy changes, as far as they
affect demand, availability or prices of energy carriers.

 R.4: Rebound
effects

 The indicator expressed in energy units fully captures rebound effects, as it expresses
the total absolute energy consumption of a country.

 R.5: Past trends  Reliable data from international sources are available for the years 1990 to 2009. Data
for many decades or even centuries can be obtained from academic sources; however,
comparability of these data is limited.
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 R.6: Future trends Modelling of future trends and scenarios in energy consumption is an often practiced
standard procedure. Numerous research organisations worldwide provide projections
and future scenarios of energy consumption (e.g. POLES (IPTS), WEO 2007 (IEA)).

 R.7: Early warning The indicator, or parts of it, may serve as an early-warning indicator for climate
change, as fossil fuel combustion is the main anthropological source of greenhouse
gases and climate changes occur with years or even decades of delay. Biofuel
consumption may, depending on the technology applied, be used as an early-warning
indicator for land scarcities, soil degradation and other related social and
environmental impacts.
A: Accepted
A.1: Policy makers

Gross inland energy consumption is a standard indicator widely accepted and longused by the EU and national policy makers in economic and environmental contexts.

A.2: Statistics

The indicator is accepted by statisticians and is part of official statistical reporting at
national and EU level.

A.3: Business /
Industry

The indicator is accepted and used by representatives from business and industry, as
energy consumption often represents an important cost factor in production
processes. However, industry representatives would argument that not energy use per
se causes environmental impacts, but rather the consumption of specific energy
carriers, and that furthermore some of these impacts could be offset by other
activities.

A.4: Academia

The indicator is accepted by researchers and academic institutions and a number of
peer-reviewed journals focus on the issue of energy use.

A.5: Civil society

The indicator is accepted by civil society organisations. However, depending on the
context in which it is used (e.g. security of supply, climate change, land use, food
security) it is normally accompanied by more specific indicators.

C: Credible
C.1: Unambiguous
results

A change of aggregate energy consumption cannot be associated directly with a
change of related environmental impacts, as different fuels may be responsible for
different impacts. Environmental impacts furthermore not only depend on the energy
mix but also on the technology applied.
The share of a particular fuel could decrease while the consumption of the fuel grows,
as the development of the share depends on the development of total energy
consumption. Fuel switching may cause significant changes in total energy
consumption even though final energy demand remains constant, as for different fuels
and technologies efficiencies of transformation from primary in useful energy vary
widely. Additionally, relatively low gross inland consumption could be associated with
high overall trade volumes (where the imports and exports roughly balance) and the
associated environmental burdens.
Gross inland consumption does not include energy (fuel oil) provided to international
maritime bunkers.

C.2: Transparency

The underlying methodology is clearly defined in Eurostat manuals (see, for example,
http://circa.europa.eu/irc/dsis/coded/info/data/coded/en/Theme9.htm).
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E: Easy
E.1: Availability of
data to calculate
the indicator

Internationally harmonized base data for the calculation of the indicator are collected
by national statistical institutes, Eurostat and the International Energy Agency on a
regular basis.

E.2: Availability of
the calculated
indicator

Data on the indicator are easily available online and provided by Eurostat
(http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/dataset?p_produ
ct_code=TSDCC320).

E.3: Technical
feasibility

Calculation of the indicator does not require any specific programmes and technical
expertise.

R: Robust
R.1: Data quality  Data on energy consumption are provided by several official national and international
statistics. Usually, there tends to be an under-representation of household use of
biomass fuel (wood) due to lack of data. Aside from that, no obvious weaknesses are
known.
R.2: Level of
aggregation of
data
R.3:
Reproducibility

 The level of data aggregation – national and sectoral – is suitable for the calculation of
the indicator.
A well established and harmonised methodology jointly used by Eurostat and the IEA
guarantees high comparability and reproducibility of results.

R.4: Geographical Data is available on a national level for the 27 EU Member States and almost all other
scale
countries world-wide. Sub-national data are more difficult to obtain.
R.5: Burden
shifting
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Energy from domestic and foreign sources is presented in a disaggregated way in this
indicator. Therefore burden shifting can be illustrated to some extent, in particular for
those energy carriers which pose environmental burden at the stage of energy
production (e.g. biofuels, electricity from fossil fuels, etc.). For those energy carriers,
which cause burdens at the point of consumption (e.g. combustion of diesel), it is
irrelevant, whether the fuel origins from domestic or foreign sources.
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Specific evaluation
Target setting

Energy consumption has various deep environmental, economic and social
implications. Total energy consumption in the EU is dominated by fossil fuels which
are the most important source of anthropogenic greenhouse gas emissions. Many
other air pollutants are related to fossil fuel combustion. The high dependency on
few oil producing countries has many political and economic implications.
Furthermore, rising fuel prices increasingly create economic and social problems also
in western societies.
Biofuels are linked with environmental impacts such as soil erosion and
deforestation, biodiversity loss, impact on water resources, and increased air
pollution. Biofuel consumption may moderate oil prices through decreasing demand
and therefore have positive economic and social impacts. At the same time,
however, it increases the demand for land and crops with potential effects on food
security.

 The indicator has been used for target setting before. The European Union has set
itself a target for 2020 of saving 20% of its primary energy consumption compared
to projections. This objective was identified in the Commission’s Communication on
Energy 2020 as a key step towards achieving long-term energy and climate goals.
Levels of economic
 The indicator gross inland energy consumption can meaningfully be applied on a
activities
regional or sectoral level. Data availability often constrains the field of application to
the national and supranational levels.
Territory vs. lifecycle perspective

The indicator partly provides a consumption perspective, as it considers direct
imports of energy. However, for a full life-cycle perspective and a full reflection of
burden shifting, also the indirect (up-stream) energy flows would need to be
considered.

 From the post-Kyoto negotiations we know that international treaties and reduction
targets will not be accepted by a large majority if not responsibility is shared
between consumers and producers. A full life-cycle perspective with a shared burden
could therefore be the most promising approach to address reduction in energy
consumption.
Level of
 The indicator needs to be separated into different categories of renewable and nonaggregation within renewable fuels. A minimum level of disaggregation would be the Eurostat
each indicator
classification, distinguishing solid fuels, petroleum products, natural gas, nuclear
heat and renewable energies.
Limits/thresholds/ Energy resources are subject to widely accepted restrictions, be it limited reserves of
overexploitation
non-renewable fuels (e.g. “peak oil”) or the limited potential for the use of
renewable energies. These limits are well studied for most energy sources and
therefore allow addressing issues of resource scarcity and overexploitation,
however, only for separate fuels and not for the aggregate indicator. Furthermore,
the 2 degrees target for climate change allows deducing the maximum amount of
fossil fuels for global consumption; another limit highly related with this indicator.
Links to
environmental
impacts

Gross inland energy consumption on a fuel base can be linked to the environmental
impact categories global warming, resource use and air pollution related impacts
such as acidification. But also biofuel-related eutrophication and biodiversity loss
can be addressed.
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Links to economic
data

The indicator can be easily combined with economic data, in order to calculate
resource efficiency indicators. The indicator is being derived from economicenvironmental accounts and thus follows a standard economic classification.

Summary appraisal
Suitability for
basket

The indicator is widely accepted and long used throughout all stakeholder groups
with data reported on a regular basis from official sources and allows addressing
some of the most important economic, social and environmental issues, giving it
highest relevance. In addition, energy use is also indirectly related to a broad range
of environmental impacts. Therefore, it would be best suited for the basket of
headline indicators.
However, substantial ambiguities hamper the correct and easy use of the indicator.

Complementarity
to other indicators

1.14.2

Gross inland energy consumption is complementary to many other indicators. In
comparison to other candidates for inclusion in the basket it congregates many
drivers for one of the most important environmental pressures – energy
consumption.

Territorial (production-based) GHG emissions

Name of indicator: Territorial (production-based) GHG emissions [absolute / per capita]
Resource category/issue: GHG emissions
Technical description
This indicator covers all emissions of GHG under the Kyoto Protocol (CO2, CH4, N2O, SF6, HFCs
and PFCs) during one year and on a defined area and from anthropogenic sources. Emissions
from land use, land use change, and forestry are not included by default. The data are presented
in physical units of CO2 equivalent.
Policy relevance
The indicator is central within the EU 2020 Flagship Initiative on a resource-efficient Europe and
is also a core indicator within a range of policy strategies currently implemented at national,
European and UN levels. However, on the UN level its acceptability and applicability for future
policies were considerably reduced due to its inability to capture the issue of burden shifting and
to illustrate consumer responsibility.

RACER Evaluation
R: Relevant
R.1: Policy support Territorial greenhouse gas emissions (GHG) are a central indicator within the EU
2020 Flagship Initiative on a resource-efficient Europe. Member States have
for resource
committed themselves to reducing GHG emissions by 20% by 2020. The "Roadmap
policies
for moving to a competitive low-carbon economy in 2050” defines these targets and
puts forward the measures how to reach them. Furthermore, in order to keep
climate change below 2°C, the European Council reconfirmed in February 2011 the
EU objective of reducing GHG emissions by 80-95% by 2050 compared to 1990.
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R.2: Policy support Territorial GHG emissions is also the core indicator within a range of policy strategies
at national, European and UN levels.
for other policies

 R.3: Sensitiveness Territorial GHG emissions are sensitive to short term policy changes and can
illustrate the changes in climate impacts as a consequence of the implementation of
policy measures. As a party to the UNFCCC, the EU reports its data on GHG
emissions with an n-2 time lag.

 R.4: Rebound

 The indicator fully captures production-side rebound effects, as it expresses the

effects

absolute or per capita GHG emissions of a country. However, consumption-side
rebound effects are only partially included, i.e. as far as they concern domestic
production. With growing trade and carbon leakages, the gap will further increase.

 R.5: Past trends  Reliable and harmonised data are available for the years 1990 to 2008 from UNFCCC.
Data for many decades can be obtained from other international sources such as IEA
and CDIAC; however, most of these sources only consider specific greenhouse gases.
Data for even longer periods (1700–1990) are available from statistical as well as georeferenced historical data sets at MNP (Netherlands Environmental Assessment
Agency).

 R.6: Future trends The indicator can easily be used for modelling of future trends and scenarios.
Numerous research organisations worldwide provide projections and future
scenarios of territorial GHG emissions (e.g. UNFCCC, UNEP, and IEA).

 R.7: Early warning The indicator serves as an early-warning indicator for climate change, as GHG
emissions are the main anthropogenic source of climate change which occurs with
decades of delay after emitting GHGs.
A: Accepted
A.1: Policy makers

Territorial GHG emissions are a standard indicator widely accepted and long-used by
the EU and national policy makers. However, in the UN context the indicator was
recently refused as a guideline for climate change mitigation as it does not capture
consumer responsibility, which is claimed especially by the Group of 77. Policy maker
acceptance therefore ranges from very high to the extreme contrary, with highest
acceptance within the OECD countries. With regard to the fact that climate change
is a global threat that has to be combated jointly by the international community, a
common understanding and endorsement of a process of climate change abatement
and of the guiding indicators is crucial for success.

A.2: Statistics

The indicator is accepted by statisticians and is part of official statistical reporting at
national and EU level.

A.3: Business /
Industry

The indicator is widely accepted and used by representatives from business and
industry.

A.4: Academia

The indicator is accepted by researchers and academic institutions; however, many
researchers increasingly point out the importance of the issue of burden shifting and
stress the need for a consumption-based indicator/of better accounting for trade.

A.5: Civil society

The indicator was lately opposed by civil society organisations, especially from the
global south, for the reasons described above. Yet it remains one of the “headline
indicators” for many NGOs.
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C: Credible
C.1: Unambiguous
results

As far as the indicator comprises all GHG emissions from anthropogenic sources
including land use, land use change and forestry (LULUCF) it illustrates a
comprehensive and unambiguous picture of a country’s territorial contribution to
climate change. However, a country’s production-based emissions may decrease
through shifting carbon intensive processes and industries abroad. This effect, called
carbon leakage, cannot be captured by this indicator.

C.2: Transparency

The underlying methodology is clearly defined by the UN Framework Convention on
Climate Change.

E: Easy
E.1: Availability of
data to calculate
the indicator

Data to calculate the indicator are emission data and factors to convert emissions
other than CO2 into CO2-equivalents. Both types of data are easily available.
Availability of LULUCF data is sparser. National statistical offices report annually
LULUCF data converted into CO2-equivalents to UNFCCC, however, the base data
are not provided collectively but have to be taken from various statistical sources,
mainly national agriculture and forest statistics.

E.2: Availability of
the calculated
indicator

Data are provided online by the UN Secretariat UNFCCC and Eurostat, to name only
two.

E.3: Technical
feasibility

Calculation of the indicator does not require any specific programmes and technical
expertise.

R: Robust
R.1: Data quality  Data on territorial GHG emissions are provided by several official national and
international statistics. No obvious weaknesses are known.
R.2: Level of
aggregation
R.3:
Reproducibility

 The level of data aggregation – national and sectoral – is suitable for the calculation
of the indicator.
A well established and harmonised methodology jointly used by Eurostat and the
IEA guarantees high comparability and reproducibility of results.

R.4: Geographical Data is available on a national level for the 27 EU Member States and almost all other
scale
countries world-wide. Some sources also provide gridded emissions data on a very
detailed geographical level (e.g. a four km grid).

 R.5: Burden

 The indicator is utterly disregarding any burden shifting. Thus, policies focusing on

shifting

reducing territorial GHG emissions may result in a global increase of emissions.
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Specific evaluation
Target setting

Greenhouse gas emissions are the main anthropogenic source of global warming, a
central environmental problem of mankind with far reaching economic and social
consequences. The expected effects on natural and ecological systems include rising
sea levels, decreases in snow and ice extent, an increasing frequency of hot
extremes, heat waves, and heavy precipitation, loss of biodiversity and extinctions.
Furthermore, over the 21st century, climate change is likely to adversely affect
hundreds of millions of people through increased coastal flooding, reductions in
water supplies, increased malnutrition and increased health impacts.
The indicator is central within the EU 2020 Flagship Initiative on a resource-efficient
Europe. The EU has committed itself to reducing GHG emissions by 20% by 2020,
aiming at a reduction of emissions by 80-95% by 2050 compared to 1990.

Levels of economic
 The indicator can be easily applied on each level of economic activity
activities
(micro/meso/macro). In most cases it is possible to aggregated and disaggregate the
indicator consistently across different levels.
Territory vs. lifecycle perspective

The indicator represents an entirely territorial perspective. From the post-Kyoto
negotiations we know that international treaties and reduction targets will not be
accepted by a large majority of countries if not responsibility is shared between
consumers and producers. A full life-cycle perspective with a shared burden could
therefore be the most promising approach to address reduction in GHG emissions.

Level of
aggregation within
each indicator

The indicator is an aggregate of several greenhouse gases, converted into GWP
values (Global Warming Potential), also called CO2 equivalents since carbon dioxide
is the baseline unit to which all other greenhouse gases are compared. Methane,
e.g., has a GWP value of 25, i.e. its global warming potential is 25 times that of
carbon dioxide.
To ensure a more comprehensive picture of a country’s anthropogenic sources of
climate change, the indicator is usually complemented by land use, land use change
and forestry (LULUCF) activities which for comparability are also converted into
GWP values.

Limits/thresholds/
overexploitation

The target to keep climate change below 2°C allows deducing the maximum amount
of GHG emissions that may be released by human activities within a specific time
frame.

Links to
environmental
impacts

Anthropogenic emissions of greenhouse gases are, with high probability, the main
source of global warming, with its many environmental impacts. This fact allows the
indicator to serve as a proxy for measuring global warming related impacts.

Links to economic
data

The indicator can be easily combined with economic data, in order to calculate
resource efficiency indicators. The indicator is being derived by statistics in a
comparable system as economic accounts.

Summary appraisal
Suitability for
basket

The indicator captures the main pressures for one of the most pressing
environmental problems. This fact makes it a must-have for a basket of headline
indicators. However, the limited international acceptability (in particular, outside the
OECD) stresses the necessity of a consumption-based indicator instead or
complementary to the territorial GHG emissions.
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Complementarity
to other indicators

1.14.3

The indicator can be seen as complementary to the Carbon Footprint. Both
indicators are required in order to set the guidelines for a shared producer and
consumer responsibility for GHG emissions.

Carbon Footprint (consumption-based GHG
emissions)

Name of indicator: GHG emissions
Resource category/issue: Carbon Footprint (consumption-based GHG emissions) [absolute /
per capita]
Technical description
A carbon footprint is the measure of the amount of greenhouse gases, measured in units of
carbon dioxide, produced by human activities. A carbon footprint can be measured for an
individual or an organization, and is typically given in tons of CO2-equivalent per year. It is based
on a life cycle perspective and thus includes all direct and indirect GHG emissions caused by a
country’s or individual’s consumption activities.
Policy relevance
The indicator is not used yet within EU policies. However, on the UN level it is insistently required
within the post-Kyoto negotiations due to its ability to capture the issue of burden shifting and to
illustrate consumer responsibility.

RACER Evaluation
R: Relevant
R.1: Policy support The Flagship Initiative for a resource-efficient Europe under the Europe 2020
strategy supports the shift towards a low-carbon economy. The Carbon Footprint
for resource
(i.e., consumption-based GHG emissions) is potentially one of the most important
policies
indicators guiding the Low-carbon economy 2050 roadmap and other strategies
under the Flagship Initiative.
R.2: Policy support The Carbon Footprint has highest relevance in the context of international treaties
and reduction targets, as it is able to capture burden shifting and consumer
for other policies
responsibility, characteristics insistently required within the post-Kyoto process by
many negotiating parties. However, it was not implemented yet in any policy
strategy at either national or international level.

 R.3: Sensitiveness Consumption-based GHG emissions are sensitive to short term policy changes and
can illustrate the changes in climate impacts as a consequence of the
implementation of policy measures, both within the country and in foreign countries.

 R.4: Rebound
effects

 The indicator fully captures production and consumption-side rebound effects
occurring in whatever part of the world.

 R.5: Past trends  Data on past trends are until now only available from academic sources for the years
1990 to 2008.
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 R.6: Future trends The indicator can be used for modelling of future trends and scenarios; however, this
was not done yet.

 R.7: Early warning The indicator serves as an early-warning indicator for climate change, as GHG
emissions are the main anthropogenic source of climate change which occurs with
decades of delay after emitting GHGs.
A: Accepted
A.1: Policy makers

The Carbon Footprint (CF) is a rather new indicator in policy and policy makers are
still hesitant with the broad application of the indicator. In particular, policy makers
in the EU do not want to be made liable for low technological or policy standards
outside the EU, arguing that those aspects fall into the responsibility of the exporting
country.

A.2: Statistics

The indicator has not found its way into official statistics yet. Due to the novelty of
the approach and the applied methodologies, there is still some reservation towards
the CF, in particular, as this would imply gathering data outside the traditional EU
boundaries.

A.3: Business /
Industry

Recently, consumers requiring environmental information released a real boom in
quantifying and labelling the CF of products. The indicator therefore is widely used
by business and industry.

A.4: Academia

During the last years the CF has been gaining ground in academia. Methodologies
are investigated by various renowned academic institutions. This has lead to
significant advances in terms of methodology and data creation within the last ten
years. However, there have to be made still significant efforts in the harmonisation
and standardisation of methods.

A.5: Civil society

The indicator is highly appreciated by civil society, in particular environmental and
development NGOs.

C: Credible
C.1: Unambiguous
results

As far as the indicator comprises all GHG emissions from anthropogenic sources
including land use, land use change and forestry (LULUCF) it illustrates a
comprehensive and unambiguous picture of the contribution to climate change
arising from a country’s consumption activities.

C.2: Transparency

The underlying methodology is not internationally harmonised yet; however, it is
described extensively within the scientific literature.

E: Easy
E.1: Availability of
data to calculate
the indicator

Calculation of the Carbon Footprint requires a substantial amount of data, including
data on CO2 embodied in internationally trade products, which can only be
generated through Life Cycle Assessment (LCA) and/or Input-Output Analysis.

E.2: Availability of
the calculated
indicator

Several research groups worldwide are working on the proper calculation of the
Carbon Footprint and publish data (see, for example,
http://www.carbonfootprintofnations.com).

E.3: Technical

Calculation of the indicator requires mathematical programmes, elevated
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feasibility

computational power, and technical expertise in mathematical programming and
multi-regional input-output economics.

R: Robust
R.1: Data quality  The underlying input-output tables and trade data as well as sectoral emissions data
are mostly available from official international statistics and are therefore very
reliable. However, for the level of (sectoral and country) detail needed only few and
partly non-transparent sources are available. Limited availability of highly
disaggregated harmonised economic data for a large number of countries affects
data quality adversely. Several FP7 projects (e.g. OPEN:EU, EXIOPOL, CREEA,
WIOD) are currently working on the enhancement of the data basis for this kind of
analyses. Furthermore, available factors for the coefficients approach lack in
comprehensiveness and consistency.
R.2: Level of
aggregation of
data
R.3:
Reproducibility

 The level of aggregation and the possibility of disaggregation fits well to the policy
questions the indicator is designed to address.
The underlying methodology and data lack harmonisation and standardisation what
in turn results in bad comparability and reproducibility of results.

R.4: Geographical Data is available on a national level for the 27 EU Member States and about 80 other
scale
countries and regions world-wide.

 R.5: Burden

 Through its consumption-perspective the indicator fully regards burden shifting.

shifting

Specific evaluation
Target setting

Greenhouse gas emissions are the main anthropogenic source of global warming, a
central environmental problem of mankind with far reaching economic and social
consequences. The expected effects on natural and ecological systems include rising
sea levels, decreases in snow and ice extent, an increasing frequency of hot
extremes, heat waves, and heavy precipitation, loss of biodiversity and extinctions.
Furthermore, over the 21st century, climate change is likely to adversely affect
hundreds of millions of people through increased coastal flooding, reductions in
water supplies, increased malnutrition and increased health impacts.
Consumption-based GHG emissions were not used as an indicator in policies on EU
level yet. From the post-Kyoto negotiations we know, however, that international
treaties and reduction targets will not be accepted by a large majority if not
responsibility is shared between consumers and producers. Thus, the indicator is
increasingly important in policy discussions.

Levels of economic
 The indicator can be easily applied on all levels of economic activity
activities
(micro/meso/macro). Though, it is usually not possible to aggregated and
disaggregate the indicator consistently across different levels, as studies on the
micro level apply different methodologies than calculations on the macro level.
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Territory vs. lifecycle perspective

The indicator represents a consumption perspective as required by many
negotiating parties at the post-Kyoto negotiations, in particular those from the
Global South. This type of indicator is necessary in order to follow an approach of
shared responsibility between consumers and producers; often referred to as the
most promising way to address global reductions in GHG emissions.

Level of
aggregation within
each indicator

The indicator is an aggregate of several greenhouse gases, converted into GWP
values (Global Warming Potential), also called CO2 equivalents since carbon dioxide
is the baseline unit to which all other greenhouse gases are compared. Methane,
e.g., has a GWP value of 25, i.e. its global warming potential is 25 times that of
carbon dioxide.
To ensure a more comprehensive picture of a country’s anthropogenic sources of
climate change, the indicator is usually complemented by land use, land use change
and forestry (LULUCF) activities which for comparability are also converted into
GWP values.

Limits/thresholds/
overexploitation

The target to keep climate change below 2°C allows deducing the maximum amount
of GHG emissions that may be released by human activities within a specific time
frame.

Links to
environmental
impacts

Anthropogenic emissions of greenhouse gases are, with high probability, the main
source of global warming, with its many environmental impacts. This fact allows the
indicator to serve as a proxy for measuring global warming related impacts.

Links to economic
data

The indicator can be easily combined with economic data, in order to calculate
resource efficiency indicators. The indicator is being derived based on economicenvironmental accounts.

Summary appraisal
Suitability for
basket

The indicator captures the main pressures for one of the most pressing
environmental problems. This fact makes it a must-have for a basket of headline
indicators. The weak international acceptability of a territorial GHG indicator
stresses the necessity of a consumption-based indicator instead or complementary
to the territorial GHG emissions.
The major drawbacks of the Carbon Footprint are the lack of standardisation and the
availability of highly disaggregated harmonised economic data.

Complementarity
to other indicators

The indicator can be seen as complementary to territorial GHG emissions. Both
indicators are required in order to set the guidelines for a shared producer and
consumer responsibility for GHG emissions.
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1.15

Water

1.15.1

Water Exploitation Index

Name of indicator: Water Exploitation Index
Resource category/issue: Water abstraction
Technical description
The water exploitation index (WEI), or withdrawal ratio, in a country is defined as the mean
annual total abstraction of fresh water divided by the long-term average freshwater resources. It
describes how the total water abstraction puts pressure on water resources. Thus it identifies
those countries which have high abstraction in relation to their resources and therefore are prone
to suffer problems of water stress.
Policy relevance
Water is a resource of great relevance for humanity, especially because of its uneven distribution
and the ever increasing number of users/pressures. The Water Framework Directive as well as the
EAPs recognise this role. In line with these strategies indicators such as the WEI/WCI can help to
encourage resource efficiency through identifying unsustainable water consumption patterns.

RACER Evaluation
R: Relevant
R.1: Policy support Water use is mentioned as one of the key resource use categories in the Flagship
for resource
Initiative. Water efficiency in Europe is encouraged by the Water Framework
policies
Directive (2000/60/EC) and the Sixth Environment Action Programme for the EU
(2001-2010). To ensure the protection and management of water resources and
related ecosystems abstraction rates must be managed. The WEI can provide
information regarding countries under water stress where abstraction rates strain
the available freshwater resources. The WEI has been used in important
environmental policy contexts on the European level, for example in the State and
Outlook Reports by the EEA.
R.2: Policy support Water availability is strongly influenced by climate change. By observing the
for other policies
components of the WEI impacts of climate change can be pinpointed.
R.3: Sensitiveness Conceptually, the indicator is sensitive to short-term policy changes. However, data
availability hinders its prompt application (see sections E and R).

 R.4: Rebound
effects
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 The WEI is only partly capable of capturing rebound effects, as it gives a snap-shot of
the current relationship between water abstraction and water availability. Neither
are efficiency gains or losses mirrored nor is a life-cycle analysis possible.
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 R.5: Past trends  In its latest release of the WEI (2010) the EEA calculated the WEI for European
countries for the years 1990, 2002, 2005, and 2007. The main data source for the
calculations is Eurostat. However, data availability and quality are incomplete and
various assumptions had to be applied.

 R.6: Future trends The indicator could be combined with models to derive future trends and scenarios.
However, such models would also have to take into account changes in water
availability due to climatic changes.

 R.7: Early warning The WEI is evaluating the status quo with regard to water stress in specific countries.
As such, it can draw a picture of the current (or past) situation and can identify
critical circumstances. Its ability to identify countries facing water stress (exceeding a
WEI of 20% and 40% respectively) makes it apt to be used as an early warning tool.
A: Accepted
A.1: Policy makers

The WEI was developed and is promoted by the EEA. On the European level it is so
far the most accepted indicator on water stress. However, methodological as well as
data availability issues limit its broad application.

A.2: Statistics

The WEI was developed and is promoted by the EEA. On the European level it is so
far the most accepted indicator. To increase its acceptance and applicability it is
based on official Eurostat data. However, methodological as well as data availability
issues reduce its application.

A.3: Business /
Industry

The WEI is discussed at the business level mainly with regard to labelling
possibilities. Limited data availability for the regional and watershed level reduce its
applicability for companies.

A.4: Academia

The comparison of available and extracted resources is in general well accepted
within academia. However, the fact that only “blue” water abstraction is considered
in the WEI is still under discussion, as “green” water and return flows (water
consumption) are not accounted for. The WCI (Water Consumption Index) is not as
elaborated as the WEI yet (also due to limited data availability).

A.5: Civil society

So far, the WEI is not well-known or broadly used in civil society organisations.

C: Credible
C.1: Unambiguous
results

Depending on the level of application, the WEI can convey a clear message with easy
and unambiguous interpretation. If data was available on the watershed and/or
regional level, it could describe very explicitly how the total water abstraction puts
pressure on local water resources. Using national data distorts the picture, as water
resources can be very unevenly distributed within one country.

C.2: Transparency

Clear specifications of the underlying methodology are available in EEA’s indicator
fact sheet (e.g. protocols, standards, technical descriptions; incl. sources & links)
(EEA, 2003). However, they differ among the different countries.

E: Easy
E.1: Availability of
data to calculate
the indicator

There is a lack of a common European definitions and procedure to account or
estimate water abstraction and consumption and freshwater resources. Existing data
is incomplete – even more when reducing the scale to the watershed or regional
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level.
E.2: Availability of
the calculated
indicator

The indicator is calculated on a regular basis by the EEA. Data are available for
various years.

E.3: Technical
feasibility

The indicator can easily be calculated with standard software such as MS Excel or the
like.

R: Robust
R.1: Data quality  For the European level data (both for water reserves as well as for abstraction) are
(basic data)
available in Eurostat’s New Cronos database. However, reported data are often
incomplete or of questionable quality. For the worldwide level resource data is
available at AQUASTAT; abstraction data of reasonable quality is only to be found
for specific countries (e.g. USA).
R.2: Level of
aggregation of
data

Data is available on the aggregated country level and increasingly disaggregated
with regard to administrative or water basin level.

R.3:
Reproducibility

So far, the methodologies to estimate water abstraction and resource availability
differ among countries, and hence the data available in Eurostat’s database (the
basis for the WEI calculations) vary with regard to their coverage and quality.
Eurostat is currently working on a new standard for water accounting and estimation
guidelines which will hopefully lead to improved results of the WEI. However, broad
application of these harmonised methodologies is foreseen for the medium term
only.

R.4: Geographical Given the restrictions mentioned above, data is available for EU-27 and AC countries.
scale
Sub-national data is scarce.

 R.5: Burden
shifting

The indicator identifies the current situation of water extraction related to available
water resources in one specific country. An improvement in this performance at the
expense of other countries (through water imbedded in imported products) cannot
be detected as the WEI/WCI does not use a consumption-based approach. As such
the indicator is not capable of reflecting the occurrence of burden shifting from one
country/region to another.

Specific evaluation
Target setting

 Setting targets for water exploitation is justified from several perspectives. From an
environmental point of view, because overuse of water and water scarcity can have
significant impacts on ecosystems. Also many industries (such as the food industry,
the metal and chemical industries, etc.) depend on the availability for water for
different purposes (water as part of the product, water for cooling, etc.). Water
scarcities can also have significant impact on human health, the social pillar
therefore is also important.

 The WEI aims at identifying whether the rates of abstractions in countries are
sustainable over the long term. It is therefore strongly related to the Water
Framework Directive. Setting targets for this indicator – especially when broken
down to the watershed and/or regional level – is of high relevance for achieving good
ecological status of surface water as well as good groundwater status.
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Levels of economic
 Ideally, water abstraction could be quantified on all levels, from micro to macro.
activities
However, data availability is scarce but will hopefully improve once there is a legal
standard for water accounting as aimed for by Eurostat.

 Data on available water resources exist for the national level and can be broken
down to the watershed or regional level. However, the allocation to specific
industrial sectors is complicated.
Territory vs. life-  The WEI applies a territorial approach as it quantifies total water abstraction. Also,
cycle perspective
it’s parallel approach, the WCI (Water Consumption Index), which accounts for
national water consumption (abstraction minus return flows) follows this approach.
Level of
 So far, the WEI is calculated for the national level. To allow for meaningful
aggregation within interpretations it is necessary to break this data down to the watershed (or at least
each indicator
regional) level, as water availability and consequently water stress is closely tied to
this geographical entity and can differ significantly from one watershed to the other.
Limits/thresholds/
overexploitation

Links to
environmental
impacts

The WEI quantifies the pressure total water abstraction puts on water resources. So
far, the warning threshold is set at 20%, which distinguishes a non-stressed region
from a stressed one. Severe water stress can occur for WEI>40%. At this rate of
water abstraction strong competition for water can occur, which can trigger
frequent water crises.

 Apart from its link to water scarcity, no direct links can be established to other
environmental impacts related to water use.

Links to economic
data

Depending on the structure of the water abstraction/consumption accounts
underlying the total values used for the WEI/WCI combining the water data with
economic data is more or less easy. Currently, Eurostat is working on a new structure
for water accounting tables.

Summary appraisal
Suitability for
basket

 The WEI is an important indicator as it describes the pressure put on water resources
and ecosystems by human water abstraction. However, it misses three important
issues: (a) the consumption aspect – taking into account the quantity of water
returned to the local water body. This aspect is covered by the WCI (Water
Consumption Index). (b) The quantity of abstracted “green” water (stemming from
precipitation) – as the available resources per definition include precipitation also on
the demand side this type of water would have to be included. (c) The life-cycleoriented approach –consumption of water in (imported) products is not detected.

 For a meaningful and policy relevant use within the basket (and with manageable
effort in terms of methodology and data collection/creation) the WCI seems to be a
good candidate provided that data collection and creation is pushed by policy
makers. Insofar, the indicator could be applied in the medium term. Still, analyses
would have to be limited to direct water consumption.
Complementarity
to other indicators

The WEI/WCI would be an important complement to the other indicators as it covers
an important – if not the most important – resource category: water.
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1.15.2

Water Footprint of countries

Name of indicator: Water Footprint of countries
Resource category/issue: Biomass trade
Technical description
The water footprint of a country is defined as the volume of water needed for the production of
the goods and services consumed by the inhabitants of the country. The total water footprint of a
country includes two components: the part of the footprint that falls inside the country (internal
water footprint) and the part of the footprint that exerts pressure on the water resources of other
countries in the world (external water footprint). The water footprint is a quantitative measure of
the amount of water consumed. It breaks down into three components: the blue, green and grey
water footprint.
Policy relevance
Water is a resource of great relevance for humanity, especially because of its uneven distribution
and the ever increasing number of users/pressures. The Water framework Directive as well as the
EAPs recognise this role. In line with these strategies indicators such as the WF can help to
encourage resource efficiency through identifying unsustainable water consumption patterns.

RACER Evaluation
R: Relevant
R.1: Policy support Water use is mentioned as one of the key resource use categories in the Flagship
for resource
Initiative. Water efficiency in Europe is also encouraged by the Water Framework
policies
Directive (2000/60/EC) and the Sixth Environment Action Programme for the EU
(2001-2010). To ensure the protection and management of water resources and
related ecosystems abstraction rates must be managed. The WF is an indicator
which comprehensively and directly relates water consumption and the consumption
patterns of countries. It accounts for blue and green water use, enabling the analysis
of major implications of water use for local, regional, as well as global problems such
as water scarcity.
R.2: Policy support Water availability is strongly influenced by climate change. By comparing the WF
for other policies
with the (changing) availabilities of freshwater resources impacts of climate change
can be pinpointed.
R.3: Sensitiveness Conceptually, the indicator is sensitive to short-term policy changes. However, data
availability hinders its prompt application (see sections E and R).

 R.4: Rebound
effects
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 Taking a consumption-oriented approach the WF clearly illustrates in how far a
specific policy manages to reduce the water consumption related to a country, a
sector, a product or a person in absolute terms. Rebound effects can therefore be
detected.
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 R.5: Past trends  So far, the only comprehensive worldwide WF data were calculated for an average of
the years 1995-2005. Past trends are therefore difficult to be identified; however, the
same methodology could be applied for earlier years as well.

 R.6: Future trends The indicator could be combined with models to derive future trends and scenarios.
However, such models would also have to take into account changes in water
availability due to climatic changes.

 R.7: Early warning The WF is evaluating the status quo with regard to water consumption in specific
countries. As such, it can draw a picture of the current (or past) situation and can
identify critical circumstances. Its use to point out water scarcity situations in
countries where the domestic water consumption reaches a certain share in
domestically available water resources makes it apt to be used as an early warning
tool.
A: Accepted
A.1: Policy makers

The WF has received increasing attention during the past years. Especially in
combination with the other Footprint indicators (i.e. Ecological Footprint and Carbon
Footprint) and when set into relation to economic activities (e.g. done within the FP7 project OPEN:EU) its informative value is of high relevance. Still, unclarified
methodological issues make some policy makers reluctant with respect to its
broader application.

A.2: Statistics

With improving methodology the WF is gaining increasing acceptance within the
statisticians’ community. However, due to specific inhomogeneities between
traditional water statistics and the WF approach there is still some reservation
towards the WF.

A.3: Business /
Industry

The WF is increasingly used by companies to evaluate and communicate their
environmental performance with regard to water use.

A.4: Academia

During the last years the WF has been gaining ground in academia. The WF network
has been growing and includes various renowned academic institutions working on
the water topic. This has lead to significant advances in terms of methodology and
data creation.

A.5: Civil society

The WF is already well known in civil society – although it still lags the other
Footprint indicators (Ecological and Carbon Footprint).

C: Credible
C.1: Unambiguous
results

The WF conveys a clear message with easy and unambiguous interpretation. It
identifies water consumption for the production of products which are consumed
within a country. Higher water consumption will be reflected in a larger WF and the
components (internal and external) can be compared in order to assess how the
water demand is being met. Especially its applicability on various levels (country,
sector, product, and person) allows for meaningful analyses.

C.2: Transparency

Clear specifications of the underlying methodology are available in peer-review
papers, studies as well as in the WF manuals.
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E: Easy
E.1: Availability of
data to calculate
the indicator

Data availability is limited, especially with regard to water consumption by sectors
other than agriculture for which an estimation technique has to be used. A complete
data set on European/worldwide water consumption only exists as an average for the
years 1995-2005.

E.2: Availability of
the calculated
indicator

A complete dataset so far has only been calculated for the average of the years 19952005. Theoretically more datasets would be calculable, but with the same
restrictions in terms of data quality as for the existing dataset.

E.3: Technical
feasibility

The indicator is easily to be calculated with standard software such as MS Excel or
the like.

R: Robust
R.1: Data quality  Data calculations for water consumption are based on AQUASTAT data, for data on
(basic data)
trade in agricultural products trade data from PC-TAS (2004) is used; for trade in
industrial products trade data from the World Trade Organisation (WTO, 2004) is
applied. However, data availability especially for the industrial sectors is scarce, and
data has to be estimated using an approximating technique.
R.2: Level of
aggregation of
data

Data is available on the aggregated country level and increasingly disaggregated
with regard to administrative or water basin level and to the product level.

R.3:
Reproducibility

There is only one methodology applied by all users as made explicit in the WF
manual (2009).

R.4: Geographical Given the restrictions mentioned above, data is available for EU-27 and AC countries
scale
as well as for any other country in the world. Additionally, the methodology allows
for the calculation on the levels of watersheds as well as regions. For the period
1995-2005 a data set was calculated for agricultural and food products.

 R.5: Burden
shifting
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The WF takes a consumption-based perspective which enables to see whether an
improved performance in domestic water consumption is brought about by
increased consumption of foreign water through imported products.
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Specific evaluation
Target setting

 Setting targets for water consumption is justified from several perspectives. From an
environmental point of view, because overuse of water and water scarcity can have
significant impacts on ecosystems. Also many industries (such as the food industry,
the metal and chemical industries, etc.) depend on the availability for water for
different purposes (water as part of the product, water for cooling, etc.). Water
scarcities can also have significant impact on human health, the social pillar
therefore is also important.

 Water resources management has traditionally focused on direct water withdrawals,
neglecting the connection to consumers, retailers, and businesses active along the
supply chains of final consumer goods and services. The WF pays attention to this
important issue as it also takes into account water flows between countries
incorporated in traded products. So far, no targets setting exercise has been carried
out, but targets could be derived for the WF of a country. However, setting targets
to a country’s, a sector’s, etc water consumption would be necessary to ensure just
and sustainable water consumption and distribution around the world. A difficulty
with regard to target setting using the WF is the current lack of recent WF data.
Levels of economic
 Ideally, water consumption could be quantified on all levels: micro/meso/macro.
activities
However, data availability for the WF calculations on a level lower than the national
is scarce – especially when concentrating on other economic sectors than the
agricultural or food production sector, as an estimation technique based on value
added within a sector has to be applied to allocate aggregated WF data to sectors.
Applying the WF on an economically lower level would have to be done in
combination with methods such as input-output modelling. Strength of the WF is
the fact that it has been calculated for a number of products, which provide
interesting case studies, which can be easily communicated to the public.
Territory vs. life-  The WF applies a consumption-oriented approach as it quantifies water
cycle perspective
consumption along the whole production chain and relates it to consumption
activities in a specific country.
Level of
 The WF foresees a disaggregation into “blue” (surface and ground water) and
aggregation within “green” (stemming from precipitation) water. Additionally, there is the category
each indicator
“grey” water which quantifies the amount of water necessary to dilute polluted
water to a biocompatible level. This level of disaggregation seems very adequate.
Limits/thresholds/ The WF quantifies the pressure total water consumption puts on available water
overexploitation
resources. The WF methodology foresees the calculation of scarcity values by
comparing a country’s WF – the total water volume needed to produce the goods
and services consumed by the people in the country – with the volume of renewable
water resources available. It also identifies “water dependency” giving the share of
external water sources necessary to satisfy the domestic water demand (via
imported products).
Links to
environmental
impacts

 The WF can be related to the impacts such as acidification, ecotoxicity, or

Links to economic

eutrophication via the WF category “grey water” which quantifies the amount of
water necessary to dilute polluted water to a biocompatible level.
The WF data for the agricultural sector is normally a lot more disaggregated than
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data

macro-economic data (e.g. as presented in the National Accounts) – linkage can be
established by simple aggregation. Estimated direct Water Footprints of other
sectors can be disaggregated into various sectors according to the total turnover of
the sectors, resulting in equal direct Water Footprint intensities per monetary
output. World average values can be used for countries with no data available.
Hence, the indicator can be combined with economic data, in order to calculate
water efficiency indicators.

Summary appraisal
Suitability for
basket

 The WF is an important indicator as it describes the pressure put on water resources

Complementarity
to other indicators
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and ecosystems by human water consumption. Especially, as it takes into account
the consumption aspect it is apt to reflect impacts brought about through
consumption of imported products and the incorporated “virtual” water. The main
drawback of the WF is data availability, especially for the industrial sector. Water
consumption for crop production can be calculated using available data on climatic
conditions and plant properties. For industrial water consumption an estimation
technique based on economic data is currently used, as more specific data on water
consumption in production activities in different sectors and countries is missing.
Moreover, calculations of a global data set so far have only been carried out as an
average for the period 1995-2005.
A consumption-based water indicator would be an important complement to the
other indicators as it covers an important – if not the most important – resource
category: water.

Assessment of resource efficiency indicators and
targets
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1.16
1.16.1

Land
Actual land demand (ALD)

Name of indicator: Actual land demand (ALD)
Resource category/issue: Global land use
Technical description
In generalised terms, ALD corresponds to the following: DEbiomass / yielddomestic + importsbiomass /
yieldimports – exportsbiomass / yielddomestic (symbolic formula, distinctions by crop and origin of
imports are necessary). ALD is expressed in ha (or a comparable unit of area).
In academia, ALD has been introduced as an indicator with which to monitor land demand whilst
avoiding some of the methodological short comings of the ecological footprint approach. The
ALD is suggested as an indicator that would be compatible with other forms of monitoring land
use (through a consistent approach to measuring yield) and with material flow accounting (via
the inclusion of domestic extraction). Through applying different national/regional yield factors,
the ALD takes differences in agricultural production into account for exports and imports.
No standardised method exists yet so that the ALD has not been introduced in the political
sphere.

RACER Evaluation
R: Relevant
R.1: Policy support The land use associated with a given level of biomass consumption is not explicitly
mentioned in the Flagship Initiative or the thematic strategy. However, the
for resource
information on ALD helps to address trade-offs between domestic land use and land
policies
use associated with traded goods and therefore fits in well with the indicated in the
Flagship Initiative examples for trade-offs needing to be addressed.
R.2: Policy support Especially in the context of the biofuels directive as well as with regard to questions
of land grabbing, land demand has found some resonance at the EU policy level. The
for other policies
indicator ALD, however, is not established here.

 R.3: Sensitiveness The data on which the indicator is based are reported annually with an n-1 time lag.
Once a standardized methodology is established, the indicator could also be
generated annually.

 R.4: Rebound
effects

 Rebound effects are covered by the indicator, as production increases due to yield
efficiency gains will result in an increase of the indicator’s value.

 R.5: Past trends  The indicator could be calculated for the time span from about 1990 (EU-15) / 1995
(EU-27). Longer series are available for individual countries. Until 1990, the reporting
of the data ALD calculation requires was based on “gentlemen’s agreements”. Since
1990, it is governed by Council regulations.
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 R.6: Future trends The indicator can be combined with economic forecasts on development of
consumption and/or with agro-ecological models for yield development to generate
future trends.

 R.7: Early warning Not the aggregate ALD, but its components (i.e. land use associated with domestic
extraction, with imports and exports) can provide an early warning in terms of
potential import dependency/domestic land scarcity. In terms of delivering an early
warning on environmental impacts, this indicator would have to be combined with
information about a sustainable level of land use. However, ALD in itself does not
provide information on the sustainability of the associated land use.
A: Accepted
A.1: Policy makers

As it has not undergone standardization yet, the ALD indicator has not yet been
introduced in the political sphere and is consequentially not accepted there. The
rising interest in the issue of land demand, however, could be beneficial to the
introduction of such an indicator.

A.2: Statistics

Bilateral trade matrices for biomass products can be compiled from FAOSTAT data.
Data on yields for different countries and agricultural products are available from the
same source. Within the European Union, data on biomass consumption and yields
of biomass consumption are reported to both FAOSTAT and to Eurostat (based on
Council Regulations) by the national authorities. The indicator itself, though, is not
established at statistical institutions.

A.3: Business /
Industry

Trends in actual land demand associated with consumption or with specific
production processes would potentially be of interest to business and industry. It
cannot be said that the indicator is currently widely accepted by the representatives
of this sphere. However, some business and CSR initiatives already consider and
discuss land use and cooperate with academia to calculate ALD. Some degree of
acceptance from business/industry can therefore by expected.

A.4: Academia

A number of (basically comparable) studies on ALD for different points in time and
countries/regions exist. This research has been an effort of the land use community,
to – amongst other things – deal with some of the shortcomings of the ecological
footprint indicator.

A.5: Civil society

There has been some engagement of NGOs (e.g. Greenpeace, FoE, WWF) with the
issue of land use and land demand associated with certain agricultural products or
with the overall consumption of countries. Although the ALD indicator itself is not
yet in use within civil society, this indicates that it would be well-accepted if it were
introduced.

C: Credible
C.1: Unambiguous
results

The indicator itself is clear and unambiguous: Higher ALD means increasing the
pressure on limited global land area. Further evaluation and accordingly targetsetting, however, requires additional information (e.g. on available land, on the
intensity of use, on associated environmental impacts).

C.2: Transparency

Currently, different approaches to calculating ALD exist. However, for each of these,
the underlying methodology is clearly documented and accordingly transparent.

E: Easy
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E.1: Availability of
data to calculate
the indicator

The data required for ALD calculation are available from FAOSTAT (because
international, bilateral trade matrices are needed the Eurostat data alone do not
suffice). Some additional information may be required for yield calculations.

E.2. Availability of
the calculated
indicator

The calculated indicator is currently only available for select case studies from
academic sources using the available data on biomass consumption, trade, and
yields. The calculation based on an input-output approach is currently being
developed.

E.3: Technical
feasibility

The calculations applying the yield coefficients-approach can be completed with
standard spreadsheet software (Gnumeric, MS Excel). Handling the large amounts of
data in the bilateral trade matrices requires some amount of effort. In addition, some
knowledge of agricultural production (esp. crop rotation, number of harvests per
year) is needed in determining correct yield factors. The IO-approach in contrast
requires mathematical programmes, elevated computational power, and technical
expertise in mathematical programming and multi-regional input-output economics.

R: Robust
R.1: Data quality  Data is reported by government bodies to FAOSTAT.
R.2. Level of
aggregation

The ALD has to be calculated at the fairly disaggregated level of agricultural
products (or at the level of more aggregated product groups for the IO-approach),
i.e. both the aggregate indicator and more disaggregate versions by products or
groups of products can be calculated.

R.3:
 Currently, different approaches to calculating ALD exist. However, because the
Reproducibility
underlying methodology is comparable and no specific weighting via factors is
performed, standardisation seems feasible.
R.4: Geographical Data are available at the national level and accordingly for various aggregated
scale
(including different European) regions; data are not available on a subnational level.

 R.5: Burden
shifting

 Through the inclusion of imports and exports, ALD also considers burden shifting
through international trade. However, depending on the underlying methodology,
only direct trade flows or direct and indirect flows are considered.

Specific evaluation
Target setting

 Setting an ALD target would allow for better monitoring of land use and thus for
curbing risk of supply of fertile land. It could help to intervene well in time in case of
(potential) conflicts over access to land. A target would allow for setting aside of land
for wilderness preservation and thus contribute to ecosystem protection and
biodiversity conservation.

Levels of economic
 The indicator reflects the national level and can be aggregated to the European
activities
level. Different other aggregations (e.g. by countries’ degree of industrialisation)
would also be possible. ALD can also be analysed on an industry or product level.
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Territory vs. life-  A final version of the ALD indicator should include the land demand associated with
cycle perspective
domestic biomass extraction as well as with the direct (yield-based approach) or the
direct and indirect (IO-based approach) trade flows. This should include all biomass
as well as biomass products (with their upstream land requirements) as well as the
associated sealed land. Such an ALD indicator applies a consumption-based
approach.
Links to
environmental
impacts

 Environmental impacts can only very roughly be approximated using this indicator.
Further information about the quality of land use is required as the indicator
measures the extent of land demand only.

Links to economic
data

The indicator can be linked to economic data on the agricultural production sectors.
An approximation in terms of equivalent system boundaries can be made.
Potentially, some investigations as to the value and ALD of traded goods could also
be made.

Summary appraisal
Suitability for
basket

 Once harmonized in terms of methodology and introduced (and accepted) in the

Complementarity
to other indicators

1.16.2

political sphere, this indicator provides information on land use which would be very
useful in the basket and which is not covered by other indicators.
The information provided by ALD complements the balance contained in biomass
trade balances (both PTB and RTB). It provides contextual information for the
analysis of built-up land and it is complemented by the intensity of land use.

Net-growth of built-up land / of soil sealing

Name of indicator: Net-growth of built-up land / of soil sealing
Resource category/issue: Land conversion
Technical description
Net growth of built-up land expresses the change in built-up land from one year to the next:
(built-up land at t2 [ha] – built-up land at t1 [ha]) / built-up land at t1 [ha]
Next to biomass harvest and the related land use changes, built-up land is one of the forms of
appropriating bioproductive area for human needs. It occurs through the building of settlements,
transport and other forms of infrastructure as well as production facilities. Soil sealing is related
to groundwater replenishing and quality and to soil erosion. Through the generation of run-off,
soil sealing is also related to (potential) environmental pollution. The built-up land disturbs the
functioning of ecosystems and is often associated with side-effects such as noise and pollution
(e.g. in the case of roads and other transport infrastructure). Through processes of urbanization
and through large-scale infrastructure, built-up land is steadily increasing.
On the policy level, monitoring built-up land has been introduced to protect certain fragile
ecosystems (e.g. coastal zones) and to better understand urban sprawl which is a phenomenon
with important socio-economic drivers and impacts.

RACER Evaluation
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R: Relevant
R.1: Policy support Built-up land is not explicitly mentioned in the Flagship Initiative or the thematic
for resource
strategy. However, the information on built-up land helps to address competing
policies
types of land use as well as the environmental impact of infrastructure and thus to
cover trade-offs as indicated in the Flagship Initiative.
R.2: Policy support Soil sealing in urban areas was a focus in the 2010 European Environment State and
for other policies
Outlook Report (SOER). In early 2011, the EEA published a study on soil sealing in
European cities calling for stronger management of these processes.

 R.3: Sensitiveness Most recent data is for the year 2009. For the time prior to that, data was only
available with large gaps (1995, 2000, 2005/6). For lack of data it cannot be assumed
that the impact of policy change can be reflected quickly.

 R.4: Rebound

 Rebound effects on the domestic territory are covered by the indicator.

effects

 R.5: Past trends  Based on current data availability, the indicator could be calculated for a small
selection of countries for the years 1990, 1995, and 2000. Thus, while there is a good
coverage of past “snap shots”, no clear trends can be determined due to the large
gaps between the data points.

 R.6: Future trends The indicator can be combined with socioeconomic forecasts on population
development and urbanisation to generate future trends. The EEA has already
published some such scenarios for Europe.

 R.7: Early warning The indicator can serve as an early warning for the encroachment of human
settlements on ecosystems / ecosystem services. A threshold would have to be
defined.
A: Accepted
A.1: Policy makers

In the context of its location (e.g. (undeveloped) coast, river catchments), built-up
land is already accepted as an indicator.

A.2: Statistics

Data on built-up land is part of Eurostat statistics. The LUCAS survey is part of the
Community Statistical Programme 2008-2012.

A.3: Business /
Industry

Business and industry would be important stakeholders in attempting to reduce the
growth of built-up land. In a number of EU MS, the indicator is known in business and
industry through the legislation for soil protection which exists.

A.4: Academia

Soil sealing / the development of built-up land are widely discussed in a number of
scientific communities (ecology, hydrology, environmental sciences, geography,
urban planning, industrial ecology, and ecological economics), both in terms of the
(environmental) impact of soil sealing as well as of the processes that drive growth of
built-up land.

A.5: Civil society

Although there does not seem to be an NGO dealing with built-up land with a global
approach, there has been some engagement of specialized and/or regionally active
NGOs (e.g. Greenpeace, FoE) with this issue.

C: Credible
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C.1: Unambiguous
results

The indicator itself is clear and unambiguous. Growth of built-up land from one year
to the next means an increasing share of sealed land. The larger the share of land
that is sealed, the greater the impact on ecosystem (services). Some distinctions can
be made in that soil sealing has an especially high impact if it occurs in catchment
areas. In addition, the share of land which was sealed in the base year of the
indicator calculation must be taken into account in order to determine which rate of
growth can be considered dangerous (relevant to target-setting). Within the EU (and
most industrialized countries), however, the already sealed share of land is usually
already quite high.

C.2: Transparency

The data should be gathered by the EU MS in accordance with the "Manual of
Concepts on Land Cover and Land Use Information Systems". Here, the underlying
methodology is clearly documented and accordingly transparent.

E: Easy
E.1: Availability of
data to calculate
the indicator

The Land Use and Cover Area frame Survey (LUCAS) was performed by Eurostat in
2009; data exist for that year only. Before that, data on built-up land exist for a small
selection of European countries for 1990, 1995 and 2000. The EEA’s Land Use Data
Centre has published data on soil sealing between 1990 and 2000 and then again for
2006. FAO reports data for “other land” (includes built-up and related land, barren
land, other wooded land) from 1990 onwards, with 2008 as the most recent year for
which data are available.

E.2. Availability of
the calculated
indicator

The calculated indicator is currently not available. The underlying data is only
available for a limited number of points in time.

E.3: Technical
feasibility

Once the data is available, the calculations can be completed with standard
spreadsheet software (Gnumeric, MS Excel).

R: Robust
R.1: Data quality  Data are reported by government bodies to Eurostat. Eurostat validates the data.
The accuracy of the underlying data may vary from one country to the next but no
such assessments are available.
R.2. Level of
aggregation

Some spatial disaggregation on a subnational level is possible for some countries.
This is important in a qualitative sense because it covers coastal areas as well as
water catchments. A disaggregation into the types of use of built-up land is currently
not available.

R.3:
Reproducibility

Within the Eurostat framework, the data are based on the same concepts across
countries.

R.4: Geographical Data are available at the national level and accordingly for various aggregated
scale
(including different European) regions. For some European countries (EU-15), some
data are also available on a subnational level (esp. urban areas).

 R.5: Burden

 Burden shifting cannot be reflected.

shifting

Specific evaluation
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Target setting

 Setting a target for increase in built-up land would allow for better monitoring of
land use and thus for curbing risk of supply of fertile land. A target would allow for
setting aside of land for wilderness preservation and thus contribute to ecosystem
services protection and biodiversity conservation.

 The indicator reflects the national level and can be aggregated to the European
Levels of economic
level. Different other aggregations (e.g. by countries’ degree of industrialisation)
activities
would also be possible.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
Links to
environmental
impacts

 There is a strong link between sealing of soil and environmental impact. The specific
quality of this impact, however, depends on the site where sealing occurs. This
information is only available in some instances for coastal zones and catchment
areas.

Links to economic
data

For the urban areas for which data on soil sealing are available, this can be linked to
data on the city’s economic performance. Beyond that, links to economic data are
difficult to establish, because the indicator is not available on a sectoral level.

Summary appraisal
Suitability for
basket

 If, under LUCAS, data are reported more frequently, the indicator which denotes an

Complementarity
to other indicators

1.16.3

important element of land use change would be suitable for the basket.
The information provided complements the actual land demand indicator. The
intensity of land use provides some contextual information for the analysis of builtup land.

Abundance and distribution of selected species

Name of indicator: Abundance and distribution of selected species
Resource category/issue: Ecosystem quality
Technical description
The European biodiversity indicators are developed by the SEBI initiative. SEBI is a partnership
between the EEA (the European Environment Agency), its Topic Centre on Biological Diversity
(ETC/BD), DG Environment of the European Commission, the Czech Republic (as lead country for
the Kiev Resolution action plan on biodiversity indicators, ECNC (the European Centre for Nature
Conservation), UNEP/ PEBLDS Secretariat, and UNEP-WCMC (the World Conservation
Monitoring Centre). An integrated framework for monitoring, assessing, and reporting on
progress in implementing the EU 2020 biodiversity strategy is to be developed by 2012. There are
currently 26 European headline indicators for biodiversity:
1. Abundance and distribution of selected species
2. Red List Index for European species
3. Species of European Interest
4. Ecosystem coverage
5. Habitats of European Interest
6. Livestock genetic diversity
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7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Nationally designated protected areas
Sites designated under the EU Habitats and Birds Directives
Critical load exceedance for nitrogen
Invasive alien species in Europe
Occurrence of temperature-sensitive species
Marine Trophic Index of European seas
Fragmentation of natural and semi-natural areas
Fragmentation of river systems
Nutrients in transitional, coastal and marine waters
Freshwater quality
Forest: growing stock, increment and fellings
Forest: deadwood
Agriculture: nitrogen balance
Agriculture: area under management practices potentially supporting biodiversity
Fisheries: European commercial fish stocks
Aquaculture: effluent water quality from finfish farms
Ecological Footprint of European countries
Patent applications based on genetic resources
Financing Biodiversity Management
Public Awareness

There are no harmonized EU-wide data on biodiversity; the case study results are hard to
combine (SOER 2010). Currently, birds and butterflies are being used as “barometer species” for
which data are collected. These species are sensitive to environmental change and can be used to
monitor (potential) changes in other species.
In light of the current goal to halt European biodiversity loss by 2020, abundance and distribution
of selected species is suggested as an indicator for biodiversity monitoring. It covers the
development of the populations of certain species as well as the distribution of that population.
The indicator is explicit in terms of time, geographical reference area, and species so that
statements can be made such as: “Europe’s common birds have declined by around 15% since
1980.”
Data are not centrally collected but stem from different sources such as the European Bird
Census Council, BirdLife International, Butterfly Conservation Europe.

RACER Evaluation
R: Relevant
R.1: Policy support The new EU biodiversity strategy for 2020 is explicitly called for in the Flagship
for resource
Initiative.
policies
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R.2: Policy support Biodiversity is in itself an important policy sphere within the EU (protected areas
for other policies
under Natura 2000, Directive on the Conservation of Natural Habitats and of Wild
Flora and Fauna, Directive on the Conservation of Wild Birds). Biodiversity protection
is also closely interwoven with the Common Agricultural Policy, the Common
Fisheries Policy, the Thematic Strategy for Soil Protection, and the Water
Framework Directive.

 R.3: Sensitiveness The sensitiveness of the indicator varies with the data sources on which the
indicators for individual species/regions are based. For common birds in Europe, the
most recent data are for the year 2006; for grassland butterflies, the data run up to
2009. Overall, there is currently a time lag between n-5 and n-2. In assessing the
prevalence of (bird) species and ensuring that measures for their conservation are
taken well in-time, this is not an optimal level of sensitiveness.

 R.4: Rebound

 The indicator is a composite one, covering different species and regions, so that

effects

rebound effects could be made visible to some extent. E.g. if the number of species
in Europe remained constant, but the population numbers of some species were
starkly declining, this would become visible in the indicator. However, rebound
effects occurring outside the monitored region will not be captured, as the indicator
has a territory perspective.

 R.5: Past trends  The data are available from 1980 onwards for common birds and from 1990 onwards
for butterflies.

 R.6: Future trends Some correlations between biodiversity and factors such as set-aside land, land
abandonment, nutrient and pesticide inputs, HANPP make it possible to gauge
future trends based on scenarios for the development in these areas. Calculations for
expected development of biodiversity have been completed for different areas and
species.

 R.7: Early warning Because the indicator monitors both overall population and distribution of
population of a species, it can provide early warning of a species being (regionally)
endangered.
A: Accepted
A.1: Policy makers

The indicator is the first of the 26 European headline indicators for biodiversity and is
considered in assessing conservation and land use policies as well as programmes to
combat climate change.

A.2: Statistics

The methods used in surveying bird and butterfly populations are considered to be
statistically robust. In most cases, the data are collected by the NSIs.

A.3: Business /
Industry

This indicator cannot yet be broken down to the business/industry level. Aside from
the agricultural sector and specific agri-environmental practices and the soil-sealing
related to the creation of built-up land, links to business/industry activities are not
straight-forward. A first attempt was made by FibL Austria for a range of organic
food products. However, the applied approach is based on a range of factors and not
exclusively on the indicator described here.

A.4: Academia

Biodiversity is a widely researched topic from within the field of ecology. Abundance
and distribution of selected species is one of the most prominent items on the
research agenda within this community. It has also been used as an indicator of
biodiversity in assessing overall environmental quality and its development.
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A.5: Civil society

Biodiversity is one of the most prominent items on the agenda of the overwhelming
majority of larger, international, environmental NGOs (Greenpeace, WWF, FoE,
etc.). In terms of past development, it was originally the most important topic for
many of these organizations. Species population and distribution is the most widely
used indicator for biodiversity assessment and in many instances NGOs have
collected data on the status of certain species. Bird and butterflies as “barometer
species” have the advantage of being well-known to the public and observable in
urban and rural areas alike.

C: Credible
C.1: Unambiguous
results

The results of the indicator per species are unambiguous: A continuous decline of a
species’ population constitutes a severe risk to the survival of that species. On the
aggregate level, however, the following must be taken into consideration: If the
overall population index increases, it does not mean that the populations of all
species are increasing but could also be due to the fact that the populations of some
species are increasing at the expense of others.

C.2: Transparency

Currently, there still may be some differences between the national systems for
biodiversity assessment and methodological differences in how the surveys are
conducted. However, harmonization occurs before the data are combined and
progress is currently being made towards methodological harmonisation.

E: Easy
E.1: Availability of
data to calculate
the indicator

Data for the monitoring of bird species are available: They are collected routinely
from all European countries. Data on butterfly species are currently available from 10
countries only. However, continuous improvements in the data basis are being made
annually.

E.2. Availability of
the calculated
indicator

For the available data, the calculated indicator is provided by the EBCC and the BC
Europe.

E.3: Technical
feasibility

Further analyses of the published data on bird species can be done using the Species
Trends Analysis Tool (STAT). There does not seem to be a comparable tool available
for the butterfly species data. It is currently unclear whether the available data can
easily be converted to a different format to allow for further calculations with
standard spreadsheet software.

R: Robust
R.1: Data quality  The EEA considers the available data to be “proven and statistically robust” (SEBI
001 Assessment, May 2010).
R.2. Level of
aggregation

The underlying data for the indicator is collected at the national level for the
population and distribution of specific species. From here, aggregates are formed.

R.3:
Reproducibility

Based on the same input data, the calculation of the indicator is easily reproducible.
The data collection, however, is based on field surveys. Parallel surveys with the
same modalities are likely to produce similar although not identical results.
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R.4: Geographical The underlying data are generally available at the national level and can be
scale
aggregated to some European regions, although not to the EU-27 total as data are
currently only available for 21 European countries (Austria, Belgium, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Latvia,
Netherlands, Norway, Poland, Portugal, Spain, Sweden, Switzerland, Ukraine,
United Kingdom).

 R.5: Burden

 Burden shifting within Europe can be made visible with the help of this indicator.

shifting

Species conservation in some areas at the cost of species loss in others can be
captured. In order to refine this picture, it would, however, be important to achieve
data availability for all European countries. Burden shifts to other world regions
cannot be captured.

Specific evaluation
Target setting

 The EU had originally set as a target to halt loss of biodiversity in Europe by 2010.
This goal could not be reached. The European 2020 Biodiversity Strategy adheres to
the same target but leaves 10 years more to reach it. Next to this overall target, it
may be advisable to set additional, more specific targets for the development of
those species’ populations covered by the indicator.

Levels of economic
 The indicator is available at the national level and at more aggregate levels. It can
activities
currently not be associated with certain sectors or products.
Territory vs. life-  The indicator applies a territory perspective.
cycle perspective
Links to
environmental
impacts

 The prevalence of certain species is closely related to overall environmental quality:
Different forms of pollution (air, water, soil) and land conversion such as soil-sealing,
soil erosion or deforestation can directly lead to decreasing biodiversity.

Links to economic
data

Links to economic data exist in the agricultural sector, for example, with regard to
the inputs of fertilizers and pesticides. However, these links are not due to the
economic but to the physical properties of these inputs.

Summary appraisal
Suitability for
basket

 Changes in biodiversity have an important impact on ecosystems overall. At the

Complementarity
to other indicators
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same time, they indicate changes in environmental quality so that it would be
desirable to include an indicator of biodiversity in the basket.
Exceedance of critical nitrogen loads is a major threat to biodiversity, impacting
aquatic species directly and with far-reaching indirect impacts on other species ( N
balance). A correlation exists between HANPP and biodiversity, one of the reasons
being that land conversion (soil erosion, built-up land) greatly impacts biodiversity.

Intensity of land use

Name of indicator: Intensity of land use
Resource category/issue: Ecosystem quality
Technical description
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A number of factors must be taken into account within an indicator of land use intensity. Based
on currently existing data, the following should be included: fertilizer consumption, farm size,
field size, crop yield. The indicator AEI 12 (intensification/extensification) covers share of low-,
medium-, and high-input farms (based on average expenditure on inputs of fertilisers, crop
protection and concentrated feedstuff per ha, livestock density, and trends in yields for milk
products and cereals). Overall, data availability is much higher for crop yields than for all of the
other components.
Intensification is understood as a process in which the inputs into agricultural production and the
obtained outputs (i.e. harvest) are increased. Intensification usually means that some types of
efficiency of agricultural production are increased.

RACER Evaluation
R: Relevant
R.1: Policy support Land use does not feature prominently in the Flagship Initiative. However, “space” is
for resource
included amongst the resources to be protected in the Thematic Strategy on the
policies
Sustainable Use of Natural Resources.
R.2: Policy support Fertilizer and pesticide input as an aspect of intensification are relevant within the
for other policies
Water Framework Directive. Farming practices in the context of intensification are
relevant in the CAP as well as in the CAP reform.

 R.3: Sensitiveness Fertilizer consumption: Eurostat currently does not provide metadata on its fertilizer
consumption statistics. Most recent data are for the year 2009 (published n-2).

 Farm and field size: Most recent data are for the year 2007 (published with n-3). Full
surveys (agricultural census) are conducted every ten years; sample surveys are
performed to additionally collect data at a 2-3 year interval.

 Crop yield: Most recent data are for the year 2010 (published n-1).
 AEI 12: Most recent data are for the year 2000 (published n-6).
 R.4: Rebound
effects

 An indicator of land use intensity provides valuable supplementary information with
which conclusions about rebound effects might be drawn from other indicators (esp.
actual land demand: land under cultivation may decrease but used more intensively).

 R.5: Past trends  Fertilizer consumption: Data goes back to 1991 for EU-15 and to 2006 for EU-27
 Farm and field size: Data goes back to 1990 for EU-15 and to 2003 for EU-27.
 Crop yield: Long time series exist for some (EU-15) MS which date back to 1955 and
even for some EU-25/27 MS, data go back to the 1980s.

 AEI 12: Data goes back to 1995 (EU-15) and to 2005 (EU-27).
 R.6: Future trends The indicator and all of its elements can easily be combined with the Economic
Accounts for Agriculture in order to derive future trends.

 R.7: Early warning The indicator requires further contextual information in order to provide early
warning (e.g. on sustainable levels of land use intensity for a specific region).
A: Accepted
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A.1: Policy makers

There is no politically accepted indicator for land use intensity yet. However, the EEA
regularly reports on land degradation (e.g. within the “Europe’s environment” series)
and several EU-commissioned reports have highlighted the need for an LUI indicator
(e.g. 2005 “Policy Review on Decoupling”) so that if an indicator were to be
introduced it could be assumed to easily gain some degree of acceptance.

A.2: Statistics

The underlying data for such an indicator are all reported by the MS to Eurostat and
published regularly be the latter in accordance with Council regulations.

A.3: Business /
Industry

Since an LUI indicator remains to be introduced to business and industry, there is no
acceptance in this sphere yet.

A.4: Academia

Land use intensity is a widely and thoroughly researched item within specific
scientific communities (ecology, agroecology, land use, environmental studies).

A.5: Civil society

Land use intensity does not seem to be a mainstreamed issue in civil society.
However, it has been of relevance in a two-fold manner: On the one hand, the
environmental impact of increasing land use intensity as been covered by NGOs in a
regional context; on the other hand, there are incidences in which NGOs have
supported farmers in intensifying their production in order to sustain themselves
(e.g. CARE in Ecuador documented by JR Keese in 1998).

C: Credible
C.1: Unambiguous
results

The indicator is not completely unambiguous: While land use intensity is a driver of
environmental impact (e.g. soil erosion), there may be cases in which high land use
intensity combined with conservation measures is associated with lower
environmental impact. Additionally, inputs into agricultural production maybe
reduced overall with more fallow land while the inputs on land under agricultural
production increase. Therefore, some contextual information is required.

C.2: Transparency

Fertilizer consumption: Eurostat currently does not provide metadata on its fertilizer
consumption statistics. Farm and field size: Data collection based on legislation on
typology of agricultural holdings. Crop yields: Data collection based on the Crop
Production Manual.

E: Easy
E.1: Availability of
data to calculate
the indicator

Data on which an LUI indicator could be based are available but not annually and not
for long time series.

E.2. Availability of
the calculated
indicator

Due to the data constraints, the indicator has been compiled for 1990 and 2000 only.

E.3: Technical
feasibility

Once the data is available, the calculations can be completed with standard
spreadsheet software (Gnumeric, MS Excel).

R: Robust
R.1: Data quality  Data are reported by government bodies and the European fertilizer industry to
Eurostat. Eurostat validates the data. The accuracy of the underlying data may vary
from one country to the next but no such assessments are available.
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R.2. Level of
aggregation

A disaggregation by agricultural products would not be possible in most cases as
most farms produce more than one good.

R.3:
Reproducibility

Within the Eurostat framework, the data are based on the same concepts across
countries. Internationally, there may be some differences, e.g. with respect to
typology of agricultural land when determining farm and field sizes.

R.4: Geographical Data are available at the national level and accordingly for various aggregated
scale
(including different European) regions. For some European countries (EU-15), some
data are also available on a subnational level (esp. farm and field size by regions).

 R.5: Burden

 Burden shifting cannot be reflected.

shifting

Specific evaluation
Target setting

 Setting a target for LUI could help avoid damage to ecosystems and curb risk of
supply of fertile land. It might also provide some incentive to economize inputs into
agricultural production.

Levels of economic
 The indicator reflects the national level and can be aggregated to the European
activities
level. Different other aggregations (e.g. by agricultural products) would also be
possible.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
Links to
environmental
impacts

 There is a strong link between LUI and soil erosion. A link also exists to ecosystem
quality/biodiversity.

Links to economic
data

Via the Economic Accounts for Agriculture, very straightforward links between the
components of an LUI indicator and economic data are given.

Summary appraisal
Suitability for
basket

 If the assumption that underlying data will be reported more regularly in the future is
correct, then it should be possible to develop a conceptually sound indicator for land
use intensity that would be suitable for the basket. Unless AEI 12 is used, there is
currently no existing indicator.


Complementarity
to other indicators
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Intensification of agriculture is one of the driving forces behind soil erosion (although
not necessarily directly related!) and is also related to some of the biodiversity
indicators (genetic diversity, species richness). LUI is further directly linked to GHG
emissions from agriculture. Information about biomass production and trade as well
as actual land demand provides useful contextual information for the analysis of LUI.

Assessment of resource efficiency indicators and
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1.16.5

Human appropriation of net primary production
(HANPP)

Name of indicator: Human appropriation of net primary production (HANPP)
Resource category/issue: Ecosystem quality
Technical description
HANPP is composed of that portion of net primary production (NPP) extracted or destroyed
through harvest as well as the change in NPP due to changes in land use (e.g. deforestation, soil
sealing). HANPP is thus equal to NPPh + ΔNPPLC where ΔNPPLC is equal to the difference
between the NPP that would be available in an ecosystem in the absence of human activities
(NPP0) and the NPP which is actually given (NPPact) and NPPh is equal to the NPP harvested or
destroyed during harvest.
HANPP is usually expressed in tonnes of carbon per year. When not only the aggregate indicator
is known but its components as well, HANPP can provide information about the amount of biotic
resources used by human societies (NPPh) as well as on the efficiency with which productivity
gains from intensification of the associated land use are used (NPPh/HANPP).

RACER Evaluation
R: Relevant
R.1: Policy support Land use does not feature prominently in the Flagship Initiative. However, land is
for resource
included amongst the resources to be protected in the Thematic Strategy on the
policies
Sustainable Use of Natural Resources.
R.2: Policy support Especially in the context of the biofuels directive as well as with regard to questions
for other policies
of land grabbing, land use and harvest has some resonance at the EU policy level.
Farming practices in the context of intensification are relevant in the CAP as well as
in the CAP reform.

 R.3: Sensitiveness Global HANPP data is currently available for the year 2000 only. However, a global
time series 1910-2005 (in decades) is being compiled. For European countries, a
disaggregated time series running up to 2005 will be available by the end of 2012.

 R.4: Rebound
effects

 An indicator of land use intensity provides valuable supplementary information with
which conclusions about rebound effects might be drawn from other indicators (esp.
actual land demand: land under cultivation may decrease but used more intensively).

 R.5: Past trends  The underlying data needed to calculate the indicator are available extending back
to 1910. If need, this past trend of HANPP could be calculated.

 R.6: Future trends The indicator and all of its elements can easily be combined with the Economic
Accounts for Agriculture in order to derive future trends.

 R.7: Early warning The indicator requires further contextual information in order to provide early
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warning (e.g. on sustainable levels of land use intensity for a specific region).
A: Accepted
A.1: Policy makers

There is no politically accepted aggregate indicator for land use intensity yet and the
EEA currently uses the share of low-, medium-, and high-input farms in agricultural
production as a proxy. The EEA also reports regularly on land degradation (e.g.
within the “Europe’s environment” series) and several EU-commissioned reports
have highlighted the need for an LUI indicator (e.g. 2005 “Policy Review on
Decoupling”) so that if an indicator were to be introduced it could be assumed to
easily gain some degree of acceptance. In its scientific committee opinion on
aggregate and composite environmental indicators, the EEA highlighted HANPP as
an indicator of particular interest.

A.2: Statistics

In order to calculate HANPP, NPP0, NPPact and NPPh must be assessed. This can only
partially be done on the basis of data regularly reported in statistical compendia.
NPP0 must be approximated using dynamic global vegetation models. For the
calculation of NPPact, land use and land cover data are required.

A.3: Business /
Industry

There is no acceptance of HANPP in this sphere yet. However, interest has been
signalled from within the agricultural sector (especially organic farming).

A.4: Academia

HANPP has had strong resonance in a number of scientific communities (ecology,
agroecology, land use, environmental studies, ecological economics, and industrial
ecology).

A.5: Civil society

Some interest has been signalled by NGOs in using HANPP to assess the pressure
associated with different farming practices. However, the indicator is not yet widely
known in civil society.

C: Credible
C.1: Unambiguous
results

HANPP is an indicator of the “human domination of ecosystems” (Vitousek et al.
1997) with higher HANPP corresponding to greater colonization efforts and/or
higher harvest. However, the reverse is not necessarily true as lower HANPP could
also be the result of intensification through which harvest and productivity are both
increased. Next to knowledge of the components of HANPP, some contextual
information on land use practices and (avoided) trade-offs of intensification is
required.

C.2: Transparency

The basic methodology for calculating HANPP is widely harmonized and well
documented in scientific publications (see Haberl et al. 2007). However, some
elements of the methodology vary between authors, especially with regard to
system boundaries (treatment of biomass destroyed, of stock-depletion in case of
forests, of biomass returned to the ecosystem) and must be taken into consideration
when interpreting the results.

E: Easy
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E.1: Availability of
data to calculate
the indicator

Data on climate (temperature, precipitation) and soil quality are needed in order to
calculate NPP0 and can be calculated based on Dynamic Global Vegetation Models.
Data on land use and land cover in order to calculate NPPact are available from
FAOSTAT (time series) as well as from Eurostat (LUCAS 2009) the latter also
providing spatially explicit data. The additionally required data can be obtained from
Eurostat or national agriculture and forestry statistics and forest inventories.

E.2. Availability of
the calculated
indicator

The calculated indicator is currently available at the global level for the year 2000
only. It can be calculated on the basis of existing data for other points in time.

E.3: Technical
feasibility

The calculations can be completed with standard spreadsheet software (Gnumeric,
MS Excel) although calculating HANPP is somewhat demanding because it requires
knowledge of land use and cover classifications and of agricultural and forest
production. If the indicator is to be calculated in a spatially explicit manner,
knowledge of GIS software (e.g. GRASS, ArcGIS) is required.

R: Robust
R.1: Data quality  The land use and cover data are reported by government bodies to FAOSTAT;
Eurostat’s LUCAS data are part of the Community Statistical Programme and
Eurostat validates the survey data and eliminates sampling and non-sampling errors.
Data gaps are closed on the basis of orthophotos. Data is reported in good quality in
most national agricultural and forestry statistics. In some cases, additional
information will be required in order to be able to account for specific production
methods (e.g. multi-cropping). There are high-quality DGVMs available which are
under constant scientific monitoring and review and have been used in high-profile
contexts such as the IPCC process.
R.2. Level of
aggregation

HANPP can currently be spatially disaggregated up to a 10x10 km resolution and
aggregated to all higher spatial levels. It can be calculated for different agricultural
products.

R.3:
Reproducibility

The basic methodology for calculating HANPP is widely harmonized and well
documented in scientific publications (see Haberl et al. 2007). However, no
standardization of the indicator at policy-level is available yet.

R.4: Geographical HANPP is currently available for the year 2000 and can be calculated for other years
at a spatial resolution of 10x10 km. Aggregations to the national and EU level are
scale
possible.

 R.5: Burden
shifting

 HANPP itself does not detect burden shifting outside the boarders of the country or
region observed. The HANPP embodied in trade, however, can be calculated in order
to illustrate potential burden shifting in terms of the global “producers” and
“consumers” of HANPP.

Specific evaluation
Target setting

 Global HANPP currently makes up about ¼ of NPP0 and harvest makes up around
55% of global HANPP. Both in terms of the NPP appropriated by humans (and thus
not available for other uses within the ecosystems or for use by other species) and in
terms of the associated land use intensity, monitoring the contribution of harvest to
HANPP could also be advisable. Targets would have to be set at a disaggregated
level.
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Levels of economic
 The indicator reflects the national level and can be aggregated to the European
activities
level. Different other aggregations (e.g. by agricultural products) would also be
possible.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
Links to
environmental
impacts

 HANPP, because it rigorously accounts for socioecological energy flows, can
consistently be complemented with measures of input or output intensification (e.g.
fertilizer and pesticide use, soil erosion). In addition, there is empirical evidence that
NPPt (energy flows remaining in ecosystems after land conversion and harvest) is
decisive for biodiversity, which renders HANPP a suitable indicator for pressures on
biodiversity.

Links to economic
data

Via the Economic Accounts for Agriculture, very straightforward links between the
components of HANPP and economic data can be established.

Summary appraisal
Suitability for
basket

 An indicator of land use and land use intensity should be part of the basket. HANPP

Complementarity
to other indicators
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currently seems to be the best option for such an indicator. HANPP illustrates
changes in NPP across all types of land area and provides a proxy for the overall
impact of land use (changes) on ecosystems. Through the inclusion of NPP0, the
indicator provides a reference value against which the impact of human activity can
be monitored. HANPP is thus a suitable headline indicator for land use intensity.
Because some of the negative environmental effects of land use intensification
cannot be monitored with HANPP, it should be complemented by indicators on
nutrient balances and land degradation.
There is a strong link between HANPP and ecosystem quality/biodiversity (some
correlation has been investigated) and ALD (the information contained therein is
actually a subset of the HANPP data). Via the question of land use practices, there
are also links to soil erosion and nutrient balances. HANPP presents an option for
calculating biomass RTB and could also be used to specify the pressure associated
with a given level of animal products in nutritional energy.

Assessment of resource efficiency indicators and
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1.16.6

Carbon content

Name of indicator: Carbon content
Resource category/issue: Soil
Technical description
Carbon content is reported in spatially explicit percent of topsoil. In 2009, soil organic carbon for
about 22 000 random samples was analyzed in the European Commission’s land use/cover area
frame survey (LUCAS Soil 2009) implemented in a cooperation of Eurostat, DG Environment, and
DG Joint Research Centre (LUCAS 2009 covers 265 000 points; a top soil sample was collected on
under 10 % of these). The results are not yet available but are destined to be published some time
in 2011. For most European soil types, more than 50% of soil carbon lies below the top soil. This
must be considered in assessing the indicator.
Before LUCAS Soil 2009, soil organic carbon content in topsoil for Europe was calculated based
on a combination of spatially explicit data on soil types (from the European Soil Database), data
on land use (e.g. CORINE) and data on climate. The calculation itself is rather complex; the
underlying assumptions are that 1) different soil types have different (known) carbon contents
and 2) these “standard” contents are also influenced by land use and climate (see European Soil
Bureau – Research Report No. 17). Since it is the most recent attempt to determine carbon
content, this evaluation refers to LUCAS Soil 2009.

RACER Evaluation
R: Relevant
R.1: Policy support Soil carbon content plays an important role in the resource land which is explicitly
for resource
mentioned in the Flagship Initiative.
policies
R.2: Policy support The decline of soil organic carbon content has been identified by the Commission in
for other policies
COM 231 (2006) “Thematic Strategy for Soil Protection” as one of the priority areas
where immediate action is needed. From 2005 onwards, farmers receiving EU
payments have had to follow certain standards (cross-compliance as defined by
Council Regulation (EC) No. 1782/2003) and soil erosion, decline of soil organic
matter, and physical soil degradation are among the issues covered therein (Good
Agricultural and Environmental conditions).

 R.3: Sensitiveness LUCAS 2009 was the first of the surveys to include a soil module. Results are to be
published in 2011 (n-2) but were not yet available at the end of July of this year.
LUCAS aims to gather data on land use/cover and their changes over time so that
some improvements in sensitivity may be expected for the future. However, no
survey is set to take place in 2011 so that the next possible data publication would be
2014.

 The European Soil Database currently does not have a time component.
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 R.4: Rebound

 Rebound effects become apparent in the indicator of carbon content. For example, if

effects

land use intensity decreased but more land was put under use, the associated
changes in carbon content could be monitored in a spatially explicit manner.

 R.5: Past trends  This indicator currently does not have a time component. LUCAS 2009 was the first
of the surveys to include a soil module.

 R.6: Future trends The indicator could be linked to climate change models or to land use scenarios in
order to derive future trends. In order for this to become possible, however, the
some information about past trends would be required. Thus, the calculation of
future trends is a long- rather than a short-term possibility.

 R.7: Early warning The indicator provides an early warning: E.g. soils with carbon content <1% are
considered to be affected by severe degradation and an early warning could be
issued for soils near that mark.
A: Accepted
A.1: Policy makers

The EU’s JRC has defined carbon content as the “appropriate indicator for soil
quality” (IRENA fact sheet 29). Soil organic carbon (CLIM 027) is also one of the
indicators included in The European environment – state and outlook 2010 (SOER
2010).

A.2: Statistics

LUCAS is a European field survey program funded and executed by Eurostat in
cooperation with DG Environment and DG Joint Research Centre with the aim of
providing data to statisticians and/or policymakers. Its objective is to set up area
frame surveys for the provision of coherent and harmonized statistics on land use
and land cover in the European Union. In LUCAS Soil 2009, 23000 random soil
samples were collected in 25 Member States (EU-27 w/o Cyprus and Malta).

A.3: Business /
Industry

Currently, carbon content is not a well-established indicator in the business/industry.
However, carbon content is related very closely to actual farming practice and
incentives to farmers are widely regarded as an important tool in increasing carbon
content in soil (e.g. Lewandrowski et al. 2004, Marland et al. 2001). Portugal, for
example, launched a soil carbon offsets programme in 2004, investing several million
dollars in - amongst other things – paying almost 400 farmers to improve the carbon
content of their soil.

A.4: Academia

Soil carbon is a widely and thoroughly researched item within specific scientific
communities (ecology, agroecology, soil science, land use, environmental studies).

A.5: Civil society

Especially in the context of climate protection, soil carbon is a fairly prominent issue
in civil society. The Soil Carbon Coalition (http://soilcarboncoalition.org) is a not-forprofit organization which aims to promote understanding of soil carbon. Similarly,
the Australian Carbon Coalition Against Global Warming
(http://www.carboncoalition.com.au/) has published a Soil Carbon Manifesto
detailing the role of soil carbon in climate protection. The larger international
environmental NGOs (e.g. Greenpeace, WWF) have also included the question of soil
carbon in their positions on agriculture.

C: Credible
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C.1: Unambiguous
results

When data are available the results are unambiguous: “High organic carbon content
corresponds to good soil conditions […]: limited soil erosion, high buffering and
filtration capacity, rich habitat for soil organisms, enhanced sink for atmospheric
carbon dioxide, etc.. Soils with Organic Carbon content between 1 and 10 % can also
be considered of high agricultural value, while soils with less the 1% can be
considered as affected by severe degradation (desertification)” (quoted from IRENA
Indicator Fact Sheet 29). The influence of humidity and temperature must be taken
into account in interpreting the results: Soils in the dry and warm Mediterranean
area generally have a low to very low organic carbon content and are highly sensitive
to desertification processes. Peat soils are an exception: In this case additional
geological information is required in order to assess soil quality.

C.2: Transparency

The data contained in the European soil database are harmonised according to a
standard international soil classification (FAO-UNESCO 1974, FAO-UNESCO-ISRIC
1990). The calculation of soil carbon content currently proposed for the EU level (see
introductory paragraph) is, however, not very straight-forward and not well
documented. For LUCAS 2009, detailed instructions for surveyors were published by
Eurostat. The samples collected were centrally analyzed in order to ensure that
standardized methodology was used.

E: Easy
E.1: Availability of
data to calculate
the indicator

Data on which a carbon content indicator could be based will be 2009 for all EU-27
MS except for Cyprus and Malta. The data are currently not available annually and
not for long time series.

E.2. Availability of
the calculated
indicator

Under the LUCAS framework, the calculated is indicator is currently not available but
should be published this year for 2009.

E.3: Technical
feasibility

The calculations are based on data from a Europe-wide land use and soil quality
survey, requiring huge efforts in sample gathering, analysis, modelling and
reporting.

R: Robust
R.1: Data quality  LUCAS 2009 data are directly collected in the field by surveyors. Regional/central
offices receive the data from the surveyors and perform a first consistency check.
Data is although checked by LuxSpace. Eurostat oversees the whole data quality
management.
R.2. Level of
aggregation

The results of LUCAS 2009 are at the NUTS 3 level at their highest level of
disaggregation. This corresponds to 1303 regions at the EU-27 level and is not
detailed enough to allow for a disaggregation by crops or agricultural products. A
rough proxy to the prevailing soil types in those regions could be attempted.

R.3:
Reproducibility

The survey in which the soil data are collected is theoretically reproducible (cf.
transparency) but not practically as the samples are taken randomly. Reproduction
of the results is also technically not feasible (over 500 surveyors were involved in
LUCAS Soil 2009).
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R.4: Geographical Data are available at the NUTS 3 level and further aggregation to the NUTS 2, 1, and
scale
national level and to the European level is possible, although a considerable loss of
information always ensues.

 R.5: Burden

 Burden shifting can be reflected to some extent: Due to the high level of

shifting

disaggregation, the indicator can reflect trade offs (e.g. if carbon content is
augmented in one region but simultaneously lost in another).

Specific evaluation
Target setting

 Due to the strong relation between carbon content and soil conditions from an agroenvironmental perspective, a target for carbon content would be desirable and is
actually already available in the shape of the aforementioned 1% threshold.
However, it is currently unclear whether data of sufficient sensitivity to support such
a target will be available.

Levels of economic
 The data can be combined with economic data at the NUTS 3 level. In many cases,
activities
this will not be detailed enough to allow for analysis by economic activities.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
Links to
environmental
impacts

 There is a strong link between carbon content and carbon sequestration (climate

Links to economic
data

change), soil erosion (desertification), soil fertility and soil biodiversity (ecosystem
quality). The indicator is furthermore especially sensitive to land use change and the
intensity of land use, two issues closely linked to environmental impacts.
Some links to economic data could be established via the Economic Accounts for
Agriculture. In select cases, relation of carbon content can be related to forms of
agricultural land use may be possible.

Summary appraisal
Suitability for
basket

Soil carbon is a good measure of overall soil quality for most soils although the
limitation to top soil of this indicator impairs this property somewhat. The close link
between soil organic carbon and a number of related soil properties make it one of
the best candidates as a newly defined soil quality indicator for Europe (under the
assumption that data will be available).

Complementarity
to other indicators

The main single factor determining soil organic carbon content is land use, linking
the indicator strongly to LUI. Improvements in data on land cover and land use will
also lead to improvements of the carbon content indicator. The carbon content is
furthermore strongly linked to soil erosion and general ecosystem
quality/biodiversity in agricultural areas. Next to these direct links, the development
of carbon content in European soil will have some impact to the agricultural trade
balances (PTB) and also on the intermediate inputs required for agricultural
production in Europe (RTB).
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1.16.7

Nitrogen (N) balance

Name of indicator: Nitrogen (N) balance
Resource category/issue: Soil
Technical description
The nitrogen balance corresponds to N inputs minus N outputs (expressed in kg of N/ha).
This indicates the (potential) nitrogen surplus on agricultural land. Such a surplus could be
associated with environmental problems due to nitrate leaching while a deficit could be
associated with losses of nutrients from the soil. How high a surplus must be (or how low a
deficit) to be problematic depends on factors such as climate, soil type, and agricultural
use/methods, making it difficult to set a standardized European target for this indicator.
Nitrogen inputs stems from biological or mineral fertilizer, atmospheric deposition, and/or
biological fixation. Nitrogen outputs occur mainly in the form of harvest and/or grazing of
biomass.
Policy relevance
In the policy context, the indicator has been deemed relevant in identifying potential water
pollution issues in agricultural areas. N loading is considered to be one of the major
environmental problems associated with agriculture.

RACER Evaluation
R: Relevant
R.1: Policy support Nutrient balances per se are not subject of the Flagship Initiative or the Europe 2020
for resource
strategy. However, nitrogen balance fits in well with the overall targets of the
policies
Flagship Initiative as it addresses both efficiency (relation of N input to output) as
well as environmental impact (keeping the N balance within given limits).
R.2: Policy support The Nitrates Directive (ND; 91/676/EEC) has already identified balanced N
for other policies
fertilization as a target for farmers on a voluntary basis. The 6th Environmental
Action Programme (2001) called for the full implementation of the ND.

 R.3: Sensitiveness Eurostat’s most recent estimates are for the year 2008 for the EU-27 MS and for
2009 for 11 MS; time lag is n-3. In the OECD Nitrogen balance database, the most
recent data (for the EU-15 MS) is for the year 1997.

 R.4: Rebound
effects

 The N balance provides supplementary data which – together with data on ALD, LUI
and soil-related information – can help depict rebound effects in agriculture (e.g.
cutbacks in fertilizer per ha but increasing area under cultivation).

 R.5: Past trends  For a small number of countries (13), data are available from 1990 onwards. For a
smaller number (6) from 1985 onwards.

 R.6: Future trends The indicator can be applied to scenarios on development of agricultural land, share
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of organic agriculture, trends for fertilizer inputs in order to estimate future trends.

 R.7: Early warning The N balance provides an early warning for potential water pollution (through
migration and run-off).
A: Accepted
A.1: Policy makers

N balance as an indicator (and a level of this balance as a target) is part of the 1991
Nitrate Directive. Additionally, targets for N are defined in some other directives
(Ambient Air Quality, Drinking Water, Groundwater, Urban Waste Water  EU
Water Framework Directive), signalling a fair amount of political acceptance for an
N-related indicator. Political action on these directives varies across the EU-27. The
12 NMS have achieved reductions in N-emissions from 1990 onwards but the general
assessment is that this is due to restructuring of industry rather than to
environmental policy. Within the EU-15, a harmonized effort for N-emission
reduction is also not visible (European Nitrogen Assessment).

A.2: Statistics

Although the procedure for reporting and estimating of N balances is documented
by the OECD/Eurostat (2007) Gross Nitrogen Balances Handbook and performed
accordingly by Eurostat, the data limitations are acknowledged. Additionally, the
national data is judged to be insufficient in determining actual nutrient leaching at
the local level due to the strong role of regional differences not reflected by the
indicator.

A.3: Business /
Industry

The N balance indicator is applicable at the level of individual farms and is often cited
as an indicator for the environmental performance of the agricultural sector so that
there is some acceptance by business and industry of the N balance indicator.

A.4: Academia

Nitrogen balances are traditionally a topic of interest in agricultural sciences, in
(ground- and surface water) hydrology and in environmental sciences. It is usually
treated in the context of specific case studies. With a more general perspective, the
role which disturbed soil nitrogen balances play in global nitrogen cycles has
received more and more attention from academia (especially in global change
research).

A.5: Civil society

Nitrogen balances have been relevant in NGO work on the environmental impacts of
the agricultural sector in the context of proposing standards for organic agriculture,
assessing GMOs, and of the issue of groundwater protection. Although there have
been no campaigns on the nitrogen balance as such, the indicator is known and
accepted in much of civil society.

C: Credible
C.1: Unambiguous
results

The indicator is not completely unambiguous: While generally a higher nitrogen
balance signifies an elevated risk of nitrate leaching and the associated
environmental impacts, the latter do depend on local characteristics of the
agricultural system and a low national average could still include dangerous amounts
of leaching in specific subnational regions.

C.2: Transparency

The OECD/Eurostat (2007) Nitrogen Handbook includes a full explanation of
nitrogen balances. The discrepancies in some countries’ balances (e.g. France not
including nutrients from atmospheric deposition) are documented and can be taken
into account.
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E: Easy
E.1: Availability of
data to calculate
the indicator

Data are available from Eurostat and updated annually.

E.2. Availability of
the calculated
indicator

The indicator (N balance) is calculated by Eurostat.

E.3: Technical
feasibility

Further analyses based on the indicator (N balance) can be completed with standard
spreadsheet software (Gnumeric, MS Excel).

R: Robust
R.1: Data quality  Data on N balances are provided to Eurostat by 8 of the EU-15 member states (AT,
DE, FI, IE, NL, PT, SE, UK). Additionally, CZ, EE, HU, PL, SL and SK report their N
balances. The balances for the remaining EU MS are calculated by Eurostat following
the OECD/Eurostat Handbook. Some data variability due to the use of different
coefficients may occur. Generally, it can be said that the data on N inputs is much
more robust than the data on N outputs with the N coefficients varying strongly
from one country (or region) to the next.
R.2. Level of
aggregation

Some spatial disaggregation on a subnational level is possible for some countries. On
the basis of spatial data on agricultural production, a disaggregation by crop types
could be attempted but such data are currently not available.

R.3:
Reproducibility

Reproducibility is generally given; the estimation procedures are well documented.
In some cases, it may be necessary to allow for differing coefficients (see R.1).

R.4: Geographical Data are available at the national level but not for all EU MS, so European aggregates
scale
cannot be formed. For some European countries (EU-15), some data are available on
a subnational level.

 R.5: Burden
shifting

 Burden shifting cannot be reflected using this indicator alone. Combinations with
indicators on other nutrients (P) and on other inputs (esp. land) might make patterns
of burden shifting visible.

Specific evaluation
Target setting

 A target on N balance seems advisable in order to move towards curbing the
environmental impact of agriculture on groundwater especially (the ND limits
applications of livestock manure to land to 170 kg N/ha/yr). However, the
disadvantages of setting a target on a national average must be considered. A
meaningful monitoring of such a target will be feasible as soon as subnational data
(at least NUTS 2 or 3) are available for all EU MS.

Levels of economic
 The indicator reflects the national level. In some cases, regional disaggregation is
activities
possible. A European aggregate cannot be formed. The national aggregate applies
to the agricultural sector; a further disaggregation by sectors or products is not
possible.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
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Links to
environmental
impacts

 N balance is currently one of the strongest available indicators for agricultural
pressure on water quality and also provides some indication on the emission of
nitrous oxide and ammonia from agricultural activities. Nitrogen also requires over
90% of the energy globally used in fertilizer production (Schröder et al. 2009:
Sustainable Use of Phosphorus).

Links to economic
data

Links to the economic performance of the agricultural sector as well as to input costs
(especially for fertilizer) could be made.

Summary appraisal
Suitability for
basket

 The relevance of the specific regional impact of N balance would have to be more

Complementarity
to other indicators

1.16.8

precisely assessed before a summary appraisal as to the suitability of the indicator
could be made. It should not be overlooked that N balance is currently one of the
most widely accepted nutrient balance indicators for agriculture.
The indicator links to components of DMC (mineral fertilizer), to patterns of
agricultural production (and thus directly to LUI as well as indirectly to the share of
animal products in nutritional energy). In order to assess patterns and trade-offs, the
indicator complements P balance. Additionally, it is related to the issue of GHG
emissions.

Phosphorus (P) balance

Name of indicator: Phosphorus (P) balance
Resource category/issue: Soil
Technical description
The phosphorus balance corresponds to phosphorus inputs minus phosphorus outputs and is
expressed in kg P2O5/ha.
This indicates the (potential) phosphorus surplus on agricultural land. Such a surplus could be
associated with environmental problems due to phosphate run-off or erosion (most notably
eutrophication) while a deficit could be associated with losses of nutrients from the soil. How
high a surplus must be (or how low a deficit) to be problematic depends on factors such as
climate, soil type, and agricultural use/methods, making it difficult to set a standardized
European target for this indicator.
P inputs stem from biological or mineral fertilizer. P outputs occur mainly in the form of harvest
and/or grazing of biomass.
P balance is not a direct indicator for the pollution of water bodies but reflects a potential for
such pollution.
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RACER Evaluation
R: Relevant
R.1: Policy support Nutrient balances per se are not subject of the Flagship Initiative or the Europe 2020
for resource
strategy. However, P balance fits in well with the overall targets of the Flagship
policies
Initiative as it addresses both efficiency (relation of P input to output) as well as
environmental impact (keeping the P balance within given limits).


R.2: Policy support Although it has received less attention politically, phosphorus is, next to nitrogen, the
for other policies
second component of gross nutrient balances as are common in groundwater quality
monitoring (EU Water Framework Directive). P balance is also relevant in terms of
security of supply (question of peak phosphorus). In 2008, the price of phosphate rock
rose by 800%: In 2011, this should continue to generate political interest in P. In 2011,
UNEP highlighted phosphorus in its Yearbook (http://www.unep.org/yearbook/2011/).

 R.3: Sensitiveness Eurostat’s most recent estimates are for the year 2008 (for the EU-27 MS); time lag is n3.

 R.4: Rebound

 The P balance provides supplementary data which – together with data on ALD, LUI

effects

and soil-related information – can help depict rebound effects in agriculture (e.g.
cutbacks in fertilizer per ha but increasing area under cultivation).

 R.5: Past trends  For a small number of countries (13), data are available from 1990 onwards. For a
smaller number (6) from 1985 onwards.

 R.6: Future trends The indicator can be applied to scenarios on development of agricultural land, share of
organic agriculture, trends for fertilizer inputs (e.g. EFMA’s fertilizer forecasts:
www.efma.org) in order to estimate future trends.

 R.7: Early warning The P balance provides an early warning for potential water pollution (through
migration and run-off).
A: Accepted
A.1: Policy makers

In contrast to nitrogen, no specific directive on phosphorus exists in the EU. However,
in the context of peak phosphorus and the consequences for agricultural production
and food security, this topic is increasingly being brought to the international political
agenda (e.g. FAO (2008), ‘Efficiency of soil and fertiliser phosphorus use: Reconciling
changing concepts of soils phosphorus behaviour with agronomic information’, FAO
(2006), ‘Plant nutrition for food security: a guide for integrated nutrient management’).
“Risk of pollution by phosphorus” is one of the 28 agri-environmental indicators
proposed by the European Commission (http://epp.eurostat.ec.europa.eu/portal/page/
portal/agri_environmental_indicators/introduction/analytical_framework).

A.2: Statistics

P balances are calculated by Eurostat in a manner comparable to the calculation of N
balances as documented in the OECD/Eurostat (2007) Nitrogen Handbook. However,
no further metadata on this indicator is available from Eurostat.

A.3: Business /
Industry

The P balance indicator is applicable at the level of individual farms and is often cited
as an indicator for the environmental performance of the agricultural sector so that
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there is some acceptance by business and industry of the P balance indicator.
Additionally, the development of fertilizer consumption in the EU is of interest to
producers (e.g. to those organized in the e European Fertiliser Manufacturers
Association).
A.4: Academia

Phosphorus balances are a topic of interest in agricultural sciences, in (ground- and
surface water) hydrology and in environmental sciences. Additionally, the Global
Phosphorus Network (http://globalpnetwork.net/) brings together a number of public
and private research institutes dealing with phosphorus.

A.5: Civil society

Phosphorus demand in agriculture and phosphorus-related pollution have been topics
of interest to a number of NGOs (Greenpeace, WWF, FoE Europe). P balance as an
indicator has, however, not featured prominently in these endeavours.

C: Credible
C.1: Unambiguous
results

The indicator is not completely unambiguous: While generally a higher P balance
signifies an elevated risk of phosphorus leaching and the associated environmental
impacts, the latter do depend on local characteristics of the agricultural system and a
low national average could still include dangerous amounts of leaching in specific
subnational regions.

C.2: Transparency

The method for calculating P balances is modelled on the OECD/Eurostat (2007)
Nitrogen Handbook’s documentation for N balances. Not all adaptations that must be
made are clear, however. The calculation of the P balance is a bit more straightforward
since P is not available in the air and losses occur less frequently as P is less water
soluble than N.

E: Easy
E.1: Availability of
data to calculate
the indicator

Data are available from Eurostat and updated annually.

E.2. Availability of
the calculated
indicator

The indicator (P balance) is calculated by Eurostat.

E.3: Technical
feasibility

Further analyses based on the indicator (P balance) can be completed with standard
spreadsheet software (Gnumeric, MS Excel).

R: Robust
R.1: Data quality  P balances are calculated by 15 EU MS (AT, CZ, DE, DK, EE, FI, HU, IE, NL, PL, PT, SE,
SI, SK, UK). The balances for the remaining EU MS are calculated by Eurostat following
the OECD/Eurostat Handbook. Some data variability due to the use of different
coefficients may occur. Generally, it can be said that the data on P inputs is much more
robust than the data on P outputs with the P coefficients varying strongly from one
country (or region) to the next.
R.2. Level of
aggregation
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the basis of spatial data on agricultural production, a disaggregation by crop types
could be attempted but such data are currently not available.
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R.3:
Reproducibility

The method for calculating P balances is modelled on the OECD/Eurostat (2007)
Nitrogen Handbooks’ documentation for N balances. Not all adaptations that must be
made are clear, however. The calculation of the P balance is a bit more straightforward
since P is not available in the air and losses occur less frequently as P is less water
soluble than N.

R.4: Geographical Data are available at the national level and European aggregates cannot be formed.
scale
For some European countries (EU-15), some data are available on a subnational level.

 R.5: Burden

 Burden shifting cannot be reflected using this indicator alone. Combinations with

shifting

indicators on other nutrients (N) and on other inputs (esp. land) might make patterns
of burden shifting within the borders of the area under observation visible.

Specific evaluation
Target setting

 Especially in light of security of supply but also in terms of pollution control, a
target on P balance seems advisable. However, the disadvantages of setting a
target on a national average must be considered.

Levels of economic The indicator reflects the national level. In some cases, regional disaggregation is
activities
possible. A European aggregate cannot be formed. The national aggregate applies
to the agricultural sector; a further disaggregation by sectors or products is not
possible.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
Links to
environmental
impacts

 Next to the commonly cited P runoff and resulting eutrophication, the use of

Links to economic
data

phosphorus is also related to issues of resource depletion and the process of mining
and phosphate production is related to the generation of toxic waste.
Links to the economic performance of the agricultural sector as well as to input
costs (especially for fertilizer) could be made.

Summary appraisal
Suitability for basket
 The relevance of the specific regional impact of P balance would have to be more
precisely assessed before a summary appraisal as to the suitability of the indicator
could be made.
Complementarity to
other indicators

1.16.9

The indicator links to components of DMC (mineral fertilizer), to patterns of
agricultural production (and thus directly to LUI as well as indirectly to the share of
animal products in nutritional energy). In order to assess patterns and trade-offs,
the indicator complements N balance.

Soil erosion

Name of indicator: Soil erosion
Resource category/issue: Soil
Technical description
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The European soil erosion indicator (AEI 21) currently covers water erosion (most common form
in Europe, although wind erosion is also relevant in some areas). Soil erosion by water is closely
related to climate, topography and soil characteristics. The currently suggested soil erosion
indicator uses a process-based and spatially distributed model to quantify soil erosion by water.
The resulting 1km x 1km annual soil erosion risk map reporting estimated soil losses in t/ha/year.
Single storms can cause erosion in the order of magnitude of 20-40 tonnes per hectare with
extreme weather events reaching 100 tonnes per hectare. Soil erosion in itself is a naturally
occurring process. Land use changes and practices can cause drastic acceleration of the naturally
occurring rates of soil erosion. Soil loss of more than 1 tonne per hectare and year can be
considered as irreversible within a time span of 50-100 years.
Soil erosion leads to loss of the fertile topsoil and can thus lead to irreversible loss of agricultural
land. Additionally, the lost soil can accumulate in downhill/downstream areas blocking or
damaging infrastructure and waterways.
The indicator makes it possible to identify which regions are at a high risk of soil erosion and
where protective measures might be needed.

RACER Evaluation
R: Relevant
R.1: Policy support  Soil erosion is not explicitly mentioned in the Flagship Initiative or the resource
for resource policies strategy. Although it is not further pursued in the text of the initiative, soil is listed
as one of the resources underpinning the European and global economy. It is also
closely linked to the resource “land” which does figure prominently in these
resource policies. Soil erosion is additionally useful in addressing potential tradeoffs in terms of the land use as indicated in the Flagship Initiative.
R.2: Policy support  Soil erosion is the most wide-spread form of land degradation in Europe. According
for other policies
to the EEA (2000: “Down to Earth”), 17% of European land area are effected by soil
erosion. Soil erosion has been identified by the Commission in the Soil Thematic
Strategy (COM(2006) 231) and in the proposal for a Soil Framework Directive
(COM(2006) 232) as one of the priority areas in which action is needed in order to
protect soils across the EU. From 2005 onwards, farmers receiving EU payments
have had to follow certain standards (cross-compliance as defined by Council
Regulation (EC) No. 1782/2003) and soil erosion, decline of soil organic matter, and
physical soil degradation are among the issues covered therein (Good Agricultural
and Environmental conditions).

 R.3: Sensitiveness  The current soil erosion indicator makes it possible to identify areas at high risk of
soil erosion (where protection measures should be implemented) for the year 1996
(reference period of the European Soil Geographical Database). With the help of
data sets from LUCAS, LUCAS Soil and digital elevation models, the soil erosion
indicator could also be calculated once that information becomes available (LUCAS
Soil should be published in 2011 for the year 2009). A more satisfactory degree of
sensitiveness could be achieved if the required data were regularly collected.

 R.4: Rebound effects
 Rebound effects would become apparent in the indicator since it models soil
erosion in t/ha in a spatially explicit manner and actual soil erosion is not “hidden”
by other factors.
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 R.5: Past trends

 The indicator is based on several components (see description above) and each of
these can be limiting in generating past trends. Currently, soil data is available for
1996 only. LUCAS Soil was conducted for the first time in 2009. Past trends are
only available for a very small selection of regions at the subnational level (e.g.
England and Wales from 1978 onwards).

 R.6: Future trends  Models of future development of climate and land use can be introduced into the
calculation of this indicator in order to deduce future trends of soil erosion.

 R.7: Early warning  It has been established that soil erosion > 1 t/ha/yr leads to irreversible losses over a
time span of 50-100 years. In this sense, the indicator could provide an early
warning for those areas approaching this limit. The indicator provides a good proxy
for an early warning but not a completely reliable measure due to the spatial and
temporal patchiness of soil erosion.
A: Accepted
A.1: Policy makers

The OECD expert meeting on soil erosion (Agricultural Impacts on Soil Erosion and
Soil Biodiversity in 2003) recognised the approach through modelling based on soil,
land cover, topography, and climate data for the development of soil erosion. Soil
erosion is part of the IRENA framework which is a joint effort by DG Agriculture,
DG Environment, DG Eurostat, DG Joint Research, and the European Environment
Agency.

A.2: Statistics

LUCAS is a European field survey program funded and executed by Eurostat in
cooperation with DG Environment and DG Joint Research Centre with the aim of
providing data to statisticians and/or policymakers. Its objective is to set up area
frame surveys for the provision of coherent and harmonized statistics on land use
and land cover in the European Union. In LUCAS Soil 2009, 22000 random soil
samples were collected in 25 Member States (EU-27 w/o Cyprus and Malta).

A.3: Business /
Industry

The issue of soil erosion is of relevance to the agricultural sector and some of the
data included in the indicator is based on the level of individual farms/fields. From
2005 onwards, farmers receiving EU payments have had to follow certain standards
(cross-compliance as defined by Council Regulation (EC) No. 1782/2003) and soil
erosion, decline of soil organic matter, and physical soil degradation are among the
issues covered therein (Good Agricultural and Environmental conditions).

A.4: Academia

Soil erosion is a widely and thoroughly researched item within specific scientific
communities (ecology, agroecology, land use, environmental studies, ecological
economics, industrial ecology). While the topic is very-well accepted, this is less
true for the specific indicator which is generally not seen to be sufficient in terms of
spatial ( 1km² not sufficient due to the spatial patchiness of soil erosion) and
temporal (dynamics can currently not be depicted) resolution (EEA: Assessment
and reporting on soil erosion).

A.5: Civil society

From the big international NGOs (e.g. Greenpeace, WWF) to smaller, regionally
based NGOs and alliances, soil erosion is a very prominent topic in civil society. Soil
erosion indicators have occasionally been used by NGOs to assess projects within
the context of development aid (e.g. by CARE) or to evaluate specific agroecological production systems (smaller, regionally based initiatives).
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C: Credible
C.1: Unambiguous
results

The results are fairly unambiguous: The more soil is lost to erosion, the greater and
the more irreversible the agro-environmental impact. Soil loss exceeding 1 t/ha/yr
must be considered irreversible within a time span of 50-100 years (IRENA Indicator
Fact Sheet No. 23). The only factor that lends some ambiguity to the results is the
spatial and temporal patchiness of soil erosion and the resulting insufficient level of
detail of the available data.

C.2: Transparency

The currently suggested soil erosion indicator uses a process-based and spatially
distributed model to quantify soil erosion by water. The assumptions and
calculations on which the model is based are not freely available but probably could
be obtained from the EEA.

E: Easy
E.1: Availability of
data to calculate the
indicator

Data on which an indicator of soil erosion could be based are available but do not
yet have a time component.

E.2. Availability of
the calculated
indicator

With limitations due to the availability of data (see E.1), the indicator is available.

E.3: Technical
feasibility

The required data are spatially explicit (in vector format) and the calculation and
further analysis requires the use of GIS data and the according software (e.g.
GRASS, ArcGIS). Some knowledge of this type of data and software are required.

R: Robust
R.1: Data quality

 The soil erosion indicator, in order to be precise requires a broad variety of data:
 - Soil data (texture, organic carbon content, structure, permeability)
 - Climate data (precipitation, temperature)
 - Land cover
 - Topography
 - Human and agricultural practices
 This data shall then be combined to estimate the amount of soil erosion. The result
is not a precise measure of soil erosion but an approximation.

R.2. Level of
aggregation

Data are available for a 1 km x 1 km grid and further spatial aggregation to the
national level and to the European level is possible, although a considerable loss of
information always ensues. On the basis of spatial data on agricultural production,
a disaggregation by crop types could be attempted but such data are currently not
available.

R.3: Reproducibility

Without more precise knowledge of the underlying model, reproducibility is hard to
gauge (see C.2).

R.4: Geographical  Data are available on a 1 km x 1 km grid. Regional, national and European averages
scale
can be formed, although a considerable loss of information always ensues.
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 R.5: Burden shifting (Spatial) burden shifting can be reflected within a defined region, e.g. instances in
which protection from soil erosion in some areas leads to changes of land use
practices (and increased erosion) in others. Burden shifting to other world regions
cannot be captured.

Specific evaluation
Target setting

 Setting a target for maximum soil erosion could help avoid damage to ecosystems
and curb risk of supply of fertile land and is highly desirable. A target has already
been suggested as soil erosion > 1 t/ha/yr leads to irreversible losses over a time
span of 50-100 years. However, it is currently unclear whether data of sufficient
sensitiveness to support such a target will be available.

Levels of economic When combined with detailed land cover data, some examination by activities in
activities
the agricultural sector (e.g. grazing, annual crops, forestry, etc.) would be possible.
Territory vs. life-  The indicator applies a territory approach.
cycle perspective
Links to
environmental
impacts

 Soil erosion is an environmental impact which is linked to general ecosystem

Links to economic
data

quality, fertility and biodiversity. Via carbon sequestration, there is also a link to
climate change.
Some links to economic data could be established via the Economic Accounts for
Agriculture, if the spatially disaggregated carbon content can be related to forms
of agricultural land use.

Summary appraisal
Suitability for basket
 Soil erosion is the most important type of land degradation in Europe. To have an
indicator of soil erosion in the basket would be highly desirable. However, a better
insight into future data and indicator availability would be required in order to fully
make this assessment.
Complementarity to
other indicators

Soil erosion is driven by intensification of agriculture (although this is not
necessarily a direct relation). It is related to the organic carbon content in soil and
to some of the biodiversity indicators (genetic diversity, species richness).
Information about biomass trade as well as actual land demand provides useful
contextual information for the analysis of soil erosion. Because overgrazing is one
of the main causes of soil erosion, there is also a link to the biomass trade balances
and the share of animal products in nutrition. Construction activities are another
major cause of soil erosion, linking this indicator to the development of built-up
land.
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1.17
1.17.1

Response indicators
Environmental taxes (% of government budget)

Name of indicator: Environmental taxes (% of government budget)
Resource category/issue: Taxes
Technical description
The indicator evaluated here is based on data reported by EUROSTAT. It expresses
environmental taxes as a percentage of total government budget. Environmental taxes include
mainly energy taxes (which make up more than 70% of environmental taxes within the EU-27),
transport taxes (around 23% of environmental taxes) and resource and pollution taxes (of an
average of around 5% across the EU, but with larger shares in countries such as Estonia, Slovakia,
the Netherlands and Denmark).
Policy relevance
Environmentally related taxes are economic instruments which discourage behaviour that is
potentially harmful to the environment, by integrating the cost of adverse environmental
impacts into prices, thereby providing incentives to economic agents to reduce the pressure put
on the environment. Taxes may be used as a tool for implementing the 'polluter pays' principle,
as they allow the pricing-in of environmental externalities. An environmental tax is a tax whose
tax base is a physical unit that has a proven, specific, negative impact on the environment; for
example, emissions of polluting substances such as carbon dioxide, nitrous oxide, or sulphur
dioxide.
The indicator allows illustrating whether the tax base of EU countries is moving towards an
increased share of environmental taxes in the total revenue of governments. So far, the indicator
includes mostly energy and transport taxes, resource taxes so far only play a minor role across
the EU.

RACER Evaluation
R: Relevant
R.1: Policy support  The Flagship Initiative emphasises that market forces should be used to provide
for resource policies incentives for a more efficient use of natural resources. Environmental taxes are
regarded as an important instrument to provide those incentives for producers and
consumers. So far, environmental taxes are mostly focused on energy and
transport, other resource use categories (in particular materials) could be included
into environmental taxes in the future.
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R.2: Policy support  The indicator is particularly useful for monitoring policy responses with regard to
for other policies
energy use, as the majority of taxes are currently oriented towards this
environmental issue.
R.3: Sensitiveness  The indicator is sensitive to short-term policy changes, reflecting reforms of the tax
system of countries.

 R.4: Rebound effects
 As a policy instrument, taxes have the disadvantage that the environmental result
achieved through the implementation of a certain tax cannot be foreseen. It can be
assumed, that higher taxes on resources dampen rebound effects, but taxes cannot
exclude the possibility of overall higher resource consumption triggered by
improvements in resource efficiency.

 R.5: Past trends

 As the indicator is available in annual time series (at Eurostat online from 1980
onwards), it can easily be used to analyse past trends.

 R.6: Future trends  In principle, the indicator can be implemented in scenario modelling exercises as
one important policy variable.

 R.7: Early warning  The indicator can be regarded as an early-warning in a positive direction. A higher
share of environmental taxes can indirectly illustrate that countries are moving
towards an integration of environmental issues in the tax system.
A: Accepted
A.1: Policy makers

Reforming the tax system is an important pillar of the Europe 2020 strategy, which
demands that “Member States should seek to shift the tax burden from labour to
energy and environmental taxes as part of a “greening” of taxation systems”. The
necessity to enlarge the role of environmental taxes for increasing resource
efficiency is broadly accepted by policy makers.

A.2: Statistics

Accounting for environmental taxes is an integrated part of the economicenvironmental accounts and regularly reported by national statistics and Eurostat.

A.3: Business /
Industry

In particular resource-intensive industries (such as chemicals, cement, pulp and
paper, etc.) are often opponent to environmental taxes, as they argue that those
taxes increase costs and force them to migrate production to other countries with
lower environmental taxes/standards. On the other hand, many companies in the
service sectors as well as eco-innovative companies actively demand the
implementation of higher taxes.

A.4: Academia

Environmental taxes are regarded as a key instrument by policy and sustainability
scientists to support a shift to more sustainable production and consumption
patterns.

A.5: Civil society

Civil society for long has supported the claim to raise environmental taxes,
although some environmental NGOs have a reserved position towards relying
solely on market-based instruments.

C: Credible
C.1: Unambiguous
results

The indicator as such provides unambiguous results, informing about the share of
environmental taxes in total government budget. However, the actual
effectiveness of this measure to improve the environmental situation (e.g. what is
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the contribution of this measure for resource efficiency and absolute levels of
resource use) cannot be assessed with this indicator.
C.2: Transparency

The underlying methodology to calculate the indicator is described by Eurostat in
its economic-environmental accounts.

E: Easy
E.1: Availability of
data to calculate the
indicator

The basic data to calculate the indicator is available from national statistical offices.
EUROSTAT collects the data using a questionnaire which is sent to the EU-EFTA
countries every year. The questionnaire consists of a cross-classification of the
main environmental tax categories (total environmental taxes, energy taxes,
transport taxes, pollution taxes, and resources taxes) with a breakdown using the
NACE Rev. 1.1 classification.

E.2: Availability of
the calculated
indicator

Data is easily available online from the Eurostat homepage for all EU-27 plus a few
other European countries.

E.3: Technical
feasibility

No technical expertise is required to calculate this indicator. The data can be
directly used for the analysis.

R: Robust
R.1: Data quality

 Eurostat reports cross-checked numbers for all EU-27 countries. However, EU
countries have different traditions in reporting environmental-related information,
so the underlying data are of different quality.

R.2: Level of
 The level of aggregation (by tax category and totals) is suitable to calculate the
aggregation of data
indicator.
R.3: Reproducibility

The methodology is set out in manuals by Eurostat and national statistical
institutions.

R.4: Geographical  Data are available for the EU and the national levels, not for sub-national regions.
scale

 R.5: Burden shifting Not applicable.

Specific evaluation
Target setting

 Both strong (e.g. avoiding climate change) and weak (e.g. maintaining ecosystem
quality) environmental reasons justify setting a target regarding this indicator. In
addition, social aspects play a role, such as a fair global distribution of
environmental burden, as environmental taxes could help reducing Europe’s
burden on other world regions. Targets on environmental taxes so far only exist for
energy taxes in the EU.

Levels of economic The indicator can only be applied on the macro level (countries or EU). Regional
activities
(sub-national) data are difficult to obtain.
Territory vs. life-  Environmental taxes are placed on national production and consumption.
cycle perspective
However, there is increasing debate to establish border tax adjustments at EU
external borders, in order to disable unfair competition from countries with lower
environmental standards.
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Level of aggregation
 The environmental tax indicator can be broken down into components of single
within each
taxes: energy taxes, transport taxes and pollution/resource taxes.
indicator

 Direct links to concrete environmental impacts are weak, as the indicator alone

Links to
environmental
impacts

does not measure the environmental consequences of the introduction of the tax.
However, indirect links are strong, as taxes provide incentives to reduce
environmental impacts (e.g. pollution, resource use, etc.).

Links to economic
data

The indicator is calculated as part of the economic-environmental accounts, so a
strong link to economic data can be established. The indicator can also be
disaggregated into broad economic sectors contributing to the total environmental
tax revenue (e.g. industry, households, public administration).

Summary appraisal
Suitability for basket
 The indicator is a suitable headline response indicator, as it provides information on
the overall incentives of a country to reduce resource use and related
environmental impacts through market-based policy instruments.
Complementarity to
other indicators

1.17.2

As a response indicator, this indicator needs to be complemented by physical
indicators, which allow evaluating the effect of the introduction/change of the tax
on the actual environmental situation.

Innovations with positive environmental effects

Innovations with positive environmental effects
(Share of companies having introduced an innovation leading to reduced material
and energy use per unit of output, as % of total companies)
Name

of

indicator:

Resource category/issue: Eco-innovation
Technical description
This indicator belongs to the group of (policy) response indicators. It is based on data from the
Community Innovation Surveys (CIS), which are being conducted by the European Commission
(DG EUROSTAT) since 1991, with this particular indicator being reported since 1998. Data on
eco-innovation activities of companies is generally very scarce. The CIS survey is the only EU
survey which included information on the environmental consequences of innovation for a longer
time period.
Policy relevance
The indicator is suitable as an indirect indicator illustrating the eco-innovation performance of EU
countries. However, the indicator only expresses the number of companies, without providing
information on the absolute material and energy use reduced per unit of output. Also, rebound
effects are a critical issue related to this indicator. As the data only inform about the resource use
per unit of output and not the total resource use of the company, rebound effects are likely to
overcompensate the efficiency gains on the micro level.
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The indicator thus is rather an indicator with relevance for the economic performance of
European companies than an indicator informing about the environmental improvements in
absolute terms.
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RACER Evaluation
R: Relevant
R.1: Policy support  Innovations play a key role in the Commissions’ Europe 2020 strategy. The
for resource policies Resource Efficiency Flagship document mentions the link to innovation as the
initiative should help identifying and creating new opportunities for economic
growth and greater innovation with positive environmental effects and thereby
boost EU's competitiveness. Indicators on eco-innovation therefore have high
policy relevance in this context.
R.1: Policy support  Innovations play a key role in the Commissions’ Europe 2020 strategy; one Flagship
for other policies
Initiative is called “Innovation Union” and explicitly refers to innovation
performance of the EU.
R.2: Sensitiveness  The indicator is only sensitive to short-term policy changes to a limit extent, as data
from the Community Innovation Survey (CIS) is fully published around 3 years after
the survey has been conducted.

 R.3: Rebound
effects

 R.4: Past trends

 The indicator illustrates to what extent companies have introduced innovations,
which lead to improved resource efficiency. Increased resource efficiency leads to
higher competitiveness and stimulates growth, leading to rebound effects. The
indicator as such is not able to reflect those rebound effects.

 The indicator is available from four CIS surveys (CIS 3-6) conducted for the period of
1998 to 2008.

 R.5: Future trends  As this indicator is based on surveys, it is not directly possible to combine this
indicator with models to arrive at future values. However, based on additional
information in the CIS survey, which informs about the drivers and barriers for
innovation in companies, it is possible to design policies, how the innovation
capacity could be improved in the future.

 R.6: Early warning  This indicator is not an early-warning indicator regarding potential future
environmental impacts. On the contrary, it is an early indication of potential
improvements of the environmental performance in the future through
innovations, which are currently implemented.
A: Accepted
A.1: Policy makers

The priority role of eco-innovation for a successful economic development of the
EU in the future is fully acknowledged by EU policy makers. However, indicators on
eco-innovation have so far not very widely been used for policy making.

A.2: Statistics

The Community Innovation Survey (CIS) is performed by EUROSTAT, so
acceptance of this data set in statistics is high.

A.3: Business /
Industry

The CIS surveys have respond rates of around 50% in most EU countries. The data
themselves are usually not used by companies themselves, but rather by policy
makers and innovation analysts, aiming at a better understanding of innovation
activities in Europe and its driver and barriers.
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A.4: Academia

The CIS survey is widely recognised in academia as the most comprehensive survey
on innovation activities in Europe. A number of scientific papers have been
published based on the CIS data sets.

A.5: Civil society

The CIS survey is not widely known in EU civil society and therefore not broadly
taken up by CSOs.

C: Credible
C.1: Unambiguous
results

The indicator provides a clear indication of how many companies have introduced
innovations with positive effects on material and energy efficiency and how this
trends has developed over time.
However, the indicator does not quantify the reduction per unit of output achieved
through the specific innovation in absolute terms. Nor does it illustrate whether on
the company level, the introduction of an eco-innovation has led to decreased
environmental inputs in absolute terms or whether the reduction per unit output
has been overcompensated through higher overall production volumes.

C.2: Transparency

The CIS methodology and survey questionnaires are publicly available from
EUROSTAT and national statistical offices.

E: Easy
E.1: Availability of
data to calculate the
indicator

The CIS survey is based on a questionnaire sent to companies in the different EU
countries. For an external user, it is difficult to obtain the micro data on the level of
single companies, which is only available on CD-Rom and the EUROSTAT “Safe
Center” in Luxembourg.

E.2: Availability of
the calculated
indicator

Aggregated national data is easily available online from the Eurostat homepage for
all EU-27 countries.

E.3: Technical
feasibility

No technical expertise is required to calculate this indicator. The data can be
directly used for the analysis.

R: Robust
R.1: Data quality  Eurostat performs a series of quality checks in order to minimise errors to the
extent possible (see
http://epp.eurostat.ec.europa.eu/cache/ITY_SDDS/en/inn_esms.htm). The micro
and the aggregated data are checked and corrected for inconsistencies both at
national level and the level of Eurostat. Whenever possible, variables are crosschecked to verify the consistency of the answers.

 However, as with all surveys, quality of the data ultimately depends on the quality
and completeness of the data delivered by the companies.
R.2: Level of
aggregation of data

The level of aggregation is sufficient to calculate the indicator on the national level.

R.3: Reproducibility

It is easy to reproduce the indicator based on the available CIS data sets.

R.4: Geographical  Data are available for all 27 EU Member States, Candidate Countries, Norway and
scale
Iceland.
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 R.5: Burden shifting Not applicable.

Specific evaluation
Target setting

 The reason to define targets for innovation with environmental benefits stem both
from environmental criteria (reducing resource inputs for economic activities) and
from economic criteria (improving EU’s competitiveness and enhancing growth
through innovation).

 Targets on eco-innovation have so far not been set.
Levels of economic The indicator is available for the country level and broken down by industrial
activities
sectors (according to NACE classification).
Territory vs. life-  The indicator displays the innovation activities within a country and sector. It thus
cycle perspective
only takes a territorial perspective.
Level of aggregation
 Unfortunately, the indicator cannot be broken down into a component on
within each
“reduction of material input” and “reduction of energy input”, as the question is
indicator
only asked for both categories together.


Links to
environmental
impacts

 The indicator has only indirect links to environmental impacts. If a company

Links to economic
data

introduces an innovation leading to reduced inputs of materials and energy, the
environmental performance of a product improves. However, the question of
rebound effects is particularly important with regard to this innovation indicator
(see above).
The indicator has clear links to economic data, for example, to turnover of
companies or sectoral classifications of economic activities (NACE).

Summary appraisal
Suitability for basket
 It would be important to include response indicators on eco-innovation in the
basket, but not on the level of headline indicators. So far, data from the CIS are the
only available EU-wide data informing about innovation with positive
environmental impacts. The data set clearly has its value in the context of the
Resource Efficiency Flagship, however, the indicator needs to be combined with
other parts of the CIS survey (in particular the section on barriers and drivers for
innovation), in order to derive solid policy conclusions.
Complementarity to
other indicators

1.17.3

As a response indicator, this indicator needs to be complemented by physical
indicators, which allow evaluating the effect of the innovation on the macro scale
(link to the rebound effect!).

Investments in green technologies

Name of indicator: Investments in green technologies
Resource category/issue: Investments
Technical description
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The indicator “Investments in green technologies” is based on data from the “Clean Tech Group”,
a private company focusing on delivering data and insights on the financing and
commercialization of cleantech innovation on the global level. The data collected cover a large
area of green technologies, such as solar, biofuels, transportation, energy efficiency, water,
agriculture, waste & recycling, smart grids and materials. The Cleantech Group tracks more than
6,000 companies and innovative technologies, 8,000 cleantech investors, and 3,500 professional
service providers.
Policy relevance
The indicator can be regarded as an early-warning indicator in the positive sense, i.e. high
investments in green technologies can be an indirect indicator for potential improvements of
resource efficiency in EU countries in the future.

RACER Evaluation
R: Relevant
R.1: Policy support
for resource policies

The Resource Efficiency Flagship document builds a strong link to the issue of
innovation and green technologies are mentioned as a key area to bridge Resource
Efficiency and Innovation Flaghips. Tracking the amounts of priority sectors of
companies’ investments is an important indicator in order to analyse investments
trends and identify key areas in which policy could support investment activities.

R.2: Policy support
for other policies

Innovations play a key role in the Commissions’ Europe 2020 strategy; one Flagship
Initiative is called “Innovation Union”. This indicator is therefore of high relevance
for innovation policies.

 R.3: Sensitiveness  The indicator is very sensitive to short-term policy changes, as companies quickly
react to changing business environments and adapt investment plans accordingly.
Also the data is published quarterly with little time delay.

 R.4: Rebound effects
 The indicator only monitors investment activities on the company level. It does not
provide any indication on the implications of the implementation of the technology
on the economy-wide level and thus cannot monitor, whether investments actually
lead to an increased material and energy use on the national level.

 R.5: Past trends

 Detailed investment reports are available since the year 2003 (and up to 2011), so a
time period of 8 years can be obtained for the analysis of past trends.

 R.6: Future trends  The indicator itself only reports past developments. However, if the economic and
policy drivers for investments are known, the indicator could be included in future
scenarios.

 R.7: Early warning

As with the indicator suggested for “eco-innovation”, the investment indicator
provides an early-warning signal on the direction and volumes of investment into
green technologies. The indicator could therefore give early signals on potential
future improvement of the environmental situation due to the spread of green
technologies.

A: Accepted
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A.1: Policy makers

The importance of investments into new, green technologies is widely recognised
by policy makers. However, so far, indicators on investments have not been widely
used in the green technology areas.

A.2: Statistics

The indicator as evaluated here is developed and constructed by a private group,
not based on official statistics.

A.3: Business /
Industry

Investments are a key indicator for business and companies are the main users of
the investment data provided by the Clean Tech Group according to their own
website. The data provide business with information on emerging technology areas
and potential future investment options.

A.4: Academia

The indicator is so far not widely used by academia.

A.5: Civil society

Civil society organisations so far did not apply this indicator in their activities.

C: Credible
C.1: Unambiguous
results

The indicator provides a clear message, i.e. informing about the volumes of
investments in each analysed country, disaggregated by different fields of green
technologies.

C.2: Transparency

The publicly available parts of the website do not contain specifications on the
methodology how the Clean Tech Group is collecting and processing the
investment data.

E: Easy

E.1: Availability of
data to calculate the
indicator

The investment data is only available through a licence, thus availability is not open
source. Price data is not available from the public website.

E.2: Availability of
the calculated
indicator

As the basic data equals the final indicator, the evaluation is equal to E.1.

E.3: Technical
feasibility

The indicator can easily be calculated based on the investment data.

R: Robust
R.1: Data quality

The Clean Tech data are the most comprehensive currently available data
regarding companies’ investments into green technologies. However, as the data
collection and transformation process is not transparent, the overall quality of the
investment data is difficult to evaluate.

R.2: Level of
aggregation of data

Data is available on the aggregated country level and disaggregated with regard to
different types of technologies.

R.3: Reproducibility

If different users apply a similar data set, reproducibility is high, as the basic data
does not need to be transformed.

R.4: Geographical
scale

The investment data set is available for the country level.
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 R.5: Burden shifting Not applicable.

Specific evaluation
Target setting

 Setting a target for investments into green technologies would be justified from an
environmental point of view, i.e. the need to increase the resource productivity and
limit negative environmental impacts as well as from an economic point of view,
i.e. increasing European competitiveness in the future in rapidly growing green
markets.

 So far, this indicator has not been applied in any EU policy making.
Levels of economic The indicator can be applied on the national level and can be disaggregated by
different technology areas.
activities
Territory vs. life-  The indicator applies a territory perspective, measuring investments of companies
in a certain country.
cycle perspective

 The investment indicator can be broken down into key green technology areas.
Level of aggregation
within each
indicator
Links to
environmental
impacts

 Direct links to environmental impacts are weak, but it is generally assumed that
higher investment into green technologies will indirectly reduce negative
environmental impacts.

Links to economic  Links to economic data on the company level are strong, as the indicator is derived
from surveys on the micro level. However, the indicator is not integrated into
data
macro-economic data.

Summary appraisal
Suitability for basket
 Response indicators play an important role in the implementation of the Resource
Efficiency Flagship. The suggested investment indicator could be introduced as one
key indicator illustrating responses on the micro (company) level.
Complementarity to As a response indicator, this indicator is complementary to other environmental
other indicators
indicators in the basket. Those complementary indicators are crucial to evaluate
whether investments into green technologies actually help reducing overall levels
of resource use and related environmental impacts.
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1.18

Evaluation of the basket of indicators
The suggested basket of indicators provides comprehensive information on
Europe’s use of natural resource and its various environmental impacts. The
proposed basket of indicators allows monitoring the absolute amounts of resource
use in different categories (materials, energy/climate, water and land) as well as the
various environmental impacts related to EU’s resource use, including impacts on
climate, ecosystems and human health. It thus provides a framework for assessing
environmental pressures and impacts in a consistent manner.
Production-based indicators applying a territorial perspective are already widely
available, but consumption-based indicators are needed to capture global effects
related to EU’s resource use. As the summary table for the aggregated headline
indicators illustrate, most indicators available to be implemented in the short term
(within a time of 1 year) are production-oriented, illustrating resource use and
related impacts within the boundaries of the EU. All indicators suggested for the
basket in the medium term (2-5 years) are consumption-oriented indicators, i.e.
indicators that apply a life-cycle perspective on Europe’s resource use and include
the resource flows associated with Europe’s external trade. This is in line with EU
policy, which asks for applying a life-cycle perspective in environmental policy in
order to reflect possible outsourcing of environmental burden.
There is a need to further harmonise methodologies and improve the data
situation. There is a clear lack of methodological harmonisation regarding many of
the medium-term indicators, in particular related to the consideration of resources
embodied in internationally-traded products. Furthermore, efforts are required to
improve the data situation. At the current stage, for many of desired future
indicators, only pilot studies with data for selected years are available. Those data
sets are not robust enough to allow proper monitoring of the domestic and global
environmental effects related to EU’s resource use.
The indicators suggested for the basket are consistent in terms of boundary
setting and accounting principles. All pressure-oriented indicators in the basket
and some of the impact-oriented indicators (e.g. energy/climate and water) are
derived from environmental accounts and thus have a strong link to the statistical
system and integrated economic-environmental accounting frameworks such as
SEEA or NAMEA. They share a common understanding of where to draw the
accounting line between the natural and the socio-economic system.
All indicators suggested for the basket can be linked to economic data to
establish indicators on resource efficiency. As agreed with the Commission, the
focus of the evaluations in this project is on indicators in absolute numbers. These
indicators are the relevant ones to monitor whether the overall pressures and
impacts on the environment are increasing or decreasing. However, all suggested
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indictors could be linked to economic data, such as GDP on the country level or
output/value added on the sectoral level, in order to assess the resource
efficiency/productivity of Europe’s resource use. In addition, when assessing
whether decoupling can be observed between economic growth and resource use,
and environmental impacts, this requires linking indicators in physical units with
indicators on economic value in monetary units.
The basket of resource use indicators needs to be complemented by other
indicators on environmental risks. The suggested basket informs about EU’s
resource use in a very comprehensive manner, covering all main resource use
categories. However, it is important to emphasise that issues related to some
environmental risks cannot be covered. The most prominent examples are nuclear
energy and genetically modified organisms (GMOs). None of the suggested
indicators can reflect the risks (and impacts) of a nuclear accident, or quantify the
risks of negative impacts of GMOs on the gene pool of non-modified species.
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Evaluation of targets
Table 18: Evaluation scheme for DMC

Indicator:

DMC

Proposed target:

Domestic material consumption [metric tonnes]
until 2020: reducing total DMC [million t] by 30%
until 2050: reducing total DMC [million t] by 70%

Threats if no target were set: [classification*: + major impact; ~ minor impact]
Environmental threats in relation to the intensive use of … :
+ biotic resources: land degradation and erosion due to intensification of land use activities – in
particular due to agriculture and forestry, biodiversity loss due to expansion of human-modified land
and habitat loss, overexploitation of natural stocks in particular fish stocks, climate change due to loss
of standing crop or soil carbon
+ abiotic resources: climate change due to use of high amounts of fossil fuels, depletion of natural stocks
Economic threats:
+ biotic: risk of supply (food and fodder), rising costs
+ abiotic: risk of supply, rising costs due to high import dependence, geopolitical conflicts
Social threats:
~ general: rising unequal global distribution of scarce resources
+ biotic: food security,
+ abiotic: impacts on human health (due to emissions), reducing availability for future generations
Description of possible effects resulting from setting the target (pros/cons):
Current DMC in the EU-27 is: 8 billion tonnes or 17 t/cap (min: HU, NL 11 t/cap; max: IE 53 t/cap)
Expected DMC in 2020: 5 billion tonnes or 10 t/cap
Expected DMC in 2050: 2,5 billion tonnes or 5 t/cap
Scenarios developed by the UNEP Resource Panel (UNEP 2011189) arrive at comparable results for high-density
countries (i.e. the EU): stabilizing global DMC per capita leads to 6,5 t/cap in 2050, a stabilisation of global
DMC in total amounts leads to a DMC of 5 t/cap.
Biomass (20% of current DMC) is mainly used for nutrition, fodder for livestock, and energetic uses. A
reduction has to be shared between the three with priority to satisfy human demand for food. Major gains are
expected from decreasing livestock resulting from changing dietary patterns. Biomass use is directly linked to
land use intensity.
Fossil fuels (23% of current DMC) are strategic resources and currently strongly linked to economic
development and industrial lifestyle patterns. A reduction of fossil fuel use is considered highly challenging.
Biomass as energy source is one possible and highly likely substitute for fossil fuel.
Metals (4% of current DMC) and non-metallic minerals (50% of current DMC) are mostly accumulated in
societal stocks. Recycling and reuse are of particular relevance for these materials.

189

UNEP (2011) Decoupling natural resource use and environmental impacts from economic growth, A Report of the
Working Group on Decoupling to the International Resource Panel. Fischer-Kowalski, M., Swilling, M., von Weizsäcker,
E.U., Ren, Y., Moriguchi, Y., Crane, W., Krausmann, F., Eisenmenger, N., Giljum, S., Hennicke, P., Romero Lankao, P.,
Siriban Manalang, A.
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Discussion of target with regard to the 4 perspectives on sustainable use of resources:
(1) the perspective of limitations to the resource base
This target particularly addresses this perspective, i.e. the input-side of society-nature interactions. For
biotic resources this relates to limited land area and limited productivity that limit the amount of biomass
extracted. For abiotic resources limited natural stocks and the depletion of these requires for limiting
societal use.
(2) the perspective of limitations to absorption capacities of the earth’s ecosystems
Resource use indirectly relates to the absorption capacity of ecosystems, most prominently through fossil
fuel use and resulting CO2 emissions. But also high concentration of particular substances can exceed
local capacities of ecosystems.
(3) the perspective of efficient and equitable resource supply for people (quality of life, well-being)
intra-generational distribution: resources have to be extracted where they are available and where the
extraction is most efficient. Thus, trade with resources is not per se unsustainable or problematic.
However, the excessive acquirement of natural resources has to be reduced. Additionally, environmental
impacts from transport and other externalities of trade have to be taken into account.
inter-generational distribution: use of biotic resources should not exceed rates of regrowth, use of abiotic
stocks should be limited to smallest possible amounts in order not to restrict future generations.
A change in perception towards quality aspects instead of quantity aspects is highly relevant.
(4) the perspective of efficient and equitable resource supply for economies (efficiency)
General economic goal: rising efficiency, i.e. more output per input. Technological options should be
exploited (e.g. recycling). However, effects such as the rebound effect that compensates for efficiency
gains have to be followed.
Application of the target to the EU and MS level:


Equal breakdown of EU targets to the MS level, i.e. a 30% reduction on the EU level equals a 30%
reduction in all MS. This approach keeps country differences at current levels.



Breakdown according to population size, which represents social equality and the aim of providing all
inhabitants with equal resources.



Breakdown according to economic output, which tackles the assumption that economic development
needs resources and in return the right of using a certain amount of resources in order to allow for
economic development.



Breakdown according to high and low population density as proposed by the UNEP Resource Panel
(UNEP 2011190)



Or a combination of the approaches above

Possible variations of the target:


target for an average per capita resource use (see above)



target on the Material Productivity: annual growth 3% > GDP growth

Links to other indicators/targets:

[description of links]

DMC biomass  land use

Biomass extraction directly relates to land use and the intensity of
land use. The particular productivity of land and changes to these
productivities influences the amount of biomass that can be
extracted.

DMC biomass  water use

Biomass production requires the use of water for irrigation.

190

UNEP (2011) Decoupling natural resource use and environmental impacts from economic growth, A Report of the
Working Group on Decoupling to the International Resource Panel. Fischer-Kowalski, M., Swilling, M., von Weizsäcker,
E.U., Ren, Y., Moriguchi, Y., Crane, W., Krausmann, F., Eisenmenger, N., Giljum, S., Hennicke, P., Romero Lankao, P.,
Siriban Manalang, A.
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DMC biomass  GHG emissions

Ruminants emit GHG emissions.

DMC fossil fuels  GHG emissions

Burning fossil fuels releases CO2 emissions.

DMC fossil fuels  land use

Fossil fuels are significantly used for transport activities that require
infrastructure built on land.

DMC metals  energy

The extraction, processing, and recycling of metals requires energy,
sometimes of significant amounts. (e.g. Aluminium production is
often positioned close to hydro power plants because of high demand
for energy.)

DMC metals  water

Water is an important solvent in metal processing. Resulting waste
water often contains high concentrations of potentially toxic
substances.

DMC non-metallic minerals  land

Construction minerals are used to build up infrastructure that
requires land area (sealing of land).

DMC non-metallic minerals  energy

Construction minerals are used to build up infrastructure. Road
infrastructure relates to fuel-intensive transport. Housing on the
other hand requires heating and thus energy resources.

Related/important level 2 indicators / application through measures:
Biomass:


share of animal products in nutrition (diet)



fish capture

fossil fuels:


trade issues

metals and minerals:


recycling rates



steady stocks

Existing targets:
AT: +/-0% growth of DMC, long-term: decrease
Related targets:
EU TS: absolute decoupling: GDP growth < RP growth
ES: +/-0% growth of TMR
IT: long-term: decrease of TMR
AT, DE, NL: Resource Productivity increase by factor 4
DE: Resource Productivity increase by factor 2 by 2020 (only abiotic materials)
JP: improve Resource Productivity by 40% between 2000 and 2010 and by 60% by 2015
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Table 19: Evaluation scheme for GIEC
Indicator:

GIEC

Proposed target:

Gross Inland Energy Consumption [Joules]
until 2020: reducing total GIEC [TJ] by 20%
until 2050: reducing total GIEC [toe] by 50%

Threats if no target were set: [classification*: + major impact; ~ minor impact]
Environmental threats:
+ abiotic: high CO2 emissions and climate change, depletion of stocks of fossil resources, shifts in
environmental pressures due to substitution of renewable energy for large amounts of fossil fuels; can
lead to unsustainable use of renewable energy sources
Economic threats:
+ negative economic effects due increasing energy demand and high and volatile energy prices
~ biotic: high demand for biomass, in particular for biofuels, competes with biomass for food and feed
(in Europe or globally);
+ abiotic: risk of supply, rising costs due to high import dependence, geopolitical conflicts
Social threats:
~ general: rising unequal global distribution of scarce resources
+ biotic: food security, contributes to rising food prices
+ abiotic: impacts on human health (due to climate change), reducing availability for future generations
Description of possible effects resulting from setting the target (pros/cons):
Current GIEC in the EU-27 is: 70 billion TJ or 140 GJ/cap; 1.7 billion toe or 3.4 toe/cap/yr (min: RO 1.7 toe/cap/yr;
max: LU 8.5 toe/cap/yr); Average annual growth rate 2002-2007: 0.4%
Expected GIEC in 2020: 60 billion TJ or 120 GJ/cap/yr
Expected GIEC in 2050: 40 billion TJ or 70 GJ/cap/yr
Target setting aims at a reduction in overall energy consumption but can have an effect on the composition of
GIEC, in particular in a shift from fossil fuels and nuclear power towards renewable energy.
Fossil fuels: Reduction of fossil energy carriers has above all implications on electricity production, passenger
and freight transport and room heating. Setting targets can lead to efficiency gains (less energy per unit of
energy service), shifts towards less energy consuming services or sectors (from individual to public transport)
and substitution (renewables for fossil fuel and nuclear power).
Nuclear: Reduction of nuclear power can trigger reductions in electricity use (efficiency gains) or a shift to
fossil fuels or renewables (hydro, wind, solar, biomass).
Biomass: Substitution of biomass for fossil energy carriers can increase competition with other forms of
biomass use (food, feed, raw material). This may lead to more intensive land use and imports of biomass.
Other renewable: Substitution of other renewables (hydro, wind, solar) for fossil fuels can have negative
effects on landscape, biodiversity, river ecosystems. creasing recycling could happen
Reducing territorial GIEC can lead to a reduction of energy intensive industries in Europe and increasing
imports of products from energy intensive industries.
Most concerned sectors: Energy sector; transport sector, energy intensive manufacturing and industry sectors.
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Discussion of target with regard to the 4 perspectives on sustainable use of resources:
(1) the perspective of limitations to the resource base
A target aiming at an absolute reduction of GIEC primarily addresses this perspective that is the input side
of industrial metabolism. It acknowledges, that major energy resources are finite (fossil energy carriers,
nuclear fuel) or cannot be produced in a sustainable way without limits (e.g. biomass, hydropower). It
aims at avoiding problems resulting from scarcity (“peak oil”) and overexploitation of renewable
resources.
(2) the perspective of limitations to absorption capacities of the earth’s ecosystems
A reduction in GES will also result in a reduction in the consumption of fossil fuels and thus contribute to a
reduction in CO2 emissions and toxic wastes and emissions from the production and consumption of fossil
fuels. It will contribute to the mitigation of climate change and the production of toxic wastes and
emissions.
(3) the perspective of efficient and equitable resource supply for people (quality of life, well-being)
This target aims at a reduction of the high European level of energy use per capita and thus contributes to
a more equitable global (and inter-generational) distribution of resource use. Efficiency gains (less energy
use per unit of service) can allow to reduce energy use without a loss in quality of life (e.g. HDI).
Material standard of living  change in perception towards quality aspects instead of quantity aspects,
i.e. consumption of material goods
(4) the perspective of efficient and equitable resource supply for economies (efficiency)
The target will contribute technological progress and thus to increases in energy productivity, that is the
output of GDP per unit of energy input. A target aiming at reducing overall GIEC will also help to avoid
rebound effects. Meaning it will help to avoid that technological efficiency gains result in higher
consumption instead of lower energy input.
Application of the target to the EU and MS level:
a)

A reduction goal (reduction of GIEC by xy% at the EU level) which is to be applied equally by
individual member states. This does not take into account the significant differences in GIEC per
capita in member states and will keep differences at the current level. This may disadvantage low
income countries with lower per capita energy consumption and countries which have reduced their
energy consumption over proportionally in the past.

b) A contraction and convergence goal (as for example discussed by the UNEP Resource Panel) which
combines a target of absolute reduction with a target on a maximum per capita energy consumption.
Possible variations of the target:


target for an average per capita resource use (see above)



target on energy efficiency (increase by 20%)



target on changes in the composition of GIEC
-

decrease share of fossil energy carriers in GIEC [%]
increase share of renewable energy carriers in GIEC [%]
decrease share of nuclear energy in GIEC [%]

Links to other indicators/targets:
DMC and ALD: GIEC renewable/biomass: Increasing the amount of biomass used for energy generation (share
of biomass in GIEC) can increase the DMC biomass and the actual land demand.
DMC and GHG emissions: GIEC fossil fuels: Reducing the amount of fossil energy carriers will reduce DMC of
fossil energy carriers and contribute to a reduction of GHG emissions.
DMC reducing energy use may also have positive impacts on the use of other materials (e.g. construction
minerals, metals).
Related level 2 indicators / application through measures:




share of renewable energies in GIEC
energy efficiency
reduction of import dependence
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Existing and related targets:
Two types of targets are common:
Most existing targets are efficiency targets: They aim increasing energy efficiency (the ratio of GDP/GIEC) or
improvements in energy intensity (the ratio of GIEC/GDP).
A second set of targets focuses on the composition of GIEC. These targets aim either at a reduction of the
share of fossil energy carriers and nuclear power in GIEC and an increase in biomass and other renewables
renewable energy forms.
EU: reduce primary energy use by 20% until 2020
EU Energy Strategy: Increase energy efficiency of the EU by 20% compared to 2000 until 2020
AT: Increase energy intensity by at least 20% by 2020 compared to average of 2001-2005
DE, HG: Decrease energy intensity of GDP by 3-3.5% per year
DE: Decrease electricity intensity of GDP by 1.4-2.4 % per year
ES: Decrease energy intensity by 2% per year
FR: Reduce energy intensity by 2% per year by 2015 and 2.5% per year by 2030
NL: Increase energy efficiency by 1.3% per year
DK: Reduce gross inland consumption by 4% compared to 2006 by 2020
DK: fossil free (100% renewable energy) until 2050.
BG: Reduce gross inland consumption by 246 ktoe/a
PL, LV: Decrease primary energy consumption per GDP by 25% by 2010
CN: Decrease primary energy consumption per GDP by 20% by 2010

Table 20: Evaluation scheme for GHG
Indicator:

GHG

Proposed target:

Territorial (production based) GHG emissions [t CO2 equivalent]
until 2020: reducing total GHG [t CO2 eq.] by 20%
until 2050: reducing total GHG [t CO2 eq.] by 95%

Threats if no target were set: [classification*: + major impact; ~ minor impact]
Environmental threats:
+ climate change and its effects on the biosphere; unknown risks of CCS (carbon capture and storage).
Economic threats:
+ negative economic effects due high costs of adaptation to climate change or costs and risks of CCS;
high risk of negative impact on global agricultural production systems; high costs of extreme weather
events. See economic studies on sectoral CC impacts!
Social threats:
+ general: negative effects of climate change on human well being, large regional variations of impacts
of climate change will increase global inequalities; extreme weather events, volatile and high food
prices; impacts on water supply; and impacts on human health can be expected; unknown risks of
CCS.
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Description of possible effects resulting from setting the target (pros/cons):
Current GHG emissions in the EU-27 are: 4.6 billion t CO2 eq. or 9.2 t CO2 eq./cap/yr (min: LV 4.7 toe/cap/yr;
max: LU 23.7 toe/cap/yr); Average annual growth rate 2002-2007: -0.1%
This target aims at a reduction in the overall amount of GHG emissions. This can be achieved by a reduction in
the use of fossil energy carriers, which implies a shift towards a less carbon intensive energy system
(substitution of biomass and other renewable for fossils) and is supported by an overall reduction in GIEC (see
this indicator).
The reduction of land use induced GHG emissions concerns agricultural production: A reduction of cattle
stocks, application of nitrogen fertilizer and reforestation can contribute to a reduction of GHG emissions from
agriculture.
Fossil fuels: A reduction in fossil fuel consumption, in particular if it is not linked to an overall reduction of
GIEC, will result in a high demand for carbon free energy sources. This can lead to an increase in nuclear power
and/or renewable energy carriers like hydro- and wind power, solar energy and bioenergy. This can increase
environmental pressures and lead to an unsustainable use of renewable energies.
Reducing territorial GHG emissions can also be achieved by reducing energy intensive industries in Europe and
increasing the import of manufactured products with high upstream GHG emissions
Most concerned sectors: Energy sector; transport sector, energy intensive manufacturing and industry sectors,
agriculture
Discussion of target with regard to the 4 perspectives on sustainable use of resources:
(1) the perspective of limitations to the resource base
A reduction in GHG emissions among others will lead to a reduction in the combustion of fossil energy
carriers and thus indirectly contribute to a reduction in the use of finite energy resources.
(2) the perspective of limitations to absorption capacities of the earth’s ecosystems
A target aiming at an absolute reduction of GHG emissions primarily addresses this perspective. GHG
emissions above all have impacts on the global climate system and reducing GHG emissions contributes
to the mitigation of global climate change.
(3) the perspective of efficient and equitable resource supply for people (quality of life, well-being)
This target aims at a reduction of the high European level of GHG emissions per capita and thus helps to
reduce the unequally high share (with respect to population) of the European Union to global climate
change.

(4) the perspective of efficient and equitable resource supply for economies (efficiency)
The target will drive technological progress and thus contribute to reductions in the CO2 intensity of the
economy, that is the amount of GHG emitted per € of GDP.
Application of the target to the EU and MS level:


A reduction goal (reduction of territorial GHG emissions by xy% at the EU level) which is to be applied
equally by individual member states. This does not take into account the significant differences in
GIEC per capita in member states and will keep differences at the current level. This may
disadvantage low income countries with lower per capita GHG emissions and countries which have
reduced their energy consumption over proportionally in the past.



A contraction and convergence goal (as for example discussed by the UNEP Resource Panel) which
combines a target of absolute reduction with a target on a maximum per capita GHG emissions.

Possible variations of the target:


target for an average per capita GHG emission (see above)



target on GHG intensity of the economy

Links to other indicators/targets: [description of links]
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GIEC: A reduction in GHG emissions will have effects on GIEC. An absolute reduction in GIEC is likely to have a
positive effect on GHG emissions. Reducing GHG emissions will result in a shift from fossil fuels to renewable
energy carriers.
DMC: A reduction in GHG emissions will reduce DMC of fossil energy carriers and may lead to an increase in
DMC of biomass.
ALD: An increase in the use of renewable biomass can increase the actual land demand.
Related level 2 indicators / application through measures:



GHG emissions per sector
GHG intensity of energy consumption

Existing targets:
European Council: Decrease GHG emissions by 80-95%; achieve 2°C goal
EU 2020 Energy Strategy: Reduce GHG emissions by 20% compared to 1990 by 2020
UK: Reduce GHG emissions by 50% by 2025 compared to 1990 (and 60% by 2030 and 80% by 2050)
Stern rep., GWS: GHG emissions limited to an average 2 t/cap by 2050
WRI: GHG emissions limited to an average 5 t/cap by 2050

Table 21: Evaluation scheme for WA
Indicator:

WA

Proposed target:

Water abstraction (m³)
Indicators on water abstraction are still in development and some major
decisions on conventions still have to be taken. Thus, a target on water
abstraction cannot be formulated for the time being.

Threats if no target was set: [classification*: + major impact; ~ minor impact]
Environmental threats:
+ Excessive water abstraction for human activities leads to insufficient water quantities for ecosystems,
having a direct impact on the flora and fauna.
~ Abstracting large amounts of water (and returning it – often with deteriorated quality – at a different
location / a different ecosystem) can have an impact on the local climate.
Economic threats:
~ Water abstraction without quantitative restriction can lead to conflicts between different users – e.g.
agriculture, industry, households, etc – using the same water source.
Social threats:
+ Water is essential for human beings. The lack of water of sufficient quality is in conflict with the supply
of drinking water.
~ Water bodies with reduced or no residual amount of water (e.g. diversion of creeks/rivers for energy
production) have a strong impact on landscapes and, as a consequence, on recreational activities.
Consequently, tourism industry is a direct victim.
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Description of possible effects resulting from setting the target (pros/cons):
On the European continent the largest amounts of water are abstracted for the purpose of cooling by the
energy sector (45%), followed by agriculture (22%), public water supply (21%) and industry (12%). However,
regional or national figures can deviate significantly from these average numbers. In Southern Europe
agriculture is responsible for more than 50% (in some countries even more than 80%) of water abstraction,
whereas in Western Europe more than 50% of the abstracted water is used for cooling purposes in the energy
sector. Similarly, water abstraction in the industrial sector accounts for around 20% in Western Europe, but
only for around 5% in Southern Europe.
Setting a target on overall water abstraction would consequently have different impacts , depending on the
economic sector and the European region respectively. Hence, an overall target on water abstraction would
have to be broken down to the sectoral level, in order to ensure that sectors contribute to the overall goal
according to their share in overall water abstraction and the saving potentials within the sector.
Discussion of target with regard to the 4 perspectives on sustainable use of resources:
(1) the perspective of limitations to the resource base


Water is a limited resource, however, considered renewable. Water use directly relates to the
availability of water on the local level.

(2) the perspective of limitations to absorption capacities of the earth’s ecosystems


There is profound knowledge regarding necessary residual water flows necessary for allowing
ecosystems to function. This relates to surface water as well as groundwater bodies. Setting targets
at the river basin level ensures that a sustainable amount of water is abstracted (compare Water
Framework Directive).

(3) the perspective of efficient and equitable resource supply for people (quality of life, well-being)


Intra-generational: Different actors using the same water source for their activities: Setting a target
ensures everybody gets his fare share.



Inter-generational: Using our water resources excessively causes depletion and consequently
aggravated scarcity conditions for next generations. It is hence ethically obligatory to ensure water
resources are used in a sustainable way.

(4) the perspective of efficient and equitable resource supply for economies (efficiency)


Various economic sectors use water for their activities, being agriculture the biggest water user
worldwide. A just allocation of the sustainably available resources can incentivise an increase in
efficiency.

Application of the target to the EU and MS level:


Water does not know administrative or national borders. As a consequence, the Water Framework
Directive set the level of management at the water basin level. This requires an efficient collaboration
between different administrative entities sharing the same water basin.



Setting targets for water abstraction has to be correlated to the available water resources. Hence,
again, the level for target setting should be the river basin level.

Possible variations of the target:
The targets for water abstraction should preferably set in relation to the available water resources. However,
to identify which sector has to contribute how much to water savings (and to allocate him a sector-specific
target, respectively), a system based on productivity levels or saving potentials could be elaborated.
Links to other indicators/targets:

[description of links]

Water use

Water footprint: The water footprint combines direct water uses
(abstraction) with indirect uses (via consumption of products for the
production of which water is necessary). Furthermore, it discerns
between blue and green water. WA can contribute to this type of
indicator with data on direct blue water use.
WEI: The WEI compares water abstraction with available water
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resources. Hence, WA combined with data on available water
resources would yield the WEI.
WCI: WA can contribute with direct blue water use. In combination
with data on indirect blue, direct/indirect green water use and
available water resources the WCI can be calculated.
Material use:

Water is necessary for almost every step of the material flow, from
the extraction of raw materials to their processing and recycling or
disposal. This holds true for all types of materials – fossil fuels,
metals/minerals, and biomass.
Setting a target on water abstraction hence also influences the
amount of materials to be extracted or processed – leading to
increased efficiency requirements.

Energy use/climate:

Energy is necessary for every step in the water supply chain –
abstraction, distribution, waste water treatment, etc. Today, in
countries as the UK the water sector accounts already for 7% of the
overall emissions.
Setting a target on energy use/emissions hence also influences the
amount of water to be abstracted, distributed, etc and vice versa:
lowering the energy demand for the water supply sector due to
decreased water demand has a positive effect on emissions as well.

Land use:

Increasing the amount of land under agricultural production,
especially to more arid regions increases the demand for irrigation
water.
Setting a target on water use in the agricultural sector increases
water efficiency in the agricultural sector – this can be with regard to
more efficient irrigation techniques or to changes in the planted crop
type in order to adapt to water availabilities and climatic conditions.
The plantation of specific crops could be localised in areas where crop
water requirements are lowest.

Related level 2 indicators / application through measures:


Water footprint: Blue water use.



Water quality, e.g. biochemical oxygen demand (BOD)

Existing targets:


The Water Framework Directive requires target setting per water body and water basin regarding
necessary residual water flows. These targets depend on the local conditions.

Table 22: Evaluation scheme for WEI
Indicator:

WEI

Proposed target:

Water Exploitation Index (%)
until 2020: All EU countries below 20% (water stress)
until 2050: The majority of the EU below 10% (low stress)
Setting targets with regard to water use in relation to available water
resources is a challenge. Ideally, these suggestions are discussed in a
specialists’ task force.
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Threats if no target was set: [classification*: + major impact; ~ minor impact]
Environmental threats:
+ Excessive water abstraction for human activities leads to insufficient water quantities for ecosystems,
having a direct impact on the flora and fauna.
~ Abstracting large amounts of water (and returning it – often with deteriorated quality – at a different
location / a different ecosystem) can have an impact on the local climate.
Economic threats:
~ Water abstraction without quantitative restriction can lead to conflicts between different users – e.g.
agriculture, industry, households, etc – using the same water source.
Social threats:
+ Water is essential for human beings. The lack of water of sufficient quality is in conflict with the supply
of drinking water.
~ Water bodies with reduced or no residual amount of water (e.g. diversion of creeks/rivers for energy
production) have a strong impact on landscapes and, as a consequence, on recreational activities.
Consequently, tourism industry is a direct victim.
Description of possible effects resulting from setting the target (pros/cons):
In the EU, 13% of all renewable and accessible freshwater resources are exploited each year. While this
number seems to indicate that droughts and water scarcity are more easily managed in Europe, the uneven
distribution of water resources and population across the continent leads to severe scarcity situations in some
regions, especially in the south. Many Mediterranean countries are facing enormous water stress. Even within
national borders, the situation can be extremely heterogeneous. In Spain, for example, water shortages are
very common in the south (Andalusia), whereas some regions in the north are water abundant (e.g. Galicia).
To monitor and assess the trends of pressure on European freshwater resources, the European Environment
Agency is using the water exploitation index (WEI). This is the percentage of the total freshwater abstracted
annually compared to the total available renewable water resources. A WEI above 10% implies that a water
resource is under stress. More than 20% indicates severe stress and clearly unsustainable use.
In 2005, Cyprus, Belgium and Spain had the highest WEI in Europe (64%, 32% and 30% respectively). Over the
past two decades, the WEI decreased in 24 EU countries, as total water abstraction dropped by 15% (mainly in
eastern EU Member States due to the economic decline).
Setting a target on overall water abstraction would consequently have different impacts economic, depending
on the economic sector and the European region respectively. Hence, an overall target on water abstraction
would have to be broken down to the sectoral level, in order to ensure that sectors contribute to the overall
goal according to their share in overall water abstraction and the saving potentials within the sector.
On the European continent the largest amounts of water are abstracted for the purpose of cooling by the
energy sector (45%), followed by agriculture (22%), public water supply (21%) and industry (12%). However,
regional or national figures can deviate significantly from these average numbers. In Southern Europe
agriculture is responsible for more than 50% (in some countries even more than 80%) of water abstraction,
whereas in Western Europe more than 50% of the abstracted water is used for cooling purposes in the energy
sector. Similarly, water abstraction in the industrial sector accounts for around 20% in Western Europe, but
only for around 5% in Southern Europe.
Setting a target on overall water abstraction would consequently have different impacts , depending on the
economic sector and the European region respectively. Hence, an overall target on water abstraction would
have to be broken down to the sectoral level, in order to ensure that sectors contribute to the overall goal
according to their share in overall water abstraction and the saving potentials within the sector.
Discussion of target with regard to the 4 perspectives on sustainable use of resources:
(1) the perspective of limitations to the resource base


Water is a limited resource, however, considered renewable. Water use directly relates to the
availability of water on the local level.

(2) the perspective of limitations to absorption capacities of the earth’s ecosystems


There is profound knowledge regarding necessary residual water flows necessary for allowing
ecosystems to function. This relates to surface water as well as groundwater bodies. Setting targets
at the river basin level ensures that a sustainable amount of water is abstracted (compare Water

Assessment of resource efficiency indicators and targets | 215

Annex Report

Framework Directive).


The targets of 10% and 20% respectively are based on expert knowledge; however, ideally, these
suggestions are discussed in a specialists’ task force.

(3) the perspective of efficient and equitable resource supply for people (quality of life, well-being)


Intra-generational: Different actors using the same water source for their activities: Setting a target
ensures everybody gets his fare share.



Inter-generational: Using our water resources excessively causes depletion and consequently
aggravated scarcity conditions for next generations. It is hence ethically obligatory to ensure water
resources are used in a sustainable way.

(4) the perspective of efficient and equitable resource supply for economies (efficiency)


Various economic sectors use water for their activities, being agriculture the biggest water user
worldwide. A just allocation of the sustainably available resources can incentivise an increase in
efficiency.

Application of the target to the EU and MS level:


Water does not know administrative or national borders. As a consequence, already in the Water
Framework Directive the level of management was set on the water basin level. This requires an
efficient collaboration between different administrative entities sharing the same water basin.



Setting targets for the WEI is not useful when applied on the administrative unit level, as water
availabilities and abstractions can differ considerably between different regions, communities, etc.
Hence, again, the level for target setting should be the river basin level.

Possible variations of the target:


To identify which sector has to contribute how much to the reduction of the WEI (and to allocate him
a sector-specific target, respectively), a system based on productivity levels or saving potentials could
be elaborated.

Links to other indicators/targets:

[description of links]

Water use

WA: The WEI compares water abstraction with available water
resources. Hence, WA combined with data on available water
resources would yield the WEI.
Water footprint: The water footprint combines direct water uses
(abstraction) with indirect uses (via consumption of products for the
production of which water is necessary). Furthermore it discerns
between blue and green water. The WEI can contribute to this type of
indicator with data on direct blue water use.
WCI: WEI can contribute with direct blue water use in comparison
with available water resources. In combination with data on indirect
blue and direct/indirect green water the WCI can be calculated.
Water is necessary for almost every step of the material flow, from
the extraction of raw materials to their processing and recycling or
disposal. This holds true for all types of materials – fossil fuels,
metals/minerals, and biomass.
Setting a target on WEI hence also influences the amount of
materials to be extracted or processed – leading to increased
efficiency requirements.
Energy is necessary for every step in the water supply chain –
abstraction, distribution, waste water treatment, etc. Today, in
countries as the UK the water sector accounts already for 7% of the
overall emissions.
Setting a target on energy use/emissions hence also influences the
amount of water to be abstracted, distributed, etc and vice versa:
lowering the energy demand for the water supply sector due to
decreased water demand has a positive effect on emissions as well.

Material use:

Energy use/climate:
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Land use:

Increasing the amount of land under agricultural production,
especially to more arid regions increases the demand for irrigation
water.
Setting a target on water use in the agricultural sector increases
water efficiency in the agricultural sector – this can be with regard to
more efficient irrigation techniques or to changes in the planted crop
type in order to adapt to water availabilities and climatic conditions.
The plantation of specific crops could be localised in areas where crop
water requirements are lowest.

Related level 2 indicators / application through measures:


Water footprint: Blue water use.



Water quality, e.g. biochemical oxygen demand (BOD)

Existing targets:
So far, no targets are set, only the 10% (low stress) and 20% (severe stress) thresholds have been identified.
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Table 23: Evaluation scheme for ALD
Indicator:

ALD

Proposed target:

Actual Land Demand
until 2020: zero net-demand of foreign land
until 2050: zero net-demand of foreign land

Threats if no target was set: [classification*: + major impact; ~ minor impact]
Environmental threats:
~~

Agriculturally productive land is limited in its global availability and could be permanently lost through
damage to ecosystems and/or ecosystem functioning. The loss of ecological space could have
detrimental impacts on biodiversity.

Economic threats:
~ The limitations on agriculturally productive land also entail a risk of supply for food and other biomass
products, depending on the overall availability and the more specific access to this land.
~ High import-dependency with regard to ALD can additionally lead to an increased risk of supply.
Social threats:
~ Conflicts over access to land can be a result of inequitable demand on land resources. At the same
time, the imports of embodied land into industrialized countries can signify an encroachment on the
livelihoods in other, and particularly less developed countries.
Description of possible effects resulting from setting the target (pros/cons):
In 2000, global land used ranged between 1 510 Mha (low estimate) and 1 611 Mha (high estimate). By
2030, global land use is projected to grow by between 285 Mha (low estimate) and 792 Mha (high
estimate) (Lambin and Meyfroidt 2011).
Reducing foreign land demand will increase domestic land demand or will increase land use intensity if no
change in demand structures is given. Additionally, it has to be considered that depending on the crop
produced the productivities and thus the land demand can differ between foreign and domestic
agriculture. Domestic land demand might not be equal to current foreign land demand.
Most biomass imports are fodder crops. A change to a diet with less animal products consumed will
reduce the amount of fodder required and thus the related land use.
Discussion of target with regard to the 4 perspectives on sustainable use of resources:
(1) the perspective of limitations to the resource base
A target for ALD is an attempt to limit the use of land as a resource. Stabilizing ALD whilst maintaining a
given level of biomass consumption is only possible through increased input efficiency (reflected either in
the improvement of yields or in the reduction of intermediate inputs required in production, depending on
the approach taken). For example, limiting land use could also limit the amount of (renewable) bioenergy
that could be produced and/or also increase the demand for fertilizer minerals to attain higher yields.
(2) the perspective of limitations to absorption capacities of the earth’s ecosystems
The aforementioned increased input efficiency which meeting an ALD target would require has an impact
with regard to absorption capacities mediated via energy use and linking to GHG emissions and mediated
via fertilizer use and linking to leaching of nutrients (nitrogen and phosphorus). In order to avoid such
impacts, the ALD target should be combined with the level 2 targets indicated below.
(3) the perspective of efficient and equitable resource supply for people (quality of life, well-being)
ALD can take the land embodied in trade into account. Limiting ALD can thus also curb the amount of
land in other countries dedicated to the production for export and thus further more equitable use of land
at a global level.
(4) the perspective of efficient and equitable resource supply for economies (efficiency)
Stabilizing ALD whilst maintaining a given level of biomass consumption is only possible through
increased input efficiency (reflected either in the improvement of yields or in the reduction of
intermediate inputs required in production, depending on the approach taken).
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Application of the target to the EU and MS level:
This target is a joint one for the European Union and a decision would have to be made as to whether the
targets are to be applied equally to all member states. The following options exist:


Equal breakdown of EU targets to the MS level, i.e. a 30% reduction on the EU level equals a 30%
reduction in all MS. This approach keeps country differences at current levels.



Breakdown according to population size, which represents social equality and the aim of providing all
inhabitants with equal resources.



Breakdown according to economic output, which tackles the assumption that economic development
needs resources and in return the right of using a certain amount of resources in order to allow for
economic development.



Breakdown according to high and low population density as proposed by the UNEP Resource Panel
(decoupling report)



A breakdown according to predominantly land use categories and particular production structures



Or a combination of the approaches above

Possible variations of the target:


An import dependency target (i.e. ALDimports/(ALDDE + ALDimports)



ALD is based on apparent consumption. Therefore, targets relating ALD to economic performance
(GDP) and population could also be of interest.



The ratio of domestically available agricultural area to ALD.

Links to other indicators/targets:
HANPP (basket)

ALD is a measure of area required for agricultural production and its
domestic component is essentially a sub-set of the HANPP data. It
expands the system boundaries of HANPP to include trade and thus
forms a subset of the data required for eHANPP calculation. The
information provided by ALD can be used to ensure that lower
HANPP is not achieved solely via higher imports.

DMC (basket)

The calculation of ALD results in that land area required to meet a
country’s apparent consumption.

PTBbiomass / RTBbiomass

For biomass, the link to land use via yields is most direct and the
relation between the PTB/RTB indicator and ALD can be used to gain
some information about changes in land use efficiency for the
production of traded goods.

Net growth of built-up land

The net growth of built- up land provides contextual information
which could especially be useful in analyzing ALD time series. E.g. is
the dedication of domestic area to infrastructure leading to greater
demand for area imports?

Related level 2 indicators / application through measures:


If ALD is calculated via yields, the inputs required for the intensification of agricultural production will
not be visible in this indicator. It will then be necessary to assess their development through the
DMC/RMC indicator for material consumption, the GIEC/carbon footprint indicator for energy
consumption, the water footprint/water exploitation indicator for water consumption, as well as the
nutrient balance and soil erosion indicators.



Increasing the share of renewable (biomass) energy in GIEC could lead to an increased biomass
consumption and higher ALD.



Petroleum product use (fertilizers and fossil energy): One of the main inputs in agricultural
intensification  input should not rise in achieving the HANPP targets.



Nutrient cycles: Intensification often requires inputs of nitrogen (N) and phosphorus (P), the losses of
which have strong environmental impacts  balanced nutrient cycles (N,P) must be
reached/maintained in achieving HANPP targets.
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Soil carbon: Intensification is often associated with the loss of soil carbon through fire, tillage,
drainage, and grazing which leads to sharply declining soil quality and release of stored carbon into
the atmosphere  there must be no loss of soil carbon in achieving the HANPP targets.

Existing targets:
No targets on ALD exist yet.

Table 24: Evaluation scheme for HANPP
Indicator:

HANPP

Proposed target:

Human Appropriation of Net Primary Production (HANPP) as Share of NPP
That Would Be Available in an Ecosystem in the Absence of Human Activities
(NPP0)
until 2020: stabilize at 50%, not above 75% at a local level (reduce where
necessary)
until 2050: reduce to 40% and stabilize, not above 75% at a local level (reduce
where necessary)

Threats if no target was set: [classification*: + major impact; ~ minor impact]
Environmental threats:
+ Unhalted encroachment on ecosystems through human activity and the associated damage to these
ecosystems and loss of their functions (e.g. land degradation, loss of biodiversity, disturbance of carbon
and nutrient cycles)
Economic threats:
~ Risk of supply for food and other biomass products through loss of soil fertility and other ecosystem
functions
~ Loss of agricultural efficiency (high level of inputs and associated impact on ecosystems coupled with
declining amounts of useful output (harvest))
Social threats:
~

Severe reduction of the ‘operating space’ for future generations through damage to ecosystems

Description of possible effects resulting from setting the target (pros/cons):
Global HANPP as share of NPP0 was about 22% in 2000. In Europe, this share was significantly higher,
averaging at 45% (40% in Western Europe and 52% in Eastern and South-Eastern Europe). While HANPP in
Western Europe is mainly driven by harvest (NPPh), in Eastern and South-Eastern Europe land conversion
(NPPLC) plays an important role (Haberl et al. 2009). Studies over time for Western Europe (Austria
Krausmann 2001, Spain Schwarzlmüller 2009, UK Musel 2009) have shown an increased biomass output
(harvest) coupled with a reduction of HANPP during much of the second half of the 20th century – a trend
cause by agricultural intensification. In the UK and Spain, this decline has nonetheless left HANPP at fairly
high levels (67% in UK 2000, Musel 2009 and 61% in Spain 2003, Schwarzlmüller 2009). In Hungary, on the
other hand, HANPP increased noticeably after 1989 (Kohlheb and Krausmann 2009). Here, the collapse of the
planned economy caused a decrease in both agricultural productivity (inputs of energy and fertilizers into
agriculture declined) and of harvest.
These country-level studies show that yield increases, i.e. an intensification of agricultural production are
essential in achieving high biomass harvest (and hence in meeting rising biomass demand) without further
increasing HANPP. In setting a target for HANPP, the aim is thus not primarily to make an impact on the
dimensions of agricultural production but on its quality. Intensification is required in order to achieve high
biomass outputs without increasing HANPP (and the associated pressure on ecosystems). In order to minimize
the environmental impact of these intensification measures, the HANPP target should be combined with
additional level 2 targets (see below) in order to strive for sustainable intensification in agriculture.
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Discussion of target with regard to the 4 perspectives on sustainable use of resources:
(1) the perspective of limitations to the resource base
Stabilizing HANPP will only be possible with improved agricultural efficiency. This can have a positive
effect on the use of energy, water, and fertilizer minerals. At the same time, a limit of HANPP should help
curb human encroachment on other ecosystems.
(2) the perspective of limitations to absorption capacities of the earth’s ecosystems
The intensification of agricultural production which is required to reduce and stabilize HANPP can pose a
problem with regard to the limitations of absorption capacities. The central example for this is nutrient
leaching occurring as a result of fertilizer application in agricultural production, but also the impact of
tillage on soil erosion. In order to avoid such impacts, the HANPP target should be combined with the
level 2 targets indicated below.
(3) the perspective of efficient and equitable resource supply for people (quality of life, well-being)
Intensification of agricultural production is necessary in order to meet global food demand, especially in
light of current biofuels policies and their impacts on agricultural production. Limiting HANPP on the one
hand supports efficiency transitions in agriculture. On the other hand, it also helps to protect ecosystem
functions, especially in combination with the indicated level 2 targets.
(4) the perspective of efficient and equitable resource supply for economies (efficiency)
The target requires efficiency improvements in the use of agricultural area. At the same time, the
intensification of agricultural production will require increasing inputs (water, energy, fertilizers, and
pesticides) into production. Here, the level 2 targets are relevant in moving towards greater efficiency.
Application of the target to the EU and MS level:
This target is a joint one for the European Union and a decision would have to be made as to whether the
targets are to be applied equally to all member states. The latter would mean that some MS (IS, SV, FI) would
have room to increase their HANPP while others (DK, BE-LU, UK, DE) would have to decrease their HANPP.
Possible variations of the target:


An additional target on harvest (NPPh) per HANPP in order to include efficiency concerns.



A target for eHANPP (HANPP embodied in trade) in order to account for outsourcing of agricultural
production.

Links to other indicators/targets:
ALD (basket)

The actual land demand is a measure of area required for agricultural
production and its domestic component is essentially a sub-set of the
HANPP data. It expands the system boundaries of HANPP to include
trade and thus forms a subset of the data required for eHANPP
calculation.

DMC (basket)

HANPP is closely related to biomass DMC as a fraction of total DMC.
With some conceptual differences, biomass DMC is the
corresponding element to harvest (NPPh) in HANPP calculation.

Biodiversity/ecosystem quality

Conceptually, HANPP follows changes ecosystem energy flows and
thus some correlation with biodiversity can be expected. However,
further research on this relationship is still ongoing.

Animal products in nutritional energy

This indicator can give some indication as to the relevance of
livestock farming in agricultural production and help in assessing the
HANPP associated with grazing.

Related level 2 indicators / application through measures:


Petroleum product use (fertilizers and fossil energy): One of the main inputs in agricultural
intensification  input should not rise in achieving the HANPP targets.



Nutrient cycles: Intensification often requires inputs of nitrogen (N) and phosphorus (P), the losses of
which have strong environmental impacts  balanced nutrient cycles (N,P) must be
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reached/maintained in achieving HANPP targets.


Soil carbon: Intensification is often associated with the loss of soil carbon through fire, tillage,
drainage, and grazing which leads to sharply declining soil quality and release of stored carbon into
the atmosphere  there must be no loss of soil carbon in achieving the HANPP targets.



Trade in biomass products: Many of the European countries have been able to lower their HANPP
partially due to increasing biomass imports  net biomass imports must not increase in achieving the
HANPP targets.



Soil erosion: Agricultural practices associated with intensification (fire, tillage, drainage, and grazing)
often lead to loss of topsoil through water and wind erosion  soil erosion must be limited in
achieving the HANPP targets. The current erosion indicator covers water erosion only.



Although no indicator currently exists, the risk associated with the use of GMOs must be taken into
account in achieving the HANPP targets.

Existing targets:
No targets on HANPP exist yet.
Related targets:
Potential targets for biomass cascading are currently of some political relevance and related to the aspect of
agricultural efficiency also covered by HANPP. At the same time, the analysis of the associated HANPP is
useful in assessing such targets – especially to allow for the remainder of some unused extraction in order to
protect soil quality.
Efficiency targets for production chains (especially food industry) could also be relevant to HANPP in the role
they play in reducing biomass losses.
Targets on reduction of net built-up land and/or greening of roofs and other sealed areas can also reduce
HANPP (HANPP on completely sealed areas is 100% of NPP0).
There is also some relation between targets for habitat protection in the context of biodiversity targets (e.g.
WWF).
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1.20

Existing targets
Table 25: Existing targets, related targets, and current progress of the EU
Material Use
DMC Domestic Material Consumption
Existing targets:
AT: +/-0% growth of DMC, long-term: decrease
Related targets:
EU TS: absolute decoupling: GDP growth < RP growth
AT, DE, NL: RP increase by factor 4
DE: RP increase by factor 2 by 2020 (only abiotic materials)
JP: improve RP by 40% between 2000 and 2010 and by 60% by 2015
ES: +/-0% growth of TMR
IT: long-term: decrease of TMR
Current progress of the EU:
8.200 Mt in 2007 (8% increase compared to 2000) (source: Eurostat)
RMC Raw Material Consumption
No targets or data available yet
EMC Environmentally-weighted material consumption
No targets or data available yet
OEI Overall environmental impacts indicator
No targets or data available yet
Energy Use / Climate
GIEC Gross Inland Energy Consumption
Existing targets:
EU Energy Strategy: Increase the share of renewable energy to 20% by 2020
Related targets:
Wuppertal Institute: Factor 4
EU Energy Strategy: Increase energy efficiency of the EU by 20% compared to 2000 until 2020
AT: Increase energy intensity by at least 20% by 2020 compared to average of 2001-2005
DE, HG: Decrease energy intensity of GDP by 3-3.5% per year
DE: Decrease electricity intensity of GDP by 1.4-2.4 % per year
ES: Decrease energy intensity by 2% per year
FR: Reduce energy intensity by 2% per year by 2015 and 2.5% per year by 2030
NL: Increase energy efficiency by 1.3% per year
DK: Reduce gross inland consumption by 4% compared to 2006 by 2020
DK: fossil free (100% renewable energy) until 2050.
BG: Reduce gross inland consumption by 246 ktoe/a
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PL, LV: Decrease primary energy consumption per GDP by 25% by 2010
CN: Decrease primary energy consumption per GDP by 20% by 2010
Current progress of the EU:
Final energy consumption: 1,113 million toe (2009). Almost the same in 2000, but this is expected to be due to
the economic crisis. (source: Eurostat)
Actual Primary Energy Consumption (incl. primary energy flows embodied in trade)
No targets or data available yet
GHG Territorial (production-based) GHG Emissions
Existing targets:
European Council: Decrease GHG emissions by 80-95%; achieve 2°C goal
EU 2020 Energy Strategy: Reduce GHG emissions by 20% compared to 1990 by 2020
UK: Reduce GHG emissions by 50% by 2025 compared to 1990 (and 60% by 2030 and 80% by 2050)
Stern rep., GWS: GHG emissions limited to an average 2 t/cap by 2050
WRI: GHG emissions limited to an average 5 t/cap by 2050
Current progress of the EU:
Total Greenhouse Gas Emissions (in CO2 equivalent) indexed to 1990: 83 in 2009. (source: Eurostat)
CF Carbon Footprint (consumption-based) GHG Emissions
Current progress of the EU:
Carbon footprint: 2.6 global hectares in 2007 (source: Global Footprinting Network)
Water use
WA Water Abstraction (only blue water)
No targets or data available yet
WF Water Footprint (blue & green water)
Related targets:
UK: Reduce water consumption by 25% relative to 2004/5 by 2020 in construction sector
WEI Water Exploitation Index (territorial)
Existing targets:
EU 6th Environment Action Programme and Water Framework Directive: Ensure that rates of extraction from
water resources are sustainable over the long term
EEA: Water abstraction per annual available water resource below 20%
Related targets:
xx: Limit consumption of freshwater by humans to 4000 km3 per year.
USA/Ca: Reduce water use per capita by 20% by 2020
xx: Reduce private water consumption to average 130 l/cap/day by 2030
Current progress of the EU:
Cyprus, Belgium, Spain, Italy and Malta abstract more than 20% of their renewable resources.
Cyprus exceeds 40% which is defined by severe scarcity. (source: EEA)
Global Water Consumption Index (WCI) (blue & green; incl. WCI of traded products)
No targets or data available yet
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Land use
Domestic Land Demand
No targets or data available yet
ALD Actual Land Demand (incl. land use embodied in trade)
Existing targets:
Stockholm Resilience Centre: Limit percentage of global land cover converted to cropland to 15%
Related targets:
WBCSD 2010: By 2050, doubling of agricultural output without associated increases in water and land used
Current progress of the EU:
Global land use in 2000: 1,510 Mha (low estimate) - 1,611 Mha (high estimate). Projected additional land use in
2030: 285 Mha (low estimate) - 792 Mha (high estimate) (source: Lambin & Meyfroidt, 2011)
HANPP Human Appropriation of Net Primary Production
Related targets:
WBCSD 2010: By 2050, doubling of agricultural output without associated increases in water and land used
Stockholm Resilience Centre 2009: Limit percentage of global land cover converted to crop land to 15%
CZ: Stable or decreasing area of fallow
eHANPP, LEAC and other indicators on ecosystem quality
No targets or data available yet
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Annex D - Scenarios
1.21

Scenario analysis - assumptions

The uses of resources are interlinked (see Figure 4). Fossil fuels, biomass and uranium minerals
are used to produce energy. Energy and water consumption is associated with almost every life
cycle stage of products and services. Land is needed to produce biomass, but also for extracting
other materials. It is not possible to model all the links between the different uses of resources in
this study. The following instead attempts in a pragmatic manner to capture the most critical and
direct relationships between the main resource categories: energy, GHG emissions, materials,
land and water.

1.21.1

Energy and materials

The most direct link is between gross inland energy consumption (GIEC) and domestic material
consumption (DMC) of fossil fuels. The relationship is given by the energy content of each type of
fuel. However, not all fossil fuels are used for energy. Ecofys estimated that 9% of oil, natural gas
and coal are used in materials such as plastics and chemicals.191
At present almost 70% of renewable energy in the EU is provided by biomass and renewable
wastes. Wood and wood waste has the lion’s share of this. The remainder is provided by biofuels,
biogas and waste incineration. The relationships between biomass production and its competing
uses for renewable energy, food, feed and forests is the most critical in the scenario analysis.
Although there is good data on the production of wood fuel and biofuel, it was challenging to
establish a link between renewable energy from biomass and biomass DMC. The waste statistics
does provide some breakdown of materials, but it is not entirely clear how much wood waste and
other biowaste contribute to energy production. When attempting to use typical energy content
values for wood, the DMC and waste data only account for about 60% of the wood and wood
waste renewable energy consumption. For the scenario analysis it was therefore assumed that
any additional need for biomass energy would have to come from wood fuel or biofuel.
Table 26 provides an overview of how the relationship between energy and material
consumption was modelled.

191

Ecofys (2010), The Ecofys Energy Scenario. Collaborative venture with WWF.
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Crude oil,
condensate
and natural gas
liquids (NGL)
Natural gas

GIEC oil =
DMC oil *
Energy
content coal
GIEC natural
gas = DMC
natural gas *
Energy
content coal

Wood fuel and
other
extraction

ΔGIEC wood
and wood
waste =
ΔDMC wood
fuel * Energy
content wood

Wood waste
Oil bearing
crops

Δ DMC cereals,
sugar crops and
oil bearing crops =
Δ GIEC biofuel * (
75% / Conversion
factor biodiesel +
25% / Conversion
factor ethanol)

Other crop
residues

Second
generation
biofuels were not
assessed

Metal ores

The increase in
recycling (when
it replaces
virgin material)
contributes to
energy savings.
This was
however not
modelled.

Limestone and
gypsum

Chemical and
fertilizer
minerals

Energy
consumption
in industry

Biofuel

Biomass
(wood and
wood waste)

GIEC solid fuel =
DMC coal *
Energy content
coal

Natural gas

Coal and other
solid energy
materials/
carriers

Oil

Energy
consumption/
Material
consumption

Solid fossil
fuel

Table 26: Links between energy consumption and material consumption

Not all fossil fuels are used for energy. 9% is used
as feedstock for plastics, chemicals and
fertilisers.
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1.21.2

GHG emissions and resource use

Anthropogenic GHG emissions are mainly a result of (fossil) fuel combustion. In the scenario
analysis only the CO2 emissions from coal, oil and natural gas were taken into account. CO2
emissions from biofuels and the non-CO2 (e.g. methane, refrigerants, etc.) GHG emissions were
not taken into account (see Table 27).

Biomass energy

GHG
emissions
from land
and livestock
were not
considered

GHG
emissions
from
landfilling
biowaste
was not
included

Forest cover

Biowaste
management

Natural gas

Cropland,
livestock and
manure
management

Crude oil,
condensate and
natural gas
liquids (NGL)

Biomass
energy (wood
and biofuel)

GHG solid
fuel =
DMC solid
fuel * GHG
content coal

Natural gas

Coal and other
solid energy
carriers

Oil

Resource use
/ GHG
emissions

Solid fossil
fuel

Table 27: Links between the use of resources and GHG emissions

GHG oil =
DMC oil *
GHG
content oil
GHG
natural gas
=
DMC
natural gas
* GHG
content
natural gas
The GHG
emissions
from
biomass
production
was not
included

Non-CO2
emissions

Carbon
sequestration
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Carbon
sequestrtion
by growing
forest stock
was not
considered

Scenario assumptions

1.21.3

Relationships between material resources

Many of the MFA material categories are interlinked. Table 28 shows the interdependencies,
which were considered in the modelling exercise.

Crop
residues

Fodder
crops

Grazed
biomass

Milk

Eggs

Concrete

Chicken
meat

Beef

Beef,
sheep
and goat
meat

Meat

Resource
use /
DMC

Crops

Table 28: Links between the consumption of various types of materials

Crop residues
are assumed
to be
dependent on
the harvesting
of cereal
An overall average
for animal feed per
kg of meat is used
to create the link
between crop
production and
meat consumption
An average value
for the amount of
grazed biomass
per kg cattle,
sheep and goat is
assumed
The
production
of milk is
assumed to
be linked
with beef
production
The
production
of eggs is
assumed to
be linked
with poultry
production

Sand and
gravel

Sand and gravel
is required for
concrete.

Limestone

Limestone is
used for cement
production
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1.21.4

Land and material use

Table 29 lists the main links between land use and biomass demand. The expansion of artificial
surfaces is correlated to the growth in consumption of construction materials.

1.22

Artificial
surfaces

Available
water
resources

Land use

Forest

Resource
use

Agriculture

Table 29: Links between the use of resources and land use

The amount of
land used in
agriculture to
produce
biomass
depends on the
type of crop and
yields

Forest land area includes both
natural forests and forests for
wood supply. Forests are a
carbon sink, but this is not
modelled in the scenario
analysis. The amount of land
needed to supply wood
depends on yields and the
amount of growing stock

It is assumed that the
growth of artificial surfaces
(built up areas) is
proportional to the amount
of construction materials
needed. The majority of
construction materials are
actually for maintenance
than new builds

Artificial surfaces seal
the soil and therefore
contribute to less
precipitation
contributing to the
natural available
water resources (not
included in the
model)

Baseline scenario

In order to assess the possible impacts of setting resource use targets, a reference or baseline
scenario must first be defined. The baseline is a business-as-usual (BaU) scenario, which includes
the present scope of the current EU policies on resource use and efficiency.
Statistical data for EU-27 was gathered for all the main resource categories. The project team
sought to gather data as far back as 1990 (the reference year for the EU climate and energy
targets). While the energy statistics are complete, there is only limited complete EU-27 data for
Material Flow Accounts (MFA) covering 2000 to 2007. The water and land use statistics have
considerable data gaps. The project team only considered data from 2000 and onwards. Data
gaps for specific years were filled by using data from the closest year where data was available.
Data gaps for individual Member States were filled by taking the per capita consumption in a
similar country (size, climate, etc.) and extrapolating it using the population statistics.
The future trend for BaU resource use until 2050 was determined by using Eurostat’s population
projections and results from trend analysis and models in relevant studies. Several projections
already exist for energy consumption and climate change. These were used directly to define the
energy consumption and GHG emissions (see the following sections).
For the resources that are clearly linked (see the previous section), if future projections already
existed for one resource type, then the relationship between the resources was used to
determine the future resource trends. For example, projections for renewable energy from wood
(solid biomass) already exist. The projections for wood fuel material consumption and forest land
use would then be linked to the projections of renewable energy from solid biomass.
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When no clear projections could be found for a resource, the average annual change (i.e. increase
or decrease) per capita consumption over the past decade (or for as many years as there was a
complete set of historical data) was used to predict the evolution of resource use (by simple
linear extrapolation). In this way the evolution of population could be taken into account. If any
evidence of future trends for resource use were identified (e.g. from EEA’s State and Outlook
reports), the calculated average annual change for future projections was adjusted accordingly.
Figure 9 provides a visualisation of the modelling approach used in the scenario analysis.
DETERMINING THE
BASELINE SCENARIO
Use as input
to baseline
scenario

Do future
trends or
models already
exist?

YES

Calculate future
projections using the
assumed links
between resources

NO

Is the resource
linked to other
resources where
future projections
already exist?

YES

Use historical trends of resource
use to extrapolate future
projections (adjust for population
development and any additional
evidence)

NO

Figure 9: Method for determining future resource use projections for the baseline scenario
The details of the baseline scenario definition are presented in the following sections.

1.22.1

Energy consumption

Several forecasts for the EU’s future energy consumption already exist:
According to DG Energy’s energy trends to 2030, current policies are expected to
result in the EU consuming 1781 Mtoe of (gross inland) energy in 2020. In 2050,
EU’s gross inland consumption will be 1754 Mtoe.
The European Commission’s own projections for its Energy 2020 strategy expect
primary energy consumption to decrease from 1712 Mtoe in 2005 to 1676 Mtoe in
2020 with the expected achievements of energy efficiency policy already in place.
In its annual World Energy Outlook the International Energy Agency (IEA)
publishes updated projections of energy demand, production, trade and
investment. In its 2009 report192 for the reference scenario, primary energy
demand in the EU is first going to decrease then slowly increase again and stabilise
around 1781 Mtoe in 2030.
192

International Energy Agency (2009) World Energy Outlook 2009.
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In their report advocating for 100% renewable energy by 2050 Greenpeace used
Ecofys’ projections for primary energy demand. Their reference scenario for 2050 is
that EU’s primary energy demand will be 1812 Mt.
The various projects mentioned above are in line with each other as they all estimate that EU’s
energy demand with decrease in the next few years, but then increase again and stabilise around
1800 Mtoe.
Table 30: Various scenarios for energy demand in the EU
EU primary energy demand [Mtoe]

European Commission,
Energy 2020193
International Energy
Agency, World Energy
Outlook 2009

2000

2005

REF

1712

2007

2010

2015

2020

2025

2030

2050

% change
2000 – 2030

1676c)

Target

1474

1684

Greenpeace, Energy
[R]evolutiond)

1757

1711

1764

1722

1781

1731

1780

1805

6%

1812

EU Gross Inland Energy consumption [Mtoe]
2000

2005

European Commission,
EU Energy trends to
2030194 (Baseline 2009a))

1723
(Baseline
2009)

European Commission,
EU Energy trends to 2030
(Reference scenario)

2007

2010

2015

2020

2025

2030

1825

1764

1805

1822

1817

1807

1723
(REF)

1825

1767

1792

1781

1771

1754

European Commission,
Impact Assessment,
Energy Efficiency Plan
2011, EU27: PRIMES 2009
Efficiency Scenario

1723

1825

1767

1794

1795

1772

1754

European Commission,
Impact Assessment,
Roadmap for a shift to a
competitive low carbon
economy in 2050

REF

1826

Proposed
scenario

2050

1770

1720

1750

1740

1650

1300 1350

% change
2000 – 2030

a) Baseline scenario is based on the development of the EU energy system under current trends and policies
b) The Reference scenario is based on the same macro-economic, price, technology and policy assumptions as the
Baseline scenario, but takes into account policy measures introduced between April and December 2009, and assumes
renewable energy and GHG targets are achieved in 2020.
b) The 2020 target was set based on the original baseline projection (PRIMES 2007), which was 1842 Mtoe. The 20%
target for 2020 corresponds to 1474 Mtoe.
d) Based on Ecofys projections

193

European Commission (2010) State of play in the EU energy policy. Accompanying document to Energy 2020 - A
strategy for competitive, sustainable and secure energy. SEC(2010) 1346 final
194
European Commission (2010) EU energy trends to 2030 — UPDATE 2009. DG Energy
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The baseline scenario in this study uses the European Commission’s EU Energy trends to 2030
(Reference scenario) and then assumes that energy consumption will be stable until 2050 (annual
population growth is less than 1% until 2040 before stabilising and then decreasing from 2045
onwards).

1.22.2

Renewable energy

Estimates for how much energy from renewable sources will be available in the future also exist.
According to DG Energy, if the Renewable Energy Sources Directive is fully
implemented (which includes the 20% target for 2020), then 279 Mtoe of (gross
inland) energy will be provided by renewable sources. In 2030 this will further
increase to 305 Mtoe.
The latest projections based on the National Renewable Energy Action Plans are
only provided for gross final energy consumption, which is only a part of GIEC195. In
2020, 245 Mtoe of final energy consumption is expected to be provided by
renewable sources.
IEA and Ecofys provide estimates for renewable energy sources based on total
primary energy demand. Both estimate that the amount of renewable energy in
the EU will reach about 240 Mtoe of primary energy demand.
Table 31: Baseline scenario for the share of energy sources
EU Gross Inland Energy consumption [Mtoe]
a)

2010 a)

2015 a)

2020 a)

2025 a)

2030 a)

2040

2050

1825

1767

1792

1781

1771

1754

1754

1754

321.0

320.0

289.4

282.4

261.0

262.9

253.1

Crude oil

658.7

676.9

633.0

632.4

604.7

587.3

560.0

Natural gas

393.4

446.0

452.6

436.2

411.6

406.0

393.4

Nuclear

243.8

257.4

238.8

240.2

226.6

229.8

244.0

2000

2005

Total

1723

Solid fuels

Renewable

a)

104.5
124.9
152.9
201.4
279.0
287.2
305.2
a) European Commission, EU Energy trends to 2030 (Reference scenario)

195

Gross Inland Energy Consumption = Consumption by the energy sector itself + Distribution and transformation
losses + Final energy consumption (by end-users).
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Table 32: Various scenarios for the development of renewable energy in the EU
EU renewable energy sources [Mtoe]
Study

2000

2005

European Commission,
EU Energy trends to
2030196 (Baseline 2009a))

104.5

124.9

151.8

European Commission,
EU Energy trends to 2030
(Reference scenariob))

104.5

124.9

152.9

European Commission,
Impact Assessment,
Energy Efficiency Plan
2011, EU27: PRIMES
2009 Efficiency Scenario

104.5

124.9

98.7

ECN, Renewable Energy
Projections based on
National Renewable
Energy Action Plans c)
International Energy
Agency, World Energy
Outlook 2009 d)
Greenpeace, Energy
[R]evolutione)

2007

2010

2015

2020

2025

2030

209.0

236.7

262.9

201.4

279.0

287.2

305.2

151.7

178.7

207.6

233.2

258.7

137.0

180.9

244.5

144

202

241

272

302

152.5

207.8

243.4

179.5

290.9

2040

2050

337.1

377.9

a) Baseline scenario is based on the development of the EU energy system under current trends and policies
b) The Reference scenario is based on the same macro-economic, price, technology and policy assumptions as the
Baseline scenario, but takes into account policy measures introduced
c) Given in Gross Final Energy Demand
d) Given in Total Primary Energy Demand
e) Based on Ecofys projections (given in Total Primary Energy Demand)

196

European Commission (2010) EU energy trends to 2030 — UPDATE 2009. DG Energy
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Table 33: Various scenarios for the development of bioenergy in the EU
EU renewable energy sources [Mtoe]
Study

2000

2005

2007

2010

2015

2020

2025

2030

2040

2050

REF

90

231

228

EFF

90

212

356

European Commission,
EU Energy trends to 2030
(Reference scenario)

0.6

3.1

European Commission,
Impact Assessment,
Roadmap for a shift to a
competitive low carbon
economy in 2050

REF

37

EFF

46

Delayed
electrifica
tion

92

BIOMASS
European Commission,
Impact Assessment,
Roadmap for a shift to a
competitive low carbon
economy in 2050
BIOFUELS
11.8

19.1

29.6

International Energy
Agency, World Energy
Outlook 2009

8

25

JRC, Impacts of the EU
biofuel target, 2010

(2008)
10.5

International Food Policy
Institute (IFPRI), 2010197

(2008)
10.6

17.8

EU biodiesel production

8.15

9.04

EU ethanol production

0.84

2.17

EU biodiesel imports

0.64

0.74

EU ethanol imports

0.96

5.82

12.3

24.4

32.0

35.6

26

32.6

Again the baseline scenario in this study uses the European Commission’s EU Energy trends to
2030 (Reference scenario) and then linearly extrapolates the (10 year) trend to 2050.

1.22.3

GHG emissions

Climate change has been the subject of considerable attention during the past decade, therefore
many different climate change models have been proposed and discussed. For the sake of
consistency, the reference scenario (based on current policies) for EU GHG emissions presented
in Roadmap for moving to a competitive low carbon economy in 2050198 was used as the baseline
scenario in this study.

197

International Food Policy Institute (IFPRI) (2010) Global Trade and Environmental Impact Study of the EU Biofuels
Mandate. Study commissioned by European Commission, DG Trade.
198
European Commission (2011) Roadmap for moving to a competitive low carbon economy in 2050. COM(2011) 112
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Table 34: Various scenarios for the development of GHG emissions in the EU
EU GHG emissions [Mt of CO2 eq.]
Reference

1990

2000

2005

2010

2015

2020

2025

2030

European Commission,
EU Energy trends to
2030199 (Baseline
2009a))

5532.3

5063.6
(-8.5%)

5129.6
(-7.3%)

4823.4
(-12.8%)

4833.1
(-12.6%)

4764.0
(-13.9%)

4563.1
(-17.5%)

4225.4
(-23.6%)

European Commission,
EU Energy trends to
2030 (Reference
scenario)

5532.3

5063.6
(-8.5%)

5129.6
(-7.3%)

4836.1
(-12.6%)

4708.0
(-14.9%)

4409.7
(-20.3%)

4359.1
(-21.2%)

4211.8
(-23.9%)

European Commission,
Roadmap for moving to
a competitive low
carbon economy in
2050

Reference
scenario

(-7%)

(-22%)

Scenario
proposed

(-7%)

(24%)

1.22.4

(27%)

2040

2050

(-29%)

(-36%)

(-39%)

(-40% to 44%)

(64%)

(-79% to
82%)

Material consumption

Eurostat has a complete set of data from their economy-wide Material Flow Accounts (MFA) for
all Member States as well as the EU-27 as a whole for the years 2000 to 2007. The data is quite
detailed e.g. down to the level of the individual types of crops and main metal ores.
In 2004 SERI provided three different (baseline, weak sustainability and strong sustainability)
scenarios for global and EU (EU-15 and Eastern Europe) material consumption until 2020.200
Given the data that these scenarios were based on, they are considered to be outdated and not
sufficiently convincing to be used for this study. More updated projections for global material
consumption have been provided by the OECD and UNEP, but these do not specify the trends for
EU-27.
To ensure consistency in the scenario definition all the future projections for material
consumption of energy carriers (fossil fuels, uranium and wood fuel) will follow the respective
projections for energy consumption (fossil fuels, nuclear and solid biomass). When no other link
to established future resource use projections, the EU average trend for per capita material
consumption over the period 2000 – 2007 was extrapolated. The population projections were
used to adjust the material consumption according to population size.
There is a wide range in quantities and composition of domestic material consumption across EU
Member States (see Figure 10). The EU-27 average is close to the EU-15 average. Although the
average DMC per capita for new Member States (EU-12) is lower than the EU-27 average, using
the EU-27 average for the material consumption projections is thought to be reasonable. This
assumption would assume that all Member States would have similar consumption patterns.

199

European Commission (2010) EU energy trends to 2030 — UPDATE 2009. DG Energy
SERI (2004) Resource use scenarios for Europe in 2020. MOSUS (Modelling opportunities and limits for
restructuring Europe towards sustainability) project.
200

236 | Assessment of Resource Efficiency Indicators and Targets

tonnes per capita

Scenario assumptions

60
50
40
2000

2007

30
20
10
0

Figure 10: Average DMC per capita for each Member State (Source: Eurostat)

1.22.4.1

Fossil fuels
Not all fossil fuels are used for energy. Ecofys estimated that 9% of oil, natural gas and coal are
used for materials such as plastics and chemicals.201 In the baseline scenario 9% of fossil energy
materials/carriers are assumed to be used for non-energy purposes.
Lignite (brown coal) and hard coal make up the greatest shares of the MFA
category “coal and other solid energy materials/carriers” with about 55% and 40%
respectively. The projections for material consumption of coal are linked to the
gross inland energy consumption (GIEC) in the scenario analysis using the factor:
0.4 toe/tonne.
Similarly, “crude oil, condensate and natural gas liquids (NGL)” DMC in MFA are
linked with total petroleum products in GIEC using the factor 1.1 toe/tonne.
The projection for material consumption for natural gas is linked with GIEC using
the factor: 1.2 toe/tonne.

201

Ecofys (2010) The Ecofys Energy Scenario. Collaborative venture with WWF.

Assessment of Resource Efficiency Indicators and Targets | 237

Annex report

Table 35: Calorific value and density of natural gas of fossil energy carriers202

Type of fuel

kg / m³ (standard
cubic meter at 15°C)

GCV
[MJ/kg]

GCV
[MJ/m³]

GCV [toe/
tonne]

Crude oil

NCVa)
[toe/ tonne]
0.994 – 1.022

LPG

1.099

Motor spirit

1.051

Kerosenes, jet fuels

1.027

Brown coal
Hard coal
Natural gas (default
value)

0.8

17.4 – 23.9

0.416 – 0.571

0.134 – 0.251

23.9

0.571

0.411 – 0.733

50

40

1.194

a) Eurostat (2009) Energy, Transport and Environment Indicators
Source: derived from OECD/IEA/Eurostat 2005

1.22.4.2

Biomass
Food
Eurostat provides data on the amount of agricultural products available for food consumption
(per capita in the EU) for certain food groups203. FAO’s food balance sheets are however more
comprehensive. The food balance sheets categorises how much of an agricultural product is used
for feed, seed, processing, other utilities (e.g. biofuels) and food. They also specify the food
supply per capita (in weight and in nutritional energy) as well as in terms of protein content.
For the baseline scenario it is assumed the amount and distribution of food available for
consumption per capita in 2007 remains the same until 2050 (see Table 36). This corresponds to
the assumption that the current average (high energy, animal protein dominant) diet in the EU
and food waste does not change (see Table 37).

202

Eurostat (2011) Economy Wide Material Flow Accounts (EW-MFA): Compilation Guidelines for Eurostat's 2011 EWMFA questionnaire.
203
Eurostat (2011) From farm to folk.
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Table 36: Agricultural products available for human food consumption by weight, 2007204
Eurostat
Food product

Per capita
[kg/capita]

FAO

Total amount
of food
available
[Mt]

Cereals
- Wheat
- Rice

Total amount
of food
available a)
[Mt]

Food supply
quantity
per capita
[kg/capita]

Total food
supply
quantity
[Mt]

82.1

125.1

62.0

110.2

54.6

51.0

5.6

2.8

2.5

Roots, tubers

40.0

- Potatoes

74.7

37.0

Sugar crops

34.8

17.2

76.6

37.9
37.9

106.1

39.2

19.4

Pulses

1.4

2.7

1.3

Nuts

2.4

4.9

2.4

Oil bearing crops

50.7

3.4

1.7

9.8

19.4

9.6

57.9

117.3

58.1

Vegetable oils and fats

17.5

8.7

Vegetables
Tomatoes

32.6

16.1

Fruits

14.3
75.1

104.4

51.7

- Apples

17.7

8.8

10.8

- Oranges

32.9

16.3

13.0

Meat

42.8

86.2

42.7

- Beef

8.8

4.4

8.5

17.2

8.5

- Pork

41.3

20.5

21.1

42.8

21.2

- Sheep and goats

3.0

1.5

1.3

2.6

1.3

- Poultry

21.8

10.8

10.5

20.8

10.3

Fish

23.6

11.7

10.9

22.0

10.9

Dairy products

121.5

- Milk

82.5

40.9

- Butter

4.2

2.1

- Cheese

16.5

8.2

120.3

241.4

1.9

- Cream

2.0

Eggs
13.1
6.5
a) FAO Food Balance Sheets: Food + Processing

204

119.6

6.1

12.4

6.1

Eurostat (2011) From farm to folk
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Table 37: Agricultural products available for human food consumption by energy content and
protein supply, 2007205
Food supply
quantity
per capita
[kg/capita]

Cereals
- Wheat

Energy content
[kcal/g]

Food supply
[kcal/capita per
day]

Protein
content
[g protein
/ kg]

Protein
supply
[g/capita
per day]

125.1

21

946

84

28.7

102.9

20

769

87

24.5

5.1

28

53

72

1.0

Roots, tubers

76.6

5

138

15

3.2

- Potatoes

76.5

5

138

15

3.2

Sugar crops

39.2

26

373

Pulses

2.7

25

25

216

1.6

Nuts

4.9

17

31

60

0.8

Oil bearing crops

3.4

21

26

107

1.0

Vegetable oils and fats

19.4

67

471

2

0.1

Vegetables

117.3

2

82

12

3.8

1

15

9

0.7

3

121

5

1.4

- Apples

3

25

2

0.1

- Oranges

2

19

4

0.3

Food product

- Rice

Tomatoes
Fruits

104.4

Meat

86.2

12

391

123

29.0

- Beef

17.2

10

64

140

6.6

- Pork

42.8

14

226

100

11.7

- Sheep and goats

2.6

17

16

126

0.9

- Poultry

20.8

10

76

146

8.3

Fish

22.0

6

48

110

6.6

241.4

4

323

31

20.7

55

78

9

0.1

14

21

27

0.3

11

48

114

3.9

Dairy products
- Milk
- Butter
- Cheese
- Cream
Eggs

12.4

Vegetable products

2441

44

Animal products

1024

62

Total

3465

106

205

Eurostat (2011) From farm to folk
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Meat and dairy products
The total consumption of animal products is only indirectly represented in MFA. MFA does not
directly track the domestic production and consumption of meat, milk and eggs (only what is
imported and exported). Instead one can derive how much meat, milk and eggs can be produced
by the amount of fodder crops and grazed biomass. As a very rough estimate the project team
assumes that on average in the EU 6.7 kg of fodder crops are needed to product 1 kg of meat. For
cattle, sheep and goat meat, the project team assumes that 25 kg of grazed biomass is needed to
produce 1 kg of beef, mutton and goat meat. As Table 38 shows, feed conversion factors vary
considerably across animal type and farming method. The value proposed for an average feed
conversion factor does however fit with the overall ratio between feed produced in the EU and
the corresponding meat production.
The production of beef and milk is linked. IMPRO assumed that 90% of the dairy cows also get
sold as beef. It is not sure to what extent the meat of layer chickens are used to produce chicken
meat. For this study it is assumed that milk and eggs are by-products of the meat production
system. The reality is probably the opposite, but as meat consumption is currently the driving
issue and meat is critical for the trade-off between animal and plant based protein, it is modelled
in this way. Using the current consumption of meat, milk and eggs, it is assumed that 14 kg of
milk is produced with every kg of beef, and 0.6 kg of eggs is produced with every kg of chicken
meat.
Table 38: Typical feed intake by livestock in Europe206

Meat product

Cattle, beef

Annual intake of
roughage (average) a)
[tonnes/ head per
year]

Amount of feed
(including grass) b)
[feed consumed per
kg of meat]

Feed conversion
efficiencies d) [kg of
feed (dry mass) per
kg of output]

Feed conversion
efficiencies e) [kg of
feed (dry mass) per
kg of output]

4.5

13.9

10

28

Cattle, dairy
Sheep and goats

1.5
0.5

13.9 c)

33.1

Pigs

3.1

4.0 – 5.5

5.2

Chicken, broiler

2.4

2.1 – 3.0

3.6

Chicken, layer

2.3

Aquaculture
2.0 d)
1.5 – 2.0
a) The values are typical for industrialised livestock production systems and derived from national feed balances and
literature (Wirsenius 2000; Hohenecker 1981; Wheeler et al. 1981; BMVEL 2001)
b) Values based on JRC (2008) IMPRO (Environmental Improvement Potentials of Meat and Dairy Products).
c) Estimated to be the same as for cattle
d) Mekonnen & Hoekstra (2010) The green, blue and grey water footprint of farm animals and animal products
e) Gold (2004) The global benefits of eating less meat

The amount of live animals and animal products was not modelled in the baseline scenario as the
amounts imported to the EU are roughly the same as the amounts exported.

206

Eurostat (2011) Economy Wide Material Flow Accounts (EW-MFA): Compilation Guidelines for Eurostat's 2011 EWMFA questionnaire.
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Crop residues
Crop residues are also linked with the production of crops. The MFA guidelines for 2011
recommend that used crop residues are calculated as primary crop harvest multiplied by a
harvest factor and then again by a recovery factor (see Table 39). For the baseline scenario model
0.6 (0.6 kg used crop residue per kg cereal) was simply used, although crop residues can also be
based on other types of crops.
Table 39: Factors to determine crop residues207
Harvest factor

Recovery
rate

Wheat

1.0

0.7

Barley

1.2

0.7

Oats

1.2

0.7

Rye

1.2

0.7

Maize

1.2

0.7

Rice

1.2

0.7

All other cereals

1.2

0.7

Rapeseed

1.9

0.7

Soy bean

1.2

0.7

Sugar beet

0.7

0.9

Sugar cane

0.5

0.9

Crop type

Fish catch
About 6 Mt of fish are imported annually to the EU. The EU consumes about 3 Mt and exports
about the same amount. In the baseline scenario, the exports of fish are kept constant, while
DEU for fish catches is determined by the difference between imports and exports.

207

Eurostat (2011) From farm to folk.
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Biomass for energy
Biomass will be a key component for renewable energy. Table 40 present’s the Commission’s
scenarios for the development of bioenergy.
Table 40: Two scenarios for the development of biomass for renewable energy in the EU208
Biomass production requirements
[Mtoe]

Scenario

2005

2030

2050

REF

5

76

80

REF

0

57

79

Agricultural residues

REF

17

31

36

Forestry

REF

40

51

42

Waste

REF

25

63

60

Import

REF

2

9

9

Total

REF

90

231

228

EFF

5

53

134

EFF

0

40

127

Agricultural residues

EFF

17

32

49

Forestry

EFF

40

51

59

Waste

EFF

25

63

87

Import

EFF

2

12

26

Total

EFF

90

212

356

Reference scenario
Crops
- Second generation

Effective technologies and decarbonisation scenario
Crops
- Second generation

Biofuels
Biofuels consist of ethanol and biodiesel and are substitutes to the fossil-fuels. It is assumed that
the demand for biofuels in the EU is 25% ethanol and 75% biodiesel. Several studies have already
provided projections for biofuel demand. See Table 41.209 210 211

208

European Commission (2011) Impact Assessment, Roadmap for a shift to a competitive low carbon economy in
2050
209
UNEP (2009) Assessing biofuels: towards sustainable production and use of resources. The Resource Panel.
210
JRC-IPTS (2010) Impacts of the EU biofuel target on agricultural markets and land use: a comparative modelling
assessment.
211
OECD-FAO (2007) Agricultural Outlook 2008 – 2017.
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Table 41: Biofuel yields212

Type of biofuel

Crop
yields
[tonnes /
ha]

Biofuel conversion
efficiency [litres / tonne
of biofuel feedstock]

Biofuel yields
[tonnes / ha]
Ethanol

Biodiesel

Ethanol

Biofuel conversion
factor
[toe / tonne of biofuel
feedstock]

Biodiesel

Ethanol

- Corn

4.9

1.55

400

0.22

- Sugar cane

65

3.60

70

0.04

4.00

110

0.06

0.75

340

0.19

a)

- Sugar beet

60

- Wheat

2.8

- Rapeseed
- Sunflower seeds
- Soya
- Oil palm

Biodiesel

3.0

a)

0.79 – 1.27

300 – 481

0.22 – 0.36

1.6

a)

0.68

480

0.35

2.4 – 2.7

0.43 - 0.49

205

0.15

20.6

4.17

230

0.26

- Crop residues
- Biomass waste
a) FAOstat, average yield in EU over the period 2000 - 2009
b) JRC-IPTS (2010) Impacts of the EU biofuel target on agricultural markets and land use: a comparative
modelling assessment.

Wood fuel
The majority of renewable energy is expected to be provided by biomass. Energy from wood and
wood waste currently constitutes about half of the EU’s total renewable energy production. It is
not clear how the increase in biomass energy production will be supplied (e.g. biogas, wood,
waste, biofuels, etc.). For the scenario analysis, besides the projections for biofuels, it is assumed
that the remaining increase in biomass energy will be provided by wood fuel.
Table 42: Calorific value and density of wood fuel213

Wood fuel (HHV, bone dry) a)

GCV
[MJ/kg]

GCV [toe/
tonne]

18 – 22

0.43 – 0.53

a)

Wood fuel (air dry, 20% moisture)
about 15
0.36
a) http://bioenergy.ornl.gov/papers/misc/energy_conv.html

Non-food and non-fuel crops
Besides providing feed, food and fuel, crops also provides resources for other uses in society, e.g.
textiles, polymers, soaps, fibres, etc. There is a significant portion of cereals, roots and tubers,
sugar crops and oil bearing crops, which are “unaccounted” for after considering food and fuels.
In the baseline scenario these are modelled as the average DMC for the specific crops (2000 2007) and expected to remain constant until 2050.

212

FAO (2008) The State of Food and Agriculture. Biofuels: prospects, risks and opportunities.
Eurostat (2011) Economy Wide Material Flow Accounts (EW-MFA): Compilation Guidelines for Eurostat's 2011 EWMFA questionnaire.
213
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If the ideas behind the bioeconomy are put into practice, these assumptions may be
reconsidered.
Timber
The future projection for industrial roundwood is based on the average annual (per capita)
growth between (2000 – 2007). The DEU for wood is linked to the land use by forests for wood
supply.

1.22.4.3

Metal ores
The future projection for all metal ores, except uranium and thorium, is based on the average
annual (per capita) growth between (2000 – 2007).
The projections for uranium and thorium follow the projected changes for nuclear energy.

1.22.4.4

Non-metallic minerals
Construction minerals

Construction minerals (even excluding sand and gravel) constitute the majority of DMC of all
non-metallic minerals.
A recent study estimated the material input flows related to EU-27 transportation infrastructure
and built-up areas for 2006 to be 2 299 Mt of construction minerals, 17 Mt of ores and metals and
76 Mt of wood and timber.214 A large share of the construction materials are needed just to
maintain the existing building stock and infrastructure. The shares of the input flows needed for
replacement at end-of-life are estimated at about 63-90% for the transportation network and
88% for buildings. The study concludes that the materials flows related to the maintenance and
renewal of existing stocks are much larger than the ones related to infrastructure expansion.
Table 43: Requirements of sand and gravel per km of road construction in Germany215
Tonnes sand and gravel per km
For construction

For annual
maintenance

Highways

28383

518

National roads

9692

151

Federal state roads

8719

76

District roads

6777

65

Type of road

Local roads

5729
67
Sources: Ulbricht 2006; Steger et al. 200

214

BIO Intelligence Service (2011) Large Scale Planning and Design of Resource Use. Study commission by the
European Commission (DG ENV).
215
Eurostat (2011) Economy Wide Material Flow Accounts (EW-MFA): Compilation Guidelines for Eurostat's 2011 EWMFA questionnaire.
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Projections for material consumption due to transportation infrastructure and buildings were
done (for 2015 and 2020) in the above mentioned study. The projections presented in Table 44
and Table 45 are based on the built area projections (see Table 46).
Table 44: Projected input flows for the EU – 27 road and rail network in 2015 and 2020

PVC

10 501

-1.4%

Input flows
for the
replacement
of end-of-life
stocks
85%

Copper

15 585

8.1%

69%

Construction
material
[tonnes]

Projected
input flows
in 2015

Change
compared
to 2006

10 880

2.2%

Input flows
for the
replacement
of end-of-life
stocks
83%

16 487

14.3%

69%

Input flows
in 2020

Change
compared
to 2006

27.702

-3.0%

79%

28 898

1.2%

77%

748 970

0.5%

92%

769 878

3.3%

91%

Steel

1 492 637

-5.0%

83%

1 559 628

-0.7%

82%

Limestone

2 483 776

-3.0%

79%

2 590 959

1.2%

77%

Concrete
Gravel and
sand

565 866 290

-0.3%

88%

596 593 728

5.1%

86%

622 365 843

-8.8%

72%

661 502 347

-3.0%

70%

Aluminium
Wood

Table 45: Projected input flows related to the built area of the EU – 27 countries (excluding
Cyprus and Luxembourg)
Construction material
[tonnes]

2015

2020

Glass

5 624 807

5 685 456

3.4%

Plastics

15 559 272

15 712 199

3.5%

Iron

16 095 938

16 254 140

3.5%

Wood

76 951 158

77 707 487

3.5%

Concrete and stone

338 889 206

342 321 023

3.5%

Bricks

733 961 955

741 175 834

3.5%

Increase compared to 2006

The values in the tables above were converted to the corresponding material category using the
conversion factors given in the 2011 MFA guidelines. The results were however not convincing
compared to findings in another study216 that estimated the construction industry uses almost all
sand and gravel (aggregates), 38% of steel, 27% of aluminium, 23% of copper, 21% of plastics,
etc. Instead the growth figures from the projections were used directly to determine growth
rates for the MFA data.

216

BIO Intelligence Service, VITO and the Institute for Social Ecology (2011) Analysis of the key contributions to
resource efficiency. Study commissioned by the European Commission, DG Environment.
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1.22.5

Land demand
Projections for land use for artificial surfaces have been made using the CLUE Scanner217 land-use
model. Table 46 presents these results for 2000, 2010 and 2020. Overall the built area is expected
to increase by 4.7% in 2020, compared to the year 2000 (Table 46). Large variations exist for the
single countries, but for every single one growth of built area is projected.
Table 46: Built Area in the EU – 27, based on CLUE Scanner model results
Member State
[km²]
Austria
Belgium
Bulgaria
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
UK
EU - 27 total

1.22.5.1

2000
3 482
6 203
5 405
4 810
2 814
918
4 554
25 577
28 779
2 641
5 265
1 297
13 656
851
2 137
212
4 426
10 405
1 987
14 899
2 760
543
7 749
5 727
17 448
174 545

2010
3 532
6 305
5 432
4 873
2 886
936
4 602
26 687
29 138
2 784
5 321
1 450
13 847
861
2 160
212
4 678
10 639
2 069
14 973
2 799
556
7 822
5 885
18 070
178 517

2020
3 557
6 429
5 433
4 874
2 947
936
4 624
27 707
29 335
2 893
5 327
1 598
14 034
861
2 160
213
4 920
11 114
2 211
14 976
2 908
573
8 154
5 950
18 947
182 681

% change
2.2%
3.6%
0.5%
1.3%
4.7%
2.0%
1.5%
8.3%
1.9%
9.5%
1.2%
23.2%
2.8%
1.2%
1.1%
0.5%
11.2%
6.8%
11.3%
0.5%
5.4%
5.5%
5.2%
3.9%
8.6%
4.7%

Domestic land demand

Domestic land demand was determined by using the CORINE land cover statistics and
agricultural accounts for agricultural production and land use. Agricultural land is decreasing in
the EU-27. The scenario analysis assumes that only artificial land, utilised agricultural land and

217

The CLUE (the conversion of land use and its effects) Modelling Framework.
www.ivm.vu.nl/en/Organisation/departments/spatial-analysis-decision-support/Clue/index.asp
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forest area can vary. Other natural land, wetlands and water bodies are considered to be
constant in all scenarios.

1.22.5.2

Global land demand

Actual Land Demand is the land area associated with a country’s final consumption, including
land embodied in imports and exports. This was calculated by using the domestic extraction used
(DEU) and yields for various crops, and then adding the biomass imports multiplied by global
crop and wood yields. Finally, the land demand corresponding to the exports of crops and wood
were estimated by using average domestic yields.
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Annex E – Expert workshop
1.23
1.23.1

Report on the Expert Workshop
Objectives of the workshop

The Expert Workshop on Resource Efficiency Indicators and Targets was held on 28th October
2011 in Brussels. The main objectives of the workshop were to:
Scrutinise the preliminary findings of the study based on the Background
Document that presented the basket of indicators and a proposal for targets
Allow key experts to complement the study by provide their insights on setting
targets for resource use
In particular, the workshop addressed the following questions:
Is the basket of indicators appropriate in the context of EU resource efficiency
policy?
Is the assessment of the indicators performed correctly?
What rationale should drive the target setting process?
Which targets should be set?
What level of ambition should be proposed?
What are the consequences of setting such targets?
How to best implement target-based policy for resource efficiency?

Figure 11: Photo from the Expert Workshop on Resource Efficiency Indicators and Targets
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1.23.2

Participants

A select group of relevant experts (e.g. economists, environmental assessment experts, resource
use experts, etc.) and representatives from the European Commission and Member State
governmental organisations (e.g. statistical offices, environmental protection agencies,
ministries, etc.) participated in the workshop. The detailed list of participants can be found in
section 1.24.

1.23.3

Agenda

The agenda for the workshop consisted of five main parts:
Basket of indicators for resource efficiency
Suitability of indicators for target setting
Rationale for setting resource use targets
Links between targets and possible consequences
Determining the level of ambition for each target
The detailed agenda can be found in section 1.25.
The key points of discussion and stakeholders inputs during the workshop are listed and
elaborated in the sections below.

1.23.4

Context of the study

Pavel Misiga (Head of Unit, Production and Consumption, DG ENV) opened the workshop. He
informed the workshop participants about the policy context of this study. He mentioned that
this study had been performed in parallel with the development of the Commission’s Roadmap
to a Resource Efficient Europe. The study had provided relevant inputs to the Commission’s
work, but it did not necessarily represent the Commission’s views.

1.23.5

Clarification of the scope of the study

The scope of the study had to be clarified after a few questions from the participants about the
resources targeted, the audience targeted and the types of indicators needed. It was made clear
that the project team focused on resource use and their environmental impacts and not resource
efficiency as such. Still this lead to a discussion of whether the Commission’s ‘new’ resource
efficiency paradigm was different from the existing sustainable development paradigm, e.g. how
should biodiversity be included in resource efficiency?
Werner Bosmans (DG ENV) confirmed that the types of indicators asked for in the study had to
account for resource use and their environmental impacts. In the study the Commission had
asked for a pragmatic approach. The indicators had to be easily understandable and have a
concrete link to existing statistics.
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1.23.6

Discussion on the proposed basket of indicators

The project team presented a pragmatic approach, where the indicators and targets focused on
the four key categories of resources (water, energy, land and materials). This was done to enable
a clear link to the socio-economic aspects of resource flows and to account for most of the
consequent environmental impacts. The study therefore directly accounts for the physical flows
of resources within the economy through resource use-related indicators. The impacts on the
natural ecosystems are only accounted for indirectly through environmental impact-related
indicators that acknowledge the links between resource use and the damage to natural
environment.
The basket of indicators and targets were meant to be used for policy purposes. However, in
order to be accepted, besides policy makers the proposed indicators would need to be
understood by economists, statisticians, researchers, businesses and the general public alike.
Strengths
The workshop participants made the following remarks regarding the basket of resource use
oriented and environmental impact oriented indicators:
The basket proposes a pragmatic approach to providing a systematic overview
of resource use
It captures the main physical flows of a wide range of resources in the economy
and indirectly accounts for their environmental impacts
The resource use oriented indicators are ‘neutral’ in the sense they can be clearly
understood by economists and industry
The basket of indicators provide a structure for territorial (e.g. national) resource
use (the so-called ‘short-term’ indicators) and life cycle (or supply chain) resource
use (the so-called ‘medium term’ indicators), which accounts for resource use
abroad due to EU consumption
Drawbacks
The main drawback of the basket of indicators that arose from the discussion was that it did not
sufficiently cover the impacts of resource use on ecosystem services and biodiversity. For
example, none of the indicators reflect the impact of the use of chemicals (e.g. ecotoxicity) on
environmental media. Likewise, the very simplistic way of accounting land use through area used
for agriculture, forest, etc., did not allow the damage to ecosystems associated with land use to
be tracked.
Suggestions
The workshop participants suggested a number of ways to improve the current approach
proposed by the project team:
Which resources to focus on?
Two different approaches were discussed to how to choose which resources the basket of
indicators should cover.
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Some participants supported the approach proposed by the project team, which
follows the main physical flows resulting from socio-economic activities. Others,
however, suggested to instead focus on the critical resources where their use is
associated with the key policy issues such as resource scarcity, supply risk, climate
change and biodiversity. For example, sand and gravel constitutes a large part of DMC,
but it is not the most important resource to be concerned with. The priorities set could
then be represented by headlines indicators for just certain types of resources. The
counter argument for this latter approach was the risk that some types of resources
may be overlooked.
The level of aggregation of the indicators
One of the participants highlighted the need to develop indicators that could be
further disaggregated, e.g. per sector, product, energy sources, etc. Although
disaggregation was addressed in the study, the project team only went into
detail with the headline (first level) indicators. The project team assumed that it
would be easier to determine the second level indicators, once the first level
indicators had been established. The project team further clarified that although
the second level indicators allow for more practical implementation of targets
and policies, it is not always possible to aggregate second level indicators to first
level indicators.
How to better account for environmental impacts?
Several participants suggested adding a ‘natural capital stock’ module in the
basket of indicators along with the resource use-oriented and environmental
impact-oriented indicators to better account for the overexploitation or
scarcity of resources
Some stakeholders suggested adding biodiversity as a resource category on its
own (i.e. adding biodiversity to the four existing categories of resources for
which indicators were provided), or providing new indicators that would better
acknowledge the loss of biodiversity (e.g. mid-point impacts). Although
biodiversity could thus be more represented, the approach considering
biodiversity as a resource was much debated since it would mix up physical flows
with their impacts on the natural ecosystems, and may eventually be confusing
for policy-makers, economists and industry. The understanding of the linkages
between biodiversity and the economy, and consequently the development of
indicators for biodiversity, is still at the research stage and is addressed in other
on-going studies.
An issue was also raised about how to capture the environmental impacts of
the use of chemicals (e.g. for crops) to go beyond the legislation about priority
chemicals. No suggestion was however provided on how to account for this.
How to improve the terminology used?
The participants commented on the importance of language and using a
consistent and accurate terminology for describing the indicators. This is vital to
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avoid misunderstandings and promote their adoption and diffusion in society.
For example, one of the participants pointed out the misleading nature of the
term “embodied” used for Water Footprint in the study. Literally the term means
that water is included in the product, but it is actually refers to the amount of
water used to produce the product. Similar misunderstandings can arise from
the use of the terms “virtual” and “actual” to describe indirect global use of
resources.
The terms “short term” and “medium term” indicators also caused some
confusion as although they referred to the availability of the indicators in the
short or medium term, they also related to territorial and life cycle based
indicators. The terms “production-oriented” and “consumption-oriented”
indicators that the project team had used were misleading. Although it was
desirable to distinguish production indicators from consumption indicators, it
was not what characterised the different types of indicators. The territorial
indicators include both resource use related to production and consumption.
The participants further commented that the impact indicators were not quite
“impact indicators” in the context of the DPSIR framework218. The project team
had addressed this by using the term “environmental impact-oriented
indicators”. Similarly, the term “resource use-oriented indicators” was proposed
to account for indicators related to the absolute amount of resource use.

1.23.7

Discussion on the individual indicators

It was suggested that for each indicator the project team clearly framed what was the main issue
regarding the indicator. In their evaluation of indicators the project team had often noted that
the resource use oriented were weak in accounting for environmental impacts. The participants
however suggested deleting this as a weakness of the resource use oriented indicators as it was
not the aim of resource use indicators to do this. This was only the aim of the environmental
impact oriented indicators.

1.23.7.1

Resource use-oriented indicators
Materials
Rather than considering only DMC (Domestic Material Consumption), some participants
suggested to benefit from the whole range of MFA indicators such as DMI (Domestic Material
Input). Although the suggested first-level indicators provide an overview of material flows, the
participants did remark that the indicators needed to be disaggregated by material type to
properly inform on the key issue related to the specific use of each type of material. For example,
the issues related to the use of sand are different from rare earths.

218

DPSIR: Driving forces, Pressures, State, Impacts, Responses
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Energy and climate change
One of the participants enquired whether the indicator for “Actual primary energy
consumption” included only the primary energy of energy carriers, or included energy used to
produce all products. According to some participants, the primary energy embodied in any
product should also be included. One of the participants suggested replacing the carbon
footprint by the energy footprint in order to be more consistent with the framework of the
basket.
Finally, it was proposed to distinguish energy use and climate, as two separate headlines, since
the indicators proposed mostly deal with energy use. However, merging these two topics under
the same headline makes more sense from a policy perspective as the mitigation of climate
change is primarily being achieved through a different use of energy.
Water
One of the participants asked what the difference was between water abstraction and
consumption, which are respectively proposed in relation to resource use oriented indicators and
environmental impact-oriented indicators. It was clarified that in the statistical definitions water
consumption was only defined as a small part of water abstraction, which consists of the actual
water losses through the evaporation related to human activities (e.g. irrigation, storage).
Some participants suggested building water indicators based on the on-going work in this field.
In particular, two participants mentioned the work carried under the SEEA219 (UN) and by the
EEA. Regarding the work carried out by the UN, Stephan Moll from Eurostat remarked that this
work is still at a very conceptual stage and that the difficulty in gathering data related to water is
primarily the absence of a legal basis for water statistics. He further commented that the water
footprint is therefore unlikely to be available before 2020.
In any case, according to Werner Bosmans, water indicators are being addressed in greater detail
in other on-going work at the Commission. The project team had selected the water use
indicators based on what was currently available.
Land use
Most of the participants appreciated that the land use indicators were directly related to the use
of land, and not for example like the Ecological Footprint, which includes CO2 emissions or water
use. Yet, the land use indicators do not take into account the local competition for land nor
the environmental challenges related to land. Thus, it is difficult to understand the message
conveyed by the “land demand” indicator. Is an increase or a decrease of land use desirable, if so,
where and in what conditions? Should yield be included in this reasoning? Or should the
extensive land uses be distinguished from intensive land uses? DG ENV reminded everyone that
these resource use-oriented indicators aim to provide an overview of trends. The project team
further explained that the environmental impact-oriented indicator HANPP220, which combines
land use and biomass, aims to take into account the productivity of land. The limitations

219
220

System of integrated Environmental and Economic Accounting (SEEA)
Human Appropriation of Net Primary Production
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mentioned however point to the specific need for research in this area, which is beyond the scope
of this study.
Despite these limitations, it was agreed that the land-related indicators were important as
headline indicators, as it placed land as a priority in the European policy agenda.
The term “Actual land demand” could however be clarified for a better understanding of what it
aims to represent (see the above comment on terminology).

1.23.7.2

Environmental impact-oriented indicators
Material
The gaps in data quality and time series were presented by the project team as a weakness of the
EMC indicator. Ester van der Voet commented that a time series exists that corresponds to DMC
and that EMC covers 95% of the materials in MFA. The issue of weighting of environmental
impacts started a discussion of the advantages and disadvantages of using weighting in
indicators. As mentioned by one participant, science could only support weighting to a certain
level, otherwise weighting depended on policy priorities.
Regarding the LCRI221, a stakeholder asked for a clarification about the environmental impact
categories considered. It was not possible to give a full explanation of the LCRI. The project team
referred to the up-coming report from JRC. It was remarked that one of the weaknesses of LCRI
was that trade only covered a limited group of products to represent resource consumption.
Energy
The main remark concerning the indicators for territorial GHG emissions and Carbon Footprint
was that the other impacts from the use of energy were not captured by them (e.g. use of
chemicals). Suggestions to including risk assessments of chemicals were made.
Water
A suggestion was made for Water Exploitation Index (WEI) that it could instead be defined as e.g.
“area under water stress for more than a month”.
Participants enquired about the WCI (Global Water Consumption Index) to know if this global
indicator could actually account for local water stress. The project team clarified that this
indicator includes the water use for imported products and enables to weight this amount with
the local availability, but did not take local conditions into consideration.
It was remarked that the statistical meaning of water consumption does not match what was
described in the study. This could lead to some issues when collecting data.
One of the participants raised the issue of water quality, which is not addressed by any of the
water indicators. Water quality can have important impacts on the use of other resources such as
energy for its treatment. There is existing data for water quality, but the data are patchy and it is
not clear how to concretely integrate water quality within an indicator for water use.

221

JRC’s Life Cycle Resource Indicator (LCRI)

Assessment of Resource Efficiency Indicators and Targets | 255

Annex report

Land use
The HANPP222 indicator was debated by participants. HANPP does not account for impacts on
land other than harvest. The aspect of land loss is missing.
According to SEC, the land-related indicators proposed were mostly chosen to cover forest and
agricultural impacts. They do not allow built-up areas to be accounted for yet, but this aspect is
possible to add conceptually – depending on the availability of data.
No indicator was proposed by the project team for the medium-term availability. The
participants remarked that the indicator should include information related to habitat
conservation or location of areas where biodiversity should be maintained.

1.23.7.3

General impression
The discussion on the proposed basket of indicators left a general impression that the experts
appreciated the systematic and pragmatic approach used in the study. The main concerns were
related to how the environmental impacts of resource use on natural ecosystems and biodiversity
could be captured in the basket of indicators.
The discussion indicated that there is still a lot of work to be done for the selection and the
implementation of environmental impact-oriented indicators. There is a strong need for further
research, so that the resource use and efficiency indicators:
Deliver a clear message about the direction that the EU is moving towards
decoupling (including getting the language and terms right)
Are developed further (many of the comments were related to the weaknesses
of the currently existing individual indicators and not that other indicators
should have been selected instead223)
Better capture the impact of resource use on the natural ecosystems and in
particular on biodiversity by perhaps having a module of indicators related to
natural capital or stock of resources.

1.23.8
1.23.8.1

Discussion on the approach to setting targets
Rationale for targets setting

This session aimed to collect stakeholders’ views on the questions:
What targets should be set?
How target should be set?
At what level should targets be set?

222

Human Appropriation of Net Primary Production (HANPP)
The study’s aim was to evaluate and select the best available indicators. It was beyond the scope of the study to
develop or improve the existing indicators.
223
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The following topics were raised by the participants.
Allocation of efforts
Setting targets at the EU level is a strong leverage to implement environmental policies. Yet, the
efforts required to each MS must be adapted to their previous efforts or their (socio-economic,
technical, etc.) abilities to achieve a certain objective.
Country-specific targets should consider the achievements already made by a country and the
efforts required to improve performance (i.e. the cost effectiveness of achieving targets). This
enables to allocate targets in the most efficient way. This would mean that the countries that
were advanced in terms of resource efficiency would not have to do as much as those that were
not yet resource efficient. This assumes that it would cost more for Member States that have
already made significant achievements in terms of resource efficiency to achieve a new target
than to lagging Member States.
The allocation of target also depends on which perspective is considered resource efficient. From
the production side, the definition of targets per economic outcomes may be prioritised, whereas
from the consumption side, targets could be defined on the basis of the size of the population.
Security of supply
The specific resources for which supply security is relevant, such as rare earths, should be
identified. Targets could then be set in reference to scarcity to ensure that the development of
future generations will not be compromised. Scarcity thresholds would enable the Commission
to set relevant targets.
Competitiveness
Competitiveness is, with supply security, a key aspect of resource efficiency that should be taken
into account when setting targets. The experts cautioned that it was important to consider how
targets were articulated, particularly those related to trade (e.g. zero net demand of foreign land)
as they could oppose the economic rationale of countries’ comparative advantages. From an
ethical perspective, the target did made sense, but care had to be made when communicating
the policy objective.
The project team mentioned that competitiveness would be discussed in the scenario analysis of
the study, but it is difficult to assess how trade will develop in the future.
The need to acknowledge past experiences in target setting
The process of setting targets within the frame of the climate debate provided several lessons
that should be taken into account when setting new targets for resource efficiency. The example
of the “20-20-20” targets by 2020 was not based on science. It was more the issues of energy
security and policy objectives to promote the renewable industry that was behind the 20%
renewable energy target.
One of the participants mentioned that targets should not be set when it is already known to be
impossible to achieve in the given timeframe. Another participant mentioned that the
distribution of efforts based on economic output must be excluded. Likewise, a participant raised
the issue that targets should rather promote good practices than penalize bad practises. Lastly, it
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was once again highlighted that the policy objectives must be very clearly formulated when
proposing a target.
Despite their limitations, productivity indicators appear here particularly useful to be understood
by ‘non-environmental” ministries, businesses, economists and the general public.
The need for both a strong scientific and policy rationale
The importance of providing a strong rationale for setting targets was continuously emphasised
during the workshop. Targets should not encompass too many assumptions with debatable
objectives. The message must be clear and based on scientific evidence and political objectives. If
targets cannot be proposed based on a scientific rationale, the policy rationale should be made
very clear. The policy rationale should outline the pathway to achieving the target and the
benefits of achieving it.

1.23.8.2

Target setting
The project team presented a first proposal of possible targets. The purpose was to collect
feedback and new inputs from the experts. Four main comments were raised by participants.
The first reaction to the targets presented was that the targets set for 2020 were
not realistic, in particular the 30% reduction of DMC. It was then reminded in
this context to take into account the lessons from the past.
A comment was made that maybe targets should not be set as long as science
did not provide reliable evidence. Most of the participants however disagreed
with this notion. The setting of targets should be a first practical step to move
towards the decoupling objective.
In general, the participants appreciated the project team’s efforts to link targets
to each other. The project team was reminded that more interdependencies
exist than were presented. For example, the development of solar panels for
energy purposes may increase the use of critical materials. Likewise, the use of
fertilizers in agriculture may be impacted by the promotion of biomass for
energy. Another example was the use of timber for construction purposed.
Lastly, the study does not take into account the development of new types of
resources in the near future, such as bio-based chemistry, and the impacts it
would have on the use of other resources.
The participants also debated the idea of multi-return strategies proposed by
the project team. They agreed that these strategies, which acknowledge the
interdependencies between resources, should be incorporated into the
indicators and targets. They should be perceived as means to implement and
achieve the targets set.
The question of the relevance of certain targets was also raised. In particular,
one of the participants questioned setting targets related to physical material
flows. Given the weak relation between the volume (weight) of resource use and
its environmental impacts, would it make sense to set a target for the overall
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DMC instead of for specific materials. The proposition to differentiate
materials, and in particular sand and gravel, was supported by several
participants.
Participants acknowledged the difficulty of setting targets and provided the following
comments.
They agreed that it was a good approach to build on existing targets such as
GHG emissions, renewable energies and energy efficiency. They also agreed to
build on the water targets developed by the EEA. Still, the rationale behind the
proposed basket of targets needed to be strengthened. In particular, many
underlying assumptions appeared debatable. This was particularly relevant for
biomass.
The participants also discussed the most appropriate form to set target: in
percentage (annually or in a certain timeframe) or in absolute amounts. There
was no clear consensus on this. It was argued that targets should rather
represent cumulative amounts than annual percentages since the pathways to
achieve a given objective are often non-linear. Several participants supported
the idea of a distance-to-target approach, where the indicator measures the
distance of the current state to the final objective.

1.23.9

OPERA Session

DG ENV introduced the experts to a participatory process method called OPERA224. The aim was
to collect in an informal manner original insights from the participants on possible targets the EU
could set for resource efficiency.

224

OPERA stands for: Own thinking, Pair up, Explain, Rank, Arrange
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Figure 12: Photos from the OPERA session during the workshop
First, all the participants were asked to consider what resource related targets, they themselves
would recommend that the European Commission should adopt. Then, in groups of two or three,
the participants discussed their ideas with each other. Each group was then asked to propose
what they thought were the three most pertinent targets for the EU. All the proposals of each
group were presented to all the participants in a plenary session. They were then grouped
together according to themes or resource category. Finally, each participant was asked to vote
among all of the presented target proposals in order to identify the proposals that the
participants thought were most interesting for the Commission to pursue.
The experts participated actively in OPERA session and this resulted in a great number of ideas
for indicators and targets. See Table 47 for an overview of the expert’s proposals. Among the
ideas proposed, several built on the work proposed by the project team. Some new ideas for
targets and indicators were proposed, e.g halve indirect use of tropical land, increase well-being,
etc. Although these suggestions do not have any indicator methodologies or data at present,
they could be areas which could be developed in the future.
Targets for energy efficiency, climate change and land use were the areas that were prioritised
highest by the participants (see Figure 13). Biomass use (particularly food related), environmental
impacts, financial incentives and metal recycling were also identified as important.
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Energy and climate change
30%

Well-being
4%
Biomass
14%

Financial instruments
9%

Environmental impacts
9%

Food - diet
4%

Water
5%

Materials and recycling
8%
Land use
17%

Figure 13: The areas where the workshop participants thought resource efficiency and
resource use targets need to be set by the European Commission
All the suggestions were collected by the project team and reviewed after the workshop. These
served as input to the study’s final recommendations for targets and indicators.

1.23.10

Conclusions

In general the experts appreciated the pragmatic and systematic approach proposed by the
project team to set resource use and efficiency targets. The approach provided a good overview
for policy and was understandable. The experts provided good constructive comments to the
proposed basket of indicators and set of targets. This initiated a debate with different
participants expressing different views.
At the beginning of the workshop a main topic of discussion was the understanding of ‘resource
efficiency’ on the policy agenda. Did it relate to resource use in the economy, or was it to cover
the entire environmental policy agenda? It was acknowledge that the Commission had to deal
with this issue of these two parallel policy concepts.
Many of the comments related to the weaknesses of the indicators that were currently available,
and only to a minor degree what other existing indicators the project team should have
proposed. Indicators related to the state of the natural environment and biodiversity were
missing. A suggestion for adding a module of indicators to inform on the natural capital or stock
of resources was considered a good idea. Improving the currently available indicators was not
within the scope of the study, but the discussions during the workshop highlighted the need for
further development of indicators, especially for environmental impact-oriented indicators. In
particular improving the wording and language of indicators was seen to be important for
communication and understanding.
When setting targets, the participants broadly agreed that scientific rationale would not be
sufficient. It had to be clear what the policy objectives were. These were not always related to
sustainability thresholds.
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Table 47: Compilation of the targets proposed by the participants during the OPERA exercise

Target

Pros

Cons

Energy and climate change

Number
of votes
(%)
23 (30%)

- GHG reduction

100% renewable energy by
2050

- Increase of energy
efficiency
- Reduction of total resource
use

- Use of biomass and of
metals and other elements
- Feasibility?

8

- Political acceptance

- Economy diversification
Increase energy efficiency by:
- 20% by 2020
-

50% by 2030

-

70% by 2050

- Key resource

- Difficulty in absolute target
setting

5

- EU scale and not global
scale

6

- Ambitious and feasible
Reduce energy use and GHG
emissions by 95% by 2050

- Quantifiable
- Crucial for the climate
- Climate change mitigation

Stabilisation of actual
primary energy consumption
(EU scale) by 2050

- Reduction of material
extraction

- Impact on the economy?

2

- Air quality
- Ambitious and feasible
- Quantifiable
Reduce GIEC by 25% by 2050

-

-

- Crucial for resource
security
- Climate change
Reduce fossil energy and
GHG emissions by 80% by
2050

Reduce Carbon Footprint of
products/processes by 50%
by 2050

- Security of supply

- Only for the EU, not
globally

1

- Partial indicator

-

- Indirect effects
- Easy to calculate and to
understand
- Contribution to resource
efficiency and climate
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change mitigation
Carbon neutral buildings

-

-

Biomass (in particular for food)

1
11 (14%)

Resource-oriented:
- 2 ha/cap of agricultural
land use by 2050
Impact-oriented:
- Halve N and P releases by
2050

- Beneficial environmental
impacts along the agrifood chain

- EU scale and not global
scale

7

Reduce N-fertiliser by 45% by
2050

- Better water quality

- Higher food price
- Impact on employment in
rural areas

4

(Global) Biomass
consumption per capita =
regeneration per capita

- Protect global biodiversity

- EU has to lower its
consumption

-

Zero depletion of fish stocks
by 2050

- Positive impacts on
biodiversity and natural
ecosystems

- Difficult to monitor
- Difficult to arbitrate with
economic interests
- “Static” vision

-

- Focus on provisioning
services

-

- Not measured at the EU
level

-

All renewable resources from
sustainable sources:
- by 2020 for timber
-

by 2030 for fish

Halve avoidable food waste
by 2020

- Free-up biomass for other
uses
- Reduction of water use and
carbon emissions

Food - diet

3 (4%)
- No investment required

Follow WHO diet
recommendations by 2020

- Decrease of environmental
pressures

- Income loss for farmers
2
- Rural living standards

- Intragenerational equity

Reduce the consumption of
animal products by 50% in
food by 2050

Increase the share of nonmeat diet in the EU:
- By half the current share
by 2020
- Double that again by
2050 (i.e. 25% reduction

- Addresses the issues of
land, GHG, water and
health
- Stimulates changes in
consumer behaviour

- Addresses the issues of
land, GHG, water and
health

- Cultural aspects
- Resistance of established
behaviour

1

- Reduced diet choices
- Difficult to change
consumption behaviour

-
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of the current share)
Materials and Recycling

6 (8%)

75% of recycled content in all
manufactured products by
2040

- Cross-sector

- Difficult to monitor

4

Increase circular loop on
critical raw materials (e.g.
recycling, etc.)

- Will increase recycling of
metals in general

- Difficult to monitor

2

- Security of supply and
reduction of environmental
impacts

- Establish a clear link to
sustainable level

-

Recycling of all material that
can technically be recycled by
2030

- Decrease environmental
pressures
- Security of supply
- Reduction of landfill

- Costs

-

Reduce TMR per capita by
90% by 2050

- Reduction of toxicity
- No delocalisation bias
- Product scale

- Difficult to monitor
- Need for sub-targets (e.g.
to exclude sand and gravels)

-

- Reduction of impacts
- Feasible

- Interdependencies between
resources?

-

Increase recycling rate of
metals:
- Doubling by 2030
Achieve 80% by 2050

- Reduce RMC for fossil
fuels by 50%
- Stabilise RMC for metals,
construction minerals and
biomass
Land use
Halve indirect use of tropical
land
Land use to increase
biodiversity:
- land with priority status:
+5% per yr

13 (17%)
- Protect global biodiversity

- Increase prices of food/fuel
- Reduced competitiveness
(if no innovation)

- Existing initiatives to build
on, e.g. Natura 2000

6

4

- land with good ecological
status: + 5% per year
Set a limit to built-up area /
sealed area per capita: 400
m2 in 2030

- Stop urban sprawl
- Preserve landscapes
- Preserve biodiversity

Stop or decrease built-up
land

- Contributes to decreasing
consumption of
construction materials

Increase HANPP and
brownfield (land previously
used for industrial purposes)
reuse

- Biodiversity
- Soil sealing
- Protection of productive
agricultural land
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3

- Economic impacts
- Conflicts for biotic
materials
- Established behaviour

-

Expert Workshop

Water
Water Exploitation Index
within limits

4 (5%)
- Biodiversity

- Impact on the economy
and farmers

2

Stabilise Global Water
Consumption Index

- Realistic target
- Positive impacts on
biodiversity
- Climate change adaptation

- No data available
- No actual reduction of
impacts

2

Increase water recycling use
by 20% in agriculture by 2020

- Better water use

- Costs

-

Zero depletion of aquifers by
2050

- Positive impacts on
biodiversity and natural
ecosystems

- Difficult to monitor
- Difficult to arbitrate with
economic interests
- “Static” vision

-

Environmental impacts
Reduce the overall
environmental impacts per
capita by 50% (weighted by
distance-to-target)

7 (9%)
- Progress in one area
should not be
compensated by any
lagging areas
- Addresses a major
pollution issue

Chemical/metal pollution
reduced by 50% in 2050

- Strong link to energy use
and human health

- No direct policy advice

6

- Many chemicals
- Lack of indicators and data

Biodiversity

1

-

Zero species loss

- Easy to communicate
- Based on Natura 2000

- Feasibility? (missed in
2010)
- Costs of monitoring

-

Reduction of
biodiversity/habitat loss

- Direct link to land use and
biomass
- Key challenge

- Lack of indicators
- Lack of data

-

- Protecting land

- Increase in food prices

- Deposit for N

- Employment risks?

Halting biodiversity loss by
2020 via Natura 2000

Financial instruments: Incentives/taxes

7 (9%)

- Stimulate eco-innovation
Increase environmental tax
share to 20% of revenue by
2030

- Promote green jobs

Zero environmental harmful
subsidies

- Right price of resources

-

- Highest return on public

- Need to be precisely

Increase 100% of public
expenditure on resource

- Distributional impacts

4

- Reduction of
environmental impacts
3
-
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efficiency by 2050

intervention

designed

- Appropriate market signals
Well-being
Increase well-being by 1% by
2015

3 (4%)
- Aspirations for all
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- Increased demand on
consumables

3
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1.25

Workshop Agenda

Time

Agenda item

Objective

09:00 – 10:00

Registration and coffee

10:00 – 10:15

Welcome by the Commission

To welcome participants and set the context
for the workshop

10:15 – 10:30

Presentation of the agenda of the
workshop and outline of the on-going
study

To introduce participants to the day and to
each other

Tour de table
Basket of indicators for resource efficiency
10:30 – 11:15

Presentation and discussion on a proposed
basket of headline indicators developed
for setting resource use targets

To discuss whether the basket of indicators
provides a suitable base to track the Flagship
Initiative for a Resource Efficient Europe

Break
Suitability of indicators for target setting
11:30 – 13:00

Presentation and discussion on the
individual resource use indicators and their
suitability for target setting

To discuss whether each of the headline
indicators are well-suited and appropriate for
proposing resource use targets

Lunch
Rationale for setting resource use targets
14:15 – 14:45

Presentation and discussion on the
rationale for setting resource use targets

To discuss the approach to how resource use
targets should be structured and proposed

Links between targets and possible consequences
14:45 – 15:30

Presentation and discussion on the
identified
links
and
expected
consequences of proposing resource use
targets

To discuss whether the set of targets are
mutually supportive and do not risk
unintended negative consequences

Determining the level of ambition for each target
15:30 – 17:00

OPERA (participatory process exercise) on
the feasibility of specific target ranges and
time horizons
(Coffee break included)

To discuss what are feasible values for
specific resource use targets
To allow participants to propose their own
ideas of resource use targets

Moving forward
17:00 – 17:15

Summary of the meeting and next steps

17:15 – 17:30

Closing remarks

To summarise the day and inform of next
steps in the study
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