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| Background

Increasing resource efficiency is one of the core themes of sustainable development,
facilitating the improvement of socio-economic well-being while reducing resource use and
its associated environmental impacts. Sustainable resource management is one of the main
objectives of Agenda 21, adopted at the Earth Summit (United Nations Conference on
Environment and Development) in Rio de Janeiro in 1992. Without a doubt, Agenda 21 is a
milestone and trigger for the intensifying debate and progress on resource efficiency.
Nonetheless, its focus on sustainable resource management is restricted primarily to the
consumption side of resource use, devoting much less attention to industries and industrial
development.! Although the Plan of Implementation of the World Summit on Sustainable
Development in Johannesburg in 2002 puts greater emphasis on industries (Changing
unsustainable patterns of consumption and production),? the political debate in recent years
seems to have shifted away from industries and industrial development yet again.®

This is reflected, for instance, in the discussions towards supplementing and integrating the
United Nations Millennium Development Goals (MDGSs), adopted in 2000, with Sustainable
Development Goals (SDGs), such as those proposed by the governments of Colombia and
Guatemala, to be defined and agreed on within the Rio+20 process.* Both initiatives appear
to lack specific targets for industries and industrial development.

While the MDGs outline concrete, partly quantifiable objectives to drastically reduce extreme
poverty by 2015, they do not provide guidance or indicators on improving resource efficiency
and in particular do not address the industrial sector.” For example, Goal 7 calls to
“[iIntegrate the principles of sustainable development into country policies and programmes
[and] reverse loss of environmental resources” but does not provide any specific targets
related to industry. Furthermore, they also do not specifically address resource efficiency.
Although MDG 7 does include indicators for emissions intensity and per capita emissions,
the targeted resources (e.g., forests, biodiversity, and water) do not include many of the key
inputs in industrial production, such as metals or fossil fuels. Though the SDGs proposed by
the governments of Colombia and Guatemala include resources relevant to industries and
industrial development, in particular water resources and energy, they make no reference to
industries or industrial development.

! See section I CONSERVATION AND MANAGEMENT OF RESOURCES FOR DEVELOPMENT,
http://www.un.org/esa/dsd/agenda21/res _agenda2l 00.shtml.
See section |Ill, Changing unsustainable patterns of consumption and production,
http://www.un.org/esa/sustdev/documents/\WSSD POl PD/English/WSSD_Planimpl.pdf.
¥ UNIDO 2011. Green Industry: A key pillar of a Green Economy. Policy Brief for the Ministerial
Meeting on Energy and Green Industry, Vienna, 21 and 22 July 2011. See
http://www.unido.org/fileadmin/user _media/Services/Energy and Climate Change/Renewable Ener
ay/VEF 2011/Green%20industry%20policy%20brief Final.pdf.
* See the proposal by the Governments of Colombia and Guatemala; RIO + 20: Sustainable
Development Goals (SDGSs), http://www.uncsd2012.org/rio20/content/documents/colombiasdgs.pdf.
UNMDG (2011): The Millenium Development Goals Report 2011.
http://www.un.org/millenniumgoals/pdf/(2011 E)%20MDG%20Report%202011 Book%20LR.pdf
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Achieving both the MDGs and the SDGs requires integrating industries and industrial
development. On the one hand, industrial development plays a key role in alleviating poverty,
but at the same time sustainable development on a global level can only be achieved when
industries commit themselves to sustainable resource management and greater resource
efficiency, for instance, by improving resource efficiency in the consumption of natural
resources for production processes.® This in turn calls for a greening of industries as well as
a fostering of green industries’ and the environmental goods and services sector.?
Accordingly, in the upcoming Rio +20 summit in Rio de Janeiro in June 2012, the Secretary-
General's Report on Objectives and Themes of the United Nations Conference (UNDESA)®
sets “green economy” in the context of sustainable development and poverty eradication as a
key objective and main theme of the summit. However, in order to monitor and measure the
progress towards sustainable industry—as an integral part of achieving both the MDGs and
the proposed SDGs—effective indicators are necessary. In this context, the scope of
sustainable development requires indicators to cover the environmental, social, and
economic dimensions.

Concerning the environmental dimension, a broad variety of well-developed resource use
indicators exist both at product and country level* and can be used to measure the degree of
“decoupling’™ of resource use and economic growth and the associated environmental
benefits.

® UNEP 2011. Towards a Green Economy. Pathways to Sustainable Development and Poverty
Eradication. A Synthesis for Policy Makers, www.unep.org/greeneconomy.

" UNIDO 2010. A Greener Footprint for Industry. Opportunities and challenges of sustainable industrial
development. http://www.unep.or.jp/ietc/spc/news-nov09/UNIDO _GreenindustryConceptEbook.pdf.
® Eurostat 2009. The environmental goods and services sector. Methodologies and Working Papers.
European Communities, Luxembourg and OECD 1999. The Environmental Goods & Services

Industry. Manual for Data Collection and Analysis, Paris.

UNDESA 2011. Objective and themes of the United Nations Conference on Sustainable
Development. Report of the Secretary-General. See
http://www.uncsd2012.org/rio20/content/documents/N1070657. pdf
10 Giljum, S. et al. 2011. A comprehensive set of resource use indicators from the micro to the macro

level. Resources, Conservation and Recycling 55 (3): 300 — 308; Giljum, S. et al. 2009. How to

measure Europe’s resource use. An analysis for Friends of the Earth Europe. Vienna: SERI.

™ One typically distinguishes between resource decoupling and impact decoupling as well as between
relative decoupling (where resource use and/or impacts grow at a slower rate than economic
growth), and absolute decoupling (where resource use and/or impacts stagnate or decrease). See
JRC and IES 2010. Monitoring progress in Sustainable Consumption and Production in the EU.
Decoupling indicators; van der Voet, E. et al. 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. Brussels: EU Commission, DG ENV, as well as 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 Weizsécker,
E.U., Ren, Y., Moriguchi, Y., Crane, W., Krausmann, F., Eisenmenger, N., Giljum, S., Hennicke, P.,
Romero Lankao, P., Siriban Manalang, A.

12 JRC and IES 2010. Monitoring progress in Sustainable Consumption and Production in the EU.
Decoupling indicators; van der Voet, E. et al. 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. Brussels: EU Commission, DG ENV
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To a lesser extent, indicators for resource efficiency have also been discussed,” but
according to recent evaluations and key European policies on resource efficiency (in
particular, the Roadmap to a Resource Efficient Europe', the Europe2020 Strategy,*® and
the Flagship Initiative “A resource-efficient Europe” *” under the Europe2020 strategy), not in
sufficient detail to measure effectively progress towards greater resource efficiency.'®
Altogether, there appears to be a gap concerning indicators for measuring progress towards
sustainable industries and sustainable industrial development (including the greening of
industries, progress achieved in green industries, and greater resource efficiency in industrial
production). In addition, data availability, especially regarding life cycle resource use of
products and services, proves to be a severe limiting factor for establishing relevant resource
indicators.

According to reports by the European Commission on the Progress of the Thematic Strategy
on the Sustainable Use of Natural Resources,* as well as by BIOIS, IFF, and VITO,"
ongoing work concerning the identification of a headline indicator for resource efficiency has
as of yet produced no recommended set of indicators.

13 UNESCAP 2009. Eco-efficiency Indicators: Measuring Resource-use Efficiency and the Impact of
Economic Activities on the Environment. See
http://www.unescap.org/esd/environment/publications/EEI/ESCAP_EEI%20Publication%202561.pdf

14 European Commission 2011. COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND
THE COMMITTEE OF THE REGIONS on the Progress of the Thematic Strategy on the Sustainable
Use of Natural Resources. SEC(2011) 1068 final. Available at
http://ec.europa.eu/environment/resource_efficiency/pdf/sec2011 1068 final.pdf.

1o European Commission 2011. Roadmap to a Resource Efficient Europe. COM(2011) 571 final, see
http://ec.europa.eu/environment/resource_efficiency/pdf/com2011 571.pdf

16 European Commission 2010. EUROPE 2020 - A European strategy for smart, sustainable and
inclusive growth. COM(2010) 2020, see http://ec.europa.eu/europe2020/index_en.htm.

o European Commission 2011. Resource-efficient Europe — Flagship initiative under the Europe 2020
Strategy. COM(2011) 21, see http://ec.europa.eu/resource-efficient-
europe/pdf/iresource efficient europe en.pdf.

® Therefore, they call for the development of indicators to measure progress towards resource
efficiency — to this end, an EU FP7 call for tender has been issued in 2011.

¥ BIOIS, IFF and VITO 2011. Analysis of the key contributions to resource efficiency. Final Report,
March 2011. Available at http://ec.europa.eu/environment/natres/pdf/Resource Efficiency Final.pdf.
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2 Methodological framework

2.1 Selecting the organizing framework

The organizing framework to be selected will help structure the analysis and ensure that the
ecological, economic, and social dimensions are integrated. Thus, the framework is selected
to enable this study to investigate indicators for sustainable industries and sustainable
industrial development. Two approaches, Life Cycle Assessment (LCA) and Material Flow
Analysis (MFA), are the primary methodological tools to gather, organize, and analyze
information regarding the flow of natural resources through the economy, their use in
products and services, as well as the types, amounts, and sinks of by-products such as
pollution and waste. We will therefore compare these two approaches with the goal of
selecting the more suitable one for measuring resource efficiency and the environmental
impact of industries. This chapter is organized as follows: We begin with a description of the
two approaches. Then, based on their respective strengths and weaknesses, we will select
an approach to use as the organizing framework in this study.

2.1.1 Life Cycle Assessment (LCA)

Life Cycle Assessment (LCA), which is also known under the terms Life Cycle Analysis, Eco-
balance, and cradle-to-grave or cradle-to-cradle analysis, is a suite of methods designed to
assess the environmental impacts resulting from a product’s entire lifetime (or specified
portion thereof).?® This includes the impacts originating from the sources of the raw materials
(e.g., mining, catching, harvesting), material processing (e.g., refining, separation, smelting),
the manufacturing process (e.g., assembly, welding), distribution (e.g., transportation and
storage), use, and finally either disposal or recycling and reuse.

LCA is an important tool for product management because it expands the narrow focus of a
product’s impacts resulting from its use (e.g., CO, emissions of operating an airplane) to the
full set of emissions, pollution, resource use, and waste generated to make, use, and dispose
of the product.?

The information needed to conduct LCAs is substantial. It includes compiling inventories of
relevant energy and materials as well as pollutants, toxics, and other substances released at
each step of the LCA chain and then evaluating their potential impacts with respect to
environmental characteristics such as air and water quality, climate, habitat, biodiversity, etc.
But it is precisely this level of detail and comprehensiveness that makes LCA such a
powerful technique for evaluating products and allowing manufacturers, users, and others
concerned with environmental impacts make more informed decisions.

LCA is not limited strictly to individual products. In fact, conducting LCA on all existing and
newly created products would be infeasible, not the least because of the accelerating

* Hendrickson, C. T., Lave, L. B., and Matthews, H. S. (2005). Environmental Life Cycle Assessment
21of Goods and Services: An Input—Output Approach, Resources for the Future Press.
ibid.
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innovation cycle, which makes it more difficult to use data that are only a few years old for
analyzing today’s production environment. Therefore, LCA has been expanded to be useful
for evaluating product categories (e.g., passenger cars) as well as services (e.g., banking)
and industries (e.g., the cement industry). Nonetheless, the full advantage of LCA is only
then harnessed when the data are (a) accurate, (b) complete, and (c) comparable. Basing
decisions on LCAs that differ in these aspects is unreasonable and may have led to poor
decision making in the past.

LCA in Environmental Management:

Several LCA methods have been officially accredited as part of the ISO 14000 environmental
management standards, specifically, ISO 14040 (2006) and 14044 (2006), which replaced
the earlier versions of ISO 14041 to ISO 14043.% This means that LCA has gained a widely
accepted basis for theoretical and practical soundness and applicability and that
environmental planning and management decisions can be made using standardized and
hence legitimate procedures.

The LCA Process:?

LCA generally consists of four distinct but interdependent phases.

1. Goal and Scope Definition

2. Inventory Preparation and Analysis
3. Impact Assessment

4. Interpretation of the Results

While parts 1-3 are conducted sequentially, the fourth part is connected to and feeds back
into all of them. An illustration of the steps is shown in Figure 1.

Define Inventory Impact

Analysis Analysis

A

h 4

v

Grean

Scope
|
!
!
X ;
X Design
i
! h 4
P Improvement Impact
@1 H.I'El]’!is Measuremant

Figure |: LCA phases (Source: Graedel and Alleby, 199524)

There are a number of variants of the conventional LCA methodology that have been
developed to serve specific needs and purposes.® Three examples are energy LCA, cradle-
to-gate LCA, and economic input-output LCA. Energy LCA is focused entirely on tracking

2 1SO 14044 (2006): Environmental management — Life cycle assessment — Requirements and
guidelines, International Organisation for Standardisation (ISO), Geneva.

% Hendrickson, C. T., Lave, L. B., and Matthews, H. S. (2005). Environmental Life Cycle Assessment
of Goods and Services: An Input—Output Approach, Resources for the Future Press.

** Graedel TE, Allenby BR (1995). Industrial Ecology. AT&T: New Jersey.ISBN-10: 0131252380

% US EPA (2011). Life Cycle Assessment. http://www.epa.gov/nrmrl/icaccess/
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and analyzing the amount and types of energy used in the life cycle of products or services.
Cradle-to-gate LCA, on the other hand, comprehensively identifies the types of impacts
considered but is limited to assessing environmental impacts resulting up until the product
leaves the factory. This is useful for preparing production—not use or disposal—information
that can be published in Environmental Product Declarations. Economic input-output LCA
uses accounting principles to translate physical flows of materials, pollution, and waste into
monetary accounts. It generally uses aggregate sector-level data to determine the
environmental impact attributable to different sectors of the economy and how much each
sector purchases from others. These examples demonstrate that LCA is a flexible tool that
can be adapted to a broad range of user needs.

Strengths

LCA has a number of advantages that have contributed to making it one of the most widely
used assessment tools for gauging the environmental impacts of products, services, and
industries.

First of all, LCA is an internally consistent and comprehensive assessment framework that
allows a robust assessment of all the environmental impacts caused by a production
process. It can give very detailed information on the (environmental or monetary) value of
material, emissions, and waste flows that in turn can feed into environmental management
decisions to improve resource efficiency or accomplish other goals (e.g., climate change
mitigation).

At the same time, the diversity of methods that have been developed to date under the
umbrella of the LCA framework provide substantial flexibility and offer tailored methods for a
broad range of applications. These range from sector or product-cycle-specific LCAs to
monetary and ecological LCAs.

As a result, LCA methods are able to guide policy decisions by using consistent, fact-based
information that can help improve the environmental performance of specific products,
services, and industries or simply by allowing a complete comparison of products with
respect to their total environmental impacts.

Using LCA as the guiding and organizing framework for industrial data can yield effective
indicators for monitoring, setting targets and benchmarks, and comparing products and
sectors.

Furthermore, the development of LCA is ongoing. Social LCA, for example, is a relatively
new expansion of the traditionally environmental focus of LCA. Consideration of the social
impacts of resource extraction, production, use, and disposal are, however, becoming
increasingly important and social LCA can inform stakeholders on issues relating to social
and environmental justice.

Criticism
Aside from the above favorable properties, LCA has also had a number of critiques leveled
against it.

It is a very data-intensive framework, and, although the amount and types of data collected
can be tailored to the purpose of the study, it requires a comparatively large amount of
human and financial resources because LCA is typically not part of routine data collection

10
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activities in the corporate and public sectors. Most businesses will know what and how many
inputs are needed and where they come from, but generally less is known about the
environmentally relevant by-products generated during the production process and even less
is known about the environmental impacts involved in using the product or service. Waste
management, reuse, and recycling statistics are notoriously difficult to obtain. This means
that LCA often has to rely on assumptions, industry or product averages, conversion and
equivalency values to fill data gaps. Some of these assumptions are unavoidably subjective
in nature, which may undermine the objectivity of the LCA results.

The lack of readily available, routinely collected data is related to another potential
shortcoming of LCA, namely its timeliness and utility to draw comparisons across products
and/or over time. Assessing two or more products with respect to their environmental
impacts can only be done justly if data quality, completeness, and timeliness are
comparable. In addition, differences in individual, regional, and national business processes,
including climatic and other contextual aspects mean that LCA-based comparisons may be
limited. LCAs for products made in highly dynamic sectors may be outdated before the LCA
is completed. All of these challenges can be addressed in some form or another, but they
must be made transparent, and, when warranted, LCAs should be subjected to a sensitivity
analysis.

To reap the most from an LCA, the data and results should also not be boiled down to a
single number representing the total environmental impact as may be tempting to do.
Instead, the power of LCA is derived from its level of detail and systematic, process-oriented
information.

2.1.2 Material Flow Analysis (MFA)

Material Flow Analysis presumes to measure the material flows in an economic region, a
factory, a production process, or an industry on the basis of mass balances. By measuring
the economic processes and the associated material flows, Material Flow Indicators can, for
example, provide information on how much wood is used within an industry or a region. The
central assumption of the analysis is the mass balance approach. Material Flow Indicators
show that materials often are used several times over (for example, wood can first be used in
a furniture plant and then the waste wood in a power plant). Another example of a production
process without losses could be the use of water to wash paper and then to cool or heat the
plant. The mass balance of an industry therefore does show how much of the wood is used
“for the last time” in an industry and thus withheld from further use in the value chain. Figure
2 shows a schematic economy-wide MFA.
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Figure 2: Economy-wide MFA scheme, excluding air and water

Source: Eurostat 200126, p. 16

The most used indicator created with this methodology is the Domestic Material
Consumption Indicator. Domestic Material Consumption measures the overall use of material
in an economy and aggregates the different materials used ton by ton. The definition of the
material use is thereby based on the material balance definition used above.

Strengths

A substantial strength of Material Flow Analysis and indicators developed on this basis is that
the indicators can give a very good overview as well as detailed information on what kinds of
materials and how much of them pass through an economy or an industry. A detailed MFA
can be used to identify the major users of a certain material or resource (including energy),
where most of it is stored or discarded, and where the largest environmental impacts can be
expected as a result.

In addition, the requirement to clearly identify the boundaries of the system being analyzed
ensures that the analysis can be extended in a modular fashion. This is particularly useful
when the initial data basis is weak. For example, an initial MFA could cover the copper flow
by main use, i.e., the electrical industry, construction, and transport, which together account
for 97% of copper use in industrialized countries®” and for which relatively good data tend to

% Eurostat 2001. Economy-wide material flow accounts and derived indicators. A methodological
guide. European Communities, Luxembourg. Available at
http://epp.eurostat.ec.europa.eu/cache/ITY OFFPUB/KS-34-00-536/EN/KS-34-00-536-EN.PDF

% http://www.copperinfo.co.uk/applications.shtml (accessed 29 November 2011)
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be available. This can then be expanded over time to cover the remaining users as well as
other countries or regions.

The ability of MFA to generate information and indicators at various levels of aggregation,
from detailed material- and industry-level information to a national DMC is advantageous for
policy making and planning. It provides important information for the development of policy
options, targets, interventions, and other policy recommendations. Material can be traced in
the economic cycle and with that it is possible to target with policy measures the processes
where the most improvements in absolute as well as cost-standardized terms can be
identified.

Criticism

On the other hand, the biggest weakness of indicators based on material flow is that they
cannot describe the relative importance of savings in material flows. Resource efficiency is
an objective that is not pursued for its own sake but rather in order to diminish the negative
environmental, economic, and social impacts caused by that resource use. This
environmental (or social) damage is not strictly related to the mass extracted or used. For
some materials (for example, sand) the environmental damage per ton might be relatively
small, while for others it is far more significant. This means that any aggregated material flow
indicators will always focus the attention of policy makers on relatively low value but heavy
materials such as building materials which may not be appropriate in reflecting the relative
environmental damage that the extraction and use of these materials may cause. Although
this challenge only applies for aggregated indicators, it is important for all resource efficiency
guestions because very often the use of one resource is reduced by increased use of
another resource, and only disaggregated indicators can highlight such developments.

Another reason for improving resource efficiency is the scarcity of resources, which also
differs from material to material. Again, a ton-by-ton aggregation of resources does not take
account of those differences. This factor is especially important for renewable resources as
material consumption within the boundaries set by the carrying capacity has no scarcity
implication at all. One of the arguably most important resources, water, is therefore omitted
from most aggregate indicators as its use figures would overshadow any other resource use.

This means that a focusing and targeting of policies on the basis of Material Flow indicators
will not necessarily lead to a sustainable use as sustainable resource use has to take
account of the environmental damage it causes and potential availability limits for future
generations.

2.1.3 Organizing framework selected for this study

The previous sections described the two main approaches, LCA and MFA, that are used to
measure and characterize the environmental impacts and resource use intensities of industry
and therefore the ‘greenness’ of industrial sectors and product streams. For the present
study, a single organizing framework will be selected that will inform the selection of
indicators to be used to measure these impacts and resource efficiencies. Table 1 below
contrasts the strengths and weaknesses of LCA and MFA. Using a simple scoring
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mechanism that tallies the pros and cons on a point-by-point basis, we determined that LCA
is more suited to achieve the objectives of this study. This does not preclude the fact that
some of the indicators that will be recommended by the study also have a foundation in a
MFA framework or that MFA is the framework of choice for future indicator developments
and uses.

Table I: Comparison of LCA and MFA according to their strengths and weaknesses

Strength (++, +) / Weakness (-, --)

Characteristics

Measures the environmental impact of product(s), service(s),

. ++ -
industry

Flexible and adaptable to specific impact areas and/or steps in N +

the life cycle chain

Internally consistent ++ ++
Provides information on resource scarcity + -

Data readily and routinely available -- --
Small amounts of data required - --
No or only negligible assumptions needed --* --*
No testing of robustness or sensitivity needed - --
Ties to economic analysis using input-output accounting o .

principles

Can be used to set useful policy or management targets, o+ .
benchmarks and to monitor progress

Supported by ISO standards ++ -

Can be used to calculate highly aggregated indicators of
resource efficiency or environmental impacts

Note: ++ means that the characteristic is strongly supported by the approach, + means
that it is supported, - means that it is not recommended and -- means that it is not
supported®* means it depends on the material and/or product.

Contrasting LCA and MFA reveals a major difference in the coverage of the two frameworks,
with LCA allowing for a consideration of environmental impacts associated with the different
stages of resource use. Thus, choosing LCA as an organizing framework for this study
enables a more relevant perspective by fostering the inclusion of the ecological dimension.
While resource efficiency decoupled from the environmental consequences of resource use
is an important aspect in its own right—most resources are finite after all—viewing efficiency
only from a mass perspective is incomplete and, worse, can be misleading. Thus, using a
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framework such as LCA appears crucial in order to investigate indicators for sustainable
industries and sustainable industrial development.

Therefore, whether or not an indicator is able to measure different aspects of the life cycle
chain and the associated environmental impacts is one important criterion for indicator
selection but not the only one. The following section therefore deals with the criteria applied
for selecting indicators for analysis.

2.2 List of criteria for indicator selection

In order to identify indicators that are promising for this study, existing resource indicators will
be measured against a set of criteria. This set builds upon criteria developed in prior
research projects® as well as upon the existing EEA framework®® and the RACER
framework.*® Accordingly, criteria with relevance for the selection of resource indicators to be
analyzed should include:

Table 2: Initial list of criteria relevant for selecting resource indicators

Criterion Question to be answered by the criterion

LCA compatibility Is the indicator able to measu.re different !ife.cycle stages?
What aspects of the LCA chain does the indicator measure?
Coverage of industries
and industrial
development
Sustainability impacts  Is the indicator able to measure environmental, economic, or social impacts?

coverage

Is the indicator product-specific, or can it capture the performance of specific industries
sectors, and industrial development?

How much data is required to establish the indicator?
How much effort is needed to collect, prepare, and use the data?
Is the data required for the indicator readily available?

Required data efforts

Data availability At which level (global, per country, etc.) and at which time intervals (routinely, as
necessary, etc.) is it collected?

Consistency Does the indicator actually measure what it is intended to measure?

Avoiding double-

. Does the indicator preclude double-counting of resource use?
counting

Is the indicator derivable from existing measurement frameworks such as System of
Compatibility Environmental-Economic Accounts (SEEA), the Dutch National Accounting Matrix
including Environmental Accounts (NAMEA), or national LCA databases?

2 Giljum, S. et al. 2011. A comprehensive set of resource use indicators from the micro to the macro
level. Resources, Conservation and Recycling 55 (3): 300 — 308; Griinig, M. et al. 2011. Plakative
und schnelle Umweltinformation mittels hochaggregierter Kenngrof3en zur nachhaltigen Entwicklung.
UFOPLAN 3710 12 160. German Federal Environment Agency, Dessau.

http://projects.cba.muni.cz/indikatory/documents/metodiky/metodika EEA.pdf  (accessed 26
November 2011)

% The RACER methodology was recommended by the European Commission in its publication
“Impact assessment guidelines.” SEC2005 (791), available at
http://www.mfcr.cz/cps/rde/xbcr/mfcr/SEC 2005 791 Impact Assessment Guidelines 2006update.
pdf. RACER is a generic evaluation framework applied to assess the value of scientific tools for use
in policy making. RACER embraces the five criteria Relevant, Accepted, Credible, Easy to interpret
and Robust.
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Criterion Question to be answered by the criterion

How are uncertainties about data reflected in the indicator and how are missing data
Uncertainties and data imputed?
imputation What errors of interpretation can be caused by the imputation method?
Is the indicator robust against manipulation?
Is the methodology for the indicator backed by scientific research and debate?
Is it well documented?
Understanding and Is the information directionally safe? Is comprehension of the indicator intuitive?
Acceptance Is the indicator accepted and used by different experts and non experts?
Does the indicator address and support policy priority issues by measuring progress
towards political targets or thresholds?
Policy relevance Does the indicator measure aspects which can be influenced by policy makers?
Does it provide disaggregated information allowing analysis of causal effects?
Is it available to policy makers in short time frames?
Communication Can the indicator be visually illustrated?

Scientifically verified

3  Methodological framework for indicator review

This task deals with the systematic evaluation of existing resource indicators with respect to
the objectives of the study, i.e., their utility for assessing the performance of industry and
industrial development in becoming more sustainable in terms of resource use and
associated environmental impacts.

To do so, each criterion is evaluated qualitatively by assessing whether different aspects are
matched (©), partially matched (®), or not matched (®), based on existing literature. These
are summed up qualitatively by assigning an overall score per criterion. To this end, a
template for an evaluation factsheet was developed and applied to evaluating the resource
indicators specified above (see Table 3). Given that data availability also largely determines
how effective an indicator can be, an entire chapter is dedicated to analyzing this criterion
(see Task 3). Therefore, in order to avoid redundancies, data availability is not evaluated in
the factsheets.
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Resource Indicator:
Brief description:
Source/reference(s):

Table 3: Template for the evaluation factsheet for the existing resource indicators

Qualitative assessment
Criteria score for criterion match
(©/0/®)*

Question(s) to be answered by the criterion

Is the indicator able to measure different life cycle stages? What aspects of the LCA chain does the indicator
measure?

Coverage of industries and Is the indicator product-specific, or can it capture the performance of specific industries, sectors, and industrial
industrial development development?

Sustainability impacts coverage Is the indicator able to measure environmental, economic, or social impacts?

How much data is required to establish the indicator? How much effort is needed to collect, prepare and use the

LCA compatibility

Required data efforts

data?
Consistency Does the indicator actually measure what it is intended to measure?
Avoiding double-counting Does the indicator preclude double-counting of resource use?
Is the indicator derivable from existing measurement frameworks such as the System of Environmental-
Compatibility Economic Accounts (SEEA) or the Dutch National Accounting Matrix including Environmental Accounts
(NAMEA)?
Uncertainties and data How are uncertainties about data reflected in the indicator and how are missing data imputed? What errors of
imputation interpretation can be caused by the imputation method? Is the indicator robust against manipulation?
Scientifically verified Is the methodology for the indicator backed by scientific research and debate? Is it well documented?

Is the information directionally safe? Is comprehension of the indicator intuitive? Is the indicator accepted and
used by different experts and non experts?

Does the indicator address and support policy priority issues by measuring progress towards political targets or
thresholds? Does the indicator measure aspects which can be influenced by policy makers? Does it provide
disaggregated information allowing the analysis of causal effects? Is it available to policy makers in short time
frames?

Communication Can the indicator be visually illustrated?

* ® not matching the criterion © partially matching the criterion © matching the criterion

Understanding and Acceptance

Policy relevance
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3.1 Selection of indicator for further analysis

Evaluating the criteria for all indicators proposed above, the factsheets are then used for
ranking the indicators to identify the 10 most promising indicators for further analysis. Since
not all criteria are equally relevant in the context of this study’s objectives, the following five
criteria are considered as equally weighted core criteria for guiding the indicator selection:

o LCA compatibility

e Coverage of industries and industrial development
e Sustainability impacts coverage

e Required data efforts

o Policy relevance

Table 4 shows the template for ranking of the indicators.

Table 4: Template for ranking of the resource indicators reviewed

Coverage of

industries Sustainability Required .
LCA Policy

Indicator . and impacts data Relevance* Ranking
compatibility ; ; Relevance
industrial coverage efforts

development

very highto 1to 10

very low
® not matching the criterion  © partially matching the criterion © matching the criterion

©/Ie/6 ©/e/e ©/Ie/® ©/e/d ©/6/®

* The scale for relevance ranges is in decreasing order: very high, high, medium, low, very low. The relevance is
arrived at by the following matrix:

Relevance = the following combination of evaluations

. 00O
veryhigh = cooe +® /@
i 000 +20
"= coo+o0+®

medium = ©00+26
T 00+30/20+0

low = OO0 +O+20

T ©+20+20

very low = ®®® + every combination of © and ®

The ten indicators with the highest qualitative overall score on these core criteria will then be
pursued for further analysis: investigating data availability in Task 3, as well as discussing
and deriving recommendations in Task 4.

The filled-in factsheets for the top ten indicators are provided under (6.1), while the remaining
ones are provided in the Annex.
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3.2 Evaluation of data availability

In order to assess the availability of the required data for the selected indicators, the
following evaluation template is used for each of the ten indicators.

Table 5: Data availability of the indicators reviewed

Indicator: Evaluation: © / © | ®*

Data Requirements:

Relevant Databases:
Data Availability:

Data sets available:
Level of data:
Time period:

"® good data availability © medium data availability ® weak data availability

4 Review of existing relevant resource indicators

We focused on key existing indicators measuring resource use, environmental impacts and
progress achieved in green industries. The following list originates from previous project
experiences at Ecologic Institute®! and an additional literature search on the World Wide Web
through Google scholar (http://scholar.google.com) using as key words, in combination, the
terms indicator, resource, efficiency, industry, sustainability. An article was considered
promising based on its link to the study’s objectives, the title, and the summary or abstract.
We also checked the references cited in each article to identify additional relevant material.
The final list of indicators that were reviewed is:

o Energy
o Energy intensity by sector,
o Energy productivity,
o Share of renewables in total primary energy supply (TPES),
o Share of renewable power in total electricity
o Share of renewable power in total final energy consumption,

o Generation capacity for renewable power generation,

* The following projects may serve as examples: Environmental Pressure index
(http://ecologic.eu/4202), Potential of the Ecological Footprint for monitoring environmental impact
from natural resource use (http://ecologic.eu/2367), Indicator-based environmental reporting
(http://ecologic.eu/3862), Establishing thresholds for environmental sustainability and a related set of
indicators  (http://ecologic.eu/3604), One Planet Economy Network: Europe (OPEN: EU)
(http://ecologic.eu/3380).
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o Production based CO, productivity (GDP per unit of energy-related CO,
emitted),

o Employment
o Employment in environmental goods and services sector,
o Employment in the renewable energy sector,

e Business performance

o Corporations' turnover, value added and exports of the environmental goods
and services sector,

o Eco-labels on products and services (EU eco-label), and

o Number of companies using EMAS or other environmental management
schemes (e.g., ISO 14000 and 14001),

o Investment in Research & Development

o Water consumption by sector,

o Industry water productivity by sector,

o Water abstraction rates and water stress
e Material use

o Total Material Consumption (TMC)

o Total Material Requirements (TMR)

o Resource Productivity / Material Productivity,

o Material Intensity of the Economy,

o Domestic Material Consumption (DMC),

o Direct Material Input (DMI)

o Domestic Extraction Used (DEU),

o Environmentally weighted material consumption (EMC)
e Ecological Footprint,
e Sustainable Process Index,
e Multifactor productivity,
e Mining and Minerals Extraction

o Available (global) stocks or reserves of selected minerals
e Fisheries

o Proportion of fish stocks within safe biological limits (global)
e Forestry

o Area of forest and wooded land,

o Volume of forest resource stocks
e Agriculture

o Share of agricultural area occupied by organic farming.
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4.1 Selection of indicators for further analysis

Table 6 on the following page provides a preliminary ranking of the indicators identified
above according to the five core criteria specified in 3 Methodological framework for indicator
review. The ten most promising indicators according to this ranking will be presented in
factsheets under 4.2 The remaining indicators are provided in the Annex.
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Table 6: Preliminary ranking of indicators according to core criteria to pursue for further analysis

Coverage of . .
i i Sustainability : .
LCA industries and Required data Policy

Indicator . i i impacts
compatibility industrial efforts Relevance

Relevance* Ranking
coverage

development

Environmentally weighted material consumption © © © @) © very high 1
Energy intensity by sector © © © © © very high 2
Production based CO, productivity @) © © © © very high 3
Water consumption by sector © © ® e © high 4
Sustainable Process Index © © @) ® © high 5
Water abstraction rates and water stress ® e © © © high 6
Corporétlons‘ turnover, value adde_d and exports of ® o © e © el 7
the environmental goods and services sector

Resource Productivity / Material Productivity ® © ® ® © medium 8
Total Material Consumption e © e ® © medium 9
Ecological Footprint ® © &) © &) medium 10
Total Material Requirement @) © @) ® © medium

Domestic Material Consumption ® © ® © © medium
Proportion of fish stocks within safe biological limits ® e o o © medium

(global)

Shar.e of agricultural area occupied by organic ® e ® o © medium

farming

Energy productivity @) @) © © @) medium

Industry water productivity by sector ® © &) ® © low

Material Intensity of the Economy @) © ® ® © low

Direct Material Input e © ® ® e low

Domestic Extraction Used e © ® ® @) low

Share of renewables in total primary energy supply ® ® &) © © low

Area of forest and wooded land ® e © @) © low
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Coverage of ; -
; i Sustainability , ,
LCA industries and Required data Policy

Indicator impacts Relevance* Ranking

compatibility industrial efforts Relevance

coverage
development

Volume of forest resource stocks ® © <) © © low
Share of renewable power in total electricity ® ® e © © low
Share of renewable power in total final ener
| P i ® ® ® ® ® low
consumption
Energy productivity e e © © e medium
Multifactor productivity ® @) ® - © very low
Number of companies using environmental
> : @) © e - ® very low
management schemes
Employment in environmental goods and services
ploy g ® © e ® e very low
sector
Employment in the renewable energy sector ® © e ® e very low
Investment in Research & Development ® © ©) &) ® very low
Available (global) stocks or reserves of selected
) @ ) ® ® S ® - very low
minerals
Generation capacity for renewable power generation ® ® ® © © very low
Eco-labels on products and services @) ® ©) - - very low

® not matching the criterion  ® partially matching the criterion © matching the criterion - no statement possible according to the literature reviewed
* The scale for relevance ranges is in decreasing order: very high, high, medium, low, very low. The relevance is arrived at by the following matrix:
Relevance = the following combination of evaluations

. ©OOOO
veryhigh = e o000 +® /@
o ©00 +20

"= coo+@+0
. OO0 +2 ®
medium =

©O0+30/20+0©
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QO +O+26

oW=" 6 420 + 20

very low = ®®® + every combination of © and ©®

NB: - (no statement possible...) was considered as not matching the criterion ® in order to accommodate the worst case.
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4.2 Evaluation factsheets for indicators selected for further analysis

Thus, the 10 most promising indicators are:

1.

S A I

9.

Environmentally weighted material consumption (EWC)
Energy intensity by sector

Production based CO, productivity

Water consumption by sector

Sustainable Process Index (SPI)

Water abstraction rates and water stress

Corporations’ turnover, value added and exports of the environmental goods and
services sector

Resource Productivity / Material Productivity
Total Material Consumption (TMC)

10. Ecological Footprint (EF)

In the following, the individual evaluation factsheets for these ten indicators are presented.
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Table 7: Evaluation factsheet for the indicator: environmentally weighted material consumption

Resource Indicator:
Environmentally weighted material consumption (EMC)

Brief description:

Environmentally weighted material flow indicators integrate the environmental impacts associated with materials extraction and use into the calculation of
the indicator. To this end, EMC combines data from economy-wide material flow accounts such as DMC (based on apparent consumption = domestic
production plus import minus exports) with data from LCA by multiplying the mass of selected base materials with the LCA impact coefficients. The impacts
relate to the 13 different impact categories of LCA (global warming, stratospheric ozone depletion, acidification, eutrophication, photochemical ozone
formation, abiotic resource depletion, human toxicity, aquatic ecotoxicity, terrestrial ecotoxicity, marine ecotoxicity, final soild waste generation, radiation,
land competition) and have to be aggregated by weighting to arrive at one score. Therefore, environmental impacts throughout the materials’ entire life
cycle are taken into consideration.

Sourcel/reference(s):

European Commision 2007. Progress report on the European Union Sustainable Development Strategy 2007. Accompanying document to the
Communication from the Commission to the Council and the European Parliament. Commission staff working document. SEC(2007) 1416. Brussels,
22.10.2007.

Van der Voet, E, van Oers,L., Moll, S., Schitz, 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. CML report 166,
Leiden: Institute of environmental sciences (CML), Leiden: Leiden University, Department Industrial Ecology, 2005 available at
http://www.leidenuniv.nl/cml/ssp/projects/dematerialisation/policy review _on_decoupling.pdf

EEA 2010. The European Environment State and Outlook 2010 — Material Resources and Waste, available at
http://www.eea.europa.eu/soer/europe/material-resources-and-waste

Eurostat 2001. Economy-wide material flow accounts and derived indicators — A methodological guide, available at
http://epp.eurostat.ec.europa.eu/cache/ITY OFFPUB/KS-34-00-536/EN/KS-34-00-536-EN.PDF

JRC and IES 2010. Decoupling indicators, Basket-of-products indicators, Waste management indicators — Framework, methodology, data basis and
updating procedures. Draft for public consultation, available at http:/Ict.jrc.ec.europa.eu/pdf-directory/Indicators-framework-for-public-consultation-
16082010.pdf

OECD 2008a. Measuring Material Flows and Resource Productivity — Synthesis report, available at http://www.oecd.org/datacecd/55/12/40464014.pdf
OECD 2008b. Measuring Material Flows and Resource Productivity — Volume |I. The OECD Guide, available at
http://www.oecd.org/dataoecd/46/48/40485853. pdf
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Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/©/®)

Is the indicator able to measure different life cycle stages?
LCA provides a considerable amount of information for calculating the EMC indicator, which is a highly aggregated
LCA compatibility composite indicator derived from LCA. ©
EMC is strongly based on LCA impact coefficients, so that for each material looked at a score is obtained on the LCA
impact categories, such as global warming, acidification or human toxicity.
Is the indicator product-specific or can it capture the performance of specific industries or sectors and industrial
development?
Since EMC is based on DMC, which is material specific and also linked to semi-manufactured or finished products, but in
particular for complex products requires aggregation to material categories, also for EMC this may facilitate generalization to ©
product categories or industry sectors.
Furthermore, because the three main categories fossil fuels, minerals and biomass are addressed in DMC, also EMC may
be applied to capturing specific industries or sectors within these categories.
Is the indicator able to measure environmental, economic or social impacts?
EMC includes the environmental impacts of different base materials according to their respective LCA impacts coefficients
for 13 impact categories. The impacts covered encompass, inter alia,

- the impacts related to the material itself,
- the impacts of auxiliary materials,
- the energy used for extracting and producing the materia
- the emissions of pollutants included in the material released during use or waste treatment.
Thus, EMC shows the overall environmental impacts associated with material consumption throughout the materials’ entire

life cycle regardless of where and when they occur (e.g. on the domestic territory or abroad up- or downstream through ©
imports and exports, now or in future).

In order to calculate the EMC, data for the 13 impact categories per unit of material or energy carrier used are first

normalized with data on status quo of a reference year on the global level to generate normalized impact coefficients, which

are then multiplied with the apparent consumption (e.g. DMC) of the selected materials and energy carriers. In order to

arrive at one score across the 13 impact categories, weighting has to be used for aggregation.

Thus, on the downside, EMC covers only the environmental impacts of the materials selected and therefore does not

capture the impacts of materials not accounted for. In addition, EMC is neither specific for one year nor for country of origin

of imports. Furthermore, EMC does not take into account technological development over time, nor establishes a link to

Coverage of industries and
industrial development
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|

Sustainability impacts coverage

¥ The energy used during consumption is allocated to the product used, since it is very difficult to separate the data for the consumption of different materials of a
(complex) product. However, energy used for consumption is reflected in the EMC through the life cycle chain of fossil fuels
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Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/©/®)

products as underlying drivers behind the impacts and only covers the use phase via consumption/incineration of fossil
fuels. Nonetheless, EMC is considered an important advancement in particular in comparison to DMC and TMC.

Which data is required to establish the indicator?

Data are required on material flows and DMC, as well as LCA data.

How much effort is needed to collect, prepare and use the data?

Because EMC measures the cradle-to-grave impacts, which refer to finished materials, calculating raw materials imported
or extracted requires their conversion into finished materials. Though this necessitates additional information about the ©
material composition of products imported or exported and of the associated impacts, the error linked to this conversion is
considered to be rather minor.

However, for some smaller-scale materials with a potentially very high environmental impact per weight, arriving at credible
materials balances is almost impossible (European Commission 2005).

Does the indicator actually measure what it is intended to measure?

Required data efforts

Consistenc . : . . . . ©
y Yes, EMC measures the environmental impacts of different materials per tonnage across their entire life cycle.
Does the indicator preclude double-counting of resource use?
Since the LCA impact factor relates to life cycle chains, double-counting of different materials may occur. For instance, while
- . the cradle-to-grave analysis of a crop accounts both for the impact of the crop harvested and of any fertilizer used for the
Avoiding double-counting 9 y P P P y ©

crop, calculating both separately would lead to double-counting the impacts of the fertilizer. Therefore, double-counting is

precluded by excluding materials that are only used for producing other materials already covered by the DMC while

including their impacts through LCA.

How are uncertainties about data reflected in the indicator and how are missing data imputed?

Material flow and DMC data, as well as LCA data carry with them uncertainties. For instance, LCA process data is based on

averages for the whole of Western Europe causing neglect of existing differences between countries and rendering

efficiency improvements over time which lower material consumption invisible. ®

Furthermore, the quality of the LCA impact assessment data largely differs for the impact categories (e.g. with global

warming potentials based on internationally agreed studies, whereas toxicity categories remain very uncertain and depletion

of biotic, natural resources such as wood and fish, is not included at all).

Is the methodology for the indicator backed by scientific research and debate? Is it well documented?

Scientifically verified The methodology for the indicator is both backed by scientific research and well documented (see European Commission ©
2005)
Does the indicator address and support policy priority issues by measuring progress towards political targets or thresholds?

Policy relevance EMC is possibly the most relevant highly aggregate composite indicator for assessing the combined environmental impact ©

of industry. EMC is able to measure the environmental impacts of material use from cradle to grave. Thus, EMC is of high

Uncertainties and data
imputation
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Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/©/®)

value to indicate the progress towards decoupling of economic growth from the use of natural resources and associated
environmental impacts. Decoupling is an increasingly import policy issue, from international to the national level, aiming at
reducing environmental impacts and degradation associated with primary production, material processing, manufacturing
and waste disposal. These are core issues of the Agenda 21 and the 2002 World Summit on Sustainable Development
Johannesburg Plan of Implementation, as well as of European policies, such as the EUROPE2020 Strategy33 or the

Roadmap to a Resource Efficient Europe34. EMC is thus considered highly policy relevant both internationally and
nationally.
Can the indicator be visually illustrated?
Communication The indicator is frequently is visually illustrated, for instance by the European Topic Centre for Sustainable Consumption ©
and Production (see http://scp.eionet.europa.eu/themes/resource _use).

% European Commission 2010. EUROPE 2020 - A European strategy for smart, sustainable and inclusive growth. COM(2010) 2020, see
http://ec.europa.eu/europe2020/index_en.htm.

European Commission 2011. Roadmap to a Resource Efficient Europe. COM(2011) 571 final, see
http://ec.europa.eu/environment/resource efficiency/pdf/com2011 571.pdf
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Table 8: Evaluation factsheet for the indicator: energy intensity by sector

Resource Indicator:

Energy intensity by sector

Brief description:

Energy intensity is the energy used per unit of value added, or the inverse of energy productivity, and is a relatively common indicator used to measure
resource efficiency and sustainability. In the context of the recent OECD (2011) report monitoring progress toward green growth, energy intensity by end-
use or sector is calculated differently for each sector: manufacturing (megajoule (MJ) per USD of value added), passenger transport (MJ per passenger-
km), and freight transport (MJ per tonne-km).

Under the theme “Socioeconomic Development”, Eurostat includes energy intensity as a key measure of progress and innovation, eco-competitiveness
and eco-efficiency. Eurostat measures energy intensity as the ratio between the Gross Inland Consumption of Energy (coal, electricity, oil, natural gas and
renewable energy sources — available for consumption) and GDP calculated for a calendar year and expressed in Millions of euro, chain-linked volumes,
reference year 2000 (at 2000 exchange rates)®.

Increasing energy intensity by sector may indicate efforts to improve energy efficiency and to reduce greenhouse gases (GHGs) and other harmful
emissions. This in turn is a key factor in improving environmental performance and ensuring sustainable development. However, these indicators also
reflect structural and climatic factors; thus, they cannot be used as a standalone measure of the efficiency of energy use in a country or industry. Other
significant factors include the structure of the economy; the size of the country; and the climate®®.

Source/reference(s):

OECD 2011a. Towards Green Growth: Monitoring Progress: OECD Indicators, OECD Publishing.

http://dx.doi.org/10.1787/9789264111356-en

Eurostat 2009. Sustainable development in the European Union - 2009 monitoring report of the EU sustainable development strategy, European
Communities, Luxembourg

Eurostat 2010. Eurostat quality profile on the energy intensity of the economy. Available at:
http://epp.eurostat.ec.europa.eu/portal/page/portal/sdi/files/Energy%20intensity%200f%20the%20econom

3 Eurostat 2010
% OECD 2011
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Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/©/®)

Is the indicator able to measure different life cycle stages?
Although the typical usage of this indicator does not reflect different life cycle stages, it is theoretically LCA
compatible.
What aspects of the LCA chain does the indicator measure?
By incorporating different life cycle stages into the energy input for intensity, this indicator could theoretically
reflect all life cycle stages.
Related LCA methods: energy LCA by product, firm or sector using energy input-output tables and coupled with
cost and production volume data to obtain intensity ratios.
The indicator can be used to estimate GHG emissions. It is possible to distinguish by energy type and quality
(coal, oil, thermal energy content or exergy).
However, the indicator — as used in current sustainability indicator sets — does not incorporate life cycle stages,
and this would require significant additional effort from the perspective of data collection, preparation and use.
Is the indicator product-specific or can it capture the performance of specific industries or sectors and industrial
development?
It could be product specific (i.e., the amount of energy used to produce inputs, transportation energy, direct ©
manufacturing of the product, disposal, etc.) or could be calculated for different sectors, as demonstrated by the
OECD (2011).
Is the indicator able to measure environmental, economic and/or social impacts?
This indicator does not directly measure environmental and social impacts, but it does provide a direct measure
of economic impacts. There are obvious economic benefits to using less energy to derive a unit of revenue,
which encourages economic growth and can in turn have positive second order effects on society. On the other
Sustainability impacts hand, environmental impacts are not measured relative to GDP and so the development of the indicator can
coverage mask increasing environmental impacts.
Improving energy intensity can enhance environmental performance in a number of ways, including lowering
GHG and other emissions. However, in order to fully understand and quantify the environmental benefits, this
indicator must be used in conjunction with a measure of the energy mix (i.e., the share of renewable energy
versus fossil resources, etc.).

LCA compatibility

Coverage of industries and
industrial development
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Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/©/®)

Which data is required to establish the indicator?
Energy consumption by sector, revenue by sector, total energy supply/consumption (gross inland energy
consumption or TPES), and GDP.
How much effort is needed to collect, prepare and use the data?
At the national or sectoral level, this data is relatively easy to obtain. However, at the product level or with the
inclusion of more life cycle stages, the effort required to collect the data would be significant.
Does the indicator address and support policy priority issues by measuring progress towards political targets or
thresholds?
Energy is the vital input to all of human activity and the primary anthropogenic driver of climate change.
Therefore, reducing energy consumption and switching to renewable, climate neutral energy sources are two key
components for greening industry.
Energy intensity of the economy is a key indicator for measuring the Lisbon Process and its successor
Europe 2020. Other relevant European legislation includes Regulation (EC) No 1099/2008 of the European
Policy relevance Parliament and of the Council of 22 October 2008 on Energy Statistics; Regulation No 1392/2007 of the ©
European Parliament and of the Council of 13 November 2007 amending Council Regulation (EC) No 2223/96
with respect to the transmission of national accounts data”¥’.
Other relevant agreements and initiatives include the Kyoto protocol (Article 2); the Barcelona European Council
(2002); and the Brussels European Council (2003)38.
Does the indicator measure aspects which can be influenced by policy makers? Yes.
Does it provide disaggregated information allowing to analyze causal effects? No
Is it available to policy makers in short time frames? Yes
Can the indicator be visually illustrated?
Communication Visual depictions of the indicator are available in the OECD (2011) report monitoring progress toward greening, ©
as well as Eurostat’s report (2009) monitoring the EU sustainable development strategy.

Required data efforts

3" Eurostat 2011
% Eurostat 2010
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Table 9: Evaluation factsheet for the indicator: production-based CO; productivity

Resource Indicator:

Production-based CO, Productivity

Brief description:

This indicator provides information about the relative decoupling between domestic production and carbon inputs. It can also provide information about
other environmental issues such as the emissions of greenhouse gases and air pollution that are correlated with the carbon intensity of economic
production. The indicator is calculated as GDP generated per unit of energy-related CO, emitted.

Source/reference(s):

OECD 2011a. Towards Green Growth: Monitoring Progress — OECD Indicators. Available at
http://www.oecd.org/document/56/0,3746,.en 2649 37465 48033720 1 1 1 37465,00.html

Qualitative assessment

Criteria score for criterion
Question(s) to be answered by the criterion match (©/©/®)

Is the indicator able to measure different life cycle stages?
Energy LCA could be combined with monetary data on value added or contribution to GDP.
Coverage of industries and Is the indicator product-specific or can it capture the performance of specific industries or sectors and industrial development?
industrial development Yes, it can measure their performance over time in reducing emissions emitted from energy use in production.
Is the indicator able to measure environmental, economic and/or social impacts?
The indicator can measure the environmental impact of energy-related CO, emissions, assuming that these are a main cause
of climate change and related impacts.
Sustainability impacts coverage In order to provide an overall picture this indicator should be read in connection with other indicators, in particular, energy ©
intensity and efficiency, use of renewable energy, energy prices and taxes, and carbon pricing.
The indicator does not directly measure the impact of CO, emissions on the economy, but it does provide information on the
extent to which economic growth and CO, emissions are interlinked. The indicator does not directly measure social impacts.
Which data is required to establish the indicator?
GHG emissions at the national level and by sector, energy use, and GDP growth.

LCA compatibility

Required data efforts .
q How much effort is needed to collect, prepare and use the data? ©
Small effort, because data on GHG emissions are reported to the Secretariat of the UNFCC using 1990 as the base year.
There has been good progress on developing national GHG inventories.
. Is comprehension of the indicator intuitive?
Understanding and Acceptance P ©

Comprehension of the indicator is not intuitive, but neither is it very difficult to understand, especially when graphically
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Qualitative assessment

score for criterion

Gl el Question(s) to be answered by the criterion match (©/©/®)

represented. Some prior knowledge of productivity and decoupling emissions from GDP growth is assumed.

Is the indicator accepted and used by different experts and non experts?

The indicator is mostly used by policy makers, policy analysts and economists to measure progress towards CO, reduction

targets and to shape strategies accordingly. Similarly, industry experts use the indicator to measure their own performance in

achieving said goals.

Does the indicator address and support policy priority issues by measuring progress towards political targets or thresholds?

The indicator can be used to measure progress on decoupling CO; emissions from GDP growth. It is also helpful in

comparing CO, emissions from energy used across individual sectors, countries and regions. Moreover, this indicator
Policy relevance measures progress towards national or international commitments to reduce GHG emissions. ©

Does the indicator measure aspects which can be influenced by policy makers?

Yes, as it can measure progress towards stabilizing the concentration of GHGs in the atmosphere. This goal can only be

achieved globally by developing national and international policy strategies to further decouple CO, from economic growth.
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Table 10: Evaluation factsheet for the indicator: water consumption by sector

Resource Indicator:

Water consumption by sector

Brief description:

Water consumption per sector is defined as the annual water consumption for domestic use, industrial use, agricultural use and other sectors expressed in
cubic meters per year or as a percentage of total water consumption. These indicators can be used for water resources management by identifying crucial
sectors of consumption in which specific future plans have to be developed. Usually, the heaviest water uses are domestic, industrial, and agriculture in
ascending order. The amount of water consumption in the agricultural sector is a crucial factor for desertification vulnerability of areas facing water scarcity
problems. The calculation of the percentage for each sector has been defined by dividing the consumption of each sector by the total water consumption.
Sourcel/reference(s):

UNSTATS 2011a. Millennium Development Goals Indicators, available at http://unstats.un.org/unsd/mdg/Metadata.aspx?Indicatorld=0&Series|d=768,
accessed 5" December 2011

UNWATER 2009. Water in a changing world. The United Nations World Water Development Report 3, available at
http://unesdoc.unesco.org/images/0018/001819/181993e.pdf#page=324, accessed 5" December 2011

Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/©/®)

Is the indicator able to measure different life cycle stages?
LCA compatibility LCA for products, services and sectors can measure the consumption of water at various steps in the extraction-production- ©
disposal chain.
Coverage of industries and Is the indicator product-specific or can it capture the performance of specific industries or sectors and industrial development?
industrial development The indicator measures the performance of specific sectors in terms of water consumption.
Is the indicator able to measure environmental, economic and/or social impacts?
The indicator does not measure impacts, but only pressures (water abstraction). Pressures can be linked to impacts. As the
Sustainability impacts coverage indicator does not match abstraction with availability, there is no indication as to water scarcity at all. ®
Therefore, more information would be necessary in order to evaluate whether the water consumption measured is sustainable
and whether it fosters sustainable development.
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Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/0/®)

Which data is required to establish the indicator?
Water withdrawal by major sector (agriculture, industry and domestic), as well as total water withdrawal.

Required data efforts How much effort is needed to collect, prepare and use the data? ®
Countries with environmental accounts usually have the information required available and it does not need much effort to
calculate the indicator. However, this also depends on the willingness of the different sectors to monitor and provide data on
their water use. Low willingness among many industries to do so is often reported.
Does the indicator actually measure what it is intended to measure?
The indicator does measure water consumption, although there is the differentiation between withdrawal and consumption.
Does the indicator preclude double-counting of resource use?
Because it measures withdrawal and not consumption, double counting is avoided.
Is comprehension of the indicator intuitive?
The indicator is easy to understand.
Understanding and Acceptance ©
Is the indicator accepted and used by different experts and non experts?
The indicator is used by a wide range of experts.
Does the indicator address and support policy priority issues by measuring progress towards political targets or thresholds?
Freshwater is a critical resource for life and our economic system and is becoming increasingly scarce in many parts of the
world. Increasing industrial water efficiency is an important contributor to managing this resource within its replenishment rates.
The indicator thus helps highlighting the importance of a sector in the total demand for water. This in turn provides an indication
of how vulnerable the sector—and the economy—uwill be in case of decreasing water supplies. It is also a useful tool for policy
makers to evaluate productivity and behavior in water consumption by key sectors over time.
Does the indicator measure aspects which can be influenced by policy makers?
Policy relevance This indicator informs policy to the extent that policy makers can influence how much water different sectors may consume. As ©
an information tool, it is also useful to show which sectors are consuming the most water, especially in water scarce areas
where plans need to be developed to improve access to water. Such information is particularly useful for policy makers who set
the price structure of water.
Does it provide disaggregated information allowing to analyze causal effects?
Not for Water use by major sector, but for SEEAW Standard physical supply and use tables for water.
Is it available to policy makers in short time frames?
No, timeframe for AQUASTAT is approximately 10 years at the moment.
Can the indicator be visually illustrated?
Water consumption by sector can be visually represented with the use of bar graphs or pie charts.

Consistency

Avoiding double-counting

Communication
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Table | I: Evaluation factsheet for the Sustainable Process Index

Resource Indicator:

Sustainable Process Index (SPI)

Brief description:

The Sustainable Process Index (SPI) was developed by Christian Krotscheck and Michael Narodoslawsky in 1995. It is based on the assumption that a
sustainable economy is completely comprised of “solar exergy’—that is, all natural and anthropogenic activities compete for surface area to utilize the
limited supply of solar energy that they need for sustaining themselves. The SPI therefore calculates which surface area, a limited resource, is needed for
the conversion of energy into products and services. Accordingly, the foundation of the SPI is surface area: the more area needed to convert a process into
a service, the more it "costs" in terms of sustainability. More specifically, the SPI measures the fraction of the area per inhabitant related to the delivery of a
certain product or service unit. In this sense, it is a type of “ecological footprint” indicator.

Source/reference(s):

Krotscheck, C. and Narodoslawsky, M. (1996): “The Sustainable Process Index — A new dimension in ecological evaluation,” Institute of Chemical
Engineering, Graz University of Technology, Austria. Available at http://spionexcel.tugraz.at/index.php?option=com_content&task=view&id=14&Itemid=28

Qualitative assessment

CS Question(s) to be answered by the criterion score for criterion match (©/9/®)

Is the indicator able to measure different life cycle stages?

SPI is used to measure the environmental impacts within LCA, therefore it is compatible with LCA. It is similar

to the Ecological Footprint in its use of area as the metric to calculate resource use in, but the SPI is better

suited at covering life cycle stages because it looks at processes and not end-user consumption.

Is the indicator product-specific or can it capture the performance of specific industries or sectors and

industrial development?

It can be used at different levels: process, product, and even at the regional level. It can also compare widely

different technologies. ©

The indicator does capture different sectors’ performance in terms of the land used in a process and makes

different technologies comparable. It can provide a basis for different industries to seek more sustainable

methods, which would be measured by a reduction in land used in a process compared to current use.

Is the indicator able to measure environmental, economic or social impacts?

Sustainability impacts coverage  The indicator measures environmental and economic pressures of processes in terms of land use. The social ®
impacts of said land use are not self-evident and more information would be required to draw conclusions.

LCA compatibility

Coverage of industries and
industrial development
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Qualitative assessment

CiliEe) Question(s) to be answered by the criterion score for criterion match (©/9/®)

Which data is required to establish the indicator?
Renewable raw material area, non-renewable raw material area, the price of the raw material, the price of one
kilowatt-hour (kWh) of energy, the area needed to provide the installation for a process, the number of
workers N s cap/yr in a factory is allocated to an area (the more staff a process requires the bigger the
Required data efforts pressure on the environment), the area allocated to dissipation. ®

How much effort is needed to collect, prepare and use the data?
Calculating the SPI is a very complex matter. Therefore, the SPI is used more among universities and
research institutions and hardly within businesses or industry.
Does the indicator actually measure what it is intended to measure?
Consistency The SPI is an even more abstract measurement approach than the ecological footprint. It is not entirely clear e
where the added value is and how this should contribute to sustainable development.
Does the indicator preclude double-counting of resource use?
Avoiding double-counting Just as with the Ecological Footprint, double counting is difficult to avoid due to the abstract nature of the ®
approach.
Is the indicator derivable from existing measurement frameworks such as System of Environmental-Economic
Accounts (SEEA), the Dutch National Accounting Matrix including Environmental Accounts (NAMEA), or
national LCA databases?
No.
Is the methodology for the indicator backed by scientific research and debate?
The SPI is not considered a relevant and feasible approach by many stakeholders.
Scientifically verified ®
Is it well documented?
It is documented, but there has not been much progress since 2002.
Is comprehension of the indicator intuitive?
The SPI is not easily understandable to the general public or even experts.
Understanding and Acceptance ®
Is the indicator accepted and used by different experts and non experts?
The SPI is used more among universities and research institutions and hardly within businesses or industry.

Compatibility
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Qualitative assessment

Criteria

Question(s) to be answered by the criterion score for criterion match (©/&/®)
Does the indicator address and support policy priority issues by measuring progress towards political targets

or thresholds?

The SPI allows for valuations at different levels (of processes, products, and regions) to be comparable,

because it calculates the total area needed for raw materials, energy, process installation, staff and product

dissipation. This may help policy makers evaluate changes in consumption patterns, organization or

technology use and base future plans on the information. However, since SPI cannot be used to analyze past

processes, it is not adequate for political monitoring.

Policy relevance ©
Does the indicator measure aspects which can be influenced by policy makers?

To some extent, policy makers can influence adoption of more efficient technologies or steer consumption

patterns towards those that have a lower footprint in terms of land use because each process and product

can be converted into land area.

Is it available to policy makers in short time frames?
The SPI is not readily available.
Can the indicator be visually illustrated?

Communication e . . .
Due to the concept of the SPI it is difficult to visually illustrate it.
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Table 12: Evaluation factsheet for the indicator: water abstraction rates and water stress

Resource Indicator:

Water abstraction rates and water stress

Brief description:

Water abstraction rates and water stress reflect the intensity of use of freshwater resources. Water abstraction rates are expressed as gross abstractions
per capita, as a percentage of total available renewable freshwater resources (including inflows from neighboring countries) and as a percentage of internal
resources>’. Water stress is expressed as gross abstractions in a percentage of total available renewable freshwater resources (including inflows from
neighboring countries), or in a percentage of internal resources (i.e. precipitations - evapotranspiration). The OECD ranks water stress on the following
scale:

* Low (less than 10%): generally there is no major stress on the available resources.

* Moderate (10 to 20%): indicates that water availability is becoming a constraint on development and significant investments are needed to provide
adequate supplies.

» Medium-high (20 to 40%): implies the management of both supply and demand, and conflicts among competing uses need to be resolved.

* High (more than 40%): indicates serious scarcity, and usually shows unsustainable water use, which can become a limiting factor in social and economic
development.

Total freshwater resources refer to internal flow (equal to precipitation less evapotranspiration, representing the total volume of river run-off and
groundwater generated, in natural conditions, exclusively by precipitation into a territory) plus actual external inflow (the total volume of the flow of rivers
and groundwater coming from neighboring territories)*.

The UN Water Task Force also monitors progress in the water sector using a set of indicators, including the intensity of use of water resources, taken as
total water withdrawals over total actual renewable water resources (TARWR). However, debate exists regarding whether TARWR should be broken into
its subcomponents of surface and groundwater, or only the internal renewable water resource component (more reliable), or broken down into water
demand by water source type. Therefore, water intensity may reflect different information depending on context. This indicator is also included in the
Millennium Development Goals, as a part of Goal 7 (ensure environmental sustainability).

In addition, the European Environment Agency tracks water usage as a percentage of total freshwater resources in their Water Exploitation Index, including
a sectoral breakdown*',

% OECD 2011
‘0 OECD 2011
“1 EEA 2010
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Source/reference(s):

EEA 2010. Use of freshwater resources (CSI 018) - Assessment published Dec 2010. Available online: http://www.eea.europa.eu/data-and-
maps/indicators/use-of-freshwater-resources/use-of-freshwater-resources-assessment-2

OECD 2011a. Towards Green Growth: Monitoring Progress: OECD Indicators, OECD Publishing.

http://dx.doi.org/10.1787/9789264111356-en

UNSTATS 2011b. Millennium Development Goals |Indicators: 7.5 Proportion of total water resources used. Available at:
http://unstats.un.org/unsd/mdg/Metadata.aspx?Indicatorld=0&Seriesld=768

UNSTATS 2011c. SEEA — Water Accounts. Available at: http://unstats.un.org/unsd/envaccounting/water.asp
UNWATER 2010. Monitoring progress in the water sector: A selected set of indicators, United Nations Water Task Force.

http://www.unwater.org/downloads/TFIMR _FinalReport.pdf

Qualitative assessment

Criteria . e score for criterion
Question(s) to be answered by the criterion match (©/0/®)

Is the indicator able to measure different life cycle stages? ®
As this indicator refers to total abstractions, and is not industry or sector specific, LCA is not relevant.

Can the indicator capture the performance of specific industries or sectors and industrial development?

The UN estimates water withdrawal for the agricultural sector, municipalities (including domestic water withdrawal) and

Coverage of industries and industries, as well as at the country and regional level. The EEA compares irrigation, manufacturing industry, energy cooling ®
industrial development and Public Water Supply usage in the Water Exploitation Index.

LCA compatibility

However, “estimation of water withdrawal by sector is the main limitation to the computation of the indicator™?.

Is the indicator able to measure environmental, economic and/or social impacts?

Freshwater resources are of significant environmental and economic importance, with resources and pressures varying widely

both within and between countries. Thus, higher water abstraction rates and water stress can significantly impact all ©
sustainability pillars — economic, environmental and social. Specific impacts include low river flows, water shortages,

salinization of freshwater bodies in coastal areas, human health problems, loss of wetlands, desertification and reduced food

production®:.

Sustainability impacts coverage

2 UN Statistics MDG Indicators
“3 OECD 2011

41


http://www.eea.europa.eu/data-and-maps/indicators/use-of-freshwater-resources/use-of-freshwater-resources-assessment-2
http://www.eea.europa.eu/data-and-maps/indicators/use-of-freshwater-resources/use-of-freshwater-resources-assessment-2
http://dx.doi.org/10.1787/9789264111356-en
http://unstats.un.org/unsd/mdg/Metadata.aspx?IndicatorId=0&SeriesId=768
http://unstats.un.org/unsd/envaccounting/water.asp
http://www.unwater.org/downloads/TFIMR_FinalReport.pdf

Integrating resource efficiency, greening of industrial production and green industries — scoping of and recommendations for effective indicators

Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/0/®)

However, this indicator does not directly measure these impacts, instead providing information regarding pressures on water
resources, which is nonetheless valuable information regarding sustainability.
Which data is required to establish the indicator?
gross abstractions; population; total available renewable freshwater resources (including inflows from neighboring countries);
total internal water resources
Required data efforts ®)
How much effort is needed to collect, prepare and use the data?
Preparation and usage at a country level should also be straightforward, although the challenges regarding data consistency
and missing values should be taken into account. Collecting data at sub-national or sectoral level would be more challenging.

Does the indicator actually measure what it is intended to measure?
Due to the challenge of accurately accounting return flow in the computation of water resources and use, as well as the lack of

Consistency a consistent method to measure incoming flows originating outside of countries, there are discrepancies between global and =
national data*.
Is the indicator derivable from existing measurement frameworks such as System of Environmental-Economic Accounts

c ibil (SEEA), the Dutch National Accounting Matrix including Environmental Accounts (NAMEA), or national LCA databases? o

ompatibility SEEA-Water, which is compatible with the broader SEEA, provides concepts, definitions, classifications, tables, and accounts

for water and water-related emission accounts, expanding on the International Recommendations for Water Statistics (IRWS)45'

Ui AT data HOware unFertaintigs about data reflected in t.he indicator and how are missing dat.a imputeQ?

imputation When data is unavailable, AQUASTAT, the primary database for water-related statistics, estimates water use by sector, based e

on unit water use figures available for each sector, and submitted to countries for endorsement™®,
Is the methodology for the indicator backed by scientific research and debate?

AQUASTAT systematically reviews data obtained from national sources to ensure consistency. UN FAO has published

Scientifically verified ; . . . .
y guidance documents regarding methodology for computing the different elements of national water balances®’.

** UN Statistics MDG Indicators

** UN Statistics SEEA-Water

“® UN Statistics MDG Indicators; See the following site for more information on estimation methodology http://www.fao.org/nr/water/aquastat/water use/index.stm.

*" See Margat et al. (2005): Key water resources statistics in AQUASTAT. Conference Paper for the International Work Session on Water Statistics, Vienna, June 20-22
2005. Available at //ftp.fao.org/agl/agiw/docs/PaperVienna2005.pdf
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Qualitative assessment

Criteria . o score for criterion
Question(s) to be answered by the criterion match (©/0/®)

Is it well documented?
The indicator is used by both the OECD and the UN, and is routinely included in countries’ water accounting.

Is the information directionally safe?
Trends in water withdrawal show relatively slow patterns of change, and it is unlikely that the indicator would show meaningful
variations from one year to the other.

Understanding and Acceptance Is comprehension of the indicator intuitive? ©
Yes
Is the indicator accepted and used by different experts and non experts?
Yes
Does the indicator address and support policy priority issues by measuring progress towards political targets or thresholds?
Related policies and initiatives include Agenda 21 (UNCED, Rio de Janeiro, 1992), which explicitly considered the protection
and preservation of freshwater resources and the World Summit on Sustainable Development (Johannesburg, 2002)*. In
addition, ensuring that rates of extraction are sustainable over the long term is objective of the EU's Sixth Environment Action
Programme®’.

Does the indicator measure aspects which can be influenced by policy makers? ©
Yes

Does it provide disaggregated information allowing analysis of causal effects?

No

Is it available to policy makers in short time frames?

No. According to the UN, “trends in water withdrawal show relatively slow patterns of change, and it is unlikely that the indicator

would show meaningful variations from one year to the other. Three years are a minimum frequency to be able to detect

significant changes"51. Moreover, country surveys currently take place every 10 years.

Can the indicator be visually illustrated? ©
Maps with color codes are one example, as well as graphs showing trends over time. See, for example, OECD 2011.

Policy relevance

Communication

8 UN Statistics MDG Indicators
* OECD 2011

* EEA Indicators 2010

1 UN Statistics MDG Indicators
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Table 13: Evaluation factsheet for the indicator: corporations’ turnover, value added and exports of the environmental goods and services
sector

Resource Indicator:

Corporations' turnover, value added and exports of the environmental goods and services sector

Brief description:

In 2009, Eurostat published a handbook regarding how to collect, interpret and present data on the environmental goods and services sector (EGSS)
The four variables identified as the key indicators for the EGSS are turnover, value added, employment (see indicator table for employment in EGSS) and
exports. According to Eurostat™:

o “Turnover is defined as the totals invoiced by the observation unit during the reference period, and this corresponds to the market sales of goods or
services supplied to third parties. For general government non-market production, the turnover is equal to the cost of production, i.e. the sum of
personnel costs, intermediate consumption, taxes on production and consumption of fixed capital.

e Value added of environmental protection activities represents the contribution made by these activities towards the income measure of gross
domestic product (GDP). It is the difference between the value of output (turnover) and of intermediate consumption.

e Exports of goods and services consist of sales, barter, or gifts or grants, of goods and services from residents to non-residents.”

5253

One of the challenges in assessing this indicator is the lack of an internationally agreed upon classification for the environmental sector, although efforts to
define these categories are underway at both the European level as well as the international level through the UN System of Environmental Economic
Accounting™. In addition, most entrepreneurial activities that might be classified as green are currently not captured®.

°? Eurostat 2009
*% Eurostat (2009) defines EGSS as “a heterogeneous set of producers of technologies, goods and services that:
e Measure, control, restore, prevent, treat, minimise, research and sensitise environmental damages to air, water and soil as well as problems related to waste,
noise, biodiversity and landscapes. This includes ‘cleaner’ technologies, goods and services that prevent or minimise pollution.
e Measure, control, restore, prevent, minimise, research and sensitise resource depletion. This results mainly in resource-efficient technologies, goods and
services that minimise the use of natural resources.
These technologies and products (i.e. goods and services) must satisfy the end purpose criterion, i.e. they must have an environmental protection or resource
management purpose (hereinafter ‘environmental purpose’) as their prime objective.”
** Eurostat Website
° OECD 2011
°° OECD 2011
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Source/reference(s):
Eurostat 2009. Environmental goods and services sector handbook
Eurostat 2011. Environmental goods and services sector, Available at:

http://epp.eurostat.ec.europa.eu/statistics _explained/index.php/Environmental goods and_services sector
OECD 2011a. Towards Green Growth: Monitoring Progress: OECD Indicators, OECD Publishing.

http://dx.doi.org/10.1787/9789264111356-en

Criteria

LCA compatibility

Coverage of industries and
industrial development

Sustainability impacts coverage

Qualitative assessment

Question(s) to be answered by the criterion

Is the indicator able to measure different life cycle stages?

Turnover and value added data are not captured by LCA methods.

A product, service or sector should only be labeled environmentally friendly if an LCA or other evaluation
indicates that its environmental impacts are indeed small (or smaller than for products, services and sectors
not labeled environmentally friendly). Then capturing their monetary value added and export value can be
used to evaluate the size and growth of these products, goods and sectors relative to the economy at large
What aspects of the LCA chain does the indicator measure?

N/A

Is the indicator product-specific or can it capture the performance of specific industries or sectors and
industrial development?

This indicator relates directly to EGSS, capturing trends in industries specifically within the environmental
goods and services sector.

Is the indicator able to measure environmental, economic and/or social impacts?

Turnover, value added, and exports all provide information regarding economic trends in EGSS, such as its
overall size and growth, and how that growth related to the economy as a whole. In addition, complementary
data can provide other insights regarding the economic pillar of sustainability. For example, assessments of
trade agreements, taxes, market shares (foreign vs. domestic, public vs. private) can provide insight into
barriers and drivers of international competition. Reviews of government regulations such as subsidies, taxes,
or command and control regulation offer information regarding the role of government in EGSS.

However, despite the fact that this indicator is a measure of the environmental sector, it is largely an
economic indicator. Although products and services in EGSS “must have an environmental protection or

score for criterion match (©/Q/®)
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Qualitative assessment

Criteri ) e .
riteria Question(s) to be answered by the criterion score for criterion match (©/©/®)
»5/

resource management purpose (...) as their prime objective™’, this is not a measure of those impacts.

Moreover, while economic growth in EGSS may lead to additional jobs and thus social impacts, this is

measured directly by the related indicator measuring employment in EGSS.

Which data is required to establish the indicator?

Turnover: totals invoiced by the observation unit during the reference period; for general government non-

market production: the cost of production

Value added: value of output (turnover); intermediate consumption.

Exports: exports

How much effort is needed to collect, prepare and use the data?

Turnover and employment data are widely available and commonly used in assessments of performance and

growth and the economic sector overall. Value added is also available, often used to compare income added
Required data efforts by the EGSS to the national income. Export data is also widely available and in frequent usage®. &)

However, as previously stated, the definition of environmental goods and services may change depending on

which data source is used. Therefore, it could be challenging to collect harmonized data. In addition, if the

desired statistics are not already compiled by Eurostat or a similar entity, the preparation and use of the data

could require significant effort, as each separate statistic in the indicator requires a specific methodology.

Detail regarding methodology is available in the Eurostat handbook (2009).

Therefore, due to the emerging nature of this indicator, there could be moderate to significant challenges in

collecting, preparing, and using data in a meaningful way, although these challenges will most likely be

eliminated in the near future.

Does the indicator preclude double-counting of resource use?

Eurostat draws attention to issues related to double counting. First, “turnover does not indicate the most

important sector in terms of contribution to the gross domestic product (GDP). The sum of all the turnovers is

therefore not representative of the importance of the sector from an economic point of view. In effect, there ®
are double-counting problems, which mean that production of environmental technologies, goods or services

that are intermediate consumption for the production of other environmental technologies, goods or services

are also taken into account. For this reason, turnover can be considered as an indirect indicator of the size of

the sector”™.

Avoiding double-counting

" Eurostat 2009
*8 Eurostat 2009
%9 Eurostat 2009
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Qualitative assessment

CiliEe) Question(s) to be answered by the criterion score for criterion match (©/9/®)

Is the indicator derivable from existing measurement frameworks such as System of Environmental-Economic
Accounts (SEEA), the Dutch National Accounting Matrix including Environmental Accounts (NAMEA), or

Compatibility national LCA databases? ©
Eurostat developed a classification of EGSS activities which is consistent with the SERIEE and SEEA

60
frameworks ™.

Is comprehension of the indicator intuitive?

The comprehension of this indicator is intuitive for those within the finance industry or with an economic

background, although may provide challenges to policymakers without a similar background. In addition, the

incorporation of three separate statistics provides an overview regarding performance in the EGSS, but ©
makes it more challenging to derive a clear message.

In addition, it is not immediately clear from the indicator which industries are including in the EGSS.

Does the indicator address and support policy priority issues by measuring progress towards political targets

or thresholds?

The performance of the EGSS is related to a number of policy priorities and initiatives, including the

Gothenburg strategy for a sustainable Europe and the Lisbon strategy for a competitive, dynamic and

inclusive Europe. In 2004, the Environmental Technologies Action Plan (ETAP) was launched. ETAP is a new

initiative aimed at encouraging European industry to exploit its potential for green innovation and increase its

share of the market for goods and services®. o
The value added and export level of environmentally friendly goods and services can be compared with total

value added and total exports and hence give an idea of the extent to which the economy has transitioned to

low-impact production methods and industrial composition.

Does the indicator measure aspects which can be influenced by policy makers? Yes

Does it provide disaggregated information allowing analysis of causal effects? Somewhat.

Is it available to policy makers in short time frames?

Yes, depending on data available (i.e. data for certain countries may not be available at this time)

Can the indicator be visually illustrated? ©
The indicator involved three separate statistics which could be separately graphically illustrated.

Understanding and Acceptance

Policy relevance

Communication

 Eurostat 2009
1 Eurostat 2009
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Table 14: Evaluation factsheet for the Resource Productivity / Material Productivity indicator

Resource Indicator:

Resource Productivity / Material Productivity

Brief description:

Resource productivity measures the total amount of materials directly used by an economy (DMC) in relation to the economic activity (GDP) through
dividing GDP (at constant prices) by DMC (GDP/DMC) or by TMC (GDP/TMC). Thus, Resource Productivity enables aggregate measuring of the material
efficiency of an economy.

Overall, material productivity describes how much product is obtained per tonne of material input into the production.®* Thus, it refers to the efficiency with
which an economy or a production process uses materials extracted from natural resources. Total material productivity “(GDP/TMR) is defined as the ratio
between gross value added and the total material requirements of a country” (OECD 2008: p. 8). Therefore, it relates each unit of GDP generated to the
associated necessary total amount of materials extracted, moved or used (TMR = total material requirement®). Domestic material productivity, referring to
the amount of materials consumed nationally for a generated unit of output, is indicated by GDP/DMC- therefore, domestic material productivity equals
resource productivity as described above. Direct materials productivity measures the amount of materials input into the economy to generate one unit of
gross domestic product, hence it is measured as GDP/DMI.

Resource productivity and material productivity are frequently used as synonyms, even though resource productivity would ideally encompass all resources
covered by the broadest definition of resources®.

Since both resource productivity and material productivity measure the material efficiency of an economy, they can be used to evaluate decoupling
between economic growth and use of natural resources (they are hence also proposed as decoupling indicators).

2 0r as put by OECD “material productivity is defined as the quantity of output produced per unit of materials inputs used in the production of the output.” OECD 2008a.
Measuring Material Flows and Resource Productivity — Synthesis report, p. 27. Available at http://www.oecd.org/dataocecd/55/12/40464014.pdf.

% TMR measures the total material base of an economy and to this end also includes (indirect) material flows generated up- and downstream of material requirement
associated with imports and exports. TMR equals the used and unused domestic extraction plus imports plus indirect flows imported (Eurostat 2001). TMR
differs from Total Material Consumption (TMC) in that TMC focuses less on exports than TMR (OECD 2008a). According to Eurostat (2001) TMC equals TMR
minus exports minus indirect flows associated with exports.

% See for instance the definition from the Thematic Strategy on the sustainable use of natural resources (European Commission, COM(2005) 670 final, p. 3, available
at http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0670:FIN:EN:PDF) which covers “raw materials such as minerals, biomass and biological
resources; environmental media such as air, water and soil; flow resources such as wind, geothermal, tidal and solar energy; and space (land area).”
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Source/reference(s):

European Commission, 2007. Progress report on the European Union Sustainable Development Strategy 2007. Accompanying document to the
Communication from the Commission to the Council and the European Parliament. Commission staff working document. SEC(2007) 1416. Brussels,
22.10.2007

Eurostat 2009. Sustainable development in the European Union - 2009 monitoring report of the EU sustainable development strategy, European
Communities, Luxembourg

Eurostat 2001. Economy-wide material flow accounts and derived indicators — A methodological guide, available at
http://epp.eurostat.ec.europa.eu/cache/ITY OFFPUB/KS-34-00-536/EN/KS-34-00-536-EN.PDF

OECD 2008a. Measuring Material Flows and Resource Productivity — Synthesis report, available at http://www.oecd.org/dataocecd/55/12/40464014.pdf
OECD 2008b. Measuring Material Flows and Resource Productivity — Volume |, The OECD Guide, available at

http://www.oecd.org/dataocecd/46/48/40485853.pdf
OECD 2008c. Resource Productivity in the G8 and the OECD — A Report in the Framework of the Kobe 3R Action Plan, available at

http://www.oecd.org/dataoecd/18/20/47944428.pdf

Qualitative assessment®®

Criteria score for criterion
Question(s) to be answered by the criterion match (©/©/®)

Is the indicator able to measure different life cycle stages?

Both Resource and Material Productivity include materials input into the economy for further processing and consumption, so
that different life cycle stages (from extraction to disposal) can be addressed. Furthermore, both are based on DMC, which is
able to measure materials extracted, used and also disposed of, again enabling Resource and Material Productivity to address
different life cycle stages.

However, because the different materials are calculated in terms of their weight, which does not sufficiently take into account
the different environmental impacts of different materials, and because hidden flows are not included, Resource and Material
Productivity are only of limited suitability for measuring impacts from a life cycle perspective.

Is the indicator product-specific or can it capture the performance of specific industries or sectors and industrial development?
Resource and Material Productivity can capture the performance of industries or sectors for two reasons. First, it is based on ©
DMC, which - in particular for complex products - requires aggregation to material categories thus facilitating generalization to

LCA compatibility

Coverage of industries and
industrial development

® Since both Resource Productivity and Material Productivity relate to DMC, the qualitative assessment uses sections from the DMC template.
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Qualitative assessment®

Criteria score for criterion
Question(s) to be answered by the criterion match (©/@/®)

product categories or industry sectors. Furthermore, DMC addresses the three main categories fossil fuels, minerals and
biomass, so that it may be applied to capturing specific industries or sectors within these categories.
Is the indicator able to measure environmental impacts (directly, indirectly)?
Since Resource and Material Productivity are based on DMC, which is not able to reflect the environmental impacts of the
materials used, both do not sufficiently cover the environmental dimension of resource and material consumption. In this
context, it is recommended to foster research and development in order to identify indicators that can measure the
environmental impacts of material consumption.
Therefore, it indicates whether more value can be generated per unit of inputs, but it does not address resource scarcity or
efficiency nor environmental impacts.

Sustainability impacts coverage In this regard, it is proposed to redefine Resource Productivity as GDP by Total Material Consumption (TMC), as well as to ®
focus on Total Material Productivity (GDP/TMR), because TMC and TMR allow integrating environmental impacts associated
with indirect flows of imports and exports. TMC is currently under development within the European Statistical System.

Concerning economic performance, using the ratio of DMC per GDP might be misleading in that GDP growth is often linked to
using small quantities of high-value materials (e.g. rare earths), whereas DMC in many cases is dominated by construction
materials in terms of masses, with a rather low contribution to GDP. Therefore, both aspects could be presented separately so
that analysis of their respective evolution is facilitated in comparison to simply providing an aggregate number.

Which data is required to establish the indicator?

Derives from MFA and data on value added/contribution to GDP, therefore data on DMC and GDP at constant prices are
required. Furthermore, also data on TMC and TMR would be required.

How much effort is needed to collect, prepare and use the data?

In order to calculate the DMC for complex manufactured product (e.g. consisting of a mix of materials), the product needs to be
attributed to the “dominant” material category. This likely requires more efforts to set up conversion tables to arrive at a well-
founded attribution of products and imports.

Though TMR and TMC would allow for the most complete integration of environmental impacts, it is very difficult to include
indirect upstream and downstream flows, therefore rendering both very difficult to measure.

Does the indicator actually measure what it is intended to measure?

Consistency Resource and Material Productivity are intended to measure the efficiency with which materials are used. By linking the unit of ©
GDP or product generated to the materials required to do so, they allow to measure efficiency.

Is the methodology for the indicator backed by scientific research and debate? Is it well documented?

The methodology for the indicator is both backed by scientific research and well documented (see e.g. OECD 2008b)

Required data efforts

Scientifically verified
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Qualitative assessment®

Criteria score for criterion
Question(s) to be answered by the criterion match (©/@/®)

Is the information directionally safe?

Yes.

Is comprehension of the indicator intuitive?

Yes.

Is the indicator accepted and used by different experts and non experts?

Not yet.

Does the indicator address and support policy priority issues by measuring progress towards political targets or thresholds?
Resource and material productivity can be used to indicate the progress towards decoupling of economic growth from the use
of natural resources. Decoupling is an increasingly important policy issue, from international to the national level, aiming at
reducing environment