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FOREWORD

In 1995 the OECD held a workshop in Rosendal, Norway, to clarify several
concepts related to sustainable consumption and production. Participants discussed
“ecospace”, “ecological footprints”, “ecological rucksacks”, “green accounting” and
“eco-efficiency”. Most of the concepts are used to provide indicators and bench-
marks of progress towards sustainability and to make comparisons among products,
firms and communities.

Workshop participants identified “eco-efficiency” as one of the most useful of
these concepts. They found that it was a flexible and pragmatic approach, suitable
for translating into action by governments, industry, other organisations and house-
holds. However, they felt that the term “eco-efficiency” was insufficient on its own as
a basis for policy making. A wider understanding would be needed of the links
between economic activity and environmental damage, driving forces of change,
and the psychological and ethical motives of producer and consumer behaviour.

At their February 1996 meeting, OECD Environment Ministers reviewed
environmental progress in Member countries. They concluded that, although
nollution has been reduced over the last 25 years, further effort is needed to
address global challenges such as climate change and biodiversity loss. Current
environment policies are unlikely to be sufficient to cope with the environmental
challenges of the next centurv. These challenges demand a paradigm shift in
governments, businesses and households. The Ministerial Communiqué also stated

that :

Eco-efficiency is a (...) strategy which Ministers viewed as highly promising to
enable industry, governments and households to decouple pollutant release
and resource use from economic activity. Ministers noted the existence of studies
which suggested that efficiency improvements of a factor of ten were both
necessary and achievable in the next thirty years. They encouraged the OECD
to work with the World Business Council for Sustainable Development and
others to assess the potential of eco-efficiency to this end.
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As a response to the Ministerial Communiqué, this report:

 examines past trends, in order to evaluate the extent to which economic activity
is coupled to poliutant releases and resource use;

* reviews initiatives to improve eco-efficiency at the firm, community and house-
hold level and identifies ways in which governments can provide encourage-
ment and guidance;

o evaluates the potential for economy-wide improvements in eco-efficiency, and
identifies government policies that can help achieve that potential;

* suggests strategies that governments can pursue in partnership through the
OECD.

The report has been prepared with substantial input from delegates to the OECD
Pollution Prevention and Control Group. It also draws on two workshops organised
by the OECD. The first workshep, in Berlin in July 1997, explored the application of
the concept of eco-efficiency in the transport sector. The second, in Paris in Sep-
tember 1997, undertook a broader review of existing efforts to apply eco-efficiency
and considered the role of governments in fostering eco-efficiency.

The council of the OECD agreed to the derestriction of this report on
16 March, 1998.
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EXECUTIVE SUMMARY

In their 1996 meeting, OECD Environment Ministers observed that a strategy
to improve “eco-efficiency” might enable industry, governmeants and households to
decouple pollutant release and resource use from economic activity. They encour-
aged the OECD to assess the potential of eco-efficiency in the light of studies sug-
gesting that factor-of-ten efficiency improvements are both necessary and possible

in the next thirty years.

WHAT IS ECO-EFFICIENCY?

In the face of growing global environmental challenges, there “Eco-efficiency”
is an urgent need for instruments that can translate sustainability is the efficiency
requirements into working targets. Human pressures on the | with which
environment depend on both the volume of consumption and pro- ecological
duction, and the environmental pressure per unit produced and | "€Sources are
consumed. Eco-efficiency expresses the efficiency with which ecological used to meel

. . fiuman needs

resources are used to meet Auman needs. It can be considered as a ratio
of an output divided by an input: the “output” being the value of
products and services produced by a firm, a sector, or the economy
as a whole, and the “input” being the sum of environmental pres-
sures generated by the firm, sector or economy. Measuring eco-
efficiency depends on identifying indicators of both input and
output.
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Improving eco-
efficiency
involves:

developing
indicators and
goals; innovation
to reach the
goals; and
monitoring the
results

WBCSD's goals
for eco-efficiency
requiire firms to
enter into
partnerships with
governments,
customers and
suppliers

STRATEGIES TO IMPROVE ECO-EFFICIENCY

The World Business Council for Sustainable Development
(WBCSD) has pioneered a business strategy to improve eco-
efficiency that involves:

a) Developing indicators and goals.

b) Working towards the goals through a process of innovation
in technology, modes of organisation and ways of thinking.

¢) Monitoring the indicators and modifying the strategy if
necessary.

Approaches based on indicators, targets, innovation and moni-
toring have considerable potential, but different meanings for dif-
ferent actors. Such strategies have been adopted by governments,
community organisations and households. This report evaluates
experience with such strategies to improve eco-efficiency in firms,
local governments and communities. It also considers the role of
national governments, both in encouraging local initiatives and in
developing their own strategies to improve eco-efficiency
economy-wide.

BUSINESS GOALS, INDICATORS AND TARGETS

WBCSD explains eco-efficiency goals at the firm level as
follows:

Eco-efficiency is reached by the delivery of competitively-priced goods and
services that satisfy human needs and bring quality of life, while progressively
reducing ecological impacts and resource intensity throughout the life cycle, to
a level at least in line with the earth's estimated carrying capacity.

This statement includes broad social objectives and environ-
mental constraints. Such goals require government involvement,
and also depend on businesses entering into partnerships with

- their customers and suppliers.
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Seven criteria for eco-efficiency, listed in the box, have been Many firms have
embodied in a variety of qualitative indicators developed by firms. developed
Many firms have also developed targets for reducing their inten- indicators and

targets for
improving eco-
efficiency, but few
address the whole
life-cycle

sity of material use, energy consumption and toxic emissions per
unit of production. They monitor progress towards these targets
and release the results in their annual environmental reports. Few
have developed quantitative indicators or targets for concepts such
as “service intensity"” (i.e. the ~uality of the service they provide to
their customers}, or for reducing impacts over the life-cycle.

WBCSD criteria for eco-efficiency:

a) minimise the material intensity of goods and services;
b) minimise the energy intensity of goods and services;
¢} minimise toxic dispersion;

d) enhance material recyclability;

e} maximise the use of renewable resources;

f) extend product durability;

g) increase the service intensity of goods and services.

POTENTIAL FOR INITIATIVES BY FIRMS AND COMMUNITIES
TO IMPROVE ECO-EFFICIENCY

The OECD has studied numerous initiatives to improve eco- 10-40%
efficiency at the firm or community level. Under current market reductions in
conditions and environment policy, manufacturers have found prof- material and
itable ways to reduce their use of materials, energy and water per | érergy inputs are
unit of production by 10-40%. Initiatives in the services sector, ' ¢ften profitable
local governments and households achieve similar savings. Firms
have aiso demonstrated technologies that cut the use or emission
of toxic substances by 90% or more, although these technologies
are not always put into place.

A few firms have taken initiatives to reduce environmental
impacts during and after the use of products, for example by
recovering used equipment and re-using durable components. Ini-
tiatives that address impacts over the full life-cycle offer the great-
est potential for reducing pollution and resource use
economy-wide. 9
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Government
incentives and
support can
increase the
potential for
improving eco-
efficiency

at the level of the
firm

Eco-¢fficiency
targets should

be based on
specific
environmental
goals appropriate
to local
circumstances

ROLE OF GOVERNMENT IN ENCOURAGING
INITIATIVES BY FIRMS AND COMMUNITIES

A major task for governments is to enhance the consistency
of efforts at the firm and household level, by establishing a policy
framework that reduces the gap between private and social aims.
Eccnomic incentives to reduce pollution would improve the prof-
itability of savings in energy and materials. Meanwhile, the tech-
nical potential for reducing toxic emissions is only likely to be
achieved through government incentives and regulations. Initia-
tives to reduce environmental pressure throughout the product
life-cycle most commonly occur where governments have intro-
duced the concept of “extended producer responsibility”.

New options to improve eco-efficiency will become available
in the future as a result of innovation. Governments can create a
good “climate for innovation” by: supporting co-operative research
and experimentation by firms, local governments and others;
stimulating new niche markets through public procurement and
tendering policies; promoting networks among companies, local
governments and other organisations; providing information to
bridge communication gaps; and supporting the development of
standard monitoring and reporting procedures.

ECONOMY-WIDE INDICATORS AND TARGETS

The “Factor 10 Club” argues that the intensity of material and
energy use in the economy shouid be reduced by a factor of ten in
industrialised countries over the next 30-50 years, in order halve
global CO, emissions while allowing for continuing economic
growth. Although “Factor 10" may serve as an effective slogan to
mobilise political support, it should not be taken literally, as
energy and material use are only loosely related to specific
environmental problems other than CO, emissions.

National and local sustainable development goals and indi-
cators are needed to address environmental challenges that vary
among countries and locations. Eco-efficiency targets can supple-
ment such goals, but they also need to be tailored to reflect sectoral
trends and specificenvironmental challenges. OECD governments
are increasingly working with stakeholders to develop quantita-
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Many indicators of economic and quality-of-life “output” have
improved in the last ten years in OECD countries. As the figure
below shows, some indicators of eco-efficiency “input”, such as I
emissions of regulated pollutants, have improved too. However,
many indicators have worsened, including CO, emissions, waste
generation, and water consumption.

tive benchmarks and goals for sustainable development. Stake-
holder involvement can help in chcosing among complex and r2n-
flicting priorities, and also eases the subsequent introductiorn of
policies to achieve the targets.

RECENT TRENDS IN POLLUTION RELEASE
AND RESOURCE USE ECONOMY-WIDE

¢ OECD trends in GDP and a range of eco-efficiency “input” indicators
Average annual percentage charge, |985-1995
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trends are
U improving, others
are worsening

Note: Figures relate to all OECD Member countries except: airborne heavy metals and total material flows, which are for
Germany, Japan and United States only; public water supply is for Canada, France, Germany, Japan, United Kingdom and United

~ States only, 1985-1990,
Sources: GECD Statistics,\World Resources Institute.
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High input prices
and strong
competitive

pressure can
contripute to
rapid
productivity
increases...

... but not
necessarily to less
pollution

Consistent
economy-wide
change would

require a broad
framework of
policy incentives

POTENTIAL FOR IMPROVING ECO-EFFICIENCY
THROUGHOUT THE ECONOMY

industries have achieved very rapid improvements in some
eco-efficiency indicators in the past, motivated by strong competi-
tive pressures, high input orices, technical and rescurce
constraints, or governiment regulation. During the high oil price
years of 1974-1986, the energy intensity of air traffic fell by 4% per
yeai, and OECD industry reduced its oilconsumption per unit of
cutput by 8% per year. Over the longer term, OECD economies
have achieved average labour productivity increases of 2-3% per
year over 200 years, increasing incomes ten-fold while halving
working hours.

Eco-efficiency improvements alone do not necessarily reduce
environmental pressure. In the case of air travel, traffic grew by
nearly 8% per year between 1974 and 1988, so that energy use
increased by nearly 4% per year.

ROLE OF GOVERNMENT IN PROMOTING
ECO-EFFICIENCY ECONOMY-WIDE

Economy-wide improvements in eco-efficiency depend on the
policy framework established by government, including:

- Ensuring that economic incentives are coherent and
consistent. This entails reform of subsidies and tax incen-
tives that support polluting or resource-intensive activities.

~ Internalising environmental damage costs wherever
possible, whether through price or regulatory instruments.

— Developing policies in areas including land-use planning,
education. and technological innovation, that support the
aim of improving eco-efficiency.

Faced with a very complex set of goals, interests and inter-
relationships in the economy, government strategies are more
likely to succeed if they are: broadly based and coherent, using a
mix of instruments; inclusive of stakeholders in policy design and
implementation; tolerant of experimentation and occasional fail-
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ure; and adaptive, using monitoring and feedback mechanisms to
adjust measures when necessary.

NEXT STEPS

Work in four areas could support the development of policies
to improve eco-efficiency:

1. identification or development of transparent, comprehen-
sive indicators of eco-efficiency as part of a broader set of
sustainable development indicators;

2. analysis of current and future environmental pressures, in
order to establish the changes in technological, structural
and behavioural trends needed to decouple pollutant
release and resource use from economic activity cn a
global basis;

3. an exchange of information among OECD Member coun-
tries on their experiences with policies supporting eco-
efficiency improvements through innovation in technology,
behaviour and institutions;

4. sectoral and economy-wide studies of the environmental
and economic effects of policies and programmes to
improve eco-efficiency.



1. INTRODUCTION: WHAT IS ECO-EFFICIENCY?

In the face of growing global environmental challenges, there is an urgent need
for instruments that can translate sustainability requirements into working targets.
Human pressures on the environment depend on both the volume of consumption
and production, and the environmental pressure per unit produced and consumed.
This report evaluates experience with strategies to improve “eco-efficiency”, which
is taken to mean the efficiency with which environmental resources are used to meet
human needs. Eco-efficiency can be considered as a ratio of an output divided by
an input: the “output” being the value of products and services produced by a firm,
a sector, or the economy as a whole, and the “input” being the sum of environmen-
tal pressures generated by the firm, sector or economy.

Eco-efficiency is an idea that is beginning to take hold in parts of the business
world in OECD countries. it has been described as “the business contribution to
sustainable development”.

The term “eco-efficiency” is used in different ways depending on the context.
Its concrete definition and measurement depends on identifying indicators of both
input and output. Such indicators are more easily defined for firms and for some
types of government activity than they are for many types of household activity.

The Business Council for Sustainable Development (BCSD, later WBCSD")
adopted “eco-efficiency” as a business conceptin 1992, in its report to the Rio Earth
Summit (Schmidheiny, 1992). WBCSD describes eco-efficiency as a combination of

ecological and economic efficiency.

Practitioners of the WBCSD approach adopt a strategy that includes several
common components: ' '

* They develop specificindicators and criteria or goals for improving their eco-
efficiency. " - o

*  BCSD later merged with the World industry lCouﬁcil for the Environr_nent to form WBCSD.

1S,
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o They work towards their goals through innovation in technology, practices
and ways of thinking.

¢ They monitor the indicators and modify the strategy if necessary.

This strategy combines the features of many other approaches and themes in
environment policy. These include “pollution prevention”, “cleaner production”, “life-
cycle management”, “environmental management systems” and others. It goes
beyond these approaches in explicitly incorporating broader social priorities. This
combination seems to make eco-efficiency a useful concept for businesses, and
also for government officials working with businesses.

By bringing together environmental and economic goals, eco-efficiency is an es-
sential element, but not the whole, of sustainable development. The Brundtland
Commission and the Rio Declaration (UNCED, 1992) also emphasised the need to
improve equity, reduce poverty, encourage democracy and support human rights.
Whereas WBCSD aims to use eco-efficiency improvements to reduce resource use
and environmental damage to ievels within the earth’s carrying capacity, the Brundtland
Commission also emphasised the need to build up stocks of natural capital.

In recent years, the term “eco-efficiency” has come into more widespread use
in governments and in environmental non-governmental organisations (NGOs). The
OECD has also identified eco-efficiency as potentially one of the most useful of a
range of new concepts linked to sustainable development (OECD, 1997a).

Eco-efficiency improvements can take several forms. For example:

o Adoption of existing better practices and technology can improve environmen-
tal performance and increase profits or reduce costs. Most examples of eco-
efficiency improvements in the literature take this form. Such initiatives are
often called “win-win” and offer a moderate potential for environmental ben-
efits, although there is a risk of a “rebound effect”, where lower costs stimu-
late more consumption and production, leading to greater environmental
impacts. Governments use a variety of policies to encourage the uptake of
“best practice” and to try to avoid the rebound effect.

o Development of new practices and technology can also improve both environ-
mental and economic performance. There are several examples of such ini-
tiatives in the business literature on eco-efficiency. The essentially creative
nature of these developments makes it harder to assess their potential or to
design policies to stimulate them. Aithough the innovations are often
characterised as “win-win” for the economy and the environment, it is not



INTRODUCTION: WHAT IS ECO-EFFICIENCY?

known how policies to stimulate innovation for environmental purposes affect
innovation for product development or cost-cutting purposes. Again, the rebound
effect can reduce any environmental benefits.

e Responses to changes in market conditions can improve eco-efficiency. Increased
competition, resource constraints or price changes can make it profitable for
firms to shift towards more eco-efficient technology and practices. Once the
market conditions have changed, such improvements are “win-win” oppor-
tunities for some firms, but may be “win-lose” for others, sometimes to the
extent that they go out of business. Governments considering stimulating
eco-efficiency improvements through changes in their regulation of markets
or their tax structure have to consider the economic costs associated with
some environmental benefits.

in February 1996, the OECD Environment Ministers identified improving eco-
efficiency as a promising route to enable industry, governments and households to
decouple pollutant release and resource use from economic activity. Ministers also
noted studies which suggested that factor-of-ten efficiency improvements were both
necessary and achievable in the next thirty years. They encouraged the OECD to
work with the World Business Council for Sustainable Development (WBCSD) and
others to assess the potential of eco-efficiency to this end.

This report aims to respond to the ministers in several steps:

¢ Section 2 reviews a wide range of initiatives by firms, national and local gov-
emments and other organisations that aim to improve “eco-efficiency” or
make use of the WBCSD approach. it aiso considers policies to encourage

such initiatives.

e Section 3 looks at the role of government in improving eco-efficiency
economy-wide. The section considers whether “Factor 10" is an appropriate
target for eco-efficiency improvements, in the light of current trends in envi-
ronmental pressures and resource use.

¢ Finally, Section 4 summarises the overall role of governments in relation to
“eco-efficiency” and identifies next steps for the OECD and Member coun-

tries.

In responding to the OECD Environment Ministers' request, the main purpose
of the report is to consider strategies for improving eco-efficiency and evaluate their actual
and potential effectiveness when applied by firms, households, governments and
others. The report also illustrates the many forms that innovation can take, and dis-
cusses the role of government in encouraging changes in technology, practices and
ways of thinking. -



2. IMPROVING ECO-EFFICIENCY IN FIRMS
AND COMMUNITIES

The OECD has identified numerous business, local government and commu-
nity initiatives to reduce pollution, resource use and costs while improving prod-
ucts and services. Only a few of these initiatives were originally designed to improve
“eco-efficiency”: many were designed for “waste minimisation”, “pollution preven-
tion" or other objectives. Improving eco-efficiency will include such efforts and many
others. This section identifies and discusses some of these initiatives, examines
their effectiveness in improving eco-efficiency in firms and commumties. and
considers their potential for broader application.

The i_nitiatives discussed in this section aim to change the technology, institu-
tions or behaviour involved in meeting human needs. Change can come about

€ Figure |. The technical and social dimensions of innovation

Technical innovation

A
Technology/ Industrial ecology The “knowledge-
economy : (closing the cycle of  base”™ economy
system material flows
Technology | Process = Advanced “Virtual reality”
cluster automation materials tourism
Re-usable paperfink
Change Solar power ' Electric car Recycling - Cyding
in technology remanufacturing
. . ‘Biofuels _ '
Incremental | Good Reduce weight, Car sharing or Composting
improvement | housekeeping energy leasing .
: consumption, cost Social and
»  institutional
_Production Product Innovation Change in Jnnovation
process only - innovation in producer . consumption

Note: The“technical innovation” scaleusbuedonauxononvbyfmnand?erez(lﬂ) Innmdonlsdeﬁmdhcretoin-
dudcdieappﬁaﬁon(cﬂﬂuskm)ofeximn;uchnology .
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through the development of a completely new technology or practice, or through
the adoption of an approach that has already been used elsewhere. The latter is

often called “diffusion”.

Innovations can be described and classified in many ways. Figure 1 organises
some examples in two dimensions: the degree of technical innovation and the location
in the product cycle of social and institutional innovation. The social aspects of technical
change are often under-emphasised, although technical change and behavioural
change cannot be separated. All changes in technology require behavioural change
somewhere in the life-cycle of a good or service — during design, production, use,
maintenance or disposal/recovery. Large technical changes generally involve some
change in the product or service received by the consumer. The more extensive the
behavioural change required, the harder it is to introduce a new technology. The
discussion in this section proceeds from production process changes through to
changes in consumption patterns.

The section starts with a discussion of the indicators and criteria used by firms
in their strategies to improve eco-efficiency, and follows with a review of the changes
they have introduced in their production processes, products and relationships with
consumers. It continues by reviewing initiatives by other actors, including local gov-
ernments and communities, Finally, it examines the role of national governments in
supporting the process of change at the firm and community level, including sup-
port for monitoring systems.

2.1. BUSINESS INITIATIVES

WBCSD and its member compa- m
nies have agreed a definition of eco- WBCSD definition:
efficiency which is given in Box 1. They

have also developed strategies for im- “Eco-effic e"cy o 'e“hmt b’ -
proving eco-efficiency, through numer- * ﬂ'n;dd”?'y of competitivelypriced goods
ous publications and workshops (e.g. ) :h services: b eeds and bri
BCSD, 1993; WBCSD, 1995). Although quf,jn;"o‘;-‘,%. man fieeds and bring

their focus has been mainly on eco- « while progressively reducing ecological

efficiency at the level of the individual " impacts and resource intensity throughout
firm, the definition also emphasises the life cycle;

broader social objectives and environ- * 0 alevel at least in line with the earth’s
mental constraints. WBCSD has estimated carrying capacity.”

described eco-efficiency as creating “a
needed bridge between the macro-
level concept of ‘sustainable develop-

Source: BCSD, (993,
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ment’ and the micro-level of corporate behaviour”. Firms working alone cannot de-
fine or address “human needs" and “quality of life”. Nor can they reduce ecological
impacts and resource intensity “throughout the life cycle to a level in line with the
earth’s carrying capacity”. These goals can only be addressed by the firm working
with others, including its suppliers, customers and competitors. WBCSD has also

emphasised the need for firms to work with governments.

2.1.1. Indicators and targets

Several of the goals in the WBCSD
definition of eco-efficiency are difficult
to define in measurable terms. Never-
theless, considerable effort has been
made by businesses to deveiop useful
indicators, benchmarks and criteria.
WBCSD (BCSD, 1993) identifies seven
eco-efficiency criteria for firms:

a) minimise the material intensity
of goods and services;

b) minimise the energy intensity of
goods and services;

¢) minimise toxic dispersion;
d) enhance material recyclability;

¢) maximise the use of renewable
resources;

i extend product durability;

g) increase the service intensity of
goods and services.

Dow Europe uses the pictorial
device of the “eco-compass” to repre-
sent six different components of eco-
efficiency (see Box 2). Other devices,
such as histograms an-l star-rating sys-
tems, have been dev:.oped for use in
eco-labels. Such simple, qualitative in-
dicators are useful for decision-making

The Eco-Compass

Dow Europe has developed the “eco-
compass” to assess potential product
innovations against six scales (see below).

An existing product is arbitrarily assigned a
score of 2 on each scale. Product innovations
are scored relgtive to the existing product,
resulting in a graphic display of their strengths
and weaknesses. An ideal product would
score 5 on all six objectives, covering the
entire surface area of the hexagon,

The eco-compass is used by Dow as part of
a creative process to identify more eco-
efficient alternatives to existing products and
as a communication device.The assignment
of scores in each of the six dimensions is

~ often quaiitative.
Service extension
Rescurce
conservation mw
10]1]2]3]4]5
risk h-llh. muitym
mdm::m
Energy intensity

Source: Fusslar, 1996,
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purposes, especially when searching for products and services that offer large im-
provements in eco-efficiency.

Attempts have also been made to capture eco-efficiency in a single dimension.
This requires a weighting system to add up its several components. A few organisations
have developed this kind of weighting approach to rank products or firms according
to environmental performance. The Swiss pharmaceutical company Roche has devel-
oped an indicator which it calls the “eco-efficiency rate” (EER). Roche calculates EER
by dividing the value of total corporate sales by the sum of expenditure on environ-
mental protection and the estimated monetary value of environmental damage caused
(DeSimone et al.,, 1997). There is little prospect for general acceptance of such a
standardised indicator, as this would require agreement on the weighting system.

Several companies have set targets for reductions in pollutant release and
resource use. For example, DuFont's targets for 2000 include:

— eliminate emissions of CFC, nitrous oxide (N,0), and airborne carcinogens;

- reduce hazardous air emissions by 50% relative to 1995 level;

— reduce packaging waste by 50% relative to 1991 level;.

- reduce hazardous waste by 35% relative to 1995 level;

— reduce aqueous discharges by 25% relative to 1995 level (DuPont, 1997).

Other manufacturing and service sector companies have similar targets. Sectoral
targets have been set by industry associations in several countries, as part of their
voluntary agreements with governments.
2.1.2. Changes in production processes

Innovation in production processes tends to focus on réducing the use of
expensive inputs — in particular labour. Spending on energy and raw materials is a
small component of >verall costs for most industries, giving little incentive to
reduce waste. Nevertheless, several major companies have made efforts to do so.
Well-known examples include Dow's “Waste Reduction Always Pays” (WRAP)

programme (see Box 3) and 3M's “Pollution Prevention Pays” (3P) programme.

WBCSD and the OECD’s Business and Industry Advisory Committee (BIAC) have
collected many other examples of initiatives from companies including Bayer,
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DuPont, ICI, and GlaxoWellcome. They
include new processes that completely
eliminate waste or pollution streams,
or that reduce them considerably. The
many case studies demonstrate the
importance of clear leadership from the
company management, reinforced by
education and direct involvement of
the workforce, who are the source of
most innovations. Most existing ex-
amples are from large, transnational
companies which are able to devote a
board member specifically to environ-
mental issues and have well-organised
systems for innovation. Engaging the
capabilities of staff in small and
medium-sized enterprises could
greatly increase the probability of

-IXER-

“Waste Reduction Always Pays”

Dow encourages its staff to identify
opportunities for waste reduction and
pollution prevention. Each manufacturing
division is responsible for its own development
and implementation of the “Waste Reduction
Always Pays Programme” (WRAP).

WRAP initiatives have achieved substantial
reductions in emissions and inputs, e.g. 50%
reduction in spills at a polyurethane plant;
80% reduction in consumption of a reactant
in an agricultural products plant; 93%
reduction in air emissions and 48% increase
in production capacity at a latex plant.
WRAP projects also save money, and are
expected to continue yielding 30-40% returns
on capital for the foreseeable future.

Source: DeSimone et ¢, 1997.

achieving industry-wide eco-efficiency
improvements.

Many improvements in material and energy efficiency pay for themselves in less
than a year. Energy efficiency experts typically estimate that energy savings of 10-30%
could be made economy-wide through changes in practices and technology that
pay for themselves (IPCC, 1996). WBCSD and its member companies emphasise that
a shift in taxation from employment to pollution would make larger savings profit-
able. Experience from 150 manufacturing companies in Poland, representing more
than 20 branches of industry, is that 20-40% of waste could be avoided with zero or
minor investment. Where investment is required, it usually pays for itself in material
savings within a few weeks or months, and external financing is rarely required. A
further 30% reduction is possible through investments in technologically proven and
profitable equipment or process changes. Similar results have been obtained in other
central and eastemn European countries (OECD, 1995b). Best practice programmes in
the United Kingdom, the United States and elsewhere have yielded comparable
results. -

Considerable water savings may also be possible. The French Ministry of the
Environment (Ministére de I'Environnement, 1997) estimates that good housekeep-
ing in France in 1996 could have reduced water consumption by 15% while saving
65 million francs (about US$10 million). | , 23
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2.1.3. Product innovations

Numerous innovations have demonstrated the potential to improve the eco-
efficiency of products including cars, houses, refrigerators and televisions (von
Weizsdcker et al., 1997; DeSimone et al., 1997). Innovations typically succeed in the
market if they reduce costs, improve performance, or meet some need that was not
addressed by existing products.

Innovations are often used to increase the utility or value of a product without
reducing resource use or pollutant release. Hence, eco-efficiency improvemerits
may not lead to reduced environmental impacts without government intervention.
Car technology is an obvious example. Fuel intensity (L/100 km} per kilogram of car
mass has also declined bv about a quarter in standard tests in OECD countries over
the last 15 years (IEA, 1997a). A recent development by Mitsubishi to commercialise
their “gasoline direct injection” engine enables them to offer further energy savings
of 20% or more, at the same time as increasing power output by 10%. Many “concept
cars”" have been developed by manufacturers and others (including the Greenpeace
SMILe) with fuel intensity a third that of the current average. A factor of ten reduc-
tion in life-cycle fuel and mass intensity may be technically possible (von Weizsédcker
et al., 1997). These reductions in material and energy use are not achieved in prac-

tice because, according to manufacturers,

the cars would be too expensive or would

not meet consumers’ needs for driving

The Philips Green Television performance, comfort and safety at low

- _ . cost. In general, improved efficiency is
szgg:d; ',";é;' t;i’:;‘:’;’; :t:;;';",fé‘;:ﬁ used to boost performance and increase
TV". The prototype was a 14 inch model car size. While cars at the smaller end of
which achieved: the market have become steadily more
o 98% reduction in staﬁd»ly power (while energy-efficient, consumers are buying
the TV is waiting to be used); ~ bigger cars, so that the average new car

« 30% reduction in operating energy; bought today consumes no less energy
o 11% weight reduction; than that bought at the beginning of the
e 22%increase in use of recycled materials; 1980s. Much greater progress has been

made in managing urban air pollution from

* total elimination of toxic substances; ) . _
cars than in managing energy and mate-

* a design that maximised recyclability.

The proto did not enter mass production, .
bu: ,’:m;ﬁ-em fezt:u:e’; e,; pam’guiar those duced about one twentieth of the carbon

that save energy, have been used for models monoxide emissions per kilometre driven
entering the market from 1997. of those built in the 1970s. Emissions per

Source: WBCSD. | duced about ten-fold. This progress is due
' primarily to government regulations.

rial use. Cars built in the mid 1990s pro-

kilometre of NO, and VOC have been re-
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Attempts to improve eco-
efficiency often fail because they in-
crease the up-front cost to the customer
of a product, even if they do not
increase costs over the life-cycle Milanri
(1997) provides the example of an
attempt by the Swiss government to
persuade refrigerator manufacturers to
use more energy-efficient technology.
The techrology would pay for itself in
electricity savings over several years,
but increased the cost of the appliance
by a third. Manufacturers did not adopt
the design, explzining that the change
in technology was too large and that
consumers would not buy the refrigera-
tors. This experience contrasts with that
of Greenpeace’s “GreenFreeze”. This
refrigerator, developed with a manufac-
turer in former Eastern Germany, used
a hydrocarbon refrigerant instead of the
usual CFC substitutes which are strong
greenhouse gases. With little or no
increase in cost, this refrigerator was a

The paperless office?

Computer technology and telecom-
munications promised to bring the paperless
office, but have so far increased paper
consumption by making it easier tc produce,
modify and print documents. Paper recycling
is ore way to achieve moderate reductiens
in the environmental impacts of paper use.
Now, researchers at the Massachusetts
Institute of Technology (MIT) have developed
a product which could allow paper to be re-
used up to 100 times.The product is a special
kind of ink which is clear until it is activated
by heat. Millions of dots of the ink on ordinary
paper can be turned black by a device like a
laser printer. The dots cen be turned clear
again Uy heating to a slightly higher
temperature. A cofour version of the ink is
also available, and can be re-used
! 000 times. MIT has already achieved
300 dots-per-inch resolution with the
technology, and is aiming for 600-1 000 dots-
per-inch.

great success and major maniufacturers have now introduced models with hydrocar-
bon refrigerants.

Firms have found it technically easier to reduce the use of toxic materials than
to reduce energy use. For example, Nortel (Northern Telecom) in Canada introduced
the world's first lead-free telephone to the market in 1996, having developed lead-
free soldering technology. Philips have built a “Green TV” contairing no toxic sub-
stances {see Box 4). However, such technologies may only be commercially viable if
new government policies are introduced.

WBCSD emphasises product durability as a key element of eco-efficiency. Im-

proved durability will obvious!y reduce waste in highly consumable prod::cts such

~ as paper (see Box 5). Companies aie increasingly moving back to re-usable packag-

ing, including returnable bottles. On the other hand, there is no sign of a shift away
from the use of disposable paper ard plastic products.

The advantages of durability are less obvious in longer-lived products whose
environmental impacts occur mainly during use. Cars, refrigerators and buildings
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are key examples. Where technology is improving rapidly in environmental perfor-
mance, there may be advantages in scrapping older stock early, especially if com-
ponents are re-used or recycled.

2.1.4, Changing preducer-consumer relationships

Innovations that change the producer-consumer relationship are rare relative
to the others discussed above, and may provide more opportunity to reduce the
resource impacts of consumption. The concept of “extended and shared producer
responsibility” (EPR) is beginning to change the producer-consumer relationship
(Vancini, 1997). EPR is sometimes enshrined in law but is also spreading as a busi-
ness philosophy. Some producers are beginning to address environmental impacts
in the up-stream supply of materials and services and the downstream use and
disposal of their products. This is pariiy because they are aware of consumers’ growing
ability to use their purchasing power to influence the design of products and the
provision of services. For many producers, taking responsibility for post-consumer
waste can even be profitabie. Approaches include:

— Asset recovery, remanufacturing and recycling. Xerox introduced an asset
recovery programme for its photocopiers in 1987, iz which parts of end-of-
life machines are recovered for re-use or recycliag (see Box 6). As a result of
the programme, Xerox has reduced its production of landfill waste from
2 500 to 1 000 tonnes per year. The money saved by the programme was
estimated at $69.4 million in 1995. The approach is also used for computers
by IBM and Siemens-Nixdorf. Sony has introduced a programme for

remanufacturing equipment.

— Modular design. This is the key to the
Successful asset recovery approach used by Interface Flocring Sys-
Many factors can contribute to the success tems to reduce carpet waste. Office car-
g_f'companies'em}m to pmwde an innovative pets need ffequent replacement, but
service. Smith (1997) attributes the success only 20% of a carpet receives 80% of the
of Xerox's asset recovery approach to a wear. By providing tiles instead of broad-
. variety of factors, including: loom carpets, Interface develops an on-
* - Awcll-developed infrastructure to return going service relationship with its
used Pho'm_mp'm m.the factory. customers, replacing worn flooring tiles
* Close relationships with customers. . and recycling the materials from recov-
* The robust design of its products. ered tiles. :
* Providing e total satisfoction guarantee.-
* Committed and visionary management. ~ Moving from products to services.
' : This approach is given particular empha-
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sis by aw socates of eco-efficiency. The idea is that companies provide
consumers with a service, retaining ownership of, and responsibility for, any
equipment. Dow has introduced a “rent-a-chemical” scheme. The concept of
selling services rather than products has perhaps been most developed by
electric utilities, selling energy services rather than just electricity. Utilities
can often afford to invest in energy-efficient equipment with longer payback
times than their customers would consider.

Unfortunately, firms that are addressing the full life-cycle of their products and
services are in the minority. Government has a key role to play in ensuring that firms
are aware of the opportunities for life-cycle management, and have incentives to
take them. This government role wil! be examined in Section 2.6. The next few sec-
tions consider eco-efficiency initiatives outside the business sector.

2.2. INITIATIVES IN AGRICULTURE

Strategies for improving eco-efficiency are just as applicable in agriculture as
they are in other production sectors. Eco-efficiency improvements in agriculture
can come both from radical shifts in farm practices, such as the use of natural preda-
tors for pest control, and from the introduction of improved plant and livestock
varieties. Kate Fish (1997) of Monsanto gives examoles of both geneticaily engi-
neered plants and modified farm practices that reduce the environmental impacts
of agriculture at the same time as cutting costs. Recent controversies over genetic
engineering also illustrate the potential for innovations to face challenges in the
macket place for reasons other than cost and performance.

While changes in production processes cculd substantially reduce the environ-
mental impacts of food production, retailers also have a key role to play. Some
supermarket chains {e.g. Sainsbury’s in the United Kingdom) have introduced pur-
chasing policies that emphasise reduced chemical inputs and improved land man-
agement. However, they do not market their products as “low input”, believing that
this wouid not be a good selling point.

Z.3. INITIATIVES IN SERVICES

Examples of eco-efficiency improvement are less commeon in the services sec-
tor than in manufacturing industry. This may be partly because the environmental
impacts of service provision are less obvious than those of manufacturing. Service
companies also tend to be smaller than manufacturers of consumer products, and
are less likely to have resources to devote to monitoring and improving their envi- 27
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ronmental performance. One exception is in telecommunications. Tuppen (1997)
offers several examples of eco-efficiency improvements introduced by British
Telecom. These include: the introduction of refrigerant-free telephone exchange
cooling, which has resulted in a 50% reduction in both energy consumption and
capital costs for cooling equipment; efforts to re-use or recycle telephones; and a
programme to reduce paper consumption.

Some financial service companies have aiso made efforts to improve eco-
efficiency, both by developing “green” investment portfolios and by examining the
environmental impacts of their own operations. For example, ING Group is imple-
menting environmental management systems, reducing energy consumption in its
offices, and developing a commuting plan for its staff. ING focuses on staff initiative,
which is encouraged through an “eco-label” to recognise teams' environmental
achievement. ING is also considering introducing environmental aspects into its
system for evaluating staff (Kroon, 1997).

2.4. INITIATIVES IN LOCAL GOVERNMENT

Local governments can adopt strategies to improve the eco-efficiency of their
operations in much the same way as other service organisations. Public sector
organisations can improve eco-efficiency by paying attention both to the goods and
services they produce, and to those they consume. The public sector plays a role in
designing and building houses; planning transport services and infrastructure; and
providing education, health care and utilities such as water and electricity. Eco-
efficiency, cleaner production and pollution prevention principles are beginning to
be applied to all of these areas. Public transport operators in many countries use
alternative fuels as a result of government policies to develop and experiment with
those fuels. There are numerous examples of city, regional and state authorities
that have found ways of saving materials and energy or reducing poliution while
also saving money and improving the service they provide.

Local governments are also of particular interest as a source of innovation in
policy: they can often experiment with measures that could not be applied at a
national level. A recent OECD study (OECD, 1997i) identifies a range of examples of
community and local government innovation in transport planning and pricing. These
include: authorities in Portland, Oregon, and Central Region, Scotland, which have
used scenarios as a tool to discuss transport policy options with the public; the
cities of Bergen, Oslo and Trondheim in Norway, which have introduced entry charges
for vehicles; and cities in Germany that have tried, with very limited success, to
develop car-free residential zones. ' :
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A large number of local government programmes have been undertaken in the
context of the programmes of the International Council for Local Environmental Ini-
tiatives (ICLEI). In ICLEI's “Cities for Climate Protection” (CCP) programme, more
than 180 cities have made a commitment to reduce their greenhouse gas emission-.
ICLEI has established a standard framework for CCP participants in which they:

1. construct a greenhouse gas emission inventory;

. produce an emission forecast;
. adopt targets and timetables for emission reductions;

2
3
4, adopt a local action plan to achieve the targets;
5

. implement the measures.

So far, 62 of the cities have completed all five steps. Many of the targets
adopted are more ambitious than the national targets adopted in the Kyoto Proto-
col to the UN Framework Convention on Climate Change (FCCC). About half of the
cities aim to reduce their emissions by 20% over 15 years. The measures they have
implemented mostly aim to reduce energy use in buildings and transport, or to
reduce methane emissions from waste. These cities report a range of benefits from
the measures they have implemented, including improvements in air quality, re-
duced municipal operating costs, creation of local jobs, improved municipal pro-
ductivity, reduced traffic congestion and an improved urban environment (ICLEI,
1997).

2.5. STRATEGIES FOR SOCIAL INNOVATION —~ CHANGING
CONSUMPTION PATTERNS

The challénges of sustainable development may require social innovation as
much as technical innovation (Lundvall, 1988). As mentioned at the beginning of
Section 2, social and technical change are closely linked, especially when the changes
are large. '

Individuals have to decide for themselves whether a specific change in their
consumption patterns leads to improvement or deterioration in their quality of life.
Successful innovations may spread and become nomal behaviour, but cannot be
pre-selected by government experts. The next few paragraphs consider a range of
local initiatives in the transport and household sectors. These examples illustrate
the use of strategies similar to the WBCSD approach to eco-efficiency, involving
identifying indicators, goals and criteria; undertaking a process of change in tech-
nology, behaviour and ways of thinking; and monitoring the results. 29
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2.5.1. Eco-efficiency in the transport sector

The OECD commissioned a report in 1996 (ERM, 1996), and held a workshop in
1997 to evaluate the potential for applying “eco-efficiency” to the transport sector.
The concept of eco-efficiency clearly applies to vehicles as to other products, and
Section 2.1.3 gave some examples of efforts to develop more eco-efficient cars.
However, it is more evident in the transport sector than elsewhere that cleaner tech-
nology aione will not be sufficient to reverse the rising trend in resource use and
environmental damage.

Many public and private sector organisations have suught ways of reducing travel
and freight movements, yet continuing to meet consumers’ needs. However, there is
an ongoing debate about the nature of these needs. While there has

Changing behaviour?

Swiss membershib of car-sharing schemes has
grown exponentially over the last ten years,
reaching over 12 000 in 1996 and increasing
by about 50-75% per year. Early members
were environmentally motivated but more
recent members are choosing to car-share
for convenience or to save money.

Car sharers drive less than car owners

because they do not have a car in their garage

or on the doorstep that they can use for short

trips. Former car owners who join the system

drive less than before (down from 9 000 km

per year to 4 000 km per year on average).

Those who did not own cars before do not
increase their driving (average | 500 kmiyear)

but no longer borrow or hire cars.

Those joining the system report an improved
quadlity of life, increasing the flexibility of their
personal mobility while avoiding the stress of
routine driving and car ownership.

Car sharers spend less on car use than car
owners.There are so far no detailed studies
to show how they use the money they save,
or of the associated environmental impacts.

Source: Harms and Truffer, personal communication,
1997.

recently been a shift in transport policy
from targeting “mobility” needs to
“access” needs, many travel choices are
motivated more by status or other social
needs (OECD, 1996¢). Current transport
patterns have developed in conjunction
with settlement patterns, lifestyles, hab-
its, social networks, work and education.
The value provided by the transport sec-
toris lodged in a tangle of social and eco-
nomic values, making it extremely
difficult to define the eco-efficiency of
transport services in a generally accept-
able way. Eco-efficiency indicators can be
defined but they are controversial and
several are likely to be needed.

The dynamic of innovation remains
important. In addition to technical
change, social and institutional develop-
ments could play a major role in trans-
port. Box 7 describes one type of
innovation — in the nature of car owner-
ship — which could substantially reduce
car use. In a similar way, changes in the
organisation of freight transport services,
for example through firms pooling loads
or contracting out spare vehicle capac-
ity, can reduce truck mileage.
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2.5.2. Household consumption patterns

One attempt to encourage and guide social innovation has been initiated by
an international environmental organisation, “Global Action Plan for the Earth” (GAP).
In its “EcoTeam Program”, GAP works with small community groups to monitor and
reduce their resource use and environmental impacts. The programme has a num-
ber of environmental goals for its participants by 2000. These are: 65% reduction in
household waste; 30% reduction in consumption of electricity, natural gas and
water; and 40% reduction in transport energy use. GAP starts from the assumption
that many people have attitudes consistent with moving towards environmentally
sustainable behaviour, but that they do not have sufficient information to do so, nor
do they believe that they alone can make a difference.

The “EcoTeam” is a group of 6 to 10 people who might be neighbours, or
acquainted in some other way. They meet once a month and discuss ideas, experi-
ences and achievements related to the EcoTeam programme. The programme is
based on a workbook which addresses six areas in turn: waste, gas, electricity, water,
transport and consumption. Each team is supported by a coach or by a reporting
centre. EcoTeam members work towards changing aspects of household behaviour.
They work with other members of their own household to change behaviour in areas
such as waste separation and recycling, water use, energy use, and transport.

GAP has set up EcoTeams, and developed Workbooks and support material, in
several countries. While GAP monitors the results of its programme, the most
detailed evaluation has been carried out in the Netherlands. Six to nine months
after the programme, participants have reduced their waste generation by about
40% ard electricity consumption by around 30% (Staats and Harland, 1995).

Several other organisations and community groups have made similar efforts,
under titles such as “Simplicity Circles”, “Voluntary Simplicity” and “Downshifting".
More research is needed to evaluate the extent to which participants in these groups
succeed in reducing their environmental impacts, and to evaluate the possible eco-
nomic impacts of widespread replication of their efforts.

2.6. THE ROLE OF NATIONAL GOVERNMENT IN STIMULATING INNOVATION
BY FIRMS AND COMMUNITIES

Innovation is essentially a creative or experimental activity. The outcome can-
not be controlled or predicted (Nelson, 1982). Participants in an OECD workshop on
Individual Travel Bchaviour (OECD, 1996¢) emphasised the role of experimentation in
behavioural change, and the same applies to technical change. Sometimes attempts
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by central governments to stimulate innovation can actually constrain the outcome.
In view of the pitfalls of policy in this area, many policy analysts believe that it is
best to leave innovation to the market. Indeed, the capitalist economy is one of the
most effective systems for innovation (Schumpeter, 1943). On the other hand, there
are many ways in which governments can work with the market to increase the rate
of innovation and to guide it towards societal goals, if they are well-defined. There
are two main economic justifications for government intervention:

¢ firms and individuals have limited financial incentive to innovate because
any new invention can be copied by others, reducing the profits of the inno-
vator. Governments may need to intervene to ensure that the level of inno-
vation effort reflects the social benefits;

¢ the direction of innovation depends on the priorities of the innovators. They
may make inefficient (economically “suboptimal”) efforts where their priori-
ties differ systematically from those of society as a whole, or where they have
poor information on long-term social needs.

Nelson (1982) draws on a number of industry case studies to show that private firms
and individuals probably do make sufficient effort to innovate, He even suggests that, in
some sectors, the nature of competition means that firms put too much effort into innova-
tion, trying to be the first to market a new product. On the other hand, he concludes that
firmns’ RED portfolios are generally much narrower than would be desirable to address
societal needs. Firms tend to target their RED on local, short-term objectives and the
outcome can have lasting and pervasive effects on technology development. This
phenomenon is known as “lock-in". Rosenberg (1994) describes how resource-intensive
but labour-saving technology for manufacturing agricultural tools was developed first to
meet local conditions in North America. Initially, this type of technology was not able to
compete with traditional techniques in resource-poor, labour-rich Europe, but as a result
of efficiency improvements and superior product quality it became competitive.

Section 3 considers a range of policies that have systemic effects on the pricing and
regulatory incentives that guide innovative efforts by firms and others. However, there
may still be a need for policies to stimulate innovation in specific sectors or for specific
purposes. A major challenge for govemments is to develop a view of the types of technol-
ogy that might be needed in the long term for sustainable development, and to create
local conditions that will stimulate the development of that technology. This section iden-
tifies some of the approaches that have been taken in OECD Member countries.

One of the main lessons from past experience of government efforts to stimu-

late innovation is that there are no simple rules for policy design. Appropriate poli-
cies vary, depending on the characteristics of the particular sector and the
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government’s objectives in that sector (Nelson, 1982). It is difficult for governments
to strike the right balance in their relationship to innovators. On the one hand, gov-
ernments can develop intelligent policies only where they develop a good under-
standing of the needs of innovators in industry, local government and other
institutions (Wallace, 1995). On the other hand, some distance is needed to avoid
government officials being constrained by the prevalent assumptions of those

organisations.
2.6.1. Supporting the development of indicators and goals
Many OECD governments work with individual companies or with sector

organisations to develop voluntary targets for environmental improvement. Many of
these agreements target regulated pollutants or greenhouse gases. Usually, the tar-

gets are expressed in terms of emission
reductions per unit of physical output.
That is, they are targets for eco-efficiency
improvements rather than absolute en-
vironmental improvements.

There is a need for more open
dialogue between industry and govern-
ment to determine which indicators
and criteria are useful and feasible.
Such a dialogue has begun in Canada,
. where the National Round Table on the
Environment and the Economy is
developing a shared view on the choice
of indicators for eco-efficiency (see
Box 8). NRTEE has found that, while
material and energy intensity goals are
feasible and relevant to sustainable
development, goals for service inten-
sity and durability are less relevant.

2.6.2. Promoting R&D, discovery
and information exchange

Research, development and dem-

onstration policy has made a transition
in recent years in many OECD coun-

Indicators of Eco-Efficiency

Canada’s National Round Table on the
Environment and the Economy brings
together industry and government
representatives to develop a common
understanding of environmental issues.They
are examining indicators of eco-efficiency, and
have so far concluded that

Indicators for reduction of material intensity
and energy intensity are readily measurable,
but should be measured separately.

Indicators for reduction of toxic dispersion
are highly desirable and relatively feasible.
Further work is required to examine existing
practices and requirements for reporting toxic
releases and comparing the toxicity of
different substances.

Indicators of material recyclability, use of
renewable resources and product durability
could easily be developed, but further
consideration is needed on the best choice
of indicators. .
Indicators for service intensity and product
life-time cost will be more difficult to design
and implement.

Source: NRTEE, 1997.




ECO-EFFICIENCY

tries. In the 1960s and 1970s, much R&ED was carried out in universities or in govern-
ment laboratories, with government funding and sometimes government oversight.
At the same time, firms carried out their own RED which might interface with univer-
sity programmes at conferences and through literature, but projects were rarely

collaborative.

More recently, several factors, including tight budgets, have led to a much closer
integration of the research programmes of governments and private companies.
Policies focus increasingly on facilitating the exchange of ideas among firms, and
among different types of institution. Japan has been a leader in this style of
research and product development, with very close co-operation between govern-
ment and private industry. In the European Union, research carried out with Euro-
pean Commission support usually involves several partners, including universities
and companies from different Member countries. In the United States, the Partner-
ship for a New Generation of Vehicles (PNGV) is one example of the collaborative
efforts that have emerged.

A further important feature in recent years has been the increased focus on
results — many related to improving eco-efficiency —in government R&D programmes.
PNGV aims to develop new technology that meets a particular set of objectives for
energy efficiency and pollution reduction. Targets and milestones are also an im-
portant feature of RED programmes in Japan, the European Union and elsewhere.

Most R&ED co-operation has focused on developing technology that is far from
commercialisation. This means that it is hard to judge the outcome of the research
as it rarely leads to a visible product. Nevertheless, R&ED co-operation is a valuable
opportunity for firms to develop networks and exchange ideas. Firms are less
enthusiastic about co-operating as they approach commercialisation of a technol-
ogy because they would lose the profits resulting from the innovation. Governments
can encourage near-market R&ED via the patent system. A long patent life,
combined with strong enforcement of intellectual property rights and simple,
low-cost procedures for patent application, can enhance the incentive to innovate.
However, a balance has to be struck between promoting innovation and encourag-
ing diffusion, which is inhibited by strong patent laws.

2.6.3. Developihg niche markets

Government and public sector procurement and planning policies often create
niche markets to encourage early application of new technology. The challenge for
governments is to take a strategic approach, ensuring that users have the opportu-
nity to choose the innovations that best meet their needs in the long term and




IMPROVING ECO-EFFICIENCY IN FIRMS AND COMMUNITIES

reject those that do not. It is very difficult to know when to phase out support, and
to make sure that suppliers have sufficient incentive to reduce costs. Governments
have been criticised for maintaining support for technology that was clearly uneco-
nomic in areas including alternative fuels and supersonic civil aviation. However,
criticism is often more vocal when governments withdraw support from uneconomic
projects.

The United Kingdom’s Non-Fossil Fuel Obligation (NFFO) system for renew-
able energy has been one successful way of creating niche markets for near-
commercial technology. NFFO involves periodic calls for tender to supply electric-
ity to the UK national grid from various categories of renewable energy source. There
are clear limits both in the size of the market to be supported and the time for which
the support will last. Companies that succeed in the tendering process can sell elec-
tricity to the grid at the price they bid. In successive rounds of NFFO since 1990, the
costs of several renewable energy sources have fallen in the United Kingdom.

“Green procurement” is one of the most promising approaches to generating
niche markets for clean technology. The United States Environmental Protection
Agency's Energy Star programme has become world famous by effectively setting
the standard for energy-efficient computers.

2.6.4. Addressing communication gaps

Once new technologies and practices have succeeded in niche markets, their
further use depends on other potential users hearing about them. Most of the well-
known companies with eco-efficiency programmes are large multinationals and lead-
ers in their fields, with strong internal systems for innovation.

Whereas large companies often have the internal machinery to monitor and
adopt best practice in their industry, governments may have a particular role to
play in relation to small and medium-sized enterprises (SMEs) and the service sec-
tor. In Portugal, the government has worked with SMEs to achieve substantial progress
in reducing energy and material waste and environmental impacts (see Box 9). The
Australian government is working with public sector organisations to improve their
environmental performance - for example, by producing a “Green Heaith Guide”
for hospitals. '

SMEs tend to be less able to introduce new technology and product innova-
tions than large companies partly because of their limited access to information.
Smaller companies and the service sector in general may also be less able to
market new products than large manufacturers.
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Targeting small and medium-sized
enterprises in Portugal

The Portuguese Institute for Environmental
Technology (ITA) has implemented a
programme for cleaner production, targeting
small and medium-sized enterprises (SMEs).
In one glass company the programme
resulted in an investment of 89 million
Escudos which tripled output while improving
by-product use and reducing production of
waste water, sludge, and CO,.The company
has saved 200 million Escudos.

ITA has identified several keys to improving

eco-efficiency:

* education of workforces;

* helping SMEs to identify areas for
technology development;

« cregtive co-operation between the ITA
team and company representatives;

* social and financial incentives to stimulate
consumer preferences and reward
companies for environmentally improved
products and services;

» addressing multiple eco-efficiency
objectives, such as energy and material

efficiency, together.

Source: Peneda, 1997.

Communication gaps on environ-
mental issues are shrinking, partly
thanks to government initiatives, but
more importantly because of new com-
munication technology and business
initiatives. Businesses increasingly
recognise the need to address sustain-
able development as a result of the
efforts of organisations such as
Keidanren in Japan and the National
Round Table for the Environment and
the Economy in Canada, as well as
WBCSD and the regional business coun-
cils for sustainable development. Mean-
while, large companies’ need to manage
the environmental impacts of their
products throughout the life-cycle is
increasingly leading them to ask for
environmental management assurances
from their SME suppliers.

2.6.5. Facilitating social innovation

Policy discussion on innovation has
traditionally focused on technology
R&D. However, the OECD's work has
highlighted the need for the social and
behavioural sciences to play a role in
developing policy that affects lifestyles,

institutions and technologies {(OECD, 1997e). As in the case of technological innova-
tion, some of the most effective policies to encourage social innovation may be
those that provide a more general economic, legal and physical framework. These
are discussed in the next section.

Local governments, other local organisations and community ieaders can be
effective in informing consumers and encouraging them to change their purchasing
patterns. Environment Australia (1996) has collected a number of case studies of
local governments that have successfully addressed local environmental problems.
For example, Albury City Council undertook a community awareness programme to
reduce phosphorus discharges, persuading citizens to switch to zero and low-
phosphorus washing powders and change their car washing habits. OECD (1997i)
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provides examples of stakeholder pro-
cesses that have led to changes in
local transport planning. Central gov-
ernments can facilitate such changes.
The United States’ Intermodal Surface
Transportation Efficiency Act (ISTEA) of
1991 emphasises involving stakehold-
ers as a first step for Metropolitan Plan-
ning Organisations in developing their
transport plans (see Box 10). ISTEA has
led to a rapid increase in investment
in cycling, pedestrian and public trans-
port schemes (Kienitz, 1997).

A recent OECD study identified
several government programmes to en-
courage stakeholder consultation pro-
cesses through transport planning
guidelines for local governments
(OECD, 1997i).

The study found that:

e national efforts, such as that in
the United States, succeed
mainly in regions where there
is already strong interest in
community participation and
where local expertise is avail-
able;

¢ achieving the full involvement
of a local community in deci-

ISTEA:
A framework for innovation

The US Inter-modal Surface Transportation
Efficiency Act of 1991 (ISTEA) requires States
and Metropolitan Planning Qrganisations
(MFPOs) to improve co-ordination, develop
procedures for community involvement in
decision making, and address environmental
and social objectives. It also requires them
to consider options such as land-use planning.

While the quality of ISTEA implementation

varies among MPQs, the Act has fed to

funding of a wide range of new initiatives

including:

* cycle and pedestrian programmes
in many cities

s congestion pricing projects in Seattle
and at the Maine Turnpike, as well as an
educational project on congestion pricing
in Portland, Oregon and a toll on the San
Francisco-Oakland Bay bridge

* innovative transit projects including
a segregated busway in Miami, an
information system for Denver’s bus
systern, an alternative fuel bus fleet in
Boise, Idaho, and electric shuttle buses in
Chattanooga, Tennessee

¢ intermodal freight and transit
projects including intermodal freight
terminals in Maine and Stark County,and
an intermodal passenger terminal in
Worcester, Massachusetts.

sion-making is very demanding in time and effort; but

o the consultation process can lead to a change in the preferences of local
communities and can increase support for policies once they are adopted.

Governments can and do aiso use broad-based i:icentives to encourage changes
in behaviour, institutions and local government practices. Measures such as land-
use planning may be essential in moving towards sustainable cities, but are usually
managed at a local level. Policies often used by central governments include taxes 37
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and tax rebates; links between local government funding and the achievement of
environmental practices; and monitoring and support for demonstration projects.

The likelihood of success and potential for replication of an innovation depend partly
on the degree of technical and social change required. Many factors in the technical, eco-
nomic, and social environment are also important (Smith et al., 1997) and are discussed in
Section 3. Government policies form a key element of this environment. Important poli-
cies include safety standards and other regulations, taxes, subsidies and cther market
instruments. Governments also play a role in the more general cultural and institutional
framework that influences the success and replication of any innovation.

2.6.6. Monitoring and feedback

Feedback is an essential component of a strategy to improve eco-efficiency,
serving both to monitor trends and to evaluate the effectiveness of action that has
been taken. Several OECD goveinments offer awards for good practice in environ-
mental reporting and support for developing environmental management systems
(EMS). The ISO 14000 Series now provides an international basis for the develop-
ment of EMS. Common standards for life-cycle analysis (ISO 14040) provide a frame-
work for co-operation along the production chain and have been effective in involving
SMEs in improving eco-efficiency.

Company and sector monitoring contributes to national monitoring, but also plays
arole at the company level. Once companies start to record their use and wastage of
energy and materials, and their emissions of pollutants, they usually begin to reduce
them. Thus, “monitoring and targeting” schemes have played a key role in many gov-
ernments’ industrial energy efficiency strategies over the last two decades.

Public reporting can sometimes provide a stronger incentive than regulations
for organisations to manage their environmental impacts. UNEP (1994) recommends
a set of 50 “ingredients” that should be included in company environmental
reports, and a core set of 20 ingredients for reporting by SMEs. These ingredients
cover management policies and systems; inventories of environmental impacts;
financial implications of environmental actions; relationships with environmental
stakeholders; and broader sustainable development issues.

OECD has been working with Member countries to develop a methodology for
producing pollution release and transfer registers (OECD, 19966). Pollutant Release
and Transfer Register data indicate the amount of specific pollutants being released
or transferred by a facility. The data can be used to determine pollution per unit of
product or to show progress in a firm's efforts to reduce pollution. -




3. IMPROVING ECO-EFFICIENCY THROUGHOUT
THE ECONOMY

This section moves from the perspective of individual innovations to that of
the economy as a whole. It opens by reviewing aggregate indicators and targets for
eco-efficiency. It continues by identifying conditions that influence the rate of
resource productivity improvement, and concludes by discussing ways in which gov-
ernments can help to improve eco-efficiency economy-wide. These include devel-
oping national goals, indicators and criteria for eco-efficiency improvement;
introducing policies to encourage and orient innovation towards the goals; and
esiablishing systems to monitor the effects of those policies.

3.1. NATIONAL ECO-EFFICIENCY INDICATORS

While governments can and do make use of many of the principles of the WBCSD
approach to eco-efficiency, they are likely to need different types of goals and indi-
cators from those used by firms, reflecting the societal scale at which they operate.
For example, whereas firms might be interested in the energy intensity of their prod-
ucts and services, governments have long moritored the energy intensity of their
national GDP.

Productivity indicators and targets are useful at the national level to orient
action by govemments. They can help to indicate the kind of change that is needed
or desired in order to move towards sustainable development. In general, however,
government policies are best aimed at improving the state of the environment, the
health of the economy and the quality of life, rather than increasing productivity per
se. Where efficiency improvements alone are sought, there is a risk that increases in
economic activity will outweigh any reduction in emnronmental impact per unit of
activity. :

‘Most productivity analysis is necessarily based on standardised physical or
monetary output indicators, such as the volume of goods produced or their value
added. At national level, the most common indicator is GDP. Obviously, these indi-
cators cannot capture the fc il complexity of socnetal goals.
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The WBCSD explanation of eco-efficiency points towards the need to consider
“quality of life” and “human needs” in addition to conventional economic indica-
tors. Government policy takes account of “headline” indicators such as the unem-
ployment rate, the number of homeless people, the consumer price index, the trade
balance and many others. Quality of life also depends on factors such as time spent
with families and community involvement (Merck Family Fund, 1995).

Clearly, many other indicators are needed to capture the “quality of life".
Table i lists a few examples of indicators that might be readily available. The table
also differentiates among economic indicators of “welfare”, indicators of the extent
to which basic physioiogical and community needs are met, and indicators of indi-
viduals’ ability to pursue “higher” needs, which might include intellectual and spiri-
tual development. Indicators of the latter, in particular, are relatively
under-developed and controversial.

Table 1. Examples of eco-efficiency “output” indicators at the national level

Economic indicators of welfare Satisfying basic needs Satisfyirg higher needs
GDP UN’s Human Development Index | Average leisure hours
* National accounts based (based on income, education | Nyymber of books published

on shadow prices including and life expectancy)

“green GDP" Net migration

Number of university graduates

e Access to advanced
Income distribution Share of income spent communication technology
Consumer surplus on basic needs (e.g. internet connections)

Many attempts have been made to construct single indicators of quality of life,
and the extent to which human needs are met. Perhaps the best known of these is
the Human Development Index (HDI) developed by the United Nations Develop-
ment Programme (UNDP, 1997), based on national life expectancy at birth, years of
schooling, adult literacy and purchasmg power.

Statistics are available for most OECD countries on national emissions of sev-
eral greenhouse gases, sulphur dioxide, NO,, and other pollutants (OECD, 1997f).
Figures are also available on fresh water use, waste generation, land-use patterns,
agricultural inputs, and use of energy and other commodities.

While environmental pressure indicators form the denominator or input side of

- eco-efficiency, state of the environment indicators are also important at the national

ievel for defining goais for sustainability. Table 2 gives exampies of each of these
two types. . o
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Table 2. Examples of eco-efficiency “input” indicators at the national fevel

Pressures on the environment State of the environment

Emissions of pollutants from different types Remaining mineral resources

of source (mobile, stationary, sector breakdown) | concentration of pollutants in air, water, biota
Cog_sumption C;f rene\lvabc:efres;)urces Indicators of biodiversity, e.9. number of species

water . . .

(blomass products, land, fresh water) Ecological footprint (land required to supply
Economic valuation of environmental damage national needs on a renewable basis)
Use of environmental "services” Environmental “capital”

Some analysts have suggested that governments should focus on specific types
of indicator, which they believe to be geod proxies for the many dimensions of eco-
efficiency. One such indicator is the “total material requirement” (TMR) of an
economy, which is an estimate of the total mass of materials disrupted each year by
economic activities (WR?, 1997). Some advocates of TMR as an indicator describe
the ratio GDP/TMR as “eco-efficiency”. They argue that TMR includes, or is corre-
lated with, a wide range of environmental impacts, ranging from soil erosion to the
release of toxic compounds. However, such indicators are not useful for examining
long-term trends, nor for giving a full impression of the trends in, and causes of,
specific environmental pressures, or for making comparisons between countries.

Other attempts have been made to identify a simple indicator of environmen-
tal pressure based on concepts including “ecological footprints” and “environmen-
tal space” (OECD, i9974). Economic techniques can also be used to estimate the
cost associated with environmental pressure. Contingent valuation is one approach,
involving surveys to establish how much individuals would be prepared to pay to
avoid specific environmental impacts. This technique allows for citizens’ subjective
weighting of different environmentai impacts. It can be used to develop composite
indicators such as “green GDP” and “natural capital”. However, underlying each of
these concepts lies a much more complex picture which can be revealed only by
using a range of more transparent indicators of specific environmental pressures
(World Bank, 1997). :

It would be premature to suggest a set of standard indicators at this stage.
Governments are just beginning to develop indicator series for their reports on
progress towards sustainable development. Measurement and reporting systems
may need to evoive over time. Preferred indicators are likely to depend on national
circumstances and aims. - ‘ 41
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3.2. TRENDS AND TARGETS

Many indicators of the output (or nominator) part of the eco-efficiency ratio are
improving in OECD countries. OECD residents continue to enjoy growing income
and increasing life expectancy. They are spending more time in education and less
at work. They are using their rising income to increase their ownership of cars, house-
hold appliances and other goods (OECD, 1996a). They are able to travel and com-
municate more easily and cheaply than ever before.

€ Figure 2. OECD trends in GDP and a range of eco-efficiency “input”indicators
Average annudl percentage change, 1985-1995
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As Figure 2 shows, some indicators of input (or denominator) part-of the eco-
efficiency ratio, such as emissions of regulated pollutants, are improving too. The
figures for SO, and heavy metal emissions demonstrate that there is an existing
mechanism for resource vse and pollutant release to become “decoupled” from
economic activity. As incomes rise, citizens become more willing to vote and some-
times to pay for a better environment, leading governments to act. Environmental
policies have brought certain types of pollution under control, especially those thh
well-proven health effects within national boundaries. '

While regulations and other meééures have brought some types of pollution
under control, solutions remain to be found for many environmental problems. In
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particular, as the locus of pollution shifts from local, to national, to regional, to glo-
bal, solutions become harder to find. There is less incentive to act where environ-
mental damage is remote in time and space, where the impacts are diffuse or not
obvious to citizens, or where the response would require a large change in technol-
ogy or behaviour. Globally, some of the most difficult problems are CO, emissions
from energy use, and the loss of habitats and biodiversity. At the national and local
level, major concerns include the continuing release of toxic chemicals and the dis-

posal of solid waste.

OECD projections show that world GDP could grow to 2.5 times its 1995 level in
2020, with the OECD share falling from 56% in 1995 to between 33% and 44% in 2020
(OECD, 1997g). OECD's share of world population is also likely to decline. As non-
OECD countries account for a growing share of production and consumption, their
exposure and contribution to environmental problems will increase.

Most long-term scenarios see energy use and associated CO, emissicns by the
current OECD countries stabilising from around 2015, although global emissions
will go on growing rapidly (OECD, 1997g; UNEP, 1997; IPCC, 1995). Globally, defores-
tation and the depletion of fish stocks are also likely to continue, whereas regulated

¢ Figure 3. Projected carbon dioxide and sulphur dioxide emissions
from fossil fuel combustion, 1980 to 2100, IPCC IS92a Scenario

Billion tonnes of carbon Million tonnes of sulphur
is : 80
Carbon dioxide / Sulphur dioxide

70

. / ]
10 / //\\ 50

40

pre—p——— e
£~ S<
2 >~. 10
0 “ﬁ:ﬁfﬂ;;‘iii?ﬁ.’f?ﬁ:’“ } . Rl Y
1950 2000 050 2100 1950 2000 _ 2050 2100

Source:  IPCC. - : : 43



ECO-EFFICIENCY
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emissions, such as sulphur dioxide, are expected to decline in OECD countries.
Sulphur emissions in non-OECD countries are projected to increase substantially
before being brought under control some time in the next century (see Figure 3).

In 1994, CO, projections such as those in Figure 3 led the “Factor 10 Club”, a
group of 16 prominent environmental experts, to issue the “Carnoules Declaration”.
In it, they called for a ten-fold improvement in material and energy productivity in
industrialised countries over the next 30 to 50 years. They say that this would halve
total resource use while allowing for a doubling of world-wide economic activity and
an improvement in international equity. The aim of halving resourre use is explained
mainly with reference to greenhouse gas emissions: a halving ot CO, emissions by
2040 would be consistent with a longer term aim of stabilising atmospheric CO,
concentrations at 350-450 ppm (IPCC, 1997).

Given the divergent trends in environmental pressure shown in Figure 2, it
does not make sense to adopt a single global efficiency target for all activities and
environmental impacts, even if such a target were considered appropriate for CO,
from fossil fuel combustion. In some cases, a factor of ten reduction may be more
than is required for sustainability, and in other cases, less. Meanwhile, environmen-
tal challenges vary among countries and locations. National efforts are needed to
establish sustainable development goals and indicators, suiting specific concemns.
No target or set of targets is likely to be universally acceptable because any solu-
tion will bring winners and losers. Nor is there any “right” target for the reduction in
any specific environmental pressure. Governments, scientists and economists have
conducted lengthy discussions on targets for greenhouse gas concentrations in the
atmosphere in the context of the Intergovernmental Panel on Climate Change (IPCC).
They have concluded that this is a political, rather than scientific or economic ques-
tion, although it needs to be informed by both science and economics.

3.3. EXAMPLES OF RECENT CHANGES IN ECO-EFFICIENCY

Local and national circumstances, in particular relative factor prices, help to
shape the rate and direction of technological development. Table 3 summarises
productivity increases that have been achieved in a range of economies and sectors
at different times.

The higher rates of productivity increase in this table are associated with a
variety of influences: competitive pressures; strong price or regulatory incentives;
catching up or recovery; or a good “climate for innovation”. Mostly, the circumstances
for rapid change do not last long, although some sectors have sustained very fast
improvements over considerable periods.
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Table 3. Historical increases in a range of productivity indicators

Annual
Sector/technology Region Productivity indicator Period productivity
change (%)

Whole economy* 16 QECD countries GDP/hours work 1820-1992 +2.4
Whole economy? Japan GDP/hours work 1950-1973 +7.7
Whole economy? QECD GDP/primary energy 1971-1995 +1.27
Whole economy* Japan GDP/material use 1975-1994 +2.0
Whole econcmy* USA GDP/material use 1975-1994 +2.5
Whole economy? OECD GDP/municipal waste 1980-1992 05
Whole economy? 6 major OECD countries | GDP/municipal water use| 1980-1990 +1.0
Whole economy® Germany, USA GDP/VOC emissions 1980-1993 +4.0
Whole economy! Germany, lapan, USA GDP/ heavy metal 1965-1995 | +7to +10

emissions to air
Industry® OECD Industrial production/ 1971-1995 +2.5

energy
Industry® OECD Industrial production/ 1974-1986 +8.0

oil use
New cars/light trucks USA Vehicle fuel economy 1972-1982 +7.0
New cars/light trucks USA Vehicle fuel economy 1982-1992 +0.0
Commercial aviationd World Tonne-km/energy 1974-1988 +3.8
Commercial aviation? World Tonne-km/energy 1988-1995 +0.3
Commercial aviation? World Tonne-km/labour 1974-1995 +5.6
Telephone cables? Transatlantic Telephone calls/mass 1914-1994 +25.0

Sources: a) Maddison, 1995; B} OECD and IEA statistics; ¢) Schipper. personal communication 1996; d) ICAQ statistics;
¢) WRI, 1997; f) OECD, 1995a; g) Tuppen, 1997.

These examples do not help us to predict exactly what rate of improvement in
eco-efficiency might be possible but they help to identify some challenges for gov-
emments. Obvious areas for action include: reforming government policies that limit
competition in resource-intensive industries; removing subsidies and tax disincen-
tives; and internalising externalities. Unfortunately, this is not an easy recipe. The
more rapid rates of change in Table 3 have occurred only in response to very strong
price signals: nominal aviation fuel prices increased nearly ten-fold between 1970
and 1980. Nominal crude oil prices increased by a factor of 30 in the same period
while real prices rose ten-fold. It is not surprising, then, that the aviation industry
and industry in general made huge efforts to reduce their oil consumption, effec-
tively “decoupling” CO, emissions from economic activity. Responses to price
changes can also be very complex, depending on the circumstances of any change.

Experience with rapid “catching-up”, for example in Japan during the 1950s and
1960s, can help to give some insight into the potential for whole sectors or econo-
mies to move towards “best practice”. The Japanese experience is often used as a
model for creating a “climate for innovation” (e.g., Freeman, 1987; Rosenberg, 1994;
Wallace 1995). 4]
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Another observation from Table 3 is that economy-wide changes are much slower
than changes in industrial sectors. A key challenge for policies to promote sustain-
able development is to achieve more rapid change in consumption patterns.

3.4. ECONOMY-WIDE BARRIERS TO CHANGE

Attempts to improve eco-efficiency face several economy-wide barriers. The
best recognised of these are market and intervention failures and inefficiencies,
which have been extensively analysed by the OECD. Less understood but equally
important is “lock-in” to existing technologies and practices, associated with the
investment costs and social inertia that can inhibit change. These two types of bar-
rier are considered here, reflecting discussions in the OECD Eco-Efficiency Work-
shop (Annex IHI). The lack of access to information or education of individuals
throughout the economy is also often described as a "barrier”. It is not discussed as
such here, but options to improve education are mentioned in Section 3.5.6.

3.4.1. Intervention and market failures

Several OECD workshop participants mentioned the innovation-stifling effects
of government subsidies and other policies that support or protect polluting activi-
ties, referring to recent studies by the Earth Council (de Moor and Calamai, 1996)
and the OECD (19976). Subsidy reform, green tax reform, and the creation of futures
markets in environmental goods were discussed as important parts of the dynamic
for improving eco-efficiency. The relative costs to businesses of staff, capital,
energy, materials and environmental services are among the most important influ-
ences on the direction of innovation. For most companies, salaries and wages are
the largest expenditure. This cost is amplified by taxes and social security pay-
ments. Energy and materials tend to be the smallest items of expenditure and are
sometimes subsidised even though their production and use have negative exter-
nalities. Shifting the balance of taxation from labour to pollution and resource use
would provide an economy-wide incentive to improve eco-efficiency.

3.4.2. “Lock-in"

The pchenomenon of technological, behavioural and institutional “lock-in" makes
any change look costly, even where changes would bring large economic benefits
(Jaeger, 1997). Large changes do occur, but their timing is unpredictable and they
are hard to manage. A large organisational change has occurred in recent years in
newly deregulated industries, such as airlines and electricity companies. The gaso-
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line engine is an example of a technology that has so far survived all attempts to
replace it. Since car manufacturers opted for the Otto-cycle engine at the beginning
of this century, a massive infrastructure has been installed for manufacturing
engines and supplying fuel. The low cost and high performance resulting from “learn-
ing-by-doing” and economies of scale make it extremely hard for any new technol-
ogy ever to enter the market. Some analysts (e.g. DeLuchi, 1992; MacKenzie, 1994)
claim that electric battery or fuel cell technology can compete with the gasoline
engine in the near future, if produced in large enough volumes. However, no firm is
yet prepared to take the risk of investing in the necessary production capacity. Lovins
et al. (1993) believe that an organisational change in the car industry is inevitable:
with the current trend towards an increasing diversity of products with lower design
and tooling costs, economies of scale will disappear allowing small, new manufac-
turers with novel technology to enter the market.

Rapid changes already occurring in society may provide opportunities for
improving eco-efficiency. The changes include the increasing pervasiveness of “high
technology”, with the development of communication and information technology,
the emergence of biotechnology and other scientific and commercial breakthroughs.
Markets and styles of management and organisation are also changing. Collectively,
these trends have been described as a move towards a “knowledge-based” economy.

An economy-wide move towards improved eco-efficiency would probably in-
volve the disappearance of some products and firms, and the emergence of new
ones. This is an important part of the cost of change. The fear of losing can lead to a
culture that discourages change. This culture is strengthened by formal and infor-
mal links among governments, businesses and the media. Changing the status quo
is likely to involve governments re-examining some of these links and opening up
new channels of communication with stakeholders who represent a wider range of

interests.

3.5. THE ROLE OF NATIONAL GOVERNMENT IN PROMOTING
ECO-EFFICIENCY ECONOMY-WIDE

Rapid economy-wide improvements in eco-efficiency are likely to depend on
there being a wide range of influences acting in the same direction. Establishing
shared goals and co-ordinating policies among the various government ministries
and other public agencies concerned can be a major step towards achieving such

synergy .

In many governments, transport, energjr and industry ministries view environ-
ment policy as a problem rather than a set of shared objectives, despite consider-
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able efforts to design integrated policies. Some governments are beginning to suc-
ceed in integrating environmental, economic and sectoral policies: four ministries
in the Netherlands have produced a joint policy document on their strategy for
sustainable development; several countries’ national communications under the
UN FCCC represent the result of intensive inter-ministerial efforts to agree on poli-
cies. The most successful approaches are those that involve contacts at all levels in
the various ministries, and where civil servants have to work on a shared task over

an extended period.

The Rio Declaration (UNCED, 1992)
emphasised the need to involve citizens

Backcasting

The Swedish Environmentally Sustainable
Transport project involved a group of eleven
agencies, including government agencies,

in decision-making, and new media such
as the Internet can help. OECD Mem-
ber countries are increasingly turning to
public and stakeholder consultation to
develop indicators and goals that are

industry bodies and research institutions.The
group co-operated during 1994-1996 to
develop a vision of “environmentally
sustainable transport” and a strategy to
achieve it (SEPA, 1 996).The aim was to define
the national environmental goals to be
achieved over 25-30 years, i.e. by 2020.The
group found that it was relatively easy to
envision meeting 50-80% reduction goals for
hazardous air pollutants by 2020.They find
it harder to identify means of reducing CO,
emissions and noise exposure rapidly. In
particular, a longer term objective for CO,
was adopted, aiming for a 60% reduction
by 2050.

generally accepted. Public acceptance
of goals is a first step towards accep-
tance of the policies that might be
needed to reach them.

Some OECD countries have
adopted the approach of “backcasting”
(see Box 11), applied in the OECD
project on Environmentally Sustainable
Transport (EST). This collective process
aims to develop ashared vision of a “sus-
tainable” future and a strategy to achieve
it. Such target-led policy-making pro-
cesses have largely been pioneered in
the Netherlands and Scandinavia.

This section addresses ways in which governments can help to create the
conditions for improving eco-efficiency and to remove the barriers by intervening in
the economic, regulatory, physical and informational environment. Government
policies routinely affect markets by ensuring or restricting competition and market
access; through fiscal and regulatory measures; and by defining property rights and
liabilities. Physical infrastructure, which has a pervasive influence on production
and consumption patterns, is usually regulated and sometimes provided by gov-
ernment. Information and education are largely provided by private or locally man-
aged institutions, making this the hardest area for governments to have a substantial
influence. :
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3.5.1. Subsidy and regulatory reform

Many reports have pointed to government subsidies as a major impediment to

cleaner production of energy (Greenpeace, 1997; de Moor and Calamai, 1996;
Roodman, 1996; Larsen and Shah, 1992; Burniaux et al., 1992). In addition to direct
subsidies, governments use a wide variety of measures to support domestic or
regional industries, or to protect legal monopolies. These policies inhibit innova-
tion and can lead to higher levels of pollution or resource intensity than would
occur in a less constrained market. A recent OECD project investigated subsidy and
regulatory reform in considerable detail (OECD, 19976). A set of case studies from
industrialised countries shows that reforming supports to coal, electricity and trans-
port could substantially reduce CO, and acid gas emissions in some countries. In
other countries, subsidy reform would have minimal direct environmental benefits
but would increase the effectiveness or reduce the cost of environmental policies
such as eco-taxes and emission limits. The social, economic and environmental out-
come of reforms depends heavily on specific national and local circumstances, and
on the way the reforms are implemented. Direct subsidies are often linked to other
forms of support to polluting activities, all of which would need to be reformed to
achieve large reductions in pollution.
Meanwhile, these support systems usu-  Box 12
ally exist to assist particular groups of
people in society, or to protect some
perceived national interest. Reform is
likely to require extensive consultation,
and financial or other aid may be nec-
essary during the transition period.

Experience with eco-taxes

Sweden introduced a suiphur tax in 1991 to
stimulate SO, abatement beyond levels
achieved by existing regulation.The result was
a reduction in the sulphur content of fuel
oils by almost 40% beyond legal standards.
A CO, tax in Norway is estimated to have
reduced CO, emissions- from stationary

3.5.2. Eco-taxes

Eco-taxes can alter the reward
structure throughout the economy,
encouraging innovations that reduce
externalities and discouraging those
that increase externalities. The OECD

has long advocated that fiscal and |

environmental policies should be
made mutually reinforcing (OECD,
1993). This recommendation was reit-
erated in a report presented to the
OECD Council in 1997 (OECD, 1997).
Ongoing structural and regulatory

sources by up to 21%.

Tax differentiation between leaded and
unleaded gasoline has led to a large reduction
in the use of leaded gasoline in many OECD
countries.

In Denmark, a tax on non-hazardous waste
has doubled the cost of waste dumping and
incineration. Between [985 and 1995, the
share of waste dumping in overall waste
treatment decreased from 39 to 18% and
the rate of reuse and recycling increased from
35t0 61%.

Source: OECD, 1997¢.
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changes in OECD economies provide a context for reassessing fiscal systems. Some
governments are adjusting taxes to reflect environmental and other priorities more
closely (see Box 12). The effectiveness of environmental taxes in reducing pollution
increases when disincentives such as energy subsidies are removed (OECD, 19976).

Figure 4 shows the relationship between gasoline price and consumption in
OECD Member countries. Price and income differences explain much, although not
all, of the variation in gasoline consumption, and differences in price are largely
explained by differences in taxation. It is sometimes argued that taxes on house-
hold consumption of energy are regressive. Such regressive effects can be avoided
by reducing other taxes or increasing transfers for low-income households.

€ Figure 4. Gasoline price vs. demand per unit of GDP in OECD countries, 1994
(Prices and GDP in US$ on purchasing power parity basis)

Gasoline consumption/GDP (tonne/UISS) Price of gasoline ($/litre)
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Source: |EA Statistics.

Most OECD governments that have introduced carbon taxes have exempted
energy-intensive industry, where they would have the greatest effect; to avoid harm-
| 50 ing its competitiveness (Baron, 1997). Similarly, while many toll systems are in place



IMPROVING ECO-EFFICIENCY THROUGHOUT THE ECONOMY

for motorways, bridges and tunnels, no national government has intrcduced a wide-
spread system of road-pricing in urban areas, where most of the externalities of
road use occur (OECD, 19975).

Although national governments have relatively little experience with eco-taxes,
there has been more ambitious experimentation at the local level. Some state elec-
tricity regulators in the United States require utilities to use shadow prices for deci-
sions on investment and plant operation. As mentioned in Section 2.4, numerous
cities have experimented with road pricing, or use parking charges to help manage
traffic levels. Internalisation may be easier at the local level because opposing lob-
bies are less well organised, but also because the external costs being addressed
are local.

3.5.3. Rights and liabilities

Establishing liability is a vital step towards avoiding environmental damage.
Liability for environmental damage is fundamental to the Polluter Pays Principle,
whose application has long been recommended by the OECD (1972; 1974; 1975).
Similarly, responsibility for the management of materials can be established in law.
The OECD has identified the concept of “extended producer responsibility” as a
particularly valuable tool to apply the innovative capabilities of businesses to
consumption patterns (Vancini, 1997). Producer responsibility for environmental
impacts during and after use of a product is one step towards a broader recognition of
the responsibility of all actors throughout a product’s life-cycle. Suppliers of goods
and services are often able to manage life-cycle impacts more cost-effectively than
consumers or the government, while passing part of the cost of llfe-cycle manage-
ment on to the consumer.

Experience in the Netherlands has shown that government legislation estab-
iishing extended producer responsibility can be highly effective in bringing about
~ technical and organisational innovations in packaging and distribution of goods.
German legislation requiring manufacturers to take back durable goods at the end
of their life has contributed to a move towards asset recovery, remanufacturing, and
design for recycling.

Once governments have established the principle of environmental liability,
costs may be internalised through market mechanisms with no further need for gov-
ernment intervention. Meanwhile, financial organisations are beginning to see
environmental liability as a risk factor when considering their investments. - 1N
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3.5.4. Regulations, standards and voluntary eco-efficiency improvements

The traditional approach to “end-of-pipe” pollution control is often criticised
because it provides no incentive for innovation. The effect of a regulation on techni-
cal change depends heavily on the way it is designed. Andrews and Govil {(1995)
criticise the way particulate, SO, and NO, emissions from electric utilities have been
regulated in succession. Utility companies resorted to control technology as the
most cost-effective way to respond to each new regulation. If all of the emissions
had been regulated simulitaneously, or if the companies had been warned that
additional controls would be introduced, it would have been more cost-effective for
them to switch to cleaner generation technology.

More foresight has been used in the regulation of vehicle emissions in the United
States, with the State of California taking the lead. Vehicle manufacturers are warned
of future emission standards ten years or more ahead, giving them time to develop
technology that meets the standards. This “technology-driving” approach to regula-
tion has been criticised because of its potential costs to manufacturers and their
customers. Nevertheless, it has been highly successful in encouraging manufactur-
ers to develop gasoline engine technology to meet “low-emission-vehicle” and
“ultra-low-emission-vehicle” standards, although the Californian Air Resources Board
originally designed these standards with the intention of encouraging alternative
fuel use. So far, the more restrictive requirement for manufacturers to introduce
“zero emission vehicles” — i.e. electric vehicles — has not succeeded in making this
technology a commercial competitor for gasoline vehicles.

Regulations can be designed to provide an incentive for innovation, for instance
by allowing firms to trade emission permits. Examples include SO, allowance trad-
ing in the United States and provisions in the Montreal Protocol for “industrial
rationalisation” in the production of ozone-depleting substances. The basis for trad-
ing also exists under the UN ECE Convention on Long Range Transboundary Air
Pollution. The OECD has studied these programmes, seeking lessons that might be
relevant for a greenhouse gas trading system {(Mullins, 1997). Perhaps the best docu-
mented of these is the US sulphur trading scheme, which has helped to halve the
cost of sulphur control technology. '

Regulations and voluntary agreements to increase resource efficiency can have
unwanted effects. A 10% energy efficiency improvement in cars would reduce the cost
of driving and would stimulate about 1-4% increase in traffic (OECD, 1997#). The
motorists’ consumer surplus would increase, and energy use would be reduced, but
other environmental impacts could increase. The lower costs of more eco-
efficient products and services can also lead to feedback effects elsewhere in the
economy. If consumers spend less on these products and services, they are likely to
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spend more on other goods and services, again leading to a net economic stimulus.
Again, this might sometimes lead to a net increase in environmental impact. Hence,
efficiency standards shiould be seen as complements rather than alternatives to eco-taxes.

These two instruments have different economic rationales and can be applied to-
gether. Efficiency standards (and other related measures) may be justified for refrigera-
tors, cars and other consumer equipment as a means of overcoming transaction costs, lack
of information or imperfect competition in the market (IEA, 1997h; OECD, 1997h). Eco-
taxes and fiscal incentives are justified by the need to intemalise environmental costs.
Where the measures are combined, they are likely to achieve a net environmental im-
provement.

3.5.5. Physiczl infrastructure

The physical infrastructure can include transport and communication networks,
energy supply systems and buildings. During the 20th century, governments have
played a prominent role in infrastructure planning, investment and regulation.
Infra-structure has a key role to play in the transition to sustainable development,
as its design can influence and even constrain production and consumption pat-

terns for decades or centuries.

The recent trend in most OECD countries towards less dense, suburban settlements,
along with a strong emphasis on road provision by govemments, has helped tolock people
into using cars as their main means of transport. While many experts doubt that the trends
will be reversed in the next century, an increasing number of communities are seeking
alternative ways of meeting their mobility and access needs, for example through a shift to
non-motorised or public transport (OECD, 1997i). These communities’ chances of success
are greatest where their infrastructure is easily adapted to altemative ttansport pattems,
and allows individuals to choose more sustalnable lifestyles.

Energy supply systems also have a key influence on the life-cycle impacts of
consumption patterns. Historical government planning and investment decisions
have locked many countries into particular energy supply options, and out of other
options (OECD, 19976). Governments are most likely to enable the needs of future
generations to be met by ensuring that new infrastructure is desngned for flexibility

in energy supply.

3.5.6. Information and education

~ Forcitizens to change their behaviour as producers and consumers, they need
to have some motivation, an opportunity to change, and the ability to take that 33



ECO-EFFICIENCY

154

opportunity (Jager et al., 1997). All three of these factors depend on the extent to
which citizens are educated and informed:

¢ motivation to improve eco-efficiency may come from knowledge of the dan-
gers and costs of eco-inefficient production and consumption, and from shared
social and cultural goals of sustainability;

s opportunities to improve eco-efficiency are no use unless individuals are
aware of them: meanwhile, education that encourages creativity and initia-
tive may enable citizens to identify new opportunities;

e the ability to take opportunities may depend on individuals' degree of tech-
nical and social competence, self-awareness, and understanding of the
implications of the options available.

Information and education is a factor in the behaviour of both consumers and
producers, including the many professionals who influence production patterns. Sev-
eral participants in the OECD’'s Eco-Efficiency Workshop suggested that environmental
edr:cation should be a priority. A first step might be to focus on training for professions
that have large and lasting influences on infrastructure development, institutions and
lifestyles. An environmental component could be included in degrees in architecture,
business administration, economics, education, engineering and public administration.

Efforts are also needed to improve environmental education in schools. Dunlop (1993)
empbhasises the need for environmental education to be multidisciplinary, forming part of
the school curriculura for both the natural and social sciences. He explains that children need
to leam not only about the science of environmental problems: they also need to learn to
participate effectively in the social processes that may be able to solve those problems.

Information flows are essential to the diffusion of new technology, practices and
behaviour pattems. Countries vary in the quality of information available on the challenge
of sustainable development and the possible action that can be taken by individuals and
firms. Case studies or examples of good practice are particularly impoitant as a means of
making the information concrete and relevant. Several govemments are beginning to use
the Intemnet as a means to make information widely available and to provide a forum
where local govemments, firms and individuals can share their experiences.

3.5.7. Monitoring and assessing progress

- A national database of environmental statistics is the first step towards under-
standing the size of the problem, and to finding out whether it is improving or wors-
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ening. Governments can also play a role in requiring or encouraging companies to
monitor and report on their energy and materials use and poliutant releases.

It is often difficult or impossible to establish how effective a policy has been:

¢ responses to any policy changes, including price changes, are hard to distin-
guish from the effects of other influences;

¢ the effects of information provision, techriology standards, voluntary agree-
ments and targets are hard to distinguish from “business-as-usual”, or what
would have happened anyway;

¢ subsidies and other price incentives to adopt new technology or practices
may be taken up by a large proportion of “free riders” ~ those who would
have adopted the new technology anyway.

Evaluation tends to rely on the skilful use of detailed indicators such as energy
intensity, factor prices, and investment levels, along with market surveys to evalu-
ate the extent to which policies and measures have played a role in bringing about
changes. Even with these techniques, experts may argue intensely over the true
effects of a policy. The corporate average fuel economy (CAFE) standard in the United
States is an obvious example.

Following the legislation for CAFE standards in 1975, and their introduction
from 1978, the average fuel economy achieved by US-manufactured cars increased
by about 46% to 1994, However, some analysts argue that much of this improvement
was brought about by factors other than standards, including the high oil prices
between 1974 and 1985, and competition from Japanese manufacturers who were
selling much lower-consuming cars. The standards were important in establishing a
common expectation of the direction of car technology development, but they were
not the sole cause of that development.

A better understanding of the effects of measures will depend on better infor-
mation-gathering, not only in the form of economic, social, environmental and other
statistics, but also careful studies and surveys to evaluate particular cases. While
such studies and surveys are expensive and time-consumiing, they are increasingly
needed. Commitments under the Kyoto Protocol may increase the need for robust
evaluation of the effects of individual measures both at the project level and at the
national level. The OECD often works with Member countries to analyse case stud-
ies on the effects of policies, and to develop common methodologies for evalua-
tion. More work of this type is needed to understand the effects of policies on
technical and social innovation, and the potential for improving eco-efficiency. 35

n
tn
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3.6. ECONOMIC EFFECTS OF POLICIES FOR INCREASING ECO-EFFICIENCY

Section 2 identified instances where innovation at the level of individual firms brought
both financial and environmental benefits. It is not apparent how replicating such
innovations economy-wide would affect the economy. There is a continuing active
debate over the effects of environment policy on innovation. On the one hand,
Harvard professor Michael Porter suggests that environmental policies such as eco-
taxes and regulations lead to innovation that improves competitiveness and profit-
ability (Porter and van der Linde, 1995). On the other, any constraint on industrial
activity can reduce short-term profitability (Walley and Whitehead, 1994; Palmer
et al., 1995). There is evidence to support both arguments, depending on the indus-
trial sector and time-frame being considered:

¢ firms in fast-changing industries have been able to use environmental man-
agement systems to involve staff in creative problem-solving, leading to in-
novative solutions that enhance profitability in the long term;

* firms in mature industries, with large and “lumpy” investments, have often
met environmental controls through add-on technology which increases their
costs. Some firms may introduce innovative technology that is cleaner,
cheaper and produces a higher quality product, but other firms with capital
tied up in old technology may be forced out of business.

While technical and structural change involves winners and losers at the level
of the individual firm, productivity increases through technical change are seen by
many economists as the source of economic growth (e.g., Solow, 1962; Nelson et al.,
1967; Dosi et al., 1988; Grossman and Helpman, 1993; Maddison, 1995). Provided
that improving eco-efficiency results in higher total factor productivity, it is likely to
stimulate the economy. However, iinks among resource, labour and capital produc-
tivity remain poorly understood and need further study.

The effects on GDP of economy-wide eco-efficiency improvements remain
uncertain. However, broader welfare indicators, such as “green GDP" including
environmental externalities, are more likely to reveal positive effects from eco-
efficiency improvements (Repetto et al., 1996).

Environmental taxes and regulations are sometimes opposed on the grounds
that exports will suffer, but the evidence for this is mixed. In industries for which
production costs are the sole basis of competition, and where the only means of
reducing pollution is through end-of-pipe conirols, environmental laws may reduce
competitiveness. However, experience with cleaner production and eco-efficiency
programmes indicates that there are many oppoitunities to reduce environmental
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impacts and save money or improve product quality at the same time. in these
cases, competitiveness may be enhanced (OECD, 1997g; Johnstone, 1997; Robins
and Roberts, 1997). Japan is often cited as an example to show that high resource
prices can stimulate productivity and improve international competitiveness.
Developing cleaner and more efficient technology can open up export markets as,
for example, Danish experience with wind energy demonstrates.

There are several reasons why growing trade might create new environmerital
challenges:

¢ transportation adds significantly to the life-cycle environmental impacts of
some traded products, especially fresh fruit and vegetables;

¢ some of the approaches to increasing eco-efficiency discussed in Section 2,
such as asset recovery and remanufacturing, are most effective where pro-
duction occurs close to the final consumer;

» countries with high environmental standards increasingly consume goods
from countries with lower environmental standards, thus effectively “export-

ing pollution”.

There are possible counter-arguments to all of these points. For example,
Robins and Roberts (1997} provide a response to the last point with case studies of
instances where consumer preferences in OECD countries have influenced non-OECD
country exporters to use cleaner prcduction techniques. Meanwhile, globalisation
creates opportunities for more efficient rescurce allocation and hence improved
eco-efficiency. Reduced barriers to trade in electricity and gas markets could offer
substantial environmental benefits (OECD, 1997h).

Participants in the OECD Eco-Efficiency Workshop (see Annex [ii) argued that
more account should be taken of environmental and other concerns in the interna-
tional discussion of trade issues. More evidence and evaluation is needed to
understand the potential for integrating economic, trade, environmental and inno-
vation policies. These are likely to be key issues for the future work of the OECD

and its Member countries.
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This study addresses a request from OECD Environment Ministers to assess
the potential of strategies to improve eco-efficiency, and hence decouple pollutant
release and resource use from economic activity.

4.1. THE POTENTIAL FOR IMPROVING ECO-EFFICIENCY
IN FIRMS AND COMMUNITIES

WBCSD and its member companies have developed a business strategy to
improve eco-efficiency, which involves:

o developing specific indicators and criteria or goals to improve environ-
mental and resource productivity;

¢ working towards the goals through innovation in technology, practices and
ways of thinking; and

* monitoring the indicators and modifying the strategy if necessary.

Similar strategies are also used, with different goals, by national and local gov-
emments, community groups and others, including groups of households.

Indicators of environmental and resource productivity are readily applied to
the activities of manufacturers, service companies, local governments, and any other
organisation cr process that generates a product or service. Such indicators are less
relevant to consumption patterns, for example, in households or the transport sec-
tor, where the “output" is difficult to defme

Government action is necessary to enable firms and communities to achieve
the potential for improving eco-efficiency, and also to increase that potential. With-
out new government policies, business and other initiatives to improve eco-
efficiency typically achieve energy, material and water savings in the region of
10-40%. Such initiatives reduce environmental pressure and save money at the

~ same time. A range of government policies, including economic and regulatory
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instruments, can make larger savings profitable at the level of the firm. “Extended
producer responsibility” schemes in particular can encourage firms to reduce envi-
ronmental pressures throughout the life-cycle of their products and services. Gov-
ernments can also support local eco-efficiency initiatives through policies to create
a good “climate for innovation”: supporting co-operative research, development
and experimentation; stimulating new niche markets through public procurement,
planning and tendering policies; promoting networks among companies, local gov-
ernments, universities and other organisations; and providing information to bridge
communication gaps.

4.2, THE POTENTIAL FOR IMPROVING ECO-EFFICIENCY ECONOMY-WIDE

Governments can and do make use of many elements of the WBCSD approach
to help develop national strategies for sustainable development, since several of
the goals correspond well to broader sustainable development goals. In particular,
national governments are concerned directly with reducing aggregate environmen-
tal pressure, improving economic nerformance and enhancing quality of life, as well
as improving eco-efficiency. National governments need indicators and criteria of
different types to those used by firms. This implies maintaining a wide range of
indicators of environmental, economic and other quality-of-life indicators. These
indicators are a subset of those required to monitor progress towards sustainable
development. It would be premature at this stage to suggest a standard set of indi-
cators or a single composite indicator. The chosen indicators are likely to depend
on national circumstances and aims.

Many environmental pressures have lightened in recent years in OECD Mem-
ber countries, mainly as a result of government policies and structural changes. Others
are worsening, notably those associated with CO, emissions, municipal waste, and
water consumption. The “Factor 10 Club” argues that the intensity of material and
energy use in the economy should be reduced by a factor of ten in industrialised
countries over the next 30-50 years, in order to halve global CO, emissions while
allowing for continuing economic growth. Although “Factor 10” may serve as an
effective slogan to mobilise political support, it should not be taken literally, as
energy and material use are only loosely related to specific environmental prob-
lems other than CO, emissions. Government efforts are needed to establish sus-
tainable development goals and indicators linked to specific concerns.

Rapid gains in labour, energy and material productivity have occasionally
occurred across whole sectors or economies in OECD Member countries. These gains
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can be in the range 4-8% per year, which would lead to four- to ten-fold improve-
ments if they were maintained over 30 years. Over the longer term, OECD econo-
mies have achieved average labour productivity increases of 2-3% per year over
200 years, increasing incomes ten-fold while halving working hours. The report finds
that high rates of innovation are stimulated by strong competitive pressures; high
factor prices or regulatory incentives; a process of catching up with “best practice”;
and the presence of a good “climate for innovation”. However, achieving such a
coherent set of stimuli forimprovements in eco-efficiency would require a very strong

political and popular will.

Where ministries give conflicting signals to market actors, they are unlikely to
prompt coherent action to improve eco-efficiency. Many policies provide the wrong
incentives, such as high taxes on employment and protection against competition
for resource-intensive industries. Achieving rapid eco-efficiency improvements is
likely to depend on governments establishing goals that are shared by all minis-
tries and other public agencies. The OECD has consistently recommended that gov-
ernments reform subsidies, taxes and regulation to bring prices into line with long-run
marginal social costs. It is also important to ensure that market actors' rights and
responsibilities are consistent with sustainable development goals. Member coun-
tries have found the concepts of “extended” and “shared” producer responsibility
particularly useful in reducing environmental impacts linked to consumption pat-
terns. Governments can further encourage the development of more eco-efficient
technologies and practices through environmental education and training for key
professionals, including engineers, architects and teachers.

Faced with a very complex set of goals, interests and inter-relationships in the
economy, government strategies are most likely to succeed if they are broadly based,
using a mix of instruments; inclusive, ensuring that stakeholders are involved in
policy design and implementation; tolerant of experimentation and occasional fail-
ure; and adaptive, using monitoring and feedback mechanisms to adjust measures
whenever necessary.

4.3. NEXT STEPS

This report has mapped out some of the issues surrounding eco-efficiency and
strategies to improve it. Such strategies may well have the potential to “decouple
pollutant release and resource use from economic activity”, in the OECD Environ-
ment Ministers’ words. The policies of OECD Member governments will have a
considerable influence on the extent to which that potential is reached. In order to k1N
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improve the design, coherence, and implementation of those policies, there is a
need for further effort on several fronts:

¢ identifying and azsessing approaches to developing shared goals, targets
and criteria, at an international, national and local level;

¢ evaluating ;ﬁolicies and programmes for encouraging changes in technoiogy,
practices and ways of thinking that can help to achieve the goals;

« examining the approaches used in businesses, governments and other
organisations to monitor and evaluate policies and programmes.

Further research is also required to understand the potential for improving
eco-efficiency on both a sectoral and an economy-wide basis, and the implications
for the economy and for sustainable development.

One way forward would be for the OECD to embark on a process of constructing
scenarios to illustrate current trends and possible routes to sustainable develop-
ment. The work would need to involve representatives from different parts of Mem-
ber country governments. This process would build on existing OECD efforts, such
as the Linkages project (OECD, 1997g) and scenarios for environmentally sustain-
able transport. It could also draw on the experience from scenario-building efforts
in other organisations, such as the Intergovernmental Panel on Climate Change
(IPCC, 1995), the UN Environment Programme (UNEP, 1997) and WBCSD (1997).

Construction of scenarios could be a vehicle to discuss the choice of goals, indi-
cators and criteria for sustainable development, the processes involved in achieving those
goals, and the role of government in those processes. In considering the role of
government, the scenarios would need to make use of policy analysis that has
already been carried out by the OECD, but could also draw on new case study material
from Member countries.

There is a need for a more systematic exchange of information on national efforts to
promote eco-efficiency improvements throughk innovation. Such an
exchange would enable governments to learn from each other's experiences and
would help to identify opportunities for co-operation. This exchange of information
could take place through eris.ing programmes in the OECD. Finally, further work is
needed in the Organisatior: 2rnd in Member countries to develop and apply rigorous methods
for monitoring and evaluating the effects of policies and programmes.



Annex 1

MEETING HUMAN NEEDS
AND BRINGING QUALITY OF LIFE?

Differing views of “human needs” contribute to controversy in environmental
politics. “Basic” needs may be universal, including food, shelter, clean water, and
can perhaps extend to social and political needs (e.g. Doyal and Gough, 1991). Such
needs are enshrined in statements of “human rights”, such as the 1945 United
Nations Charter. Their fulfilment can be measured, for example, through the
percentage of a population that has access to clean water or sewerage, or the share
of household income needed for basic nutrition.

Marketing of products and services is usually designed to activate “needs” in a
different sense: that of psychological motivators. There are several models of needs
and motivation. Maslow (1954) described a “hierarchy” of needs: food and sheilter;
security; belongingness; esteem,; self-actualisation. According to Maslow, when needs
such as food and shelter are not met, they form stronger motivators than needs such
as self-actualisation. Individuals differ in their requirements to satisfy a particular
need. Other researchers have developed similar models using different classifica-
tion systems and explanations (e.g. Allardt, 1993).

‘Having a good “quality of life” does not necessarily mean meeting needs. It
may come from working to fulfil them. Some individuals find a good quality of life by
letting go of needs through spiritual practices. Ownership of some types of good
may improve quality of life (OECD, 1996a). Some writers have questioned whether
material goods satisfy human needs. Fromm {1956} used murder, suicide and alco-
holism statistics to suggest that the wealthiest OECD societies had the lowest qual-
ity of life. Kempton and Payne (1997) argue that material goods have become status
(esteem) symbols because communities are too large to show traditional, tribal forms

of esteem.

Economic analysis generally deals with concepts such as “need"” and “quality of
life” via utility theory. According to theory, utility or welfare cannot be measured
directly, but changes in welfare associated with acquiring goods are revealed in the
market prices of those goods. If markets were perfect and all goods were traded

63
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(under full competition, full information, no externalities and no transaction costs),
firms would be able to measure the extent to which they are meeting human needs
through their revenue. Societal welfare would be represented by GDP. However,
markets are not perfect: information gaps and transaction costs abound {Jacobs,
1994; Stern, 1986); goveinment policies result in additional rigidities and distor-
tions (OECD, 19976); and consumers and other market actors often perceive them-
selves to have no choice in the means of meeting their needs (Lutzenheiser and
Shove, 1996). '

Many attempts have been made to develop indicators that can complement or
replace GDP. A wide range of socio-economic indicators can complement GDP,
including income distribution statistics, educational success and employment rates.
Possible GDP substitutes such as “green national accounts” usually take account of
unpriced goods and services or externalities. For example, the accounts are aug-
mented by the value of unpaid housework, but reduced by environmental exter-
nalities. '
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Annex 1l

PROGRESS IN POLLUTION PREVENTION

This annex briefly reviews trends in pollution in OECD countries.

AGRICULTURAL TRENDS

Productivity was the overriding agriculture policy concern during most of this
century in OECD countries. Most countries have used a broad range of incentives to
support farmers and have invested in R&ED to develop high-yielding crops. These
policies were successful, with the well-known consequence of food surpluses, espe-
cially in Europe during the 1980s and early 1990s. Productivity was achieved at some
cost to the environment, with tillage leading to soil erosion, nitrogen fertilisers
contributing to high nitrate levels in groundwater, and the combination of pesti-
cides and habitat destruction leading to a loss of genetic diversity. Agricultural land
use and other inputs have declined slightly in recent years as a result of agricultura!
policy reforms. Insecticide use has declined in many countries by 50% or more,
although fungicide use has increased. Farmers are using marginally smaller amounts
of nitrogen fertilisers than in the 1980s but there is no strong trend, while phosphate
fertiliser use is falling, now to about 20% below the level of the mid-80s. Between
1980 and 1994, the area of agricultural land declined slightly, with more land under
forest cover, but the area of irrigated land increased by 14%. Stocks of sheep and
cows have fallen by about 10% (OECD, 1997f).

TOXIC RELEASE: AIR POLLUTION

Air pollutants such as particulates, carbon monoxide, VOCs and NO, are gener-
ally following a downward trend in OECD countries. For mobile sources (cars and
trucks) the reductions have resulted mainly from government regulations. In sta-
tionary sources’ fuel switching from coal and oil to natural gas and electricity has
played a strong role.
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One recent OECD study (OECD, 1995a) evaluated countries’ policies on the
control of hazardous air pollutants. Countries for which case studies were carried
out have either achieved, or expect to achieve, reductions in a variety of emissions,
at rates typically of the order of a halving every decade. If this rate couid be sus-
tained, emissions would fall ten-fold in three to four decades. However, it should
not be concluded that ten-fold reductions in these emissions are possible or easy
to attain: in most cases, the reductions reported or projected here represent the
resulits of the first attempts to monitor and contro! the emissions. Further emission
reductions may be harder to achieve.

FRESHWATER ABSTRACTION

Abstractions of fresh water have been fairly stable in OECD countries since
1980. This overall trend hides local pressures on fresh water supply, which are
becoming extreme in several OECD countries. Meanwhile, there has been an
increase in consumption from public water supplies and a decline in water use by
industry. Consumption from public supplies increased at a rate of approximately
2.3% per year during the 1980s, slightly slower than GDP, in six major OECD coun-
tries (Canada, France, Italy, Japan, Spain, United Kingdom, United States).

MATERIAL FLOWS

The World Resources Institute has collected national information on total
material requirements (TMR) in Germany, Japan, the Netherlands, and the United
States (WRI, 1997). In addition to direct material inputs to the economy in the form
of traded commodities, TMR includes “hidden” material flows that never enter the
economy.” “Hidden"” flows include material such as the overburden removed
during surface mining, the branches, leaves and roots discarded during forest clear-
ance, =nd the soil erosion due to agriculture. Total flows are a factor of three to five
times larger than commodity flows in the four countries.

TMR measures the mass of material used but does not involve any ecological
weighting for different types of material or different types of flow. Materials that are
merely disturbed are counted alongside those that are physically and chemically
processed. This highlights a major difficulty in measuring material intensity: some
material flows have more ecological impact than others. Researchers have so
far made little progress in establishing the link between TMR and environmental

damage.

* These flows are not at all hidden from those close to them.
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A more interesting indicator from the perspective of envircnmental impacts is
the level of material movement. In Germany and the United States, domestic freight
transport has kept pace with GDP over the last 30 years, although in Japan the
increase has been slightly slower than that of GDP.

Long-distance international freight transport, mainly by sea, is growing about
twice as fast as domestic freight. This indicator is of particular interest as a symptom
of globalisation, and of the increasing spatial separation between production and
consumption. Crude oil traffic has not yet recovered its pre-oil shock levels, but dry
bulk traffic (mostly ores and grain) and “other” traffic have increased at around 4%
per year in the last decade. Although the “other” category is small in volume, it
accounts for the majority of trade in value, including manufactured goods and food
other than bulk grain.

A very large share of world shipments are from or to an OECD country. Only 16%
of the total volume is between two non-OECD countries. Over half of these raw
material shipments are from Australia and North America, although an increasing
share are coming from rion-OECD countries.

World air freight traffic (tonne-km on scheduled services) has grown particu-
larly rapidly, at 11.7% per year from 1960 to reach 95 billion tonne-km in 1990 (ICAO,
1995). Although this figure is a factor of 200 smaller than total maritime traffic, air
freight globally uses about half as much energy as maritime freight. OECD country-
registered airlines account for about four-fifths of world air traffic.

WASTE AND RECYCLING

The generation of municipal and hazardous waste is growing more quickly than
the use of materials in the OECD, although the picture varies among Member coun-
tries. Municipal waste generation increased by 40% between 1980 and 1995, although
the increase was very slight in some countries such as jJapan.

Conversély, a growing amount of material is recycled: the proportions of paper
and glass recycled now exceed 50% of consumption in some ccuntries (OECD, 1697f).

ENERGY INTENSITY TRENDS |

Indicators of energy use are better developed and less controversial than most.
Energy use per capita has been almost constant in OECD countries over the last
25 years. Industrial energy use has declined but transport sector energy use has
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increased. While industrial and residential/commercial energy use do not appear to
be coupled to GDP, transport energy use per unit of GDP has been stationary for
most of the period, although it fell slightly during the period of high oil prices (1974-
i985).
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Annex 11

OECD WORKSHOP ON ECO-EFFICIENCY:
MAIN FINDINGS

USEFULNESS OF THE CONCEPT OF ECO-EFFICIENCY

Definition

Eco-efficiency is open to a variety of interpretations. Some companies and gov-
ernments use the term so that it is virtually synonymous with “cleaner production”.
The focus on the function of products and services for the consumer.is similar to that
in “life-cycle management”. Other companies have used eco-efficiency in a way that
brings new meaning, in particular by emphasising the dynamic of innovation in tech-
nology and organisation. Some workshop participants suggested that the OECD
should -define eco-efficiency more tightly, perhaps as an indicator such as value
added per unit of environmental impact. Others felt that the breadth of meaning
was an advantage, allowing many stakeholders with differing interests to sign up to
strategies for eco-efficiency.

The OECD background report noted that eco-efficiency aims to meet the needs
of businesses, consumers and the environment. It was emphasised in the workshop that
strategies for eco-efficiency will fail if they neglect any one of these three interests.
Some participants questioned the extent to which consumers have so far been in-
volved in discussions about their needs. Businesses often invent new needs for
consumers by developing and marketing new products and services. Consumers
are rarely involved in consideration of the trade-off between developing new needs
and moving towards environmental sustainability.

Eco-efficiency is necessary, but not sufficient, for sustainable development. The
Brundtland Commission also emphasised the need to improve equity, reduce pov-
erty, encourage democracy and support human rights. Whereas WBCSD aims to use
eco-efficiency improvements to reduce resource use and environmental damage to
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levels within the earth’s carrying capacity, the Brundtland Commission also
emphasised the need to build up stocks of natural capital.

Indicators

One of the key attractions of eco-efficiency is the emphasis placed on indica-
tors, bearing in mind the maxim that “what's measured gets managed". Indicators
can take a multitude of forms depending on their function and audience. Firms need
different indicators from those used by governments, reflecting their different scales
and types of concemn. Efficiency and intensity indicators are important for compar-
ing products, services, firms and sectors. Such indicators are likely to be particularly
useful for firms reviewing their own performance and competitiveness. Substance
flow and state-oi-the-environment indicators are more useful for measuring national
and international progress towards sustainable development.

Simple, qualitative indicators may be useful for decision-making purposes,
especially when searching for products and services that offer large improvements
in eco-efficiency. Detailed, quantitative indicators are likely to be needed by gov-
ernments to monitor environmental quality and identify emerging challenges.

Although governments and intergovernmental organisations will need to use
indicators, many participants felt that it would be premature at this stage to
standardise indicators, suggesting that it would be more appropriate to develop
measurement and reporting systems that can evolve over time. Companies and
governments can learn about the environmental and management problems they
are considering by developing their own indicators. Meanwhile, participants cau-
tioned against the choice of oversimplified indicators or developing a single indica-
tor of eco-efficiency. They pointed to the example of GDP as an indicator which
governments sometimes try to maximise to the detriment of other important cbjec-

tives.

Some of the dimensions of eco-efficiency identified by WBCSD were thought
to be inappropriate for general advocacy. Moving from products to services and
extending product durability will not always reduce resource use and environmen-
tal impacts. The emphasis should be on reducing the material, energy and pollu-
tion intensity of products and services on a life-cycle basis. Indicators of service
delivered and welfare remain controversial, although approaches such as social cost
accounting should continue to be pursued.
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THE POTENTIAL OF ECO-EFFICIENCY TO DECOUPLE ECONOMIC ACTIVITY
FROM RESOURCE USE AND ENVIRONMENTAL DAMAGE

Targets: Factor 4/Factor 10

Advocates of Factor 4 and Factor 10 improvements in eco-efficiency base their
arguments on the aim of halving total resource use by about 2025-2040. They justify
this aim mainly with reference to greenhouse gas emissions. A halving of CO, emis-
sions by 2040 would be consistent with a longer term aim of stabilising atmospheric
CO, concentrations at 350-450 ppm. Workshop participants did not feel that it was
justified to extend the aim as a specific, quantitative target for other forms of envi-
ronmental damage and resource use, although they recognised its value for signal-
ling the nced for fundamental change.

Advocacy of Factor 10 resource efficiency improvements in OECD countries is
based on equity arguments. OECD countries now contain about a fifth of the world
population, and by 2050 this fraction may shrink towards a tenth.’ Yet these coun-
tries consume about a half of the world's energy supply and emit half the CO, emis-
sions. Thus, if emissions were to be halved and emissions per capita were to be
evenly spread, OECD citizens would have to reduce their emissions by a factor
of 10. Again, it is not clear that this argument extends to other resources or environ-

mental impacts.

A Factor 4 target has the advantage of appearing achievable. It is relatively easy
to identify technical and organisational changes that can achieve 75% reductions in
resource use or environmental impact, but harder to find changes that can achieve
90% reductions. It can also be considered separately from the equity argument.

Dynamics of improving eco-efficiency

Innovation in technology, organisation and institutions is the key dynamic in
improving eco-efficiency. The innovation process includes not only the develop-
ment of new technologies, but their successful deployment and diffusion. While
some workshop participants expressed the view that “breakthrough” innovation
would be needed to achieve targets such as Factor 10, others emphasised that all
types of innovation in technology, behaviour and organisation will be needed.

* In fact, UN population projections have recently been revised downwards, suggesting figures in
the region of 7.7-10 billion in 2040, of which 10-15% might be in industrialised countries.
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Apparent obstacles to improving eco-efficiency include the first cost of new
technologies; the current system of alliances among stakeholders that tends to pre-
serve the status quo; the presence of market and intervention failures and ineffi-
ciencies; and inefficient communication within and among firms.

The phenomenon of technological, behavioural and institutional “lock-in” makes
any change look costly, although large changes may be possible with no cost, or
even savings. The challenge is to tunnel through the cost barrier or to avoid it by
taking advantage of changes that are occurring anyway. Rapid changes are occurring
in society, with the rapid take-off of communication and information technology, the
emergence of biotechnology and other scientific/commercial breakthroughs. Mar-
kets and styles of management and organisation are also changing, while consumer
groups are strengthening and beginning consciously to define their own “needs”.
Collectively, these trends have been described as a move towards a “knowledge-
based” economy. While these changes will not necessarily lead to a more eco-
efficient society, they offer an opportunity to move in that direction.

It was suggested that some large companies, especially market leaders, prefer
to change their products gradually and that more adventurous innovations may come
from companies ranked third or fourth in market share. An economy-wide move
towards improved eco-efficiency would probably mean that seme products and firms
disappeared and new ones emerged. The fear of being among the losers can lead to
a business culture that discourages change. There is a perception that “the environ-
ment doesn't sell”, although some participants suggested that few firms have tried
wholeheartedly to sell it. Participants also mentioned that the governments of some
commodity-exporting countries have expressed concern in United Nations forums
that their exports would be reduced by a move towards improved eco-efficiency.

Several participants mentioned the innovation-stifling effects of government
subsidies and other policies supporting polluting activities, referring to recent studies
by the Earth Council and the OECD. Subsidy reform, green tax reform, and the cre-
ation of futures markets in environmental goods were discussed as important parts
of the dynamic for eco-efficiency improvement.

Most of the well-known companies with eco-efficiency programmes are large
multinationals with strong internal systems for innovation. Communication gaps
among accounting units or businesses can act as barriers to the innovation process.
This applies especially to the failure to educate sales staff about the environmental
performance of products — a key step if those staff are to market more eco-efficient
products. Small and medium-sized enterprises (SMESs) tend to be handicapped by
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limited access to information. Smaller companies may also have less access to capital
than large ones, making it harder to develop and market new products.

THE ROLE OF GOVERNMENT IN STRATEGIES FOR ECO-EFFICIENCY

The role of government is changing along with the other shifts currently under
way in society. Many governments may seem to have less power vis-d-vis the growing
transnational companies. However, governments can learn from the management
philosophies of these companies. In addition to the government’s traditional
concern with markets and to establish rights and liabilities, its contribution to edu-
cation, communication, networking and facilitation are essential. A key responsibil-
ity of government is to ensure that priorities in the national system for innovation
reflect the need for improved eco-efficiercy.

Many participants emphasised the part played by governments in posing
obstacles to eco-efficiency, through subsidies and other interventions that encour-
age resource use and pollution. Participants also discussed the need for govern-
ments to develop coherent policies, rallying all ministries around the principle of
sustainable development. One suggestion made in the workshop was that govern-
ments could create independent institutions for sustainable development. Such
institutions might have a monitoring and auditing role for government, businesses

and other organisations.

Governments may also have a special role to play in relation to small and
medium-sized enterprises and in the service sector. These groups of businesses
have traditionally been subject to less environmental pressure than large compa-
nies, and probably offer the greatest opportunities for eco-efficiency improvement.
Those governments that have targeted SMEs have found that “eco-efficiency” is an
easily understood and well-received concept. Their eco-efficiency programmes have
. been successful in achieving large reductions in waste and pollution, while reduc-
ing costs and stimulating innovation.

Some participants identified a need to shift the focus of government policies
from the supply side to the demand side, for example through education and by
developing better links with stakeholder groups. Education is also important for
workers and others; environmental courses could be included in business, engi-
neering, and public administration degrees.
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Initiatives may increasingly occur at the local level. More effort is needed to
develop a climate for technical and sccial innovation by providing strong signals about
the need for action and by encouraging the flow of information and ideas. New media
such as the Iinternet are making it easier for governments to play this type of role.

THE OECD'S ROLE

The OECD has a multiple role to play:

¢ Improving governments’ understanding of the potential role of eco-efficiency
in relation to sustainable development and raising its profile, partly by
developing a coherent position in-house that is shared by all Committees

and Directorates.

» Analysing the effectiveness of policies in improving eco-efficiency. Additional
attention is needed for strategies and systems for innovation, information,
education, and research. There is considerable potential for co-operation
among existing OECD Committees working on environment, industrial inno-
vation policy, education and consumer affairs. Subsidy and tax reform will
be a crucial component, but more work is needed on the role of different
stakeholders, including SMEs and environmental and consumer NGOs. Analy-
sis is also needed of the trade, equity, and other economic impacts of eco-
efficiency.

e Collecting and publicising data and working with stakeholder groups to
develop useful indicators of eco-efficiency.

* Acting as a mediator among Member countries and a bridge to the broader
intergovernmental community and to other stakeholder groups, including
consumer organisations and trade unions.
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Annex IV

EXAMPLES OF ECO-EFFICIENCY
MENTIONED IN THIS REPORT

COMPANY AND OTHER NGO INITIATIVES

Bayer:
British Telecom:

Dow:

Electricité de France:

GAP:

Glaxo Wellcome:
Greenpeace:

IBM:

ING:

Interface Flocring Systems:
3M:

MIT:

Mitsubishi:

waste-free production of synthetic rubber
no-refrigerant cooling; paper saving

Waste Reduction Always Pays programme (WRAP);
Eco-compass; Rent-a-Chemical

selling electricity end-use services instead
of electricity

the Eco-Team approach

Waste Elimination Teams

the GreenFreeze refrigerator; the SMiLe car
asset recovery

environmental management system
replaceable carpet squares

Pollution Prevention Pays programme (3P)
Re-usabie paper and ink

gasoline direct injection engine
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Northern Telecom:

Philips:

Roche:
Siemens-Nixdorf:
Sony:

Xerox:

Lead-free soldering
Green television
Eco-Efficiency Ratio
asset recovery
remanufacturing

asset recovery/remanufacturing

GOVERNMENT INITIATIVES

Australia:

Canada:

Denmarf:
Germany:

Netherlands:

New Zealand:

Norway:

Portugal:

Sweden:

United Kingdom:

Cleaner Production Programme; handbook on cleaner
production for local government; Green Health Guide

National Round Table for the Environment and the
Economy: government-industry consultation on indi-
cators

tax on non-hazardous waste

take-back legislation for manufacturers

packaging ordnance; four ministries’ joint policy docu-
ment on sustainable development

tradab!e fishing allowances

CO, tax; GRIP centre for sustainable production and
consumption; eco-profiles for buildings '

work on eco-efficiency with SMEs

stakeholder approach to define and target “environ-
mentally sustainable transport”; sulphur tax

subsidy and regulatory reform; cleaner production best

* practice programme; Non-Fossil Fuel Obligation.
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United States:

Green Chemistry Challenge; Intermodal Surface Trans-
portation Efficiency Act; Partnership for a New Gen-
eration of Vehicles; Energy Star; SO, emission permit
trading scheme
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