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Foreword

of their products. This concern has led to the development of methodologies

M anufacturers are increasingly concerned with minimizing the life cycle impacts
aimed at measuring the impacts of products and the materials they use.

After reviewing a number of these methodologies, ICME has concluded that they do not
provide sound and reliable measurements of impacts and as a result may discriminate
against specific materials. For example, existing methodologies typically include a sin-
gle modelling approach for all materials. This implicitly assumes that the nature of the
environmental interactions and impacts of different materials or substances can be mea-
sured in the same way.

ICME commissioned Five Winds International, a global management consultancy that
provides services for the integration of product sustainability, to study existing method-
ologies and to examine the possibility of a more appropriate approach for measuring the
life cycle impact of materials. The present document is the result of this work.

As the authors point out, there are fundamental differences between the broad families
or categories of materials. These differences affect the environmental interactions and
impacts throughout the life cycle, from resource extraction to waste disposal. If proper-
ly taken into account, these differences might also affect the strategies applied by soci-
ety to enhance the contribution each type of material can make to sustainable
development.

An eco-efficient approach to the management of materials should seek to optimize the
benefits that can be derived from the “useful” properties of materials, as well as to min-
imize the “costs” of other properties that may present challenges. The Five Winds study
suggests that these objectives could be better achieved with a methodology that
acknowledges the specificity of each material stream. Such a methodology would lead to
better policy making by regulators and better material selection decisions by manufac-
turers.

One of the challenges encountered in this study was the lack of clear definitions of the
concepts and terms commonly used in environmental discussions. Convinced that a
debate is more fruitful if supported by precisely defined, fact-based concepts and termi-
nology, the authors of the study propose a number of useful clarifications and additions.

This study follows a previous one published by ICME on the validity of eco-indices. The
two works are outputs of a program of research undertaken by ICME to promote the
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development of more effective approaches for enhancing the contribution of metals to
sustainable development, which is the main thrust of ICME’s mandate. ICME welcomes
comments on the present study, which is being published as a foundation paper to help
advance discussion on material eco-efficiency.

Gary Nash,
Secretary General,
ICME
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Executive Summary

he concept of eco-efficiency is examined using a materials perspective. New

I insights are uncovered regarding the assessment and interrelationship of natural

resources, materials and products. With this new understanding, the paper pro-

poses management strategies for eco-efficiency that differentiate between different

materials. From this, a framework for evaluating eco-efficiency models is derived, and is

then used to evaluate seven popular eco-efficiency models in use by decision makers
today.

Section 1 introduces eco-efficiency and identifies some general issues related to eco-
efficiency models that have led to this work.

Eco-efficiency has emerged over the last decade as an important concept that can guide
businesses in their approach to environmental improvements. Eco-efficiency is defined in
the paper as a route to maximize environmental and economic benefits, while simultane-
ously minimizing both environmental and economic costs. The concept promotes the inte-
gration of environmental considerations directly into business functions such as
manufacturing, product design and purchasing.

As companies and other organizations begin to operationalize eco-efficiency, they are
presented with a number of competing models from which to choose. These models,
which have been devised by academics, consultants and others, support real decision
making, by providing methods and information to help organizations make changes to
their processes, activities, products and services. Implicit in many of the models is an
assessment of the environmental impact or burden of different natural resources, mate-
rials and products.

Eco-efficiency is a powerful concept, and understandably, presents challenges, as well as
opportunities. Concerns raised in the paper point to the need for a review and refine-
ment of the concepts and methodologies that underpin most eco-efficiency models.

Section 2 begins with a scientific analysis of different natural resources and materials,
and then illustrates how a better understanding of the chemical and physical properties
of materials can help guide environmental improvements.

In this section, the concept of material stock is introduced and is differentiated from
resource stock and the product cycle (Figure 3). The scientific and environmental char-
acteristics of the material stock are described for three different types of material
(wood/paper, plastic, metal), to provide new insights into how eco-efficiency relates to
materials. The description includes characteristics such as source of the resource and its
replenishment, material renewal, and material structure and fate.

® Wood and paper are cellular in structure. Cells, mostly organized into fibres, make
up the structure and largely determine the properties and integrity of the material.

Executive Summary
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® Plastics are molecular in structure. Specifically, they are made up of chains of car-
bon-carbon molecules. It is the ability of single monomers to link together in an
almost infinite number of combinations that allows us to engineer polymers with
specific properties.

® Metals are elements. Their elemental nature distinguishes them from other materi-
als and provides their basic material value. Different metals have different physical
and chemical properties due to atomic-level characteristics associated with metallic
bonding. Moreover, because they are elements, they cannot be destroyed and are
therefore theoretically infinitely recyclable. Metals are often used in alloys. Alloys
contain elemental forms of metals and are not molecules (i.e. chemical compounds).

Eco-efficiency models should acknowledge the fundamental differences between these
three material types.

Plotting each resource/material/product system from the perspective of their value-
added to society (Figures 5-7), the three material types each cast an inherently different
profile. This points to strategies for the environmental management of materials.
Notably, the strategies are as different as the underlying and fundamental properties of
the materials themselves:

® For wood/paper, the primary strategy is to maintain the integrity and productivity of
the living resource stock. This will ensure continued existence of the resource and
protection of ecological services. This might be called resource eco-efficiency, natur-
al resource stewardship or forest stewardship.

® For plastics, the primary strategy is to maximize the benefit of the product, taking
advantage of the versatility of each molecule and its application in the product cycle,
and ensuring efficient and responsible use of the plastic product. Because much of
the material stock is used only once, or is limited in its material renewability,
responsibility is placed on the product cycle to make the best use of the resource.
This might be called product eco-efficiency, or a product stewardship strategy.

® For metals, the primary strategy is to maximize the utility of the metal element. The
elemental nature of metals provides metal material with the property of theoretical
indefinite recyclability. This points to a metal stewardship strategy, or materials eco-
efficiency approach, that promotes maximum benefit from the material stock.

Underpinning each of these strategies is a more general philosophy. Process eco-efficien-
cy addresses the minimization of environmental impacts at the operational level, includ-
ing the management of risk. Issues such as process energy efficiency, pollution
prevention and limiting ecological disturbances are captured in process eco-efficiency.

Eco-efficiency and Materials
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This paper illustrates the case for toxic hazard assessment.

Section 3 incorporates the understanding of materials and eco-efficiency into an evalua-
tion framework, and provides criteria with which to evaluate the scope of eco-efficiency
models.

The Eco-Efficiency Model Evaluation Framework (Figure 9) incorporates the findings of
the materials and eco-efficiency analysis, and adds other elements with respect to eco-
efficiency. It is intended for use in examining existing eco-efficiency models and to sug-
gest modifications to improve their application in decision making.

Four questions are posed, based on the dimensions in the Framework:
a) Does the eco-efficiency model assess both benefits and costs?

b) Does the eco-efficiency model consider both environmental and economic
aspects?

c) Does the eco-efficiency model foster stewardship of resource stocks, material
stocks and product cycles?

d) Does the eco-efficiency model promote process eco-efficiency?

Section 4 evaluates seven popular eco-efficiency models using the Eco-efficiency Model
Evaluation Framework developed in Section 3.

Seven specific eco-efficiency models are evaluated using the Framework, particularly as
they assess the environmental merits of materials. It is important to note that not all of
the models examined here are strictly eco-efficiency models. The models do all address
eco-efficiency in one way or another, and it is this aspect of these models - their repre-
sentation of environmental and economic performance - that is the focus here. Some
general observations concerning the models emerge in the analysis:

® Models tend to emphasize costs, especially environmental damages, and give less
attention to benefits that are an aim of eco-efficiency.

® Models tend to focus on products (goods and services) and overlook the benefits of
materials and resources.

® Material stock is rarely identified or even considered. Consequently, existing eco-
efficiency models largely overlook the environmental benefit of materials.

® Models tend to emphasize process eco-efficiency, for example, and thereby encour-
age the examination of environmental releases, but, consequently, overlook
resource eco-efficiency and materials eco-efficiency.

® Most of the analytical tools reviewed overlook land use and biodiversity.

Executive Summary
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Section 5 summarizes the findings and indicates directions for the ongoing development
of eco-efficiency models to ensure their continued usefulness.

Based on the understanding of materials and eco-efficiency introduced in the paper, it is
apparent that the current environmental models are still evolving. Improvements may be
made by continuing to explore areas such as the critical materials issues indicated here.
A future challenge will be to extend eco-efficiency considerations to include socio-eco-
nomic dimensions. This will be necessary to contribute to the full set of sustainability
objectives expected by society.

Eco-efficiency and Materials
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“The principle of eco-efficiency is a prerequisite for sur-
vival in markets characterized by fierce international
competition.... Products and services must be supplied
to the market not only at the lowest possible cost but
also with efficient use of raw materials and energy.”

Fritz Gerber, Chairman, Hoffmann - La Roche

1 Eco-efficiency Decision Making

management concern that relates directly to their efficiency and competitive-

ness. Leading firms are going beyond traditional compliance practices, to
embed environmental performance into their core business practices. Increasingly, envi-
ronmental criteria are being integrated into decision-making processes, governing the
selection and use of products and materials in areas such as product development, pur-
chasing, technology assessment, supplier selection, sales and marketing.

M anufacturers and other companies have begun to view the environment as a

“Eco-efficiency” is the term that has emerged to capture the idea that both economic and
environmental efficiencies can be accomplished simultaneously. Indeed, a number of
recent studies and reports' confirm that pursuing eco-efficiency does in fact improve
environmental performance and can result in economic benefits such as:

® reduced operating costs;

® improved production processes;

® reduced liability and risk;

® enhanced brand image;

® increased employee morale;

® increased opportunities for innovation;

® increased opportunity for revenue generation, including new market openings and
price premiums;

1 (World Business Council for Sustainable Development 1999), (President’s Council on Sustainable
Development 1999), (National Round Table on Environment and Economy 1997), (OECD 1998)

Eco-efficiency Decision Making
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® Dbetter supplier management; and
® Dbetter relationships with customers.

The growing recognition of these potential benefits has led to a relative explosion of
models and tools to assist companies to use environmental criteria in a wide variety of
business decisions (Box 1).

Many of the eco-efficiency models look beyond the traditional manufacturing facility to
take a broader systems perspective, which considers the environmental aspects of prod-
ucts and services throughout their life cycle. An emphasis on systems analysis has led to
increased scrutiny and evaluation of the environmental attributes of resources and mate-
rials used in products and production activities.

This paper is concerned with evaluating the effectiveness of eco-efficiency models, par-
ticularly as they apply to assessing the environmental merits of different materials.

Box 1: Examples from the new environmental
management toolbox

Cleaner Production Guides Life Cycle Costing

Corporate Environmental Reporting
Design-for-Environment

Design for Disassembly

Eco-auditing

Eco-compass

Eco-efficiency

Eco-industrial Parks

Eco-profiling

Environmental Auditing

Environmental Management Systems
Environmental Performance Evaluation
Environmental Performance Indicators
Life Cycle Assessment

Life Cycle Design

Life Cycle Engineering

Life Cycle Management

Life Cycle Value Assessment

Pollution Prevention

Product Stewardship

Responsible Care

Social Justice Indicators

ISO 14000 Standards and Various
National Environmental Standards

Supply Chain Management

The Natural Step system conditions

Eco-efficiency and Materials




1.1 Roots of Eco-efficiency

Of the many environmental concepts in use by industry, the eco-efficiency concept is one
that has garnered considerable and widespread acceptance in both industry and gov-
ernment. Eco-efficiency is about doing more with less; achieving parallel ecological and
economic gains, without sacrificing one for the other. For example, eco-efficiency can be
achieved by improving the material and energy efficiency of processes, reducing envi-
ronmental and human health-related risks, designing products that “fit” into ecological
cycles, making products more easily recyclable, or extending their durability or func-
tionality. This win-win aspect of eco-efficiency has led decision makers to readily
embrace it.

1.1.1 Propagation of eco-efficiency

At the 1992 United Nations Conference on Environment and Development (UNCED), the
Business Council for Sustainable Development (now the World Business Council for
Sustainable Development — WBCSD) introduced the concept of eco-efficiency as a key
tool with which business could evaluate and improve the environmental performance of
its operations, products and services (Schmidheiny 1992) (Box 2).

Through the efforts of the WBCSD and its member companies, the concept of eco-effi-
ciency is now widely accepted as one of the primary tools for advancing sustainable
development. Numerous companies, consultants and academics have embraced eco-
efficiency and added it to their decision-making processes.

In government circles, too, the WBCSD concept has been well received (Box 3). The
Organisation for Economic Co-operation and Development (OECD) makes repeated ref-
erence to eco-efficiency and resource efficiency in its 1999 three-year plan on sustain-
able development (OECD 1999). The plan refers to the need to minimize the resource
and energy intensity of goods and services and to reduce pollution. In the plan, the OECD
suggests actions for promoting and refining the concepts of “eco-efficiency and resource
efficiency.” This includes clarifying their relationship to sustainable development;
encouraging the application of life cycle techniques in industry; developing eco-efficien-
cy indicators that can be applied to countries, sectors and technologies; and providing
the conditions and incentives needed to achieve eco-efficiency in a broad range of activ-
ities.

Eco-efficiency Decision Making
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Box 2: The World Business Council for Sustainable
Development (WBCSD) concept of eco-efficiency

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 eco-
logical impacts and resource intensity, through the life cycle, to a level at least in
line with the Earth’s estimated carrying capacity.

Seven elements of eco-efficiency as defined by WBCSD:
¢ reducing the material requirements for goods and services
¢ reducing the energy intensity of goods and services

¢ reducing toxic dispersion

¢ enhancing material recyclability

e maximizing sustainable use of renewable resources

o extending product durability

e increasing the service intensity of goods and services.

Source: WBCSD Eco-Efficient Leadership for Improved Economic and Environmental Performance (1996)

1.2 Defining Eco-efficiency

The popularity of eco-efficiency can be attributed to its ability to link the business objec-
tive of creating value to environmental management. In essence, there is no differentia-
tion between a competitive company and an eco-efficient company.

Efficiency is a fundamental concept of productivity that is typically measured as outputs
gained for inputs required. Eco-efficiency combines and links two kinds of efficiency:
economic efficiency and environmental efficiency. Economic efficiency refers to the eco-
nomic benefits (like service provided by goods or profit generated) achieved per unit of
invested economic cost (e.g. labour cost, capital cost). Ecological efficiency, which is less
easily quantified, relates environmental benefits to environmental costs. It is interesting
to note that environmental benefits (e.g. habitat protection, ecological integrity, site
remediation) are often overlooked in environmental impact evaluations, which instead
tend to focus on assessing environmental costs. Environmental costs are diverse and

Eco-efficiency and Materials
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Box 3: Environmentally Preferable Purchasing Initiative
in the US government

Eco-efficiency decision making is already occurring directly in government depart-
ments. A recent and potentially influential example is the Environmentally Preferable
Purchasing Initiative of the US federal government. The initiative requires govern-
ment agencies to procure products and services that:

“have a lesser or reduced effect on human health and the environment when
compared with competing products or services that serve the same purpose.”

This assessment process will include an evaluation of the environmental impacts of
the products throughout their life cycle including materials and energy. Through its
huge purchasing power, the US federal government is now attempting to minimize
environmental impacts while giving a boost to manufacturers that produce environ-
mentally preferable products and services.

Source: US EPA (2000)

range from air, soil and water pollution and other natural resource impacts to less easi-
ly measured impacts such as land disruption and loss of biodiversity. Consequently, the
tendency has been for economic factors to dominate the benefits side of the equation.
This is not surprising, since eco-efficiency has evolved from the conventional benefit-
cost analysis concept that is long familiar to economists.

The objective of eco-efficiency is to maximize environmental and economic benefits,
while simultaneously minimizing both environmental and economic costs. It is a charac-
teristic or quality that can be used and applied to decisions, products, processes, services
and activities of any kind. The outcome of a decision might be an improvement to man-
ufacturing processes that make them more eco-efficient, or a product or service that is
more eco-efficient than its predecessor.

Measurement of eco-efficiency typically resorts to the “eco-efficiency equation” shown
in Figure 1, or some variation thereof. Most models of eco-efficiency, including both
quantitative and more qualitative tools, use some form of this equation. In the numera-
tor is the benefit provided by the good or service; in the denominator are the costs? asso-
ciated with that good or service.

2 In this context, and for the rest of this paper, the word “cost” includes economic costs, and negative environ-
mental and resource impacts, whether actual or potential.

Eco-efficiency Decision Making
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Benefits Economic benefit of good or service

Eco-efficiency = - -
Costs Environmental and resource impacts

Figure 1: The eco-efficiency “equation”

The definition of eco-efficiency provided here is consistent with its original formulation.
The WBCSD states that eco-efficiency is “progressively” satisfied via a process of contin-
ual improvement of goods and services and reduction of their negative impacts. For the
WBCSD, environmental cost is related to “ecological impacts and resource intensity.”
Economic costs are expressed as “competitively priced goods and services” in the
WBCSD'’s definition of eco-efficiency. The WBCSD has also, recently, suggested an eco-
efficiency equation, wherein eco-efficiency is measured as the ratio of “product or ser-
vice value” over “environmental influence” (WBCSD 1999) (more on this model is
provided in Appendix 1).

It should be noted, too, that eco-efficiency was developed, and is now used, as a means
by which organizations can contribute to the sustainability objectives of society.
Therefore, it is useful to situate eco-efficiency within the greater context of sustainable
development. The World Resources Institute has provided a useful figure that considers
to what extent eco-efficiency addresses the three dimensions of sustainable development
(Figure 2). It is clear from the figure that eco-efficiency relates to the area of synergy

Socio-Environmental Integrated Sustainability

Social
Performance

Environmental
Performance

Economic

Performance

Socio-Economic Eco-efficiency

Figure 2: Relationship between the social, environmental and economic spheres or
legs of sustainability (modified from WRI 1998)
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between the economic and environmental dimensions of sustainable development.
Unlike sustainable development (see Integrated Sustainability in Figure 2), eco-efficien-
cy does not directly address social performance. Related to this is the fact that eco-effi-
ciency is mute to who pays and who benefits; issues of social equity and meeting of
human needs are captured in sustainable development, but outside eco-efficiency. This
issue will be revisited in Section 5 of this paper).

1.3 Eco-efficiency Models Are Decision-
making Tools

Ultimately, eco-efficiency is about making better decisions — that is, decisions that reduce
the environmental and economic costs of human activity, while providing societal value
through economic and, possibly, environmental benefits. To realize this potential, ways
and means need to be developed to assist decision makers through the provision of mea-
surement tools and the demonstration of tangible results. Box 1 provides a list of tools
that have been developed to assist in management and decision making. Later in this
paper, seven specific methods are evaluated in detail for their potential to contribute to
more eco-efficient decisions.® For the purposes of this paper, these tools are referred to
as eco-efficiency models.

A number of generic observations can be made about the existing toolbox of environ-
mental concepts and techniques. These are:

1 The entire toolbox is relatively new. For example, the conceptual model for life cycle
assessment gained broad acceptance in the early 1990s, and the international stan-
dard for life cycle impact assessment was only completed in 1999. Tools and con-
cepts such as eco-indicators, environmental performance evaluation, and Design-
for-Environment have become prominent only recently, in the last half of the 1990s.
Eco-efficiency, while introduced in 1992 by the WBCSD, has only really gained
prevalence in the last three years.

2 The toolbox can be differentiated into models intended for organizations, approach-
es focused on products and cross-cutting models (e.g. corporate environmental
reporting, environmental management systems, cleaner production).

3 Most models tend to emphasize or evaluate negative aspects of materials and prod-
ucts. Most models highlight environmental damages and economic costs and, con-
sequently, the beneficial qualities of materials, such as durability, conductivity or
strength, are not easily factored into eco-efficiency evaluations. This results in half
the eco-efficiency equation being immediately overlooked.

3 A number of these models deal directly with eco-efficiency; others such as the Systems Conditions of The
Natural Step deal with the broader sustainability question. The evaluation of the models only considers the
eco-efficiency aspects.

Eco-efficiency Decision Making
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4  For the most part, existing models only address the ecological and economic com-
ponents of sustainable development. Formalized models for assessing the social
dimensions of sustainable development are only just emerging.*

5 Models are often limited in their scope of environmental assessment. Some tools
focus on energy, others on materials. Some models are quantitative, others more
qualitative.

6 The application of the model sometimes does not respect its own scope and limita-
tions. For example, an eco-efficiency model that considers only resource flows does
not provide information or guidance on decisions regarding releases of toxic com-
pounds.

7 Materials are often judged inappropriately. A number of models are specifically
aimed at determining the relative environmental merits of materials for product
design applications or to rank materials from an environmental perspective.
However, there is concern that some existing models are biased against certain
materials, notably metals and metal applications, because the models do not reflect
the specific characteristics of metals and their interaction with the environment.

Users of eco-efficiency models need to have confidence in the models they use. Decision
makers need to be able to determine whether the models are appropriate for the deci-
sion-making needs of their organizations — that is, whether the models fit their techni-
cal, economic and environmental needs. As organizations move toward greater adoption
and use of eco-efficiency models for decision-making purposes, it will become increas-
ingly important to know if the models allow one to determine with confidence whether
the organization is moving in the right direction, with respect to its environmental goals.
This study is an attempt to do just this from a materials perspective, and to provide
insights that will help contribute to the process of improving and refining eco-efficiency
models in support of better decision making.

In the next section, a materials perspective is used to gain a better understanding of eco-
efficiency. A framework for evaluating eco-efficiency models is proposed in Section 3. In
Section 4, seven eco-efficiency models are evaluated using the framework developed in
Section 3. The emphasis throughout this work is from a materials perspective which is
intended to provide new insights to the evolution of eco-efficiency.

4 Section 5 provides a more elaborate discussion on this point.

Eco-efficiency and Materials
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2 Eco-efficiency of Products
and Materials

his section examines the concept of eco-efficiency as it applies to materials and

I natural resources. It then develops a scientific framework for understanding how

materials specifically contribute to eco-efficiency objectives. Three common

material types (wood/paper materials, metals, and plastics) are used to illustrate the

analysis, and to demonstrate possible strategies for applying eco-efficiency to different
resources, materials and products.

2.1 The Nature of Materials

Materials are the building blocks of industrial society and from which products are man-
ufactured. Products, including both goods and services, are developed and created to
serve societal needs. Society obtains the materials it needs from natural resources, which
are connected to the ecosystems that meet basic needs for food, water, energy and other
ecological services. The use and manipulation of these three distinct yet interlinked
dimensions (natural resources, materials and products) pose a number of challenges to
sustainable development. How can eco-efficiency approaches help contribute to a better
management of these challenges?

Some materials are harvested from replenishable natural resources. These are the so-
called “renewable” resources such as forests, which supply wood and paper. Other mate-
rials are extracted from finite resource stocks in the Earth’s crust: these are the so-called
“non-renewable” resources, which include crude oil and metal ore. While conventional
wisdom has tended to suggest that society should favour using “renewable” resources, it
is interesting to note that it is renewable resources (like water, soil and fisheries) that
are currently under the greatest strain.® When we examine the state of conventional
resource management today, therefore, the traditional distinction between “renewables”
and “non-renewables” appears flawed. Moreover, by focusing on the *“source” of
resources without acknowledging the role that society plays in extracting and refining
natural resources, we end up with incomplete information to properly assess the eco-
efficiency of goods and services.

5 The World Resource Institute has noted that forests are declining at a rate of 16 million hectares each year,
freshwater ecosystems are declining and along with them are some 34% of freshwater fish species, topsoil
also continues to erode (WRI 2000).

Eco-efficiency of Products and Materials
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2.2 Interrelationship of Resources,
Materials and Products

Resource stock, material stock and the product cycle represent three dimensions that
require more complete consideration in the evaluation of the eco-efficiency of materials.
Figure 3 illustrates this interrelationship graphically, where resource stocks underpin
material stocks, which in turn, support product cycles. Materials are central to this pic-
ture, as they are the link between resources and products: products are manufactured
from materials, which in turn are derived from resources. Most importantly, Figure 3
introduces the concept of a material stock that is distinct from resource stock and prod-
uct cycles. At the same time, it illustrates the interconnectedness and overlap of these
three dimensions, since, for example, the material stock exists for the most part within
the products that are in use by society. In many instances, at their end-of-life, products
in fact return to materials and subsequently to resources, thus further emphasizing the
interlinking of these three dimensions.

Product Cycles

In use Material Stock
-in society
-in the economy

In earth
-biosphere
-lithosphere

Resource Stock

Figure 3: Interrelation of resource stock, material stock and product cycles

The interdependence between the resource stock, material stock and product cycle — as
each contributes to materials, goods and services — deserves detailed examination. By
considering the chemical and physical properties of different material types, a new sci-
ence-based understanding of how eco-efficiency applies to materials emerges. Table 1
suggests relevant characteristics for three prevalent types of materials: wood/paper,
plastics and metals. Sections 2.2.1 through 2.2.3 build on the characteristics described in
Table 1 to illustrate the distinction between the resource stock, material stock and prod-
uct cycle.

Eco-efficiency and Materials
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Table 1: Characteristics of the different material types

Wood/Paper Plastics Metals
Characteristics of the Resource Stock
Resource stock Forest and other Crude oil, natural gas Metal ore
ecosystem
Source Biosphere Lithosphere
(Earth’s surface) (Earth’s crust)
Extraction methods | Harvest Drill, extract Mine

Replenishment of
the resource

Replenished by natural
processes over years
or decades

Replenished by
sedimentation over
geologic time spans

Replenished over
geologic time spans
for in-crust deposits

Alternative sources

Plastic molecules
can also be produced
from biomass resources

Deep-sea nodules

and ocean salts —
replenished on a human
scale

Characteristics of the Material Stock

Material structure Cellular Molecular Elemental
(e.g. fibres) (hydrogen-carbon)
Material renewal Although recycling is Although recycling is Recyclable

performed, recycling
activities degrade fibre
structure and properties

performed, recycling
activities degrade
material structure
and properties

Basic hydrocarbon
recycling is also
possible (e.g. pyrolysis)

Nature and properties
are not compromised,
except by
contamination, in
which case down-
cycling results

Final fate of material

Biodegradation
Combustion (for energy
recovery)

Dispersion

Landfill

Possible return to
carbon cycle

Degradation
Combustion (for energy
recovery)

Dispersion

Landfill

Possible return to
carbon cycle

Elements are permanent
May remain in

stock indefinitely

Stock is subject to
dispersion and
devaluation via:
corrosion, wear,
process inefficiencies,
landfill, etc.

Time scale of
material stock

Days to decades

Days to years

Theoretically unlimited

Eco-efficiency of Products and Materials
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Wood/Paper Plastics Metals

Product Cycle (example applications)

Short lived (months) | Newsprint, packaging Packaging, consumer Beverage cans,
products consumer products
Medium life (years) | Documents, storage Appliance, auto parts, Computer components
containers coatings
Long life (decades) | Furniture, buildings, Furniture Motors, structures
books
Notes:

1.  This table presents a paradigm for each material category. In the real world, there are deviations from these
types. However, these fundamental characteristics remain true.

2. Certain types of materials bridge between conventional notions of wood/paper and plastic (e.g. polymers
derived from biological sources, wood-polymer composites).

3. For metals, many materials are alloys of more than one metal and some may be used as minerals (e.g. potash
or phosphate).

4. This table does not include other types of materials: metal compounds like oxides, sulfides, chlorides and
carbides; mineral materials like concrete and aggregate; and carbon-based and silicon-based inorganic
materials.

2.2.1 Resource stock

The resource stock refers to natural resources that are in or on the Earth. They may be
contained in the Earth’s crust (the lithosphere) or may be part of living systems on the
surface of the Earth (the biosphere). Society finds these resource stocks, recognizes
them to be valuable because of their availability and potential for use and, consequent-
ly, may choose to extract and process the raw resource to make it available to society,
typically in the form of material or energy. Table 1 lists a number of key characteristics
of the resource stock for three broad categories of material (wood/paper, plastics and
metals).

Source

The source of a natural resource can be defined simply as being from the Earth’s crust
(lithosphere) or from the living layer of soil, water and air that houses the ecosystem (the
biosphere).

Extraction method

Biological resources are harvested from the biosphere, on the Earth’s surface.
Conventional petroleum and metallic resources are presently extracted from the crust
through processes such as drilling, mining and pumping.

Eco-efficiency and Materials
12



Both the character and availability of the resource stock, the “stock in Earth,” can be
managed through a variety of means including exploration and development. In the case
of biological stocks, we can undertake activities that affect the quality and character of
the resource, for example through forest management. For the purposes of this paper,
the management of the resource stock includes activities of exploration, resource devel-
opment and maintenance, extraction or harvesting and replanting, plus those immedi-
ate processes (e.g. milling, winning, refining) necessary to convert the raw resource into
a material or substance (e.g. wood/paper, metal, plastic).

Replenishment of the resource

Resources from the biosphere, such as forests and crops, rely on natural processes for
their replenishment. This process may be enhanced, to a lesser or greater extent, by
human intervention (management). Society harvests this resource stock on the basis that
forests and other ecosystems are naturally replenished over periods of seasons, years or
decades — on a human time scale. In addition to materials, the forest or crop itself returns
ecological services, such as oxygen, water retention, biodiversity and other functions
that are difficult to measure in economic terms. Although oil, gas and some mineral
deposits are created by natural processes like sedimentation, they occur over geologic
time scales measured in millions of years. In other words, for all practical purposes, con-
ventional sources for these non-biomass resources are not replenished.

Conventionally, “renewable natural resources” like forest reserves are distinguished
from “non-renewable natural resources” like metal ores, oil and natural gas. This sepa-
ration is useful, as it attempts to distinguish natural resources based on their source
(biosphere versus lithosphere); however, the term “renewable” is confusing and some-
what misleading, as it is rare that resources are “made new again” — the definition of
renewable.® “Replenishable” is a more accurate term with reference to natural
resources, but even this may be misleading if replenishment does not actually take place.
One should also be careful in using these terms to refer only to the resource. For refer-
ences to materials and products, other more precise terms are available (e.g. material
recyclability and product reuse).

In the case of natural resource stocks for metals, specific stocks are not replenishable.
Some general replenishment of the total in-crust resource stock may theoretically take
place through continuing geological processes; it has, however, no significance on a

6 The term “renewability” is less meaningful when applied to materials because all materials are theoretically
recyclable although the quality of their “renewal” varies according to material type and specific circum-
stances. As a rule, metals recycle more effectively than other materials, and are more easily renewed or
“made new again.” Ironically, materials from “renewable resources” like wood and paper tend to be down-
graded in material quality when they are recycled; it is difficult if not impossible to “renew” these materials.
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human scale. Indeed, there are alternative sources of metals. Research indicates that
metal-rich deep-sea nodules are produced at a rate of millions of tons per year.” Deep-
sea mining is not currently practised for economic reasons, even though the technology
required is available. Additionally, the oceans contain huge amounts of dissolved miner-
al salts that could in theory be used as a source of metals.

Some replenishment of oil or natural in-crust resources can also theoretically take place.
However, as with metals, the time scale for such replenishment has no significance in
the context of our civilization (present society). Oil, however, could be and has been pro-
duced synthetically from carbon sources. It is generally not done commercially because
natural sources are more economical to use. It is important to understand that an even-
tual depletion of conventional sources of oil and gas does not necessarily spell the dis-
appearance of plastics. Furthermore, it is relevant to note that consumption of petroleum
resources for material production is not occurring at a rate that necessarily threatens the
reserve of this resource. It is estimated that feedstock material for the production of plas-
tics constitutes only about 2% of annual petroleum consumption. From a materials per-
spective, other activities like transport and heating displace the availability of the natural
resource stock for carbon-based materials.

2.2.2 Material stock

Material stock consists of the substances used by society to make the products or provide
the services it needs. The concept of a material stock is a new if somewhat artificial one,
in the sense that most materials are fairly immediately converted into products and,
therefore, spend very little time as materials. However, as will be illustrated later, the
concept of material stock is very useful for discussing eco-efficiency, as it takes into con-
sideration the useful properties of materials. Society makes use of its material stock in
end-use applications — goods and services (e.g. cars, buildings, newspapers, packaging)
that require structural integrity, electrical conductivity, corrosion resistance, or other
properties that materials provide. Table 1 describes a number of key characteristics of
the materials stocks for the three categories of materials.

Material structure

The value of a material arises from its physical and chemical properties. The three types
of materials considered here are quite different:

® Wood and paper are cellular in structure. Cells, mostly organized into fibres, make
up the structure and largely determine the properties and integrity of the material.

® Plastics are molecular in structure. Specifically, they are made up of chains of car-
bon-carbon molecules. It is the ability of single monomers to link together in an

7 For example, for copper the US Geological Survey estimates total global land-based resources at 1.6 billion
metric tons and 0.7 billion tons in deep-sea nodules (USGS 2000).
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almost infinite number of combinations that allows us to engineer polymers with
specific properties.

® Metals are elements. Their elemental nature distinguishes them from other materi-
als, and provides their basic material benefit. Different metals have different physi-
cal and chemical properties due to atomic-level characteristics associated with
metallic bonding. Metals are often used in alloys. Alloys contain elemental forms of
metals and are not molecules (i.e. chemical compounds).

Material renewal

All materials are recyclable; however, the quality of resulting recycled materials and,
perhaps more practically, the economics of material recovery and recycling activities are
important considerations when considering the feasibility of these activities. From an
eco-efficiency standpoint, the real question is not whether materials are recyclable (the-
oretically, they all are), but whether they actually are recycled — and whether environ-
mental and economic benefits of recycling activities outweigh costs. The answers are
determined to a substantial extent by basic material form, and are largely influenced by
the application of the material, which affects how effectively it can be recovered from the
product cycle.

Metals, because they are elements, are theoretically infinitely recyclable, since no dete-
rioration of the element is possible. In practice, of course, full recycling is not achieved.
In many applications, high recovery and recycling efficiencies are attained, promoting
materials’ eco-efficiency. In this context, greater eco-efficiency is assumed when high
recovery rates are achieved at low economic cost and at considerably less environmen-
tal expense compared to primary resource extraction. For example, the aluminum used
in beverage cans undergoes a continual material-recycling loop, preserving the utility of
the material stock. In North America, 62.5% of used beverage cans are recovered in the
product cycle (Aluminum Association 2000), while the loss of aluminum metals in met-
allurgical processing is approximately 2% (Aluminum Association 1991). Lead used in
lead-acid batteries for vehicle starter and ignition systems is a similar story of closed-
loop metal recycling. It should be noted that, due to the length of time in metal product
cycles, much of the metal stock remains in use, and therefore is not yet available for
recycling. In fact, it is suspected — but difficult to measure — that more metal is in soci-
etal use today than has been lost or otherwise returned back to earth use.

The recycling characteristics of plastics vary according to their molecular make-up and
other properties. Only some types can be successfully recycled. For most plastics, the
quality of the material degrades, via molecular breakdown, and often the economics of
product recovery and material separation are prohibitive. In practice, it is pure streams
of thermoplastic resin that are most economically recycled into value-added products.
Also, some activity is occurring on recycling plastics not as materials, but rather in more
basic molecular forms (e.g. through pyrolysis). As a final option, plastics can be “energy
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recycled” by recovering their energy value; however, this puts an end to any material
renewal and breaks the value chain from resource to material to product. Eco-efficien-
cy analysis indicates that “too great an emphasis on recycling as a recovery option for
plastics packaging could drive Europe to ever increasing waste management costs with
limited environmental gain” (APME 2000).

Wood and paper, like plastics, are limited in their ability to be recycled. Material quality
declines, due to degradation of the fibre structure through processing. Under the best of
circumstances, each fibre can be recycled about seven times, where final uses of the
fibre material end up in lower grade product cycles (e.g. egg cartons) (Pederson 1999).
Like plastics, it is common to recover energy value via combustion of the material.

Fate and time scale of the material stock

Metals distinguish themselves because, as elements, the material stock is theoretically
permanent: once metals are transferred from the natural resource stock and enter the
economy, they can be recycled indefinitely, provided their purity is maintained and that
systems are in place for their recovery. In reality, most of the metal stock is not infinite-
ly recycled. “Leakage” of metal from the material stock occurs directly through corro-
sion, wear and dispersive uses. Alternatively, much of the metal material stock dissipates
and is essentially lost (or cannot be recovered) via landfilling or similar activities that are
designed to return metals to the earth.® The elemental nature of metals and their specif-
ic interaction with the environment also pose a challenge for hazard assessment of met-
als and metal compounds.

It should not be overlooked, however, that a great deal of the existing metal stock is still
in use. Large quantities of steel and copper, for example, are bound in durable struc-
tures, motors and wiring, or in piping that is still serving out its useful life in the product
cycle. Aluminum is continually recycled in closed loops from metal to beverage cans.
Similarly, lead in lead-acid automobile batteries is recovered and reprocessed. This
emphasizes the extent to which our management of product cycles will determine our
management of the metal stock.

All this means that the time scale of the material stock of metals tends to be longer than
for other materials. Not only have metal artifacts produced by ancient civilizations been
preserved, but also individual copper or iron atoms mined from the earth millennia ago
are likely still part of the material stock today, having been recycled and reused many

8 Consideration of a landfill can be in one of two ways. It can be considered to be a managed human facility
that remains as part of our economy and society — wherein the metal contained would still be part of the
material stock, although it may be costly to access. Or a landfill could be considered to be a permanent
return of material to the Earth’s crust — wherein the metal contained therein might be considered to be a
relatively high-grade ore (compared to the average of the lithosphere). This may be a valuable reserve for
mining by future generations.
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times. Typically, metals in the material stocks and product cycles can last beyond days to
decades or even centuries. The time scale of the metal stock is not determined by the
properties of the metal; but rather, the persistence of the metal stock is a function of the
product cycle. It is our ability to design products, process materials into products and
recover them at the end of their life that determines the continued availability and puri-
ty of the metal stock.

Wood/paper and plastics typically endure in society for days, years or even decades. In
most cases, however, the utility of the material stock is equal to one or only a few prod-
uct cycles (i.e. the material is used only once or very few times in a product, after which
the product is permanently disposed of and the material is thus lost). Materials recovery
is limited by product-related factors similar to those for metals. However, the recycling
of molecular compounds (compared to metals which are elements) results in property
losses (downgrading) because of fibre breakdown or molecular decomposition. Some
chemicals, however, can be efficiently recycled at the molecular level to preserve their
basic material value (e.g. pyrolysis of petrochemicals).

For both wood/paper and plastics, the end of the material stock is important from an eco-
efficiency perspective. These materials are incinerated, releasing valuable heat energy.
Waste materials from products, particularly from paper or plastic, pose a waste problem
for society. Paper and wood that end up in landfills tend to degrade anaerobically, pro-
ducing methane, a potent greenhouse gas.’ For both material types, landfilling repre-
sents a loss of potential energy value.’® Metals, more so than for other materials, can
potentially be recovered from landfills.

2.2.3 Product cycle

The product cycle refers to goods and services, their design, production, use and end-of-
life. Table 1 provides examples of product applications of the three material groups. It is
worth pointing out that the duration of the product cycle can vary from short to long
lived.

Products consist of materials that have been applied to provide some utility or service to
society. The duration of the product cycle depends on the type of application, the dura-
bility of materials used in the product, and other factors. Of course, it is possible (and
often desirable) that multiple product cycles are achieved. This is accomplished either
by reuse of an existing product (where the second product cycle follows immediately

9 Recent studies have indicated that end-of-life methane from landfills is very significant in the total life cycle
contribution to greenhouse loadings for biotic products (Lopes et al. 1999).

10 Wood/paper and plastic can theoretically contribute to two product cycles: the first for its material value,
the second for its energy value.
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from the first), or by recovery and recycling of its material composition (wherein a new
product cycle is created from the same material stock).™*

2.3 Value-added Profiles for Different
Materials

In an earlier section, the distinction was made between resource stock, material stock and
the product cycle. In this section, the value-added profile for each of the three material
types is examined and plotted graphically over time.

From a societal perspective, the product cycle occupies the level of highest value-added
compared to the resource stock and the material stock (see Figure 3). In a demand-dri-
ven economic model, the resource stock is extracted and developed to create the mate-
rial stock, which in turn is fed into production and manufacturing activities to create
products in the product cycle. As discussed above for eco-efficiency, maximizing the
product’s function (its benefit or utility) while minimizing its costs (social, environmen-
tal and economic) optimizes the societal (or individual) value of a product.

Environmental arguments often overlook the benefits provided by resources and, par-
ticularly, by materials. Instead, the conventional focus is preoccupied with accounting
for and minimizing the negative aspects — the environmental costs associated with mate-
rials and resource use. A value-added analysis provides a balanced perspective, consis-
tent with eco-efficiency, that recognizes there may be trade-offs, but seeks to achieve
simultaneous reductions in net costs and increases in net benefits.

Figure 4 provides a simple representation of the societal value added for a system that
includes resource stock, material stock and three product cycles. It uses the generic case
of metals as an illustration. The natural resource stock in the earth has the lowest value
for society, because the metal is not immediately available for use. Exploration, extrac-
tion and winning processes represent an investment in the mineral resource, effectively
transferring the “natural capital” of the resource to “societal capital” in the metal (mate-
rial) stock. Once extracted and transformed to the material stock, the metal is immedi-
ately available for use in products, whereby converting the material to a useful product
creates additional societal value. Metals usually spend very little time in the stand-alone
material stock (e.g. in commodity warehouses). But, it must be emphasized that the
metal itself remains intact in the product cycle, whether that cycle lasts for weeks or
decades. At the end of each product cycle, the value of the product is diminished, as it is
now considered “useless” and usually disposed. The value of the metal however may not
have been compromised, and it is usually available to be recovered for subsequent reuse
in the next product cycle. The actual availability and value of the metal depends on the

11 Commonly, the 3R’s approach is considered: reduce, reuse, recycle. This is a product management strategy.
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form of the metal (e.g. alloying, degree of corrosion, plating) and on the extent of con-
tamination present (e.g. copper contaminates steel). Figure 4 indicates an optimistically
constant value for the metal stock as it is cycled from primary material extracted from
the natural resource stock, to secondary and tertiary recovered metal obtained from the
end of subsequent product life cycles. As mentioned previously, metal can theoretically
be recycled indefinitely, subject to its effective recovery from end-of-life products and
restoration of its purity.

Based on the value-added representation in Figure 4, each material type can be evaluat-
ed for its value-added pattern over time. The value-added representation captures many
of the characteristics discussed above and previously summarized in Table 1. In this rep-
resentation, it is important to understand that “value” is the difference between benefits
and costs, covering both economic and environmental aspects. The assumption that total
value increases from resource to material stock to product is, in practice, very difficult to
quantify. Environmental value-added and economic value-added, if measurable, are
generally acknowledged to be incommensurable. Even the units of appropriate mea-
surement are difficult to determine. Work on eco-efficiency indicators has attempted to
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Figure 4: Value-added representation, for metal (“Value-added” is progressive
increase in the worth, desirability or utility available to society.)
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address this issue (NRTEE 1999, WBCSD 1999); however, for the present discussion,
these profiles of value-added representation should be understood to be conceptual and
qualitative.

In the next section, strategies to address the characteristics of the different material types
and their associated resources will be discussed, emphasizing eco-efficient management
of value-added dimensions.

2.3.1 Profile for wood/paper

For wood and paper, the profile does not recognize that the resource stock has a distinct
value as a resource (i.e. before it is harvested) (Figure 5). This value is environmentally
intrinsic (since the forest is a living system), social (aesthetic and for recreation, etc.),
and economic (as the forest ecosystem provides important services to society through the
complex biogeochemical cycles for carbon, nitrogen, oxygen and water). Therefore, at a
societal level, we recognize the benefit arising from a forest to be greater than its eco-
nomic value as a source of material.
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Figure 5: Resource eco-efficiency, for wood/paper (primary strategy highlighted)
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Once harvested and produced, wood and paper can contribute to one or more product
cycles, based on the durability of their fibre. The value of the material diminishes with
each product cycle as illustrated in Figure 5. This phenomenon is known as “down-
cycling.”

The main source of value for the wood/paper system is the resource stock. Therefore, an
eco-efficiency strategy must focus on and manage the integrity of the resource stock, to
maintain maximum benefit over time. This will ultimately ensure a more sustainable
natural resource base, and corresponding material stocks and derivative product cycles.
For wood and paper, this is well recognized. Most sustainable forestry initiatives, in both
the private and non-governmental sectors (e.g. sustainable forest certification, “wood-
mark” or “good wood” [e.g. Forest Stewardship Council 2000]) already recognize the
importance of preserving the integrity of the forest resource stock.

2.3.2 Profile for metals

The value profile for metals emphasizes the benefits available from the material stock
(Figure 6). While the initial investment (from resource stock to material stock) can be
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Figure 6: Materials eco-efficiency, for metals (primary strategy highlighted)
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very significant (in terms of energy or economic costs), it (and the associated environ-
mental and economic costs) is rewarded by the valuable benefits that the material pro-
vides for as long as the material stock can be maintained. Continued investment in the
material respects its origins from the resource stock and supports its value for use in
(multiple) product cycles. The profile reflects the fact that while the natural resource
stock may in practice be finite, the recycling of the material stock is potentially unlimit-
ed.

The transfer of metal from resource to material should be viewed as an investment — a
transformation of the resource capital into material capital. The metal material has value
and should be managed for that value. The product cycle “borrows” the functions of
metal (e.g. strength, conductivity) from society’s material stock, and returns the metal to
the material stock as efficiently as possible without degrading it. On this logic, the mate-
rial stock should be used today for its maximum utility — but it should be conserved
(through management activities that maintain/maximize the integrity of the material
stock) to meet the needs of future generations.

2.3.3 Profile for plastics

The value profile for plastics indicates use of the resource, investment in material stock
and the possibility for multiple uses of each hydrocarbon molecule in product cycles
(Figure 7). However, assuming traditional sources, from natural resource and material
stocks that are finite, the focus for adding value is the product cycle. Design approaches
for plastics should strive to maximize product function and take advantage of the unique
properties of plastics and focus on safe, efficient and responsible use. Today’s plastic
engineering provides remarkable versatility, including the ability to design specific
materials and molecules with targeted properties and uses.

In some cases, it is both technically possible and desirable to recycle molecules of plas-
tic through several product cycles. However, in other cases, it has been found that plas-
tic recycling does not make either economic or environmental sense (APME 2000). A
well-known example of beneficial recycling is that of PET (polyethylene terephthalate)
soda bottles from their fibres, which are widely used in fabrics such as fleecy clothing or
carpet. However, as is the tendency with plastics, the value of the material tends to
decline as it down-cycles through each product cycle, until a minimum point is reached
where recycling is no longer possible and energy recovery can be justified. In many
cases, such as with plastic automotive parts, plastic hydrocarbon molecules do not reach
the next product stage but are trapped in landfills as auto shredder residue.

The primary eco-efficiency strategy for plastics is product-oriented and recognizes that
there is an investment from the resource through the material to the end product (goods
and services). Making the best use of the product, through appropriate selection, good
design and by recovering energy value at the product’s end of life, respects the (largely)
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one-way use of the underlying natural resource, and recognizes that the traditional
resource is finite.'? For plastics and other chemicals, the Responsible Care program is the
international chemical industry’s expression of eco-efficient management of its facilities
and products (CMA 2000). In particular, the focus of Responsible Care is chemical risk
reduction, part of which are product stewardship management activities that include
oversight and management of the product life cycle.
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Figure 7: Product eco-efficiency, value objectives for plastics (primary strategy high-
lighted)

12 If plastics production shifted to use biomass as the dominant source, it would be logical to support a transi-
tion in eco-efficiency strategies to one that is similar to the wood/paper strategy.
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2.4 Implications

The above discussion raises numerous questions and suggests many fields of enquiry.
For example: Can value-added profiles be quantified? What variables determine a spe-
cific profile? What units or measures are appropriate for assessing value in this context?
Do economic value and environmental value even have a common currency? What is the
magnitude and scope of the time axis? What determines different profile types for dif-
ferent products, different materials? To what extent do different material types have dif-
ferent shapes? What is the relative height (value-added) from resource to material to
product?

There are additional implications regarding stocks and flows. What do we know about
material stocks and flows? How can they be quantified? How do we distinguish or segre-
gate different material stocks? For example, it may be appropriate to differentiate
between various alloys of aluminum, for instance, aluminum can stock.

2.4.1 Implications for metals

Without exploring these queries or others in detail, one select theme that will be dis-
cussed here is the special importance of the concept of material stock to metals. Given
their permanence and durability, the metal stock appears to be the most long lived com-
pared to the other two material types discussed. How long lived is one pertinent ques-
tion. The properties of the metal stock are a function of primary production that feeds it,
secondary flows that maintain it, and leakage or losses that are incurred.

There are important qualitative considerations. Are there distinct metal stocks for each
metal? Or even within each metal, for example, for different alloys or application areas
(e.g. automotive)? To what degree does the analysis need to differentiate geographical-
ly? Some metals may pool into a common global metal stock, others may be national or
regional in their distribution. How are imports and exports treated? Notably, some pre-
liminary work has been undertaken to assess metal flows and stocks in this fashion (see
for example Jasinski [1995]). One area of further research may be to explore methods
and applications of these concepts.

As societal pressures for eco-efficiency strengthen, it will be increasingly important to
know and understand material stock leakage, particularly for metals. For the most part,
there are significant and undesirable material losses because we have just started to
design products for efficient downstream material recovery or as a result of limitations
in our collection and recycling systems. Economic and social forces play a large role in
how and why we lose materials to waste. On the other hand, there are also material loss-
es that are intentional and desirable. Galvanized coatings for corrosion protection are a
good example. A good fraction of zinc production is used to sacrificially protect steel,
thus preventing loss of its value and maintenance of good and services. How might this
use of metal be appropriately reconciled in an eco-efficiency framework?
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It is fair to state that our metal material stocks are growing. For example, copper and
steel that has been extracted from the earth is now present in the societal infrastructure
(e.g. in cables, bridges and buildings), and a significant portion is circulating in and out
of product cycles (e.g. automobiles and packaging). As a direct consequence of popula-
tion growth, technology changes and standard of living improvements, primary metal
production continues to be necessary and to increasingly feed into most metal stocks. At
what point in time, if ever, will a metal stock stabilize in size? Will, then, primary pro-
duction be necessary to “top-up” this pool?

Primary metal production is important and significant to the material stock — and to eco-
efficiency. Tremendous economic and social benefits result from mining and metal pro-
cessing, although this is countered by environmental and other costs. Previously, in
Section 2.3.3, it was suggested that primary metal production represents an investment
to the metal stock, effectively transferring the “natural capital” of the natural resource to
“societal capital” in the metal (material) stock. One consideration is the amortization
period that might be used for offsetting the environmental costs - certainly the econom-
ic calculations span decades for the typical metal mine. Perhaps the investment idea and
the concept of material stock can be used to analyze and evaluate the contributions that
primary metal production make to the sustainable development objectives of society.

2.5 Eco-efficiency Strategies for Materials

The nature of different materials, and their specific flows and stocks are inherently dif-
ferent. This has been illustrated above in the different value-profiles, which provide
insights into the fundamental pattern of interconnectedness of natural resources, mate-
rials and products. To use this information for eco-efficiency will be challenging but
hopefully rewarding. Clearly, one immediate conclusion from the discussion in Section
2.3 is that different types of natural resources require different approaches for managing
their resource stocks, material stocks and the product cycles. In Table 1, it was shown
that different natural resources exhibit different characteristics. Table 2 summarizes the
logic for evaluating the eco-efficiency aspects of different materials. It provides a matrix
that indicates desirable management strategies for the three resource/material/product
phases as they each relate to basic types of material.

In effect, Table 2 considers the contributions of each material type to eco-efficiency by
answering two interrelated questions:

® To promote eco-efficiency, how should the resource stock, material stock and product
cycle be managed?

® To promote eco-efficiency, how can the maximum value be achieved for each material
type?
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Table 2: Eco-efficiency aspects of different materials

Depending on the material type, the primary strategy corresponds to management of the resource stock, material
stock or product stock. (Primary strategy is highlighted in bold; additional and supporting strategies are also

suggested.)

Material Type

Wood or Paper

Resource Stock

Manage to maintain
integrity of the living
resource stock™
(forest stewardship)

* Extract without
compromising the
sustainability of the
resource stock and
promote replenishment

Material Stock

 Recover and recycle,
where appropriate,
to achieve multiple
lives and maximum
value from each fibre

* Recover energy
value or biodegrade
to recover biologic
resource

Product Cycle
* Be efficient

* Return end-of-life
products for nutrient
recovery in support
of the resource stock

Manage risks
associated with the
product cycles

Metals

Extract metal
resources wisely
and efficiently

Extract and process
efficiently, to maximize
material value

Manage to
maximize utility of
the metal element
(metal stewardship)

» Encourage material
recycling to conserve
material stocks for
future generations

Prevent metal
contamination and
dispersion

Design product and
systems for
maximum value, and
efficient material
recovery

Manage risks
associated with the
product cycles

Plastics

Extract wisely, based
on need

Extract and process
efficiently, to maximize
resource value

Preserve oil and gas
stocks to meet the
needs of future
generations

Maximize the utility
and versatility of
molecules for the
product cycle

Recover and recycle,
where appropriate, to
achieve multiple lives
and maximum value
from each molecule

Recover energy
where appropriate

Manage to
maximize value of
the product
(product stewardship)

* Ensure efficient, safe
and responsible use
of the product™

* Design products for
efficiency

» Manage risks
associated with the
product cycles

13 Sustainable forestry initiatives are the forest products industry’s expression of this principle for eco-efficient
management of the resource (FSC 2000).

14 Responsible Care is the chemical industry’s international expression for the eco-efficient management of its

products (CMA 2000).
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The approach defines both a primary strategy and supporting strategies for each mater-
ial type, depending on the characteristics of the material type.

2.5.1 Primary strategies

The primary strategy focuses on the potential to achieve maximum value over time for
a particular material type. It provides guidance as to what actions are necessary to max-
imize value of the resource/material/product system, while ensuring sustainability and
promoting eco-efficiency.

® For wood/paper, the primary strategy is to maintain the integrity of the living
resource stock. This is the key condition for the continued existence and productiv-
ity of the resource and is important to the protection of ecological services. An exam-
ple of this type of strategy is a forest stewardship approach that maximizes the sus-
tainability of the natural resource stock.

- This might be called resource eco-efficiency, or a natural resource stewardship
or forest stewardship strategy.

® For metals, the primary strategy is to maximize the utility of the metal element. In
particular, the elemental nature of metals permits indefinite recyclability. This
points to a metal stewardship strategy that maximizes the value of the material stock
by emphasizing the use and reuse of each atom. The strategy respects that the mate-
rial stock is produced from the resource stock and relies heavily on proper manage-
ment of product cycles to ensure continual recovery and preserved value of metal.

-  This might be called materials eco-efficiency, or a material stewardship or metal
stewardship strategy.

® For plastics, the primary strategy is to maximize the value of the product, taking
advantage of the versatility offered by plastics in their application in different prod-
uct cycles. Simultaneously, there is a strong awareness to ensure efficient and
responsible use of the plastic product. Because much of the material stock is used
only once, or is limited in its material renewability, responsibility is placed on the
product cycle to make the best use of the resource. Plastics have great, and growing,
potential for improvements in molecular design to provide greater material value for
product applications.

- This might be called product eco-efficiency, or a product stewardship strategy.

The primary strategy focuses on point of basic value associated with each
resource/material/product system. Eco-efficient practices contribute to the sustainable
development objectives of society by appropriately managing that basic value, maximiz-
ing the benefit in the resource/material/product system while progressively reducing
ecological, economic and social costs.
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Figure 8 summarizes these strategic approaches for the three basic material types. For
wood/paper, resource eco-efficiency is the primary strategy, supported by material eco-
efficiency and product eco-efficiency. For metals, the primary strategy is materials eco-
efficiency, supported by resource and product eco-efficiency. And for plastics, product
eco-efficiency is the primary strategy, which is supported by resource and material eco-
efficiency.

Eco-efficiency

WOOD/PAPER PLASTIC
Resource eco-efficiency Material eco-efficiency Product eco-efficiency
Material eco-efficiency Resource eco-efficiency Resource eco-efficiency
Product eco-efficiency Product eco-efficiency Material eco-efficiency

Process eco-efficiency

Figure 8: Eco-efficiency strategies corresponding to different materials

Supporting strategies

Although the primary strategy for each material type focuses on one of the three phases
(resource, material or product), numerous secondary strategies are available to support
the primary strategy. For example, recycling is intimately dependent on product recov-
ery; therefore, a supporting strategy is to design products to ensure easy and economic
recovery of the material for continued use in the material stock. Additionally, at every
activity and decision there is a potential to support eco-efficiency. Some of these sup-
porting strategies are indicated in Table 2.

2.5.2 Process eco-efficiency

Another term, process eco-efficiency,’ is introduced in Figure 8 to address more opera-
tional aspects. Process eco-efficiency relates to flows. Here, the term “flows” refers to any
manner of mass, energy, water or air that enters or leaves unit operations in production,

15 This too is a new term, introduced here as part of the Eco-efficiency Model Evaluation Framework and to
bring some additional structure into the broader discussion of eco-efficiency.
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manufacturing, transport and through other processes. In this definition, flows are
equivalent to “environmental aspects” in the language of the ISO 14001 standard for
Environmental Management Systems (ISO 1996), and to “inputs and outputs” in the lan-
guage of Life Cycle Assessment (ISO 1997).

Process eco-efficiency underpins and supports the other three strategies. Alternatively,
these three could be seen as extensions or progressions of a single resource strategy
(aimed at achieving efficiency and preserving value) that steps from natural resources to
materials stocks to goods and services (products). Complementing these benefits-
focused considerations is the process eco-efficiency strategy that targets the other side of
the eco-efficiency equation, namely the minimization of costs associated with operations
and activities.

Process eco-efficiency concerns the operational level, as opposed to the higher level of
stocks and product cycles discussed earlier. It addresses the reduction of real and poten-
tial environmental impacts, including the management of risk. Process eco-efficiency
covers issues of process energy and process material efficiency at the unit-process level
in production and manufacturing, to minimize polluting emissions and other ecological
and land disturbances, to maximize product outputs, and to manage risk associated with
facilities and processes.

Process eco-efficiency is, therefore, more consistent with the original WBCSD under-
standing of eco-efficiency: “doing more with less.” It will typically include objectives
such as:

® process energy efficiency

® process material efficiency (closing material loops, prevent leakage and losses)
® reuse of water

® minimization of emissions and ecological impacts of the process

® management of risks and environmental impacts

At the operations level, progress in eco-efficiency demands an understanding of process
flows and environmental management, which, very importantly, relates to disciplines
like human- and eco-toxicology, environmental chemistry and risk assessment.

Process eco-efficiency can be undertaken independently of resource/material/product
strategies for eco-efficiency; however, tremendous advantages arise when process eco-
efficiency is integrated into the phases of resource, material and product eco-efficiency.
At a general level, process eco-efficiency is relevant across all activities. That is, cleaner
operations and facilities (e.g. by implementing energy efficiency, closing loops, reducing

Eco-efficiency of Products and Materials
29



toxic emissions) can be achieved independently of the goods and service that companies
send to market. Process eco-efficiency is often complementary to resource/
material/product eco-efficiency; tools such as life cycle assessment try to make these
connections. For example, in metals recycling, process eco-efficiency means lower
quantities of metal lost to wastes and emissions in the recovery and refining operations.
It therefore also means better material eco-efficiency in the primary metals strategy,
because the amount and quality of materials stock is improved with better process eco-
efficiency.

However, it must be clear that process eco-efficiency must operate at appropriate and
specific levels and be responsive to geographic, chemical, toxicological and other factors
that determine environmental impacts and potential ecological effects. What is eco-effi-
cient for one facility or one process may not be eco-efficient if the facility is in a differ-
ent place or if the process uses different inputs and outputs.

Process eco-efficiency can be elaborated for any number of environmental themes, rang-
ing from climate change to acid rain emissions to water pollution to noise or habitat dis-
turbance.

Material specificity and hazard assessment

In an eco-efficiency evaluation, as part of the assessment of environmental costs, it is
often important to categorize or rank substances that have toxic potential when they
enter the environment. Hazard assessment criteria are used to help identify and priori-
tize environmental issues for an eco-efficiency decision. And many of the available eco-
efficiency models have incorporated popular hazard assessment criteria into their
methodologies and databases.

In the case of the three materials types reviewed in this paper (wood/paper, plastic,
metal), some logical extensions can be made from Table 1 with respect to hazard classi-
fication, specifically as it relates to the different materials. Based on their physical struc-
ture (cellular, molecular and elemental), it might be surmised that the nature of their
hazard to the environment will vary. (See DiToro et al., The Persistence and Availability
of Metals in Aquatic Environments, 2001.)

Eco-efficiency models need to recognize inherent differences in hazard assessment
between metals and organic compounds. Models that utilize inappropriate criteria are
likely to provide inaccurate and thus misleading guidance to decision makers. In the
context of eco-efficiency applied to materials, metals are more likely to be misjudged,
given that the science of hazard classification of metals is still maturing.
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3. Eco-efficiency Model
Evaluation Framework

n this section, a simple Eco-efficiency Model Evaluation Framework is developed from
I the scientific understanding of the properties of materials gained in Section 2.

The Framework provides a foundation from which to consider and evaluate eco-
efficiency models.

3.1 Need for Eco-efficiency Model
Evaluation Framework

To properly assess and compare the validity of different eco-efficiency models, an eval-
uation framework is required. Such a framework needs to meet the following criteria:

® |t must provide a logic for analysis of eco-efficiency models.

® |t must take into the consideration the different properties of materials (as discussed
in Section 2).

® |t must address both sides of the eco-efficiency equation (Figure 1): benefits and
costs.

® |t must address both ecological efficiency and economic efficiency.

® |t must provide a starting point for potential future models that can guide decision
makers toward making more eco-efficient choices.

3.2 The Framework

An eco-efficiency model designed to guide decision making and actions must take into
account the characteristics of different natural resources and material stocks. Figure 9
graphically summarizes a framework for evaluating eco-efficiency models.

The distinction is made in the model between flows and stocks (natural resources, mate-
rials and product cycles), as described in Section 2. These can be evaluated according to
the two dimensions of eco-efficiency — environmental and economic. The arrows in
Figure 9 indicate that these dimensions may be assessed in terms of both benefits and
costs. This is consistent with the eco-efficiency equation discussed previously (see
Figure 1), where “cost” is understood to include negative economic, social and environ-
mental impacts, both real and potential.
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Assessing the environmental dimension of eco-efficiency is complex. Economic value is
derived from the use of natural resources. At the same time, our use of the natural
resource may create environmental costs and limit the ability of future generations to
use the same resource. Costs are incurred with respect to environmental releases and
disturbances, and also with respect to broader ecological impacts associated with
nature’s carrying capacity to absorb wastes and emissions.

Social .~ e e
Economic " P P
Ecological _~~

STOCKS: Resource | Material Product

FLOWS: Process

.

Figure 9: Eco-efficiency Model Evaluation Framework. An eco-efficiency model can
be evaluated for its ability: a) to assess both the benefits side and the cost side of
eco-efficiency, b) to assess both environmental and economic dimensions, c) to
foster stewardship of resource, material and product stocks, and d) to promote
process eco-efficiency.
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Four general criteria emerge from the Framework for evaluating eco-efficiency models:

a) Does the eco-efficiency model assess both benefits and costs?

Does the model recognize the benefits derived from a decision or action? And if so,
how does it express this benefit?

Does the model recognize the costs resulting from a decision or action? And if so,
how does it express these costs?

For example, is the economic benefit associated with the development of a new
resource stock included in the eco-efficiency assessment?

b) Does the eco-efficiency model consider both environmental and economic aspects?

Are both environmental and economic benefits assessed?
Are both environmental and economic costs assessed?
How comprehensive is the assessment of these aspects?

For example, is a full spectrum of environmental aspects included (emissions, biodi-
versity, land use, noise?

c) Does the eco-efficiency model foster stewardship of resource stocks, material stocks
and product cycles?

Is the stewardship direction appropriate and different for different natural resources
and materials?

Does the model take into consideration the specificity of resource stocks and mate-
rials stocks as well as the product cycle?

Does the model respect the specificity of different resources, materials and prod-
ucts?

For example:

- For metal resources, metals and metal products: is the model’s assessment consistent
with a materials eco-efficiency strategy; namely, to maximize the value of the metal
element?

- For forest resources does the model promote appropriate management and stew-
ardship of the forest; namely, to assure replenishment of the natural resource?

- Does the model correctly identify and differentiate between the impacts of products
and materials contained in products?
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d) Does the eco-efficiency model promote process eco-efficiency?
® Are flows measured and assessed at the level of operations?

® Does the model account for appropriate environmental chemistry and toxicological
mechanisms, relevant to specific flows and specific environmental conditions?

For example, in assessing ecological effects of metal emissions, are speciation, solubil-
ity and bioavailability considered?

Building on permutations of the three dimensions of the Framework (ecological/eco-
nomic; benefits/costs; and resources stocks/material stocks/product cycles/process
flows), many more specific questions can be generated. And, of course, additional detail
can be pursued for any of these questions. For example, further detail could be obtained
regarding the model’s assessment of the benefits associated with different kinds of nat-
ural resource stocks (e.g. forest resources, metal ores, oil and gas resources).

The Framework developed here provides a systematic structure for evaluating eco-effi-
ciency models. Most notably, in the context of this discussion on eco-efficiency and mate-
rials, the Framework emphasizes the role of materials in eco-efficiency. Like all
approaches, it must be recognized that this model, too, exhibits tendencies and biases. A
bias, but perhaps also the strength of this Framework, is its emphasis on the role and dis-
tinction of materials in eco-efficiency. The explanations provided here have emphasized
the materials dimension, and perhaps not highlighted the aspects of benefit and cost
associated with natural resources and product cycles. Another gap, due to the abstract
level of discussion, has been omission of the issue of land use, particularly as it is asso-
ciated with the productivity of natural resources. Similarly, there is little consideration of
energy efficiency in process eco-efficiency. These and other issues are perhaps embed-
ded in the strategy of process eco-efficiency, which has been well covered in the litera-
ture, and not elaborated here.

The next section applies the Framework to evaluate seven well-known eco-efficiency
models.
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4 Evaluation of Eco-efficiency
Models

n Section 1, it was noted that while eco-efficiency models are intended to guide deci-
I sion making, these models are often biased with respect to materials. This section

examines seven well-known models from the new environmental toolbox and evalu-
ates them according to the Framework developed in Section 3.

The objective here is not to discredit these models, but to better understand and critically
assess their applicability and validity, especially with regards to materials, and to provide
constructive suggestions on how the models might be modified to better reflect the cri-
teria in the Eco-efficiency Model Evaluation Framework.

The list of eco-efficiency models is long and varied. The seven models considered here
were chosen using a number of criteria. Each model is important in its own right, hav-
ing achieved popularity among one or more user groups, whether academic, govern-
ment or private sector. Each model has the potential to influence decisions regarding
materials, by judging the relative merits of material groups. Together, the seven models
represent a cross section of different approaches. Some are more technical and quanti-
tative; others are purely qualitative. To refer to these models generically as “eco-effi-
ciency” models does not do them justice. Some, like TNS and PROMISE, are broader than
eco-efficiency, and include socio-economic issues in their consideration (compare
Figure 1). Others, like MIPS or Eco-Indicator 95, are more focused, covering only the
costs side of the eco-efficiency equation, as it was defined in Section 1. Eco-Indicator 95,
for example, does not include economic modelling in its scope, while MIPS focuses on
resource (or material) use and does not address environmental releases.

For each model, a description is given, followed by an assessment against the four key
questions laid out in Section 3. A brief summary of the results of the seven assessments
is provided at the end of this section.

4.1 World Business Council for Sustainable
Development Eco-efficiency

The WBCSD, based in Switzerland, has a membership of more than 100 transnational
corporations, covering all major sectors. The WBCSD promotes and educates on the con-
cept and implementation of sustainable development from the perspective of big busi-
ness. It operates programs in areas such as corporate social responsibility, climate and
energy, natural resources, market aspects of sustainability, technology and innovation,

Evaluation of Eco-efficiency Models
35



and eco-efficiency. Eco-efficiency is, in many ways, the cornerstone of WBCSD work,
particularly as the term itself was originally coined in 1992 by one of its parent organi-
zations, the World Industry Council for the Environment (WICE). WBCSD was formed in
1995 by the merger of WICE and the Business Council for Sustainable Development
(BCSD).

WBCSD sees a clear linkage between sustainable development and its work in the area
of eco-efficiency. In its own words, WBCSD states that:

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, through the life cycle, to a level at least in line with the
Earth’s estimated carrying capacity. (WBCSD 1996)

WBCSD states that eco-efficiency is achieved by improving the material and energy effi-
ciency of products, reducing environmental and human health-related risks, designing
products that “fit” into ecological cycles and that can be easily disassembled and recy-
cled, and extending the durability, service life and functionality of products (see Box 2
for the WBCSD’s seven elements of eco-efficiency).

WBCSD is actively promoting this concept of eco-efficiency through its global network of
offices, its publications, Web site and through conferences and speaking engagements. It
has developed a series of eco-efficiency case studies, and has conducted research into
and tested eco-efficiency metrics. It is also participating in the European Eco-Efficiency
Initiative, which aims to integrate eco-efficiency into European industrial and economic

policy.

4.1.1 Does the eco-efficiency model assess both benefits and
costs?

Yes. A key aspect of WBCSD eco-efficiency is that it harnesses the business concept of
creating value. This aspect of sustainable development had not been greatly emphasized
prior to WBCSD’s initiatives. In essence, the WBCSD concept does not differentiate
between a competitive company and an eco-efficient company: the link from economics
to environmental management is clear and complementary. This perspective has led to
widespread discussion and substantial buy-in, within and beyond WBCSD member com-
panies.

A number of indicators for eco-efficiency are being developed, wherein value and cost
are both expressed. This work is a derivative of Canadian efforts under the National
Round Table for Environment and Economy (NRTEE 1999). However, the cost side of the
measurement indicators is currently limited to energy, greenhouse gases and common
pollutants (e.g. “energy requirement per unit of value-added”).
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4.1.2 Does the eco-efficiency model consider both environmental
and economic aspects?

Yes.

4.1.3 Does the eco-efficiency model foster stewardship of resource
stocks, material stocks and product cycles?

No. The model does not adequately take into consideration the characteristics of differ-
ent kinds of resources, materials and products. Although there is reference to products,
there is no clear understanding of materials, and most of the emphasis is on production.
Thus, WBCSD addresses more of a process eco-efficiency than any acceptance of stocks.

WBCSD’s concepts do not make an adequate distinction between products and materi-
als. In fact, they seem to blur the two. For example, there is reference to the recyclabil-
ity of materials, but what is really meant is that the recycling of products be fostered,
which is consistent with a materials eco-efficiency strategy. Although there is an unqual-
ified reference to “maximizing sustainable use of renewable resources,” WBCSD does
not go as far as fostering stewardship of resource stocks.

To its credit, the WBCSD'’s eco-efficiency definition does make reference to reducing eco-
logical impacts and resource intensity, throughout the life cycle. But this appears to imply
more of a process eco-efficiency than a stewardship of products.

For materials and their contributions to eco-efficiency, the WBCSD model is perhaps
more relevant to plastics and possibly wood/paper than it is to metals. In light of the dis-
cussion in Section 2, given that the strategy for plastics is one of product eco-efficiency,
most of the WBCSD elements “work” well for plastics. However, the same is not true with
respect to metals, where it seems that the factors need some adjustment to foster more
of a materials stewardship approach.

4.1.4 Does the eco-efficiency model promote process
eco-efficiency?

Yes. Much of the focus in WBCSD is on flows, although coverage is not comprehensive.
Many of the WBCSD factors are relevant to process eco-efficiency and the reduction of
negative environmental aspects across the life cycle. For example, there is reference to
reducing ecological impacts, toxic “dispersion” and “energy intensity.” More compre-
hensive coverage could be made in the elements. For example, there is currently no
direct reference to common pollutants or greenhouse gas emissions, ecological impacts
associated with environmental disturbances or loss of biodiversity.

Although there is no specific reference to scientific and risk-based analysis, the model is
open in this matter. It should be pointed out that “toxic dispersion” is an ambiguous
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term, and that reference to common terminology would be clearer. WBCSD’s model does
not provide guidance to the differing behaviour of organics and inorganics in the envi-
ronment, thus it does not, by and large, acknowledge the specificity of different
resources, materials and products.

One recommendation for WBCSD is that the elements be redrafted to cover a higher
level of consideration. The more specific mention of energy, toxics, recycling, etc. pro-
vides substance but also limits the breadth of the model. In this regard, something might
be learned from The Natural Step (see below).

A more detailed breakdown of each WBCSD success factor is provided, with analysis, in
Appendix 1.

4.2 The Natural Step

Swedish scientist and oncologist Karl Henrik-Robért founded The Natural Step (TNS) in
1989. To launch TNS, Robert sought to reach consensus on a scientific report that
described the root of our environmental problems and the basic conditions for sustain-
ability. After 21 drafts, he reached consensus among 50 of Sweden’s leading scientists,
and the King of Sweden endorsed the report. Robért then developed an educational pack-
et that was sent to households and schools throughout Sweden. TNS was, and still is, sup-
ported by a growing network of corporations, professionals and individuals.

Today, TNS is an organization but also, in the broadest sense, represents the presenta-
tion of a model for sustainable development. It has developed an educational training
program that communicates sustainability issues in a simple yet powerful way to non-
scientists. It provides a simple framework based on the laws of science and it stresses the
need to move from a linear economy to one that is consistent with natural environmen-
tal cycles and processes. The underlying principles are those found in science, to which
TNS does not claim any ownership. Its common language and clear communication have
enabled companies to use TNS to develop a strategic vision for the future, which can be
easily understood by people and within companies.

The Natural Step model has been used in strategic planning by dozens of corporations
and municipalities. Internationally, TNS is a growing organization that is active in
Sweden, the UK, South Africa, New Zealand, Canada, Australia and the USA.

Method of TNS

The basic premise of the TNS is that we have been interfering with nature’s cyclical
processes for at least the past century. Humans have been processing natural resources
in a linear direction: our resources are used in a linear manner, leading them to become
“garbage” — in the language of TNS, this is not just garbage in landfills but also as tiny
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invisible particles in the air, water and soil. Most of this garbage never finds its way back
into productive use — it accumulates and persists in nature. The ultimate consequences
of this build-up are unknown, but it is known that nature cannot withstand such a sys-
tematic build-up of garbage. To preserve economic and social well-being and the health
of the planet, humans must learn how to live in a cyclical economy — one where waste
becomes new resources for society or for nature.

TNS has taken this basic approach, with some basic science, and devised four system
conditions for sustainability (see Appendix 2 for more detail). According to TNS, these
system conditions should be used as a framework or “compass” to guide decision mak-
ers toward more sustainable patterns of consumption and production. The organization
has also developed a number of tools to help companies implement the system condi-
tions. TNS offers a framework in which the system conditions are a major part; other ele-
ments and tools include backcasting, the “funnel” and ABCD analysis.

TNS is a powerful model for defining sustainable development and for educating almost
anybody on the scientific basis of sustainability.

4.2.1 Does the eco-efficiency model assess both benefits
and costs?

Yes, but to a very limited extent. TNS acknowledges some aspects of the benefits side of
eco-efficiency. Environmental value is explicitly promoted, in terms of “nature’s func-
tions and diversity.” System condition #4 acknowledges the value of economic efficiency
and speaks about achieving social value and “social stability” through “greater fairness”
and cooperation.

4.2.2 Does the eco-efficiency model consider both environmental
and economic aspects?

Yes, but TNS puts the need for consideration of ecological and social elements on the
same level. Of the four system conditions, the first three address the integrity of “nature’s
functions and diversity.” System condition #4 covers the economic and social dimen-
sions, through language concerning the fair and efficient use of resources “to meet basic
human needs globally.” Because of its placement of the social/human dimension, TNS
explicitly extends the notion of eco-efficiency (as it is used herein) to cover the fuller
domain of sustainable development. As a result, TNS offers a fuller, perhaps more prag-
matic, perspective for assisting in the development of less costly processes, practices and
products.
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4.2.3 Does the eco-efficiency model foster stewardship of resource
stocks, material stocks and product cycles?

Yes, but at a high level of abstraction that does not provide details on the characteristics
of different kinds of resources, materials and products. In the system conditions, there is
reference to resources, “substances extracted from the Earth’s crust,” “substances pro-
duced by society” and to harvesting. The use of the word “resources” implies all natural
resources.

System condition #1 seems to address issues of resource eco-efficiency, by targeting
“substances produced from the Earth’s crust.” This is often interpreted in TNS circles to
mean that our extraction of metal ores, oil and gas (and other resources) from the earth
should be dramatically reduced, on the grounds that these activities lead to their accu-
mulation in the biosphere. This may be the case for some substances, particularly as
mineral wastes and carbon dioxide, for example, are released during mining, drilling
and subsequent processing of natural resources. But, in fact, TNS provides no restriction
on mining of substances from the earth, like metal ores, nor does it make reference to
“depletion” arguments that are sometimes raised.

In the implementation of TNS, there is a good deal of room to foster stewardship of nat-
ural resource stocks, material stocks and product cycles. For example, the closed-loop
concept is very consistent with material stewardship. TNS offers significant insight into
the resource/material/product strategies introduced in Section 3. Depending on the level
of analysis one is inclined to undertake, the three material types analyzed in Section 3
for their eco-efficiency strategies can be read into TNS. System condition #1 relates
strongly to metal stewardship and using all mined materials efficiently, stating, “in prac-
tical terms, the first condition requires society to implement comprehensive metal and
mineral recycling programs.” System condition #2 can be interpreted to promote prod-
uct stewardship and prevent accumulation of artificial substances in nature. Similarly,
System condition #3 addresses forest stewardship to eliminate overharvesting and phys-
ical degradation of nature.

4.2.4 Does the eco-efficiency model promote process
eco-efficiency?

Yes, but at a high level. System conditions #1 through #3 are primarily concerned with
ongoing ecological costs related to pollution and ecosystem disruption. To accurately
implement these conditions from a science and risk perspective, it would be necessary
to:

1. identify substances that affect “nature’s functions and diversity” (possibly on a
case-by-case basis); and

2. determine which of these substances is systematically increasing in nature due
to human extraction, production or other activity.
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For example, the main question for metals and the environment that is implied by TNS
is:
Can we manage our activities such that the bioavailable portion of metal releases to

the environment does not systematically increase and negatively impact on nature’s
functions and diversity?

This position is dramatically different from earlier TNS language that stated that: “...met-
als and other minerals must not be extracted at a faster pace than their slow redeposit
and reintegration into the Earth’s crust.” (See Appendix 2 for more detail on evolution of
phrasing of the system conditions.)

However, this being said, it should be noted that TNS does not provide any prescription
or provide any answers. Rather, it provides a framework in which to communicate and
ask questions — structured around the system conditions.

4.2 .5 Discussion of the TNS model

All in all, TNS does fulfil the criteria indicated in the Eco-efficiency Model Evaluation
Framework. However, it does so at a very high and abstract level, leaving much to the
interpretation of organizations wishing to follow the system conditions. TNS can be safe-
ly criticized for providing vision without implementation.

Several other observations highlighting both strengths and limitations concerning TNS
are relevant to this discussion:

® Thetime dimension in TNS is undefined. Although each of the system conditions pro-
vides a “compass” or pointer for sustainability, there is no time scale that might
allow us to understand the urgency of certain decisions. TNS, in providing a frame-
work for questions, is intended to lead people to their own answers, for which spe-
cific analysis of urgency would have to be determined. Moreover, each user would
have to determine their relevant trade-offs for a particular circumstance and in prac-
tical terms. The high-level conditions of TNS give no guidance in cases where one
system condition might be compromised in order to advance the other three.

® The precautionary principle is espoused without reference to scientific-soundness
or risk-based approaches. TNS focuses on the upstream of human activity: extrac-
tion and use of natural resources (both on and from the earth) and our creation of
artificial substances. Its assumption that upstream activities, associated with
resource use and production, will result in downstream consequences is simplistic.
The cause-effect chains can be complex and difficult to manage. However, for TNS
simplicity is an advantage and strength, as it provides straightforward direction
without distraction, on the understanding that the approximation in applying the
system conditions are helpful and more readily lead to useful action.
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4.3 1SO 14040: Environmental Management —
Life Cycle Assessment

ISO 14040 is the international voluntary consensus standard for life cycle assessment
(LCA), developed by the International Organization for Standardization (ISO). LCA is a
method to evaluate the environmental and resource loadings associated with products.
There are several documents under the ISO 14040 series that cover the methodological
steps for LCA and illustrate with examples. Most recently, 1SO has taken steps to stan-
dardize the exchange of data for LCA.

LCA is the dominant method for environmental evaluation of products. Implicitly, LCA
also assesses materials and their applications. 1SO 14040 is an international standard,
and has been developed with experts from more than 20 countries. The standard has
been adopted by national bodies, and now constitutes the basic written method for LCA.
Organizations doing LCA studies can deviate from the standard for their own reasons,
but if their work is to be made public or if they wish greater credibility, the 14040 stan-
dard is the benchmark.

Method in ISO 14040

The standard provides detailed guidelines for performing LCA studies. The method
described establishes a clear approach; however, individual analysts may still interpret
or modify the 14040 method in their specific tools or studies. Focus in the standard is on
preventing misuse of LCA - for example, in making “overall comparative assertions of
environmental superiority” of one product versus a competitor’s product.

It should be noted that, whereas ISO 14040 is the international standard for LCA, EPS and
Eco-Indicator 95, which are discussed below, are more specific models that have been
derived from LCA.

4.3.1 Does the eco-efficiency model assess both benefits
and costs?

Yes. On the cost side, only ecological costs are accounted in the 1ISO 14040 method. This
is usually done quite comprehensively, looking at flows and changes to stocks. Within a
specific study, the analyst can choose to include or exclude issues and environmental
aspects that are relevant to the goals and scope of the study.

On the benefits side, LCA is one of the few environmental tools that explicitly allows for
analysis of the question of value. The method introduced the concept of “functional unit,”
which directly addresses the service that the product provides. Economically, the func-
tional unit defines the “good” provided by the system. From a social perspective, it
defines the need that is met or the desire that is fulfilled. The functional unit is usually
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expressed as a service that provides real value, rather than the physical product used to
deliver the service. For example, an LCA of a refrigerator is fundamentally an examina-
tion of the environmental loadings necessary to keep food cool and preserved; an LCA of
an automobile is more accurately the study of mobility defined by distance, speed, safe-
ty and comfort.

4.3.2 Does the eco-efficiency model consider both environmental
and economic aspects?

No. LCA does not, as a rule, include social or economic costs. Except with respect to the
definition of the functional unit (which is an expression of both social and economic
good), the ISO 14040 standard makes reference only to environmental assessments. It is
uncommon, but possible, that LCA studies would extend the basic method described in
the standard to include social and economic costs. Social costing could cover health and
safety or employment. Economic costing using a life cycle method is common in its own
right, under the names of life cycle costing, total costing or full cost accounting.

4.3.3 Does the eco-efficiency model foster stewardship of resource
stocks, material stocks and product cycles?

Yes. LCA is a tool for evaluating products, and the results from LCA studies are very often
intended to promote product stewardship. The management of natural resource stocks
are addressed in the inventory of environmental inputs and outputs, where often there
is an account of total iron ore or wood harvested. In ISO 14040, life cycle impact indica-
tors are supported for assessment of resource use or resource environmental costs.

1SO 14040 also provides special attention to material stocks via consideration of materi-
al recycling. In describing different production systems, there is often overlap because a
particular process may produce more than one product as well as a variety of by-prod-
ucts. For example, a primary nickel operation might produce pure nickel, copper, cobalt,
other metal compounds and sulphuric acid. In LCA, this is called the “co-product prob-
lem.” The question is to determine the amount of environmental impact of the system
that should be “allocated” to each co-product. ISO has developed rules to deal with this
problem. Recycling is also a co-product problem. The recycling issue arises at end-of-life
— where the component is presumably collected and processed for recycling. At this
point, the material’s former life ends and a new life begins. However, the material out-
put of the recycling activity is not included in the original component’s product system.
Recycling raises interesting questions:

® How should the environmental loadings associated with recycling be assigned
between the newly recycled material and the previous end-of-life material?

® Where does one product end and the next begin?
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® Should recycling be treated as a waste management activity or as a material pro-
duction activity?

The ISO 14041 standard on LCA has addressed these questions with, in fact, special
attention to metals. In cases where the recycled material is downgraded in quality, it is
treated like any other co-product from the system. But where the “material is recycled
without changes to inherent properties” (ISO 14041 1998), it is treated as if it replaces
virgin materials, thus allowing for preferential treatment. In other words, while a prod-
uct might contain only virgin material, the LCA could nevertheless assess it as contain-
ing recycled material, as long as the nature of the product allows some or all of the
material to be recycled at its end-of-life, and the recycled material itself is in suitable
condition to be used again for the same or similar application. The amount counted as
“recycled” instead of virgin would be proportional to the amount of the material that can
actually be recycled. LCA therefore recognizes the value of the material stock and pro-
motes recycling for both product and material stewardship.

4.3.4 Does the eco-efficiency model promote process
eco-efficiency?

Yes. 1SO 14040 provides for a thorough inventory and assessment of flows, both inputs
and outputs, at all unit process operations across the product life cycle. Like most of the
eco-efficiency tools, the consideration of process flows is very strong.

What is at issue is the actual assessment of environmental costs for flows. ISO 14040 does
not suggest specific assessment categories or indicators, but does provide detailed guid-
ance for the development, selection and use of impact indicators. Controversy continues
to brew in the area of Life Cycle Impact Assessment. Three areas of concern are appar-
ent:

® data quality of information collected and used,
® methodological approach employed to characterize flows into indicators, and
® value-choices used to aggregate indicators into scores.

Many LCA studies utilize third-party methods or tools that allow results to be reduced to
single scores. EPS and Eco-Indicator 95 are two such methods and are discussed below.

4.4 Ecodesign PROMISE Manual

EcoDesign: A Promising Approach to Sustainable Production and Consumption is the title
of a United Nations Environment Program (UNEP) publication intended for use by
designers and product developers. It aims to support efforts in Design-for-Environment,
as part of an organization’s ongoing efforts in product development. Design-for-
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Environment (or ecodesign) is the integration of environmental criteria into the product
development process.

The PROMISE manual is a mostly qualitative evaluation model, intended to stimulate
creative solutions at the nuts-and-bolts level of product design, including materials
selection, product form and process choices. The document is based on academic
research and development in Design-for-Environment, originally sponsored under the
name PROMISE by The Netherlands government at the Technical University of Delft.

The PROMISE manual, as it is referred to, is widely recognized as the best and most com-
prehensive representation for Design-for-Environment — which, in itself, is a fast-grow-
ing area relevant to the eco-efficiency of products and materials. PROMISE is particularly
relevant to industrial designers and design engineers. UNEP support for the manual, and
the accompanying UNEP international program on “Sustainable Product Design,” has
resulted in the manual being widely distributed and used in a cross-section of industry.

The PROMISE manual penetrates into very different circles of decision makers com-
pared to the other evaluation methods discussed here. Its qualitative approach appeals
to more creative professionals, often with little environmental or technical expertise.
Several off-shoots similar to the PROMISE model have emerged: two examples are the
EcoReDesign initiative at the Royal Melbourne Institute of Technology in Australia, and
the Canadian National Research Council’s (NRC) Industrial Research Assistance
Program (IRAP) initiative on Design-for-Environment (NRC 2000).

Method

The manual prescribes a continual improvement process (Plan, Do, Check, Review) for
an organization to undertake Design-for-Environment. It includes a step-wise proce-
dure, worksheets for planning and analysis, numerous examples covering a diversity of
product types, and a resource guide with references and other content.

The analytical heart of the PROMISE manual is eight design strategies, organized into a
series of 33 sub-strategies (see Box 5). These cover a full product life cycle system, focus-
ing on generic ways for designers, engineers, architects and other operational-level deci-
sion makers to make environmental improvement to manufactured goods. The focus is
on manufactured goods; however, many of the strategies are equally applicable to non-
manufactured goods and services.

4.4.1 Does the eco-efficiency model assess both benefits
and costs?

Yes. In the manual, there is inclusion of different eco-design options and the feasibility
assessment of those options, including reference to economic and social criteria. In the
ecodesign strategies, there is full coverage of environmental costs. Strategy #8, New con-
cept development, addresses more functional and potentially social ramifications.
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4.4.2 Does the eco-efficiency
model consider both
environmental and
economic aspects?

Yes, but the analytical focus is on envi-
ronmental assessment. As mentioned
above, there is inclusion of economic
and social criteria in the feasibility
assessment, but also to a lesser extent
in the analytical steps.

For example, the PROMISE manual
suggests as one of its sub-strategies for
ecodesign, that the product developer
consider a “classic design” approach.
This results in a product that is ageless
to the consumer, whereby there is no
reason to discard or replace the prod-
uct. In the case of durable goods, this
strategy must recognize a complex
interplay of social, economic and tech-
nological forces.

4.4.3 Does the eco-efficiency
model foster steward
ship of resource stocks,
material stocks and
product cycles?

No. Although there is reference to use
of “renewable materials” and “recy-

clable materials,” there is no real guidance for appropriate management of these stocks.
This is not to say that stewardship could not be accommodated within the implementa-
tion of the PROMISE manual. However, the manual itself does not give guidance except

BOX 5: Example of Method
in the PROMISE Manual

The eight strategies, and some of the
sub-strategies, are:

1. Selection of low-impact materials
1.1 Cleaner materials
1.2 Renewable materials
1.3 Lower energy content
materials
1.4 Recycled materials
1.5 Recyclable materials
2. Reduction of material usage
3. Optimization of production
techniques
3.4 Less production waste
4. Optimization of distribution system
5.  Reduction of impact during use
5.1 Lower energy consumption
6. Optimization of initial lifetime
7. Optimization of end-of-life system
7.3 Recycling of materials
8. New concept development
8.1 Dematerialization

(See Appendix 3 for the complete list.)

on the consideration of product stewardship.

Even the use of the term “renewable material” implies confusion by the model develop-
ers. A reading of the PROMISE manual indicates that the developers prefer materials that
come from sources that are “replenished naturally.” It is assumed that developers are
actually referring to resources, not materials. Furthermore, what is meant by replenish-

ment is not elaborated upon in the guidance document.
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4.4.4 Does the eco-efficiency model promote process
eco-efficiency?

Yes, but the coverage is very qualitative. For example, process-related flows that might
arise from production processes, distribution of products and resource use are covered
under the PROMISE strategy #3, Optimization of product techniques, and within that sec-
tion a sub-strategy suggested to achieve “Less production waste.” This guidance is cer-
tainly not detailed or comprehensive, nor is it intended to be, but it is well intended and
descriptive.

4.4.5 Treatment of eco-efficiency

PROMISE operates at several levels simultaneously. The guide is intended primarily for
project management of the product development process. The strategies are defined at
four levels, corresponding in part to divisions in the traditional product development
procedure. Furthermore, different kinds of eco-efficiency strategies dominate each level:

® The Component Level is focused on materials eco-efficiency, via the “selection of
low-impact materials” and “the reduction of materials usage.”

® The Product Structure Level is concerned with process eco-efficiency involved with
production and distribution, and with product eco-efficiency associated with the
“reduction of impact during use” — for example, by designing the product for fewer
consumable inputs needed during product use.

® The Product System Level is a higher level of analysis yet. Here the focus is on prod-
uct eco-efficiency considerations to optimize product lifetime and the end-of-life
management.

® Lastly, the New Concept Development level moves beyond the immediate product to
ask deeper questions about the integration of functions across multiple products,
and the potential to “dematerialize” the product’s design into a service. At this level,
there is mostly a focus on improving the overall (social, economic and environmen-
tal) value achieved from the product system, but does not address the cost side of
eco-efficiency.

4.5 Environmental Priority Strategies

The Federation of Swedish Industries, Swedish Environmental Research Institute, and
Volvo Car Corporation developed Environmental Priority Strategies (EPS) in 1989 in
Sweden (Steen and Ryding 1991).

EPS is an LCA-based method that corresponds strongly to the 1SO 14040 standard.
However, there are two important distinctions. The first is that EPS significantly extends
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the ISO 14040 approach along the path of a specific LCA method. The EPS system pro-
vides a very specific model that may be used in LCA studies. The second is that the EPS
system presents itself as useful to product designers and other “non-environmental”
decision makers. The appeal of EPS is that it provides a single environmental score. LCA,
on the other hand, is a more analytical tool that is largely the domain of LCA specialists,
engineers and environmental scientists.

EPS is intensively used, but only in Sweden. The scoring system and computer software
are distributed by a consultancy under licence from Volvo, and are used mostly in the
auto and manufacturing industries in the country. Volvo Car Corporation uses EPS to
help make product design decisions. Type IIl environmental labelling (Environmental
Product Declarations) are a parallel initiative in the same arena, where the Swedes have
been strong developers of Type |1l labels (LCA-based descriptive “environmental prod-
uct declarations”), and EPS has often been used in combination with approaches for the
labels.

Method

EPS is an LCA valuation and scoring method that builds on guidelines provided in ISO
14040. Although EPS predates 1SO 14040, it claims to conform to the international stan-
dard. Central to EPS is the assignment of monetary value to the determination of envi-
ronmental costs (Steen and Ryding 1991). The model is based on a “willingness-to-pay”
economic approach. The EPS index results from values assigned to LCA accounts of
emissions and resource use. It is based on assessment in five categories:

® Dbiodiversity

® human health

® ecological health
® resources

® aesthetics

EPS pays close attention to the production and use of materials, whereby each material
is assigned an environmental load. Indices for materials are predetermined and assigned
in a database “library.” Unit operations (e.g. welding, forming, transport) are treated
similarly. Then, based on a particular design or product system, indices for materials and
processes are multiplied by the appropriate amounts to give what are termed environ-
mental load units (ELUs). These are then summed to quantify the total environmental
load value (ELV) of a product or part of a product.

The construct of specific ELUs for different materials is based on data provided from
mostly Swedish sources. Additionally, the valuation of the five EPS criteria is derived
from Swedish academic work. Admittedly, this is largely non-transferable outside
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Sweden, and even within the country, where different value sets may determine variable
levels of ELU for the same material.

(Appendix 4 provides more detail on EPS.)

4.5.1 Does the eco-efficiency model assess both benefits
and costs?

Yes. Materials and processes are accounted for, mostly for their environmental impacts
on biodiversity, human health and ecological health. In several ways, EPS also builds in
consideration of the benefits side of eco-efficiency. Firstly, because the model is LCA-
based, there is the consideration of functional unit, such as for ISO 14040 discussed ear-
lier. Secondly, the five target areas include aesthetics, social quality and resources, which
are evaluated economically and environmentally. Lastly, the EPS method directly assess-
es the economic value of environmental loadings; although this is not a direct measure
of economic costs, there is a strong element of economics within EPS.

4.5.2 Does the eco-efficiency model consider both environmental
and economic aspects?

Yes. The ELUs provide monetization of environmental costs, and some social aspects,
such as human health and aesthetics. For example, in assessments of the utilization of
natural resources, EPS applies the actual (current) price of each commaodity in the scor-

ing.

4.5.3 Does the eco-efficiency model foster stewardship of resource
stocks, material stocks and product cycles?

Yes, but this coverage is limited. Again, to the extent that EPS is an LCA-based method,
resource stocks, material stocks and product cycles are assessed. The consideration is
similar to that for ISO 14040 (see above).

Guidance on how to manage resource and material stocks is difficult to see at the
process-by-process level where EPS operates. It should be possible to design LCA stud-
ies to answer questions concerning high-level discussions of these stocks. However, the
typical EPS provides conventional consideration of natural resource scarcity and
renewability. Scarcity is, at best, relevant only to natural resources that will actually run
out. As mentioned in Section 3, the resource stock for wood and paper is not scarce and
is not threatened, assuming that we properly manage the integrity of the resource stock.
While the natural resource stock of metal ores is finite, the metallic material is not, and
cannot be destroyed. Again, as with resource stewardship, material stewardship con-
cerns management of the stock.
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4.5.4 Does the eco-efficiency model promote process
eco-efficiency?

Yes. Not unlike the other eco-efficiency tools, there is a strong focus on environmental
and resource flows across the studied system. EPS software provides databases on flows,
expressed in ELU units, enabling a simplified “building block” approach to a study.

4.5.5 Discussion on EPS

On the whole, EPS garners a great deal of respect from experts and users familiar with
LCA and who are aware of the difficulties associated with LCA impact assessment and
scoring methods.

The strength of EPS is in its inclusion of economic valuation — although it must be
emphasized that this is the valuation of environmental costs, not traditional economics.
Hertwich et al. (1996) have suggested that EPS is weakened due to its reliance on prices
and economic characteristics that are based on our current unsustainable lifestyle. For
example, if the price of a commodity is artificially low due to high supply from unsus-
tainable harvesting practices, the price used to determine an ELU for replacing that
commodity would be low.

In addition, the indices alone are not transparent and are country-specific — the system
at present pertains almost exclusively to Sweden - which limits the usefulness of the
method in other countries.

4.6 Eco-Indicator

Eco-Indicator 95 is a popular LCA-based method developed in The Netherlands by the
Dutch government, Philips Electronics and others. Eco-Indicator 99 is the next genera-
tion tool, developed by some of the same investigators, including Swiss academics and
with different sponsors. Although they are related, only the 95 version is dealt with here.

Eco-Indicator 95 is widely disseminated by a Dutch consultancy and a number of acad-
emics. The model is incorporated into various software for LCA and product Design-for-
Environment. Various companies use the tools, particularly in Europe. The model has
influenced other eco-efficiency tools. For example, the Dutch developers of Eco-
Indicator 95 have advised Japanese LCA researchers and have contributed to projects in
the development of other indicators, US government researchers have applied the
method, and there is now a Korean Eco-Indicator model in draft stages.

Method

The Eco-Indicator 95 method is a four-step procedure (Novem 1995) consistent with LCA
and the approach defined in LCA. Like EPS, Eco-Indicator prescribes a specific
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implementation of LCA method and, also
like EPS, it is a single score method. The
five steps are:

BOX 6: Example Values
for Eco-Indicator 95

1. Determination or measurement of
environmental aspects from the
process or product.

Eco-Indicator 95 scores for
materials (measured in millipoints
per kg, where higher scores indicate

- . “greater environmental burden”):
2. Categorization of environmental and

resource information into eleven

. . copper, primary 85
indicator categories (greenhouse, .
e L copper, 60% primary 60
ozone, acidification, eutrophication,
h tal ; icit int copper, secondary 23
eavy metals, carcinogenicity, V\_/lr_1der aluminum 18
smog, summer smog, pesticide, stainless steel 17
energy, solid waste). Then the extent steel a1
of the effect category to total effect in '
- ) polypropylene 3.3
a defined region (e.g. World, Europe, paper 3.3
The Netherlands) is calculated. This glass 2'1
gen_erates a dlmen5|o_nle§s normal- natural rubber 15
ization factor for each indicator.
wood 0.74

3. Application of a “reduction factor”
that is applied by multiplying the
normalized indicator result by a target value for the effect in the region (so-called
“distance to target” approach). This provides a measure of the seriousness of the
effect in each category, relative to the status of the effect for the selected region.

4. Scoring, where a subjective weighting factor is used to mathematically aggregate the
eleven normalized and reduced indicator results into a single Eco-Indicator value,
measured in eco-points. The values in the weighting consider incidence of loss of
human life, ecological damage to a land area, and extent of discomfort (e.g. asthma
attacks) associated with an impact.

Like EPS, the use of Eco-Indicator in studies is typically executed from an existing library
of Eco-Indicator values, predetermined by the Dutch research group for various materi-
als and manufacturing process activities (Box 6).

4.6.1 Does the eco-efficiency model assess both benefits
and costs?

No. Eco-Indicator does not consider the benefits side of the eco-efficiency equation. At
first, this may seem inconsistent, given that Eco-Indicator is an LCA-type approach;
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however, experience has shown that Eco-Indicator results, especially scores for materi-
als and processes, are often used out of context and without reference to a functional
unit.

If one were to employ the method as part of an LCA study, there would be a relevant
functional unit, as per ISO 14040 discussed above. However, much of the appeal of Eco-
Indicator is the representation of materials and processes in simple scores of environ-
mental impact, with no reference to the value or context of the greater system (see Box
6). This allows users to compare materials and processes on a one-to-one basis (e.g. kg
to kg) rather than using equivalent systems. In fact, in the software system (PRé
Consultants 1999) there is no default mechanism built into the program that prevents
users from making inappropriate comparisons.

4.6.2 Does the eco-efficiency model consider both environmental
and economic aspects?

No. There is no consideration of economic issues but environmental costs are account-
ed for in detail.

4.6.3 Does the eco-efficiency model foster stewardship of resource
stocks, material stocks and product cycles?

If at all, to a very limited extent. Eco-Indicator values are readily available for different
materials and some products. It is still up to the analysts to assemble this information
into their own product studies.

Eco-Indicator does make a quantitative difference between recycled material and virgin
material, with recycled material having lower (better) scores. What is overlooked is that
material with recycled content will not help contribute to eco-efficiency of the next prod-
uct system. Recycled content is a backwards-looking characteristic, when forward-look-
ing indicators are needed (e.g. to ensure designers allow for maximum recovery of
materials from their products). By effectively crediting recycled materials with the ben-
efit of recycling, Eco-Indicator may help stimulate markets for recycled materials. This
may be of historical importance, especially to plastics, but to a great extent is no longer
relevant. In fact, in this way, the model favours plastics over wood/paper and metals.

4.6.4 Does the eco-efficiency model promote process eco-efficiency?

Yes. Flows are the major account in LCA and, consequently, in the scoring method pro-
vided by Eco-Indicator.
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4.7 Material Intensity Per Service Unit

Material Intensity Per Service (MIPS) unit, a.k.a. the “environmental rucksack,” arises
from the Wuppertal Institute in Germany. The method was developed by Schmidt-Bleek
in 1994, but has been adopted, in whole or in part, by other groups around the world
(Lovins et al. 1998).

MIPS is popular among professionals and industries concerned with the “material inten-
sity” and environmental impacts of goods and services. The original method has since
been extended with research contributions from the World Resources Institute (WRI)
based in the USA; The Netherlands Ministry of Housing, Spatial Planning, and
Environment; and the Japanese National Institute for Environmental Studies — under the
name Total Materials Requirement (TMR) (WRI 1997). This international report has
received a great deal of play, which comes on top of widespread awareness of MIPS in
Germany, associated with Schmidt-Bleek and the Wuppertal Institute. In Europe, the
approach and the findings that it fosters have garnered the attention of several influen-
tial political figures and policy makers.

Method

MIPS uses quantitative estimates of anthropogenic mass flow as a proxy measure, and
hence score, of total environmental impacts. It is explicitly and solely an input-oriented
model. MIPS is openly limited by the fact that the qualities of mass flows are not account-
ed for, and the complexity of environmental issues, such as environmental toxicity and
ozone depletion, are not addressed. TMR uses a similar formula, but is relative to some
per capita or per GDP denominator (Figure 10).

Materials Intensity Mass flow/distributed from Earth
MIPS = =
Unit of Service Value added
Materials Intensity Mass flow/distributed from Earth
TMR = =
Unit of Service Person

Figure 10: Formulae for MIPS and TMR
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MIPS estimates the mass of material that
mLtJ_st_tbe moved 0: dlsturble(tzl by zulr_nan BOX 7: Example MIPS values
activity necessary to complete or deliver L

a particular product or service. Quite for commodities
simply, this total mass (“Materials
Intensity”) is used directly as the proxy _
indicator for total environmental impact. gnlt-less measure of mass c_)f.mater-
The MIPS measure includes all kinds of ial move_d_ by human. activity per
“materials” as they are disturbed: ores mass of finished material.

and overburden in mining, soil disturbed

The “environmental rucksack” is a

in agriculture for food production and copper, primary 420
combustion air volume at thermal power lead 19
plants (Hertwich et al. 1996). Thus, all gold 350,000
natural resource inputs to any production cement 2
step will contribute to and carry with petroleum 0.1

them an associated “environmental ruck-
sack.” This is the amount of “material”
(in the broadest sense of the word) that is used (or disturbed) for the production of a par-
ticular product and the service(s) associated with its use. The measure can be further
divided to distinguish between direct and indirect materials usage, thus including both
visible and hidden flows. For the life cycle of a particular product or service, the total
mass in kilograms is aggregated to produce a score, and represented per unit of service.
Box 7 indicates example MIPS values for commodities.

4.7.1 Does the eco-efficiency model assess both benefits
and costs?

Yes. Environmental (resource) costs are measured per unit of value, measured as “Unit
of Service.”

4.7.2 Does the eco-efficiency model consider both environmental
and economic aspects?

Yes, but it is very limited. Economic consideration is covered, but only to the extent that
“unit of service” implies some measure of economic value; however, the cost side of eco-
nomic activity is not included in MIPS.

4.7.3 Does the eco-efficiency model foster stewardship of resource
stocks, material stocks and product cycles?

No. Somewhat confusingly, the MIPS focus on “Materials Intensity” is most closely relat-
ed to a resource eco-efficiency strategy, not materials stocks. Significantly, there is no
characterization of impacts or importance made of resources or materials.
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From the name, MIPS appears to directly address materials’ eco-efficiency. In the
method, it is clear that all “materials” are treated equally on a mass basis, regardless of
other properties due to characteristics of composition, chemistry or material origin. Such
a simple currency will clearly have its limitations, but its simplicity is probably its great-
est positive attribute too.

4.7.4 Does the eco-efficiency model promote process
eco-efficiency?

No. MIPS is the only one of the seven models to ignore process-related flows. There is no
assessment of the qualities of “materials intensity.”

The fundamental flaw of the MIPS impact assessment method is that it does not consid-
er the qualities of materials in its accounts. This includes all types of potential effects,
from toxicity to degradation of stratospheric ozone to resource depletion or global warm-
ing. By definition, MIPS does not assess any of the environmental effects of the mass
flows (Braunschweig et al. 1996). As a result, the “environmental rucksack” is a shallow
indicator that focuses heavily on resource disturbance in order to be a comprehensive
method for impact assessment. Because it does not take into account toxicity (e.g. in
product comparisons), it would always guide the user toward using products or services
that are less material-intensive. However, if the less material-intensive product is more
toxic than another that is more so, there can be unforeseen significant trade-offs to the
environment.

4.7.5 Discussion

To the credit of the MIPS approach, it is broad in that it includes all material inputs into
the entire product life cycle. It is a very simple numerical conversion from inventory to
final score and produces an easy-to-understand indicator in a likeable format, the “envi-
ronmental rucksack.” MIPS was designed intentionally to be a simple indictor of the
material intensity of a product or service. It was created in response to the simple, but
widely held, position that the amount of material throughput in Western society is unsus-
tainable.

4.8 Summary of Eco-efficiency Models
Evaluation

Table 3 summarizes the seven eco-efficiency models according to the Framework. Some
trends are evident. The first three models evaluated under the Eco-efficiency Model
Evaluation Framework (WBCSD, TNS and PROMISE) are high-level tools for eco-effi-
ciency. WBCSD and TNS are really frameworks, as they operate at an abstract level that
does not make them immediately useful as tools. Their coverage of criteria across the
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table is quite full; only TNS appears to provide complete coverage. WBCSD provides a
more intensive consideration of issues, compared to TNS, which tends to cover all issues
more broadly but not as deeply. PROMISE, on the other hand, is mostly qualitative across
most categories.

All three LCA models (1ISO 14040, EPS and Eco-Indicator) show similar coverage with the
greatest focus on ecological costs and product value, which is what LCA is designed to
assess. MIPS is somewhat distinct from the other models summarized in Table 3, as it
provides only narrow coverage, focusing on resources.

Reasons behind these findings vary. In some cases, as previously noted, the model
was designed and developed to cover only certain aspects of eco-efficiency. What is
important is whether the user of a model properly understands its limitations and applic-
ability.

Table 3 might be used to help determine where a particular model is, or is not, applica-
ble. Despite the criteria provided in the Framework, many of the models do not purport
to assess economic costs and benefits, and this is an explicit limitation. For example,
none of the LCA models is relevant to economic assessments. Clearly, one must be care-
ful in criticizing each tool, and to first acknowledge its intended scope and goals.

Another observation is that the models do not address the benefits side of eco-efficiency,
as well as they do the cost side. In other words, models tend to emphasize costs or dam-
ages. This is not surprising, given the history of development of eco-efficiency, which
originated from tools that are intended to assess environmental impacts. In fact, except
for MIPS, all the models provide good coverage of process eco-efficiency, but few provide
full consideration of resource and material stocks. Similarly, note that the social dimen-
sion receives less consideration than the ecological and economic facets in most models.

Lastly, it is apparent in Table 3 that more focus is usually provided on product cycles
(goods and services) than on resource stocks, and certainly compared to materials
stocks. Material stock is rarely identified or respected; thus, existing eco-efficiency mod-
els largely overlook the environmental value of materials. Consequently, none of the
models examined fosters stewardship of material stocks. As has already been noted, con-
fusion can arise because some models do not adequately distinguish between resources,
materials and products.

Environmental issues examined in the models emphasize process eco-efficiency (e.g.
encouraging examination of environmental releases). Most of the analytical tools
reviewed overlook land use and biodiversity.

Table 4 provides a summary of language used in the models to express both value and
costs. Here it can be seen that most models focus on ecological costs, expressed per unit
of value provided.
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TNS

WBCSD

-

Ecological Economic Social
Resource | Material | Product |Resource | Material | Product |Resource | Material
stock stock cycle stock stock cycle stock stock

Process
Flows

PROMISE

1SO 14040

EPS

Eco-indicator

MIPS

PROMISE
1SO 14040

Eco-indicator

Ecological Economic Social
Product | Resource | Material | Product |Resource | Material
cycle stock stock cycle stock stock

Process
Flows

[ 1

None or not relevant

[ 1

Limited consideration

Extensive consideration

Table 3: Summary evaluation of seven eco-efficiency models
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Eco-efficiency  Wording used to Wording to express

Model express benefit environmental cost (examples)
WBCSD Goods and services “within Earth’s estimated carrying
capacity”
TNS Meeting basic human needs, Compromising nature’s
fairly and efficiently. functions and diversity

Nature’s functions and diversity

ISO 14040 series Functional Unit Life cycle impact category indicator
PROMISE manual “Balance between ecological and Cleaner materials
economic requirements” Cleaner production
Eco-Indicator 95 (none) Environmental load unit
MIPS Unit of Service Materials Intensity

(mass flow from Earth/Nature)

EPS Product or service Environmental Load Unit

Table 4: How the models express benefit and costs
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5 Eco-efficiency: The Way Forward

5.1 Eco-efficiency Plus

co-efficiency and sustainability are not synonymous, as many proponents of the
E concept will readily admit. At an early OECD meeting of experts on eco-efficien-
cy, participants noted that:

despite the apparent promise which eco-efficiency offered for improving the resource
efficiency of economic activities, including potentially the activities of governments and
individual consumers, it did not offer a comprehensive structure for thinking about
which consumption trends were unsustainable and how changing those trends could
best be managed. (OECD 1998)

Similarly, the WBCSD’s conception of eco-efficiency does not directly consider social
costs:

Eco-efficiency does not address all three pillars of sustainable development. While it
strives to improve economic and environmental efficiency, the concept does not pertain
to social issues. Yet, eco-efficiency is a key sustainable development driver for business
and governments. (WBCSD 2000)

WBCSD does state that the objective of eco-efficiency is to “satisfy human needs and
bring quality of life,” which implies that net social benefit is achieved through eco-effi-
ciency. Elsewhere in its literature, the WBCSD acknowledges more directly the social
dimensions of sustainable development, and the contribution that eco-efficiency can
make.

If we are to expand the current focus of eco-efficiency to include the necessary condi-
tions for sustainable development, we have to find ways of addressing the social dimen-
sion (see Figure 1) and giving attention to issues of inter- and intra-generational equity.
This is a broader, long-term challenge for society, which will demand questioning our
historical patterns of consumption. Although we have such a framework, translating it
into usable tools remains a challenge.

In addition to these larger issues, this paper has posed important questions where eco-
efficiency models are concerned - that eco-efficiency models need to recognize different
considerations for different materials. This paper proposed a framework for evaluating
eco-efficiency models, which it then used to evaluate seven well-known models or
approaches. While these models provide valuable guidance to decision makers by high-
lighting environmental trade-offs, in many ways their usefulness is diminished by their
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inability to capture some critical issues that cut across the economic and ecological legs
of sustainability.

A critical feature of the Eco-efficiency Model Evaluation Framework is that it treats mate-
rial stock as a distinct dimension, distinguishable from resources and products, but at the
same time acknowledges the interrelationship of the three. For example, it recognizes
the fact that the material stock exists, for the most part, within products that are in use
in society.

The relationship between the resource stock, material stock and product cycle and their
relative contributions to materials, goods and services was discussed earlier in this
paper. By recognizing the distinct characteristics of resources, materials and product
cycles, the Eco-efficiency Model Evaluation Framework allows separate strategies to be
developed which maximize eco-efficiency of their use. Distinguishing the fundamental-
ly different value-added profiles that are associated with different material types can fur-
ther enhance these strategies. By understanding and respecting these features,
comprehensive, practical and meaningful strategies can be developed to allow more effi-
cient use of resources and materials, including nature’s carrying capacity.

5.2 Discussion

The Eco-efficiency Model Evaluation Framework outlined and described in this report
supports work on models and structures that allow society to manage resources, materi-
als and product flows in a way that maximizes the benefits of each material and mini-
mizes degradation of the eco-system. However, as with any new concept or tool, it must
undergo a period of testing, refuting and validation.

Two steps that are required in this process are:

1. to submit the Eco-efficiency Model Evaluation Framework for scientific peer review
and validation in other fora; and

2. toengage a variety of stakeholders in dialogue to promote, support, build knowledge
base and consensus of the Framework.

The involvement of the scientific community will help refine the concept and promote
better understanding and widespread acceptance of the Eco-efficiency Model Evaluation
Framework.
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5.3 Conclusions

While the first generation of eco-efficiency models has served us well, it is now time,
after almost a decade of testing and debate, for a new generation of models. The concept,
as introduced by the WBCSD in 1992, provided an excellent base from which to move for-
ward. The concept of eco-efficiency is now widely and effectively received. Other eco-
efficiency models, some derivatives of the original WBCSD conception, continue to
proliferate. Several of these models were reviewed in this paper. All contribute toward
assessing eco-efficiency; however, none is both comprehensive and practical.

An important conclusion of this paper is that eco-efficiency models must recognize the
distinction between resource, material and product priorities when measuring the ben-
efits and costs associated with the use of materials. The benefits/cost equation is an eco-
efficiency approach that addresses important resource questions (e.g. wood/paper
products should focus attention on maintaining the integrity of the resource and the ser-
vices it supports); critical materials questions (e.g. metals should focus attention on max-
imizing the utility and value of the metal element); and critical product questions (e.qg.
plastics should focus attention on maintaining the value in product function).

The three materials chosen to illustrate the three distinct areas within the materials
framework have very different properties. They have significantly different structures
(cellular vs. molecular vs. elemental). They also have different origins and capacities for
replenishment. The current eco-efficiency toolbox needs to find ways of introducing
these concepts to decision-making approaches.

In evaluating the seven eco-efficiency models, this paper makes suggestions for improv-
ing the models. The magnitude of work is great, as there is a need to change mindsets
and ways of doing things, which cannot be accomplished overnight. However, there are
certain actions that can be initiated which will move us toward this next generation of
eco-efficiency tools which will be comprehensive, practical and will recognize the dis-
tinct features and benefits of different materials. New models and model developers may
want to use the Eco-efficiency Model Evaluation Framework as a contribution toward
this goal.
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Appendix 1: WBCSD Eco-efficiency

Discussion of the WBCSD'’s seven elements for eco-efficiency concept:
1. Reduce the material intensity of goods and services

Criticism: Material intensity of the end products (goods and services) is insufficient and
potentially misleading. However, if this factor refers to process eco-efficiency, rather
than product eco-efficiency, it is useful.

Suggested new language: From a process eco-efficiency stance, it is important to reduce
the negative environmental (e.g. the intensity and specific impacts of emission flows)
and social costs associated with the provision of goods and services.

2. Reduce the energy intensity of goods and services

This element focuses on product eco-efficiency. Energy intensity is but one aspect of eco-
efficiency. It serves as a simple, but weak, indicator of many effects (e.g. air pollution,
water pollution, land degradation). Moreover, trade-offs are not apparent between dif-
ferent forms and sources of energy. For example, a move to more intensive application
of solar and wind power is widely seen to be desirable from an eco-efficiency stance.

3. Reduce the dispersion of toxic substances that can cause adverse environmental
impacts

Criticism: Why does this element focus on dispersion? Is dispersion the pertinent para-
meter for risk reduction of toxic substances?

Suggestion: Focus on management of risk and process eco-efficiency objectives to mini-
mize environmental emissions.

4. Enhance material recyclability

Criticism: Recyclability is not an issue for many materials. In fact, most materials (e.g.
metals, paper, plastics) are technically recyclable — the barrier is more one of economic
viability for recovering the material stock from product cycles. Recyclability is more
importantly a product issue — where materials selection (and other product design and
infrastructure factors) can support or hinder the recyclability of the product.

Suggestion: Enhance product recyclability, including considerations for product design,
production, use and dispersion, and end-of-life accessibility for recovery of material.

Example: Iron and steel are perfectly recyclable from almost all products; however, eco-
nomic inefficiencies in many product cycles discourage their collection and, therefore,
the actual recycling of the material.
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5. Maximize sustainable use of renewable resources

There is some confusion in this element. Does it encourage us to maximize the use of
renewable resources, or to maximize the sustainability of renewable resources?

Criticism: Assuming this refers to the conventional understanding of forest resources,
agricultural capacity and marine life as renewable resources, it is important to note that
it is these living systems that are already under the greatest ecological stress (fish stocks,
topsoil, forests). To maximize their use is not the objective; rather, it is to ensure the sus-
tainable management of their resource stock — resource eco-efficiency, to “maximize the
value of these resources.”

Suggestion: Why focus on “renewable resources?” Instead, promote resource eco-effi-
ciency across all types of natural resources, allowing for appropriate strategies and aims,
depending on the type of resource being considered.

6. Increase material durability

Criticism: To examine durability as a property that can contribute toward eco-efficiency,
a distinction needs to be made between the product and the material.

Durability is beneficial in many applications (products), but not in others. It is unwise to
encourage durability of inefficient products (e.g. a stainless steel vehicle with obsolete
engine technology). Moreover, material durability is largely predetermined by the mate-
rial science that is inherent to the material. Yes, it would be beneficial to have some
materials that are more durable so they can be used in specific desirable applications —
but not for the sake of the material.

Suggested rephrasing: “Where appropriate, design products to be more durable.”
7. Increase the service intensity of goods and services

Criticism: The concept of service intensity is unclear. More intense use of goods and ser-
vices may require more intense energy requirements and emissions. Moreover, this
WBCSD element is, perhaps, a reiteration of WBCSD element 1, although stated in
reverse, addressing the other side of the eco-efficiency equation. It is simultaneously
desirable to maximize the benefits of products (goods and services), while minimizing
the costs associated with their ecological impacts, environmental emissions and social
side effects.

Suggested rephrasing: Maximize product value while reducing its environmental, eco-
nomic and social costs.
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WBCSD Eco-efficiency Metrics

The WBSCD eco-efficiency metrics project is 1) developing a flexible framework for
measuring and reporting economic and environmental sustainability, 2) testing the con-
cept in a wide variety of companies and 3) developing tools to support implementation.

The WBCSD’s methodological approach mirrors work done originally in Canada by the
National Round Table on Environment and Economy (NRTEE). The Canadian effort first
developed sets of eco-efficiency indicators and tested them. There are five key elements
to the NRTEE work.

definitions and terminology for environmental and value-related indicators to be
agreed upon;

a recommended core set of indicators based on agreed methodology;
a process for developing supplemental indicators relevant to specific businesses;

a means by which the economic/value performance and environmental perfor-
mance can be quantified; and

recommended ways for companies to communicate eco-efficiency measurements
clearly and transparently to management and external stakeholders.

The WBCSD states the following:

The intent of eco-efficiency is to maximize value while minimizing adverse environ-
mental impact, i.e. use of resources and impacts from emissions. In order to calculate
eco-efficiency the WBCSD has developed the following equation, which merges value
and ecological aspects into an efficiency ratio:

Eco-efficiency = product or service value / environmental influence

This equation can be used to calculate several different eco-efficiency ratios. Specific
calculations will depend upon the needs of individual business managers and on the
values and impacts specific to their business sector. It is necessary to maintain ‘numer-
ator’ and ‘denominator’ data separately in order to clearly identify the origin of the
data and basis for the calculations.

Eco-efficiency does not address all three pillars of sustainable development. While it
strives to improve economic and environmental efficiency, the concept does not pertain
to social issues. Yet, eco-efficiency is a key sustainable development driver for business
and governments.

(WBCSD 1999)
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Appendix 2: The Natural Step

In 1999, the phrasing of the system conditions in the English language changed. The idea
of concentration has been added, and the bluntness of the conditions has been softened.
The following provides detailed wording from TNS for both the 1997 and 1999 versions.

Original wording (circa 1997)

Current wording (since 1999)

System Condition #1

Substances from the Earth's
crust must not systematically
increase in the ecosphere.

This means: Fossil fuels, metals
and other minerals must not be
extracted at a faster pace than
their slow redeposit and reinte-
gration into the Earth's crust.

IN ORDER FOR A SOCIETY TO BE SUSTAINABLE, NATURE'S
FUNCTIONS AND DIVERSITY ARE NOT SYSTEMATICALLY
SUBJECT TO INCREASING CONCENTRATIONS OF SUB-
STANCES EXTRACTED FROM THE EARTH'S CRUST.

In a sustainable society, human activities such as the burning
of fossil fuels, and the mining of metals and minerals will not
occur at a rate that causes them to systematically increase in
the ecosphere. There are thresholds beyond which living
organisms and ecosystems are adversely affected by increases
in substances from the Earth's crust. Problems may include an
increase in greenhouse gases leading to global warming, con-
tamination of surface and ground water, and metal toxicity
which can cause functional disturbances in animals. In practi-
cal terms, the first condition requires society to implement
comprehensive metal and mineral recycling programs, and
decrease economic dependence on fossil fuels.

System Condition #2

Substances produced by soci-
ety must not systematically
increase in the ecosphere.

This means: Substances must
not be produced at a faster
pace than they can be broken
down and integrated into the
cycles of nature or deposited
into the Earth's crust.

IN ORDER FOR A SOCIETY TO BE SUSTAINABLE, NATURE'S
FUNCTIONS AND DIVERSITY ARE NOT SYSTEMATICALLY
SUBJECT TO INCREASING CONCENTRATIONS OF SUB-
STANCES PRODUCED BY SOCIETY.

In a sustainable society, humans will avoid generating system-
atic increases in persistent substances such as DDT, PCBs, and
Freon. Synthetic organic compounds such as DDT and PCBs
can remain in the environment for many years, bio-accumulat-
ing in the tissue of organisms, causing profound deleterious
effects on predators in the upper levels of the food chain.
Freon, and other ozone-depleting compounds, may increase
risk of cancer due to added UV radiation in the troposphere.
Society needs to find ways to reduce economic dependence on
persistent human-made substances.
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Original wording (circa 1997) Current wording (since 1999)

System Condition #3

The physical basis for produc-
tivity and diversity of nature
must not be systematically
diminished.

This means: We cannot harvest
or manipulate ecosystems in
such a way that productive
capacity and diversity system-
atically diminish.

IN ORDER FOR A SOCIETY TO BE SUSTAINABLE, NATURE'S
FUNCTIONS AND DIVERSITY ARE NOT SYSTEMATICALLY
IMPOVERISHED BY PHYSICAL DISPLACEMENT, OVER-HAR-
VESTING OR OTHER FORMS OF ECOSYSTEM MANIPULATION.

In a sustainable society, humans will avoid taking more from
the biosphere than can be replenished by natural systems. In
addition, people will avoid systematically encroaching upon
nature by destroying the habitat of other species. Biodiversity,
which includes the great variety of animals and plants found in
nature, provides the foundation for ecosystem services, which
are necessary to sustain life on this planet. Society's health and
prosperity depends on the enduring capacity of nature to renew
itself and rebuild waste into resources.

System Condition #4

Fair and efficient use of
resources with respect to meet-
ing human needs.

This means: Basic human
needs must be met with the
most resource-efficient meth-
ods possible and their satisfac-
tion must take precedence over
provision of luxuries.

Source: The Natural Step, 1997

IN A SUSTAINABLE SOCIETY RESOURCES ARE USED FAIRLY
AND EFFICIENTLY IN ORDER TO MEET BASIC HUMAN NEEDS
GLOBALLY.

Meeting the fourth system condition is a way to avoid violating
the first three system conditions for sustainability. Considering
the human enterprise as a whole, we need to be efficient with
regard to resource use and waste generation in order to be
sustainable. If one billion people lack adequate nutrition while
another billion have more than they need, there is a lack of
fairness with regard to meeting basic human needs. Achieving
greater fairness is essential for social stability and the coopera-
tion needed for making large-scale changes within the frame-
work laid out by the first three conditions.

To achieve this fourth condition, humanity must strive to
improve technical and organizational efficiency around the
world, and to live using fewer resources, especially in affluent
areas. System condition number four implies an improved
means of addressing human population growth. If the total
resource throughput of the global human population continues
to increase, it will be increasingly difficult to meet basic human
needs as human-driven processes intended to fulfill human
needs and wants are systematically degrading the collective
capacity of the Earth's ecosystems to meet these demands.

Source: www.naturalstep.org, Accessed Dec. 1999
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Appendix 3: PROMISE Manual
Ecodesign Strategies

The eight DfE strategies are clustered at four levels, supported by 33 sub-strategies.

A. Component
Level

Selection of low-impact materials

1.1 Cleaner materials

1.2 Renewable materials

1.3 Lower energy content materials
1.4 Recycled materials

1.5 Recyclable materials

Reduction of material quantity

2.1 Reduction in weight
2.2 Reduction in (transport) volume

B. Product
Structure
Level

Optimization of production tech-
niques

3.1 Cleaner production techniques

3.2 Fewer production steps

3.3 Lower/cleaner energy consumption

3.4 Less production waste

3.5 Fewer/cleaner production
consumables

Optimization of distribution sys-
tem

4.1 Less/cleaner/reusable packaging
4.2 Energy-efficient transport mode
4.3 Energy-efficient logistics

Reduction of impact during use

5.1 Lower energy consumption

5.2 Cleaner energy source

5.3 Fewer consumables needed

5.4 Cleaner consumables

5.5 No waste of energy/consumables

C. Product
System Level

Optimization of initial lifetime

6.1 Reliability/durability

6.2 Easier maintenance and repair
6.3 Modular product structure
6.4 Classic design

6.5 Strong product-user relation

Optimization of end-of-life system

7.1 Reuse of product

7.2 Remanufacturing/refurbishing
7.3 Recycling of materials

7.4 Safer incineration
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D. New New concept development 8.1 Dematerialization
Concept 8.2 Shared use of the product
Development 8.3 Integr.ation of fuqctigns
8.4 Functional optimization of product
(components)

*Source: EcoDesign: A Promising Approach to Sustainable Production and Consumption. The United Nations
Environment Programme/Industry and Environment. United Nations Publication, Paris, ISBN 92-807-1631-X, 1st
ed., 1997.
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Appendix 4: Environmental Priority
Strategies

Environmental Priority Strategies (EPS) is an LCA valuation and scoring method that
builds on guidelines provided in 1SO 14040. Although EPS predates ISO 14040, it claims
to conform to the international standard. Central to EPS is the assignment of monetary
value to the determination of environmental costs (Steen and Ryding 1991). The model
is based on a “willingness-to-pay” approach. The EPS index results from values assigned
to LCA accounts of emissions and resource consumption based on five criteria:

® biodiversity

® human health

® ecological health

® resources

® aesthetics

EPS pays close attention to the production and use of materials, whereby each material
is assigned an environmental load. Indices for materials are predetermined and assigned
into a database “library.” Unit operations (e.g. welding, forming, transport) are treated
similarly. Then, based on a score for a particular design or product system, indices for
materials and processes are multiplied by the appropriate amounts to give what are
termed environmental load units (ELUs). These are then summed to quantify the total
environmental load value (ELV) of a product or a part of a product.

Each ELU is the product of five factors for each of the safeguard areas. Each safeguard
effect indicator, in turn, is determined by five additional factors:

1. the unit effect (a measure of annual change in ecosystem biodiversity);
2. the scope of the effect in area or number of people;

3. intensity/frequency of effect;

4. duration of the effect; and

5. the normalization factor.

The unit of ELU is designed such that it may be equated to monetary value, using a will-
ingness to pay approach. The approximate currency rate is 1 ELU = 1 ECU (European
Currency Unit).
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For the “depletion of ore resources” indicator (not for the whole EPS), select results are:

1 kg Cu =57 ELU
1 kg Fe = 0.68 ELU
1 kg Hg = 40000 ELU

An example of how EPS is used in practice is given by Hertwich et al. (1996). EPS was
used to evaluate the environmental impact of the front end of an automobile. The ELV,
total environmental load, for the front end made of steel was 50 ELU, broken down as
follows:

® steel production: 9 ELU
® manufacturing: 1 ELU
® gas consumption associated with part weight: 40 ELU
The ELV for the front end made of a GMT polymer composite was 27 ELU, as follows:
® GMT production: 2 ELU
® manufacturing: 1 ELU
® part weight according to gas consumption: 24 ELU

The analysis using the EPS method concluded that the GMT composite automobile front
end was environmentally preferable.
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Glossary

Biosphere: all or part of living systems on the surface of the Earth.

Cost: a loss or sacrifice; an expenditure of time, effort or resources.
Note: In this paper, the focus is on economic, environmental and resource impacts;
however, the concept can be extended to other areas of negative impact, like social
costs.

Down-cycling: recycling of a material into a lower grade material for use in a less-
demanding application.

Eco-efficiency: a route maximizing environmental and economic benefits, while simul-
taneously minimizing both environmental and economic costs. Eco-efficiency indicators
are represented by the ratio of benefits to costs.

Eco-efficiency (WBCSD): the delivery of competitively priced goods and services that sat-
isfy human needs and bring quality of life while progressively reducing ecological
impacts and resource intensity, through the life cycle, to a level at least in line with the
Earth’s estimated carrying capacity. Source: World Business Council for Sustainable
Development (WBCSD) (2000).

Eco-efficiency Model Evaluation Framework: the conceptual structure developed in this
paper to critique and discuss eco-efficiency models.

Efficiency: productivity with minimum waste or effort. Efficiency is generally measured
as the ratio of benefits to costs.

Environmental management: the part of the overall management system that includes
organizational structure, planning activities, responsibilities, practices, procedures,
processes and resources for developing, implementing, achieving, reviewing and main-
taining the environmental policy (ISO 14001) .

Framework: see Eco-efficiency Model Evaluation Framework.

Life cycle assessment (LCA): compilation and evaluation of the environmental inputs,
environmental outputs and the potential environmental impacts of a product throughout
its life cycle (after: 1ISO 14040).

Lithosphere: the Earth’s crust.

Material eco-efficiency: an eco-efficiency strategy intended to maximize the benefit/cost
ratio of the material stock.
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Material stock: valuable substances that are used by society to make the products or
provide the services it needs.
Note: Here the focus is on structural and engineering materials like plastics, wood,
paper and metals.

Model: any tool, approach or set of principles (here, that is intended to assess eco-effi-
ciency).

Process eco-efficiency: an eco-efficiency strategy at the operational level. Process eco-
efficiency addresses the reduction of real and potential environmental impacts, includ-
ing the management of risk. It covers issues of process energy and process material
efficiency at the unit-process level in production and manufacturing, to minimize pol-
luting emissions and other ecological disturbances, to maximize product outputs, and to
manage risk associated with facilities and processes.

Product cycle: goods and services, including their associated design, production, use and
end-of-life.

Product eco-efficiency: an eco-efficiency strategy intended to maximize the benefit/cost
ratio of the product cycle.

Resource eco-efficiency: an eco-efficiency strategy intended to maximize the
benefit/cost ratio and integrity of the resource stock.

Resource stock: natural substance that is in or on the Earth, which presents opportuni-
ty for use by society.

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

Utility: usefulness, profitable.

Value: the worth, desirability or utility of a thing. In general, and in this paper, value is
evaluated as the difference between benefit and cost.

Value-added: increase in value.
Note: Here, value-added is presented from a societal perspective.
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