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“Life Cycle Approaches to Sustainable Consumption”

This workshop has been organized as a collaboration of three institutions, the Research
Center for Life Cycle Assessment, AIST in Japan, the United Nations Environment
Programme, and the International Institute for Applied Systems Analysis. It serves to
promote international cooperation on sustainable consumption research. UNEP is
interested in this because it is responsible to follow up the Johannesburg Plan of
Implementation, which calls for a "10-year framework of programmes to support
sustainable consumption and production”. For IIASA, this is part of an exploratory
research project on the industrial ecology of consumption, and the first opportunity to
bring together a consortium of researchers which put together a proposal to the
European Union on "Policies and Tools for Sustainable Consumption” (part df the 6
framework programme for research). For the Research Center for Life Cycle
Assessment, AIST this is an opportunity to collaborate on an important Japanese
project. Please allow me to elaborate.

In November 2002, the Ministry of Economy, Trade and Industry (METI) of Japan has
started a new project named “The promotion project in international research
collaboration on global climate change”. As a part of the program, the Society of Non-
Traditional Technology (SNTT) has been promoting a new project, “Life Cycle

Approaches to Sustainable Consumption”. This project is fully supported by METI
through SNTT.

The aim of this project is to find new ways to reduce the CO2 emissions from the
viewpoint of consumers. It might include Product Service Systems, Change of the
patterns of household consumption etc.

To accomplish this project successfully, a steering committee was organized with the
members from academia, research institutes, and industry. The head of the steering
committee is Dr.Atsushi Inaba of Research Center for Life Cycle Assessintdre
National Institute for Advance Industrial Science and Technology (AIST) and it was
decided that the Research Center of Life Cycle Assessment was responsible to execute
and conduct this project under the steering committee.

On behalf of the steering committee, | would like to ask you kindly to support our
activities. It would be our great pleasure to have your collaboration.

Dr. Atsushi Inaba
Director, Research Center for Life Cycle Assessment
The National Institute for Advance Industrial Science and Technology (AIST)



Introduction

"Sustainable consumption” is an easily misunderstood term, which the "environment &
development” policy community uses to point to the possibility of reducing
environmental pressures, improving social conditions, and furthering international
equity through changes in consumer choices. In the general public, but also among
environmental NGOs such as Greenpeace and World Wildlife Fund, the "ecological
footprint” is an idea that is often used to communicate the connection between personal
consumption and the environment. The ecological footprint is an indicator for resources
needed to produce the goods consumed and absorb or neutralize the emissions
produced. "Clean cloth" and "fair trade" (and the civic campaigns associated with these
terms) similarly indicate the connection between social issues (sweatshop labor and
terms of trade) and consumer choice.

"Life-cycle approaches to sustainable consumption” are those approaches based on the
consideration of life cycles. We primarily refer to the life cycle of products. Life-cycle
assessment (LCA) is a method to account for and evaluate the environmental impacts of
products, from the extraction of the raw materials through manufacturing, distribution,
use, to disposal. LCA takes into account many types of environmental stressors,
allowing for an identification and evaluation of tradeoffs. There are other life-cycle
concepts whose relevance to sustainable consumption remains to be explored: the life-
cycle of individuals and the life-cycle of innovations. The life-cycle of individuals is
important because a position in the life-cycle, e.g. being a student or having a family
with small kids, has important implications for the lifestyle one leads. Innovations and
their diffusion are relevant because cleaner products or new production methods are
some of the things that social activists would like to push.

The World Summit for Sustainable Development, held 26 Aug - 4 Sept 2002 in
Johannesburg, put "sustainable consumption” on the global policy agenda of the next
ten years. Under the heading of "changing unsustainable patterns of consumption and
production,” the world leaders call for "fundamental changes in the way societies
produce and consume” (813 of the Johannesburg Plan of Implementation). They resolve
to "encourage and promote the development of a 10-year framework of programmes in
support of regional and national initiatives to accelerate the shift towards sustainable
consumption and production to promote social and economic development within the
carrying capacity of ecosystems by addressing and, where appropriate, delinking
economic growth and environmental degradation ..." (814).

Sustainable consumption has two distinct but related aspects, products and lifestyles.
Improved products & services are those that require less resources, cause less emissions,
and avoid unhealthy labor conditions during their production, those that use less energy
or other inputs during their use and are more easily recycled or harmless when disposed.
Product-services systems can focus the attention on the cost of service provision,
emphasizing operating costs, durability and repair. Innovative, improved products and
services, however, are also often cheaper, causing a rebound effect in form of increased
consumption of this or other products & services. Sustainable lifestyles are
characterized by consumption patterns that put less strain on the environment and that
depend less on social disparities. This means that more money is spent on things that



cause relatively little emissions (e.g. personal services) compared to those that cause
significant emissions (e.g. personal transportation). The assessment of lifestyles also
guarantees that rebound effects are properly addressed.

"Sustainable consumption” is a topic where civic organizations and policy makers seem
to be far ahead of the scientific community. While sustainable consumption research has
been going on for some years, the research efforts have been fragmented, hampered by
disciplinary boundaries and language barriers, in lack of scientific conferences and
meetings at which to exchange ideas and report on research progress. This workshop
was a start for the "life cycle” community to organize itself, to address sustainable
consumption, and to start talking to some of those social scientists working in the field.

More workshops will be organized by my co-organizers, as part of a Japanese research
effort headed by Atsushi Inaba bifitional Institute for Advanced Industrial Science

and Technology (AIST) and as part of the WSSD-follow up activities organized by Bas

de Leeuw of théJnited Nations Environment Programme (UNEP).

| would like to thank the workshop participants for their interesting contributions and
hope for a fruitful and lasting cooperation. | would also like to thank the IIASA staff,

especially Sanja Drinkovic. Last but not least, | would like to thank Atsushi Inaba and
Bas de Leeuw for their support and advice in organizing this workshop.

Edgar Hertwich Laxenburg, 16 December 2002

Edgar Hertwich conducts sustainable consumption research at IIASA and is Adjunct
Professor of Energy and Environmental Systems Analysis at the Norwegian University
of Science and Technology.



Values as determinants of environmental behaviour
Anders Biel

Department of Psychology, Goteborg University Sweden. His main research interests
are decision making in social dilemmas, distributive justice and environmental
behaviour in relation to values, attitudes and habits.

Abstract

In experimental studies we have compared the effect of positive and negative labelling
on choice of ecological products. By and large, the effect of negative labels is stronger
than the effect of positive labels. People avoid products that are worse than average
when it comes to environmental consequences rather than choosing products that are
better than average in terms of environmental consequences. However, this is not true
for all consumers and the differentiated affect can be accounted for by differences in
how strongly one adheres to environmental values.

The importance of values is followed up in a new set of studies, but this time in relation
to policy measures. The basic idea is that policy measures frame the decision situation
and guide evaluations of the policy at hand. Hence, financial measures could draw
attention to wealth and individual interests, what's in it for me, while measures such as
voluntary agreements could invoke a social institutional perspective. Preliminary data
support this basic idea.

Introduction

In contrast to attitudes, values are always assumed to be trans-situational and rather
abstract in nature. Schwartz (1994, p. 21) defined valudssasble trans-situational

goals, varying in importance, that serve as guiding principles in the life of a person or

other social entity. Schwartz assumes that ten motivational types of values can be
distinguished. The structure of values adheres to a continuum that takes a circumplex
form. The more closely organised values are, the more compatible they are. This
circumplex can be described or captured by two dimensions, see Figure 1 below.

The first dimension, self-transcendence versus self-enhancement, opposes values such
as universalism and benevolence to those that pursue personal interests, e.g., power and
achievement. The second dimension, openness to change versus conservation opposes
values that stress independence, such as self-direction and stimulation, against values
that emphasise tradition and conformity. In this structure of values, environmental
values are assumed to be located close to self-transcendence.
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Figure 1. Theoretical model of structure of relations among ten value constructs (after Schwartz et al., 2001).

Likewise, in stressing the general nature of values, Feather (1995, p. 1135) proposed
that values can be conceived as abstract structures that involve the beliefs that people
hold about desirable ways of behaving or about desirable end states, a description that is
very similar to an earlier definition provided by Rokeach (1973). One important aspect
of values is their motivational nature. In accord with their priorities, values may drive
people to seek the “best possible living” (Rohan, 2000). Some may strive to be
successful in life, while others may be guided by security. Most researchers regard
values as stable personality variables. Although changes in value priority may occur,
such changes come about slowly across the life span.

However, the stable nature of values has been discussed. Seligman and Katz (1996)
proposed that value systems are dynamic, that is, value priorities may change across
contexts. In one study, they compared the rank order of the importance of values when
subjects were given traditional instructions (general) to the order when the same

subjects were asked to rank the values with regard to a particular issue (abortion). The
correlation between the two rank orders was rather low, around .50, indicating that there



is a substantial reordering of values according to context. Since people subscribe to a
range of values, captured by the circumplex model in Figure 1, this should come as no

surprise. Some values are endorsed more strongly and others more weakly. Most of the
time values echo the sound of silence and need to be activated (Feather, 1995) in order
to be influential. Activation (Verplanken & Holland, 2002) may occur:

(1) on a more or less chronic basis. A value may be particularly strongly incorporated as
part of someone's self-concept, and might thus be activated in a large range of
situations. Dedicated environmentalists, for example, might use an environmental value
perspective to interpret and analyse most issues they encounter.

(2) by the context. It could make a difference whether plans for building a waste
disposal installation in a residential area is presented as an economic issue versus a
health issue versus an environmental issue. Context can take many forms including the
‘source’ of information (e.g., some people don't trust the government and project values
on their assumed intentions), or the task (e.g., CVM) itself.

(3) by irrelevant contexts. Values may be activated in the context of interest, but linger
on in an irrelevant context.

Our present research addresses the first two propositions. Environmental value strength
has been investigated in experimental studies where the effect of positive and negative
labelling on choice of ecological products were compared. By and large, the effect of
negative labels was stronger than the effect of positive labels. Respondents avoided
products that were worse than average when it came to environmental consequences
rather than choosing products that were better than average in terms of environmental
consequences. However, this was not true for all consumers and the differentiated affect
could be accounted for by differences in how strongly one adhered to environmental
values.

Environmental values and effects of negative and positive eco-labels

Initially participants were informed that a number of pairs of products would be
presented on a computer screen and that their task would be to indicate product
preference within each pair. Next, a three level eco-label system was introduced. This
system was adopted from the design of a traffic light. Accordingly, the colour of the top
signal or label was red and defined as: “Compared to other products of the same
category, environmental consequences of this product are much worse than average”.
Environmental consequences associated with the yellow signal were described as
“average”, while environmental consequences defined by the green label were “much
better than the average product”.

Sixteen pairs of products, eight food (bread, potatoes, milk, meat, apple, tomato, coffee,
and pasta) and eight non-food commodities (washing-up detergent, soap, washing
powder, toilet paper, battery, T-shirt, a light bulb, and writing paper), were selected as
target stimuli. Two pictures of each pair were presented simultaneously and described
on three to four attributes such as price, quality, country of origin, expiry date. In

addition, each commodity was portrayed with an eco-label. Two versions of each pair
were created. In one version, the control condition, each alternative was labeled with a



yellow labef. In the experimental condition, one of the alternatives was depicted with a
yellow label while the other product carried either a red or a green label, equally divided
between food and non-food commodities. All pairs were presented in two trials. Half of
the pairs in each trial were controls. Order of experimental and control condition
between trials was counterbalanced between subjects. Order of presentation within trials
was individually randomized. The second trial was preceded by a one-minute pause to
avoid that subjects would remember, and adjust to, previously made ratings.

For each pair of products, one alternative designated A and the other B, respondents
were asked to indicate their product preference on a 21-point scale anchored on “I
would definitely choose product A” (1)/ “I would definitely choose product B” (21).
The midpoint of the scale (11) was defined as “I could just as well choose product A as
product B”. Subjects were further asked to rate “importance attached to environmental
consequences then purchasing everyday commodities”. Ratings were made on a 7-point
scale anchored on “Not at all important” (1)/ “very important” (7). Finally, subjects
were asked about their age and gender.

For each participant and pair of products the difference in preference ratings between
the control (that is, both alternatives had a yellow label) and the experimental condition
(that is, one product had a yellow label and the other product a red or a green label) was
calculated. Next, for each participant one mean preference change score was calculated
across the sixteen pairs of products.

In Figure 2, the effect of the positive and the negative label, respectively, is presented as
a function of environmental concern. While individuals with low or no environmental
concern were uneffected by environmental information, negative or positive, those with
a strong environmental concern were affected the most, and equally much, by both
kinds of information. As shown, individuals with a semi-strong concern displayed a
differentiated pattern in that they were affected more by negative than by positive
information.

L As judged by an independent sample, when both products of a pair were portrayed with a yellow (neutral)
eco-label, the two alternatives were perceived as equally attractive.
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Figure 2. Mean change in product preference due to positive and negative eco-labels, respectively, as a
function of environmental concern.

The importance of values is followed up in a new set of studies, but this time in relation
to policy measures. The basic idea is that policy measures frame the decision situation
and guide evaluations of the policy at hand. Hence, financial measures could draw
attention to wealth and individual interests, what's in it for me, while measures such as
voluntary agreements could invoke a social institutional perspective. Preliminary data
support this basic idea.

One group of subjects was presented with six different vignettes, three concerning car
use and three related to recycling. One vignette in each domain included a tax policy
measure, another law and the third voluntary agreement; see below for examples in the
car domain. The order was counterbalanced between subjects. Another group of
subjects, control, was presented a more neutral suggestion. The vignettes were as
follows:

As a car owner you regularly commute by car. In order to reduce negative impacts from
car traffic, the Parliament:

= |s proposing to raise the G@axes. This will impose an extra cost for you of
SEK 2 per liter of petrol.

= |s proposing a law that bans driving in inner parts of cities. This implies that you
have to choose other transport means.



= |s proposing a system for car-pooling. This implies that you can declare how you
use your car to your municipality and the local traffic board develops a car-
pooling schedule.

Has set up a committee to come up with proposals how to reduce car use (CONTROL)

For each vignette, participants rated how important certain life values, Wealth and
Environment (index of Protecting environment and Unity with nature), were to them in
this particular situation and whether they should object or accept the proposal. Wealth
was rated as significantly more important when a tax was suggested than in the other
three conditions. The environmental value was seen as somewhat more important in the
control condition than when policy measures were proposed. As for attitudes towards
the policy instruments, Law and Voluntary agreement were rated more favorably than a
tax.

Finally, six regression analyses were performed with attitude towards each policy
measure as dependent variable (three for each domain) and the values Wealth and
Environment as independent variables. The results are summerised in Table 1 below.
The general picture that emerges is that when Tax is the suggested policy measure, only
the importance of Wealth accounts for variation in attitude. However, when Law or
Voluntary agreements are proposed it is mainly the value Environment that affects the
attitude.

Table 1: Wealth and Environment as predictors of attitudes towards policy measures. Values are standardized
regression coefficients () and significance level (p).

Wealth Environment
Policy B p B p
Measure
Car
Tax -.38 .000 .26 .02
Law -.10 .24 .49 .00
Vol agree -.04 .67 A7 .00
Recycling
Tax -.25 .01 .18 .06
Law -.08 .38 44 .00
Vol agree -.15 .13 .20 .04

In line with Seligman and Katz (1996) our results suggest that value systems are
dynamic and indeed affected by context. Furthermore, economic incentives could draw
attention to self-enhancement values rather than collective matters (see also Frey, 1997
especially chapter 8). Whether such attentional shifts alter our concern for long-term
environmental consequences or not should be investigated.
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Durable consumption: reflections on product life cycles and the
throwaway society

Dr. Tim Cooper

Tim is Head of the Centre for Sustainable Consumption, which specialises in research
on the life span of household products. Its current projects relate to waste from
electrical and electronic appliances, product-service systems, and consumer behaviour
influences upon product life. He was previously a Researcher at the New Economics
Foundation, prior to which he worked in industry as an economist and environmental
consultant.

Abstract

This paper assesses the potential of increased household product life cycles to accelerate
progress towards sustainable consumption. It will identify current knowledge of product
life spans and consider how this is applied in life cycle assessment and assessed in
recent debate on resource productivity and waste reduction. In reviewing current
understanding of issues relating to product life, the results of recent research on
household appliances in the United Kingdom, the E-SCOPE study, will be examined.
This demonstrated that many discarded appliances are reparable or still functional. At
the same time, the study revealed that a substantial proportion of householders desire
longer lasting appliances. The implications of this apparent paradox will be discussed.
The paper concludes by evaluating the acceptability of longer lasting appliances and
considers how these might be successfully promoted, with particular reference to
product information and product-service systems.

1. Sustainable consumption and resource throughput

1.1 Introduction

Sustainable consumption is interpreted in many different ways but there is a general
consensus that for industrialised countries, at least, it demands a reduction in the
throughput of resources. Progress requires a shift from a linear economy to a circular
economy in order to reduce demand for virgin material and energy inputs and cut the
amount of waste in need of disposal (Cooper, 1994). McLaren et al (1998) calculate that
in order to make satisfactory progress towards a fair use of 'environmental space' (the
earth's capacity to support human activities) Britain should aim to cut its consumption

of steel, aluminum and energy by over 80% by 2050, implying cuts of at least 20% by

2010. For timber the figures are 73% and 65% respectively, a particularly dramatic

short-term reduction. Such calculations have prompted the current interest in increased
'resource productivity'.

Much recent literature relating to sustainability utilises this contextual framework. Some
of it touches, though too often lightly, upon the implications for product life spans.
Increased product life, whether by greater intrinsic durability or ‘product life extension’
through repair, reuse and upgrading, is one way to slow the throughput of resources.
Significantly, product durability was a key theme in an early contribution to the debate
on sustainable production and consumption by the World Business Council for
Sustainable Development (Falkman, 1996). von Weizsacker et al (1997, p 70), in
developing the 'Factor Four' concept, argued that "durability is one of the most obvious

11



strategies for reducing waste and increasing material productivity.” Likewise, McLaren
et al (1999, p 53) describe durability, alongside reuse and recycling, as “critical in
increasing overall efficiency.” Yet the twin themes of product durability and product life
extension have attracted relatively little in-depth research and whether the academic
research community regards them as central or peripheral to sustainability discourse
remains somewhat unclear.

Inadequate understanding of issues relating to product life has a practical significance.
In a project co-ordinated by Consumers International (1998), consumer organisations
explored how to promote sustainable consumption by improving their ability to provide
environmental information to consumers. Their report noted that they focused mainly on
the use phase of appliances when giving buying advice and concluded that they have not
adequately stressed the importance of considering all aspects of a product's life cycle,
including reparability and the timing of replacements. It recommended that, in order to
give consumers reasonable advice, they should in future analyse the optimal life cycle
of appliances, explore the potential for upgrading and pay greater attention to after-sales
services.

In this paper | shall expand upon this argument that greater attention must be paid to
product life spans if satisfactory progress is to be made towards sustainable
consumption. Firstly, |1 shall address product durability in the context of recent
developments in 'life cycle thinking', with particular reference to consumer behaviour. |
shall then briefly survey past research on product life spans and summarise the recent
empirical findings from a project undertaken in the United Kingdom. Finally, | shall
consider some policy implications. Although the focus is on consumer durables, there
are important messages for public procurement, industry goods and (perhaps above all)
once-durable products that have been redesigned as 'disposables’.

1.2 The throwaway society and disinterest in waste

Municipal waste in industrialised countries has generally increased at the same rate as
economic growth, approximately 40% over the past thirty years, and, so far, "the
delinking of effluence from affluence remains elusive” (OECD, 2001). Today's
‘throwaway society' is tolerated, if not accepted. The concept has a history that can be
traced back at least 40 years to publicatiomhafWaste Makers (Packard, 1960). It is a

term used frequently in popular debate and is well known to the general public and yet
remarkably little attention has been paid to it by the research community.

Such inadequacy reflects a general dearth of research on waste, particularly among
social scientists. Waste research in recent years has tended to focus on packaging and
recycling. These are important themes but this limited approach is indicative of a wider
socio-political failing. Modern politicians, operating in a liberal culture and woefully
failing to distinguish improved human well-being from a growth in affluence, are
invariably positive towards consumption in general and consumer sovereignty in
particular. They thereby render themselves powerless to challenge the throwaway
mentality. To choose to be irresponsible has somehow become one of the consumers'
rights’.

Within the academic community there are a few noteworthy exceptions. There is a fairly
substantial body of literature on consumer culture that seeks to explain why people
consume (e.g. Featherstone 1991; Cross, 1993; Lury, 1996). A small body of research
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on 'disposition behaviour' seeks to explain why people sense a need to replace products
(Jacoby et al, 1977; Hanson, 1980; Box, 1983; Bayus, 1988; Antonides, 1990; Harrell
and McConocha, 1992). In general, however, the forces that drive our throwaway
culture are poorly understood.

1.3 Resource prolonging

Reference to resource productivity in previous environmental debates would have been
interpreted in the context of depleting finite resources (e.g. Conn, 1977). By contrast,
there now appears to be a consensus that resource scarcity does not pose a threat in the
short term (or even medium term), although it would be unwise to ignore the possibility

of this threat re-emerging (Frosch and Gallopolous, 1989). Instead, today's debate on
resource productivity has been prompted by concern that the level of consumption in
most industrialised countries threatens to reduce the well-being of people in other
continents and future generations.

The British Government's Performance and Innovation Unit (PIU, latterly renamed the
Strategy Unit) recently produced a report on resource productivity (Cabinet Office,
2001). In the original Scoping Note, the PIU (2001) highlighted five ways of increasing
resource productivity, the first of which was 'resource prolonging' by increasing
durability, decreasing turnover rates (presumably less frequent replacement), and
redesigning products (or components) for longer use. Another was reuse of products or
components, alongside recycling. It was significant (if not surprising, given the political
climate) that the final document excluded any reference to this call for resource
prolonging. Evidently the challenge to economic convention were too dramatic to
contemplate for the Treasury officials consulted. Thus the final report addressed the
need for resource productivity and how it might be measured, but excluded any
reference to durability, instead highlighting general strategic tools (the role of market
based instruments, ‘resource productive innovation’, public procurement, cultural
change) rather than precise mechanisms.

2. Life cycle thinking

2.1 Life in totality

The case for increased product durability needs to be understood in the context of a
trend associated with sustainable development towards 'life cycle thinking' in product
development and public policy analysis, sometimes described as a 'cradle to grave'
approach. This may be traced to four developments.

First, during the 1990s, LCA (Life Cycle Assessment) became increasingly popular as a
tool to estimate the environmental impact of products, in part because of a need to
substantiate claims relating to eco-labelling (Ayres, 1995; Lee, Callaghan and Allen,
1995). LCA quantifies the environmental impacts of a product across successive phases
from initial resource extraction to final disposal. Second, concern about waste has led
to the development of legislation based on the principle of 'producer responsibility’
(Lifset, 1993; Mayers and France, 1999). This requires companies that might previously
have had little knowledge about their products after the initial guarantee period to take a
greater interest throughout their life spans because they are made responsible for end-of-
life disposal.
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Third, the need to reduce environmental impacts in affluent nations without reducing
the quality of life led researchers to contemplate the possibility of increasing the
'service' provided by a particular product during its life. Manufacturers began to review
the potential for leasing products rather than selling them (Stahel and Jackson, 1993;
Oosterhuis et al 1996; White, Stoughton and Feng, 1999; Cooper and Evans, 2000).
Finally, evidence that many consumers are unaware of the proportion of costs accounted
for during the use phase of appliances (Kollman, 1992), coupled with criticism of the
cost of extended warranties (Office of Fair Trading, 2002), raised interest in costs
incurred throughout the product life cycle additional to the purchase price.

Life cycle thinking is essential in confronting the throwaway society because it deepens
understanding of products beyond the point of purchase. This is particularly important
in a marketing context. Significantly, the need to address the whole life cycle of
products is now being recognised by consumer behaviour specialists. Antonides and van
Raaj (1998) illustrate the distinction between the product life-cycle and the consumption
life-cycle. The former, an essential part of marketing theory, is concerned with the
introduction of a product into the market, the development of sales, the process of
product improvement, and the stage at which the product is removed from the market.
By contrast, the consumption life-cycle is concerned with pre-purchase activities such
as problem recognition and information search, followed by purchase, use and disposal.
Understanding the life span of products demands awareness of a complex range of
influences upon the product life-cycle and the consumption life-cycle.

2.2 Life Cycle Assessment

Life cycle thinking does not of itself imply a need for increased product life spans.
Indeed, one of the earliest, most widely publicised examples of life cycle assessment, a
study of washing machines for the UK Ecolabelling Board, implicitly challenged the
case for increased durability by suggesting that most of the environmental impact of the
product was in its use rather than production and disposal (Jackson, 1996). Similar
research on refrigeration equipment resulted in public subsidies for low income
householders who replace old, inefficient appliances. Thus reduced energy use was
prioritised over cutting waste. LCA measures environmental impacts such as energy
consumption and waste volumes but political decisions remain to prioritise one or the
other.

Life cycle assessment is complex and fraught with potential difficulties and many life
cycle assessments undertaken by industry are never published (for a critique see Ayres,
1995; Lee, O'Callaghan and Allen, 1995). Although LCA has its critics, most recognise
its potential value. Consumers International (1998) has called for improved LCA in
order to provide consumers with reliable information on when to dispose of an
appliance. Heiskanen (1996) indicates that only one published LCA has been
concentrated directly with product life extension and this confirmed the environmental
