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“Life Cycle Approaches to Sustainable Consumption”

This workshop has been organized as a collaboration of three instittiieri®esearch
Center for Life Cycle Assessment, AIST in Japan, the United Nationsdanwmt
Programme, and the International Institute for Applied SystenayAis. It serves to
promote international cooperation on sustainable consumption resé#iKtP is
interested in this because it is responsible to follow up the Johannesburg Plan of
Implementation, which calls for a "10-year framework of programmesugaport
sustainable consumption and production”. For IIASA, this is parnoéxploratory
research project on the industrial ecology of consumption, and shevfiportunity to
bring together a consortium of researchers which put together a proposa to th
European Union on "Policies and Tools for Sustainable Consumption” (pée &F
framework programme for research). For the Research Centellifie Cycle
Assessment, AIST this is an opportunity to collaborate on an inmpodEpanese
project. Please allow me to elaborate.

In November 2002, the Ministry of Economy, Trade and Industry (METI) of Jagsin
started a new project named “The promotion project in international research
collaboration on global climate change”. As a part of the progtlenSociety of Non-
Traditional Technology (SNTT) has been promoting a new projedfe “Cycle
Approaches to Sustainable Consumption”. This project is fully supporteddB
through SNTT.

The aim of this project is to find new ways to reduce the CO2 emis$iom the
viewpoint of consumers. It might include Product Service Systems, Chdntpe o
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 (AlISd)itawas
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 ‘femeind &
development” policy community uses to point to the possibility of reducing
environmental pressures, improving social conditions, and furthenternational
equity through changes in consumer choices. In the general public, buanadsg
environmental NGOs such as Greenpeace and World Wildlife Fund, the "ecological
footprint” is an idea that is often used to communicate the connectiwadrepersonal
consumption and the environment. The ecological footprint is acaitatifor 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 (swedtwpand

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 cydig@omducts. Life-cycle
assessment (LCA) is a method to account for and evaluate the environmeatasiof
products, from the extraction of the raw materials through manuifagtwlistribution,

use, to disposal. LCA takes into account many types of environmental stressors,
allowing for an identification and evaluation of tradeoffs. Thexe @her life-cycle
concepts whose relevance to sustainable consumption remains to be exploliés: the
cycle of individuals and the life-cycle of innovations. Thfe-tycle of individuals is
important because a position in the life-cycle, e.g. being a student or havinglya fami
with small kids, has important implications for the lifestylee d@ads. Innovations and
their diffusion are relevant because cleaner products or new productibndsere
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 pokndagf the next

ten years. Under the heading of "changing unsustainable patterns of consuamgkio
production,” the world leaders call for "fundamental changes in the weigtiss
produce and consume” (813 of the Johannesburg Plan of Implementation)e3digg r

to "encourage and promote the development of a 10-year framework ofrpnogsan
support of regional and national initiatives to accelerate the telifards sustainable
consumption and production to promote social and economic developnibint tle
carrying capacity of ecosystems by addressing and, where appropriate, delinking
economic growth and environmental degradation ..." (814).

Sustainable consumption has two distinct but related aspects, productiestyted.
Improved products & services are those that require less resources, cause lesssemissio
and avoid unhealthy labor conditions during their productiorsethbat use less energy

or other inputs during their use and are more easily recycled or harmlessisgused.
Product-services systems can focus the attention on the cost of service pyrovisio
emphasizing operating costs, durability and repair. Innovative, ragrproducts and
services, however, are also often cheaper, causing a rebound effect in forneadadcr
consumption of this or other products & services. Sustainable yldsstare
characterized by consumption patterns that put less strain on the environment and that
depend less on social disparities. This means that more n@isggmt on things that



cause relatively little emissions (e.g. personal services) comparedd® tiat cause
significant emissions (e.g. personal transportation). The assessmeifaistyids also
guarantees that rebound effects are properly addressed.

"Sustainable consumption” is a topic where civic organizations and podikgrsiseem

to be far ahead of the scientific community. While sustainable consumpsearch has

been going on for some years, the research efforts have been fragmameela by
disciplinary boundaries and language barriers, in lack of scientific conésreamad
meetings at which to exchange ideas and report on research progress. This workshop
was a start for the "life cycle” community to organize itself, ddrass sustainable
consumption, and to start talking to some of those social scientigisyg/in the field.

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

and TechnologyAIST) and as part of the WSSD-follow up activities organized by Bas

de Leeuw of thé&Jnited Nations Environment Programr{igNEP).

| would like to thank the workshop participants for their iegting contributions and
hope for a fruitful and lasting cooperation. | would also like to thiwekIIASA staff,
especially Sanja Drinkovic. Last but not least, | would like to thank Atsushalaa
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 Norwegiarditg
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 negatilreglabe

on choice of ecological products. By and large, the effect of negatiets lsbstronger

than the effect of positive labels. People avoid products that are worsevdragea
when it comes to environmental consequences rather than choosing produate that
better than average in terms of environmental consequence®velo 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 studiéshisitime in relation
to policy measures. The basic idea is that policy measures frengedision situation
and guide evaluations of the policy at hand. Hence, financial measuriesdraw
attention to wealth and individual interests, what's in it for wigle measures such as
voluntary agreements could invoke a social institutional perspectivémipialy data
support this basic idea.

Introduction

In contrast to attitudes, values are always assumed to be trans-situatwmathesm
abstract in nature. Schwartz (1994, p. 21) defined valudssasable trans-situational
goals, varying in importance, that serve asdijug 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 gleikcum
form. The more closely organised values are, the more compatibleatbeyr his
circumplex can be described or captured by two dimensions, see Figure 1 below.

The first dimension, self-transcendence versus self-enhamteoppposes values such

as universalism and benevolence to those that pursue personal ineegespgwer and
achievement. The second dimension, openness to change versus conservation opposes
values that stress independence, such as self-direction andastm against values

that emphasise tradition and conformity. In this structure of valeegronmental

values are assumed to be located close to self-transcendence.



Openness to Change Self-transcendence

Self-direction Universalisn
\\
Stimulatian
Benevolence
Hedonism
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Achievement

/ Power Security
Self-enhancement \

Conservation

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, Feéil®85, p. 1135) proposed

that values can be conceived as abstract structures that involve the beliefoplat pe
hold about desirable ways of behaving or about desirable end states, aidegsbtiaptis

very similar to an earlier definition provided by Rokeach (1973). One impasaeict

of values is their motivational nature. In accord with tipeiorities, 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 perédy may occur,

such changes come about slowly across the life span.

However, the stable nature of values has been discussed. Seligth&ata (1996)
proposed that value systems are dynamic, that is, value priorities rmagechcross
contexts. In one study, they compared the rank order of the importance ofwhéres
subjects were given traditional instructions (general) to the order wWiersame
subjects were asked to rank the values with regard to a particular issue (abdhigon).
correlation between the two rank orders was rather low, around .50, indicatirftetieat t



is a substantial reordering of values according to context. Since people tzilbscai
range of values, captured by the circumplex model in Figure 1, thiddstmme as no
surprise. Some values are endorsed more strongly and others more weaklyf test
time values echo the sound of silence and need to be activated (Feather, H988) in
to be influential. Activation (Verplanken & Holland, 2002) may occur:

(1) on a more or less chronic basis. A value may be particularly strimeghporated 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 engmtainalue
perspective to interpret and analyse most issues they encounter.

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

(3) by irrelevant contexts. Values may be activated in the context ofshtéut linger
on in an irrelevant context.

Our present research addresses the first two propositions. Environméutadtvangth

has been investigated in experimental studies where the effectittfgpaad negative
labelling on choice of ecological products were compared. By and large, thecddffect
negative labels was stronger than the effect of positive labelspdRdents avoided
products that were worse than average when it came to environmental conssquen
rather than choosing products that were better than average in termsrohmental
consequences. However, this was not true for all consumers and the ti#fedeaffect
could be accounted for by differences in how strongly one adhered torenmeintal
values.

Environmental values and effects of negative and positive eco-labels

Initially participants were informed that a number of pairs of pradwebuld 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 systermtsagduiced. This
system was adopted from the design of a traffic light. Accordingdycotour 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 desaibed a
“average”, while environmental consequences defined by the green label were “much
better than the average product”.

Sixteen pairs of products, eight food (bread, potatoes, milki, ryeple, tomato, coffee,

and pasta) and eight non-food commodities (washing-up detergent, soap,gwashin
powder, toilet paper, battery, T-shirt, a light bulb, and writing paper), sedeeted as
target stimuli. Two pictures of each pair were presented simultayemugidescribed

on three to four attributes such as price, quality, country of origin, exiaitg. In
addition, each commodity was portrayed with an eco-label. Two versiosach pair
were created. In one version, the control condition, each alternative wkesl lalig 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, edjuaisd
between food and non-food commodities. All pairs were presented imi&ago Half of

the pairs in each trial were controls. Order of experimental and controltiocand
between trials was counterbalanced between subjects. Ordesehtation 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, respondent
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 anta 7-po
scale anchored on “Not at all important” (1)/ “very important” (7nally, subjects

were asked about their age and gender.

For each participant and pair of products the difference in preference ratingseibe

the control (that is, both alternatives had a yellow label) anéxperimental condition

(that is, one product had a yellow label and the other product a red or aajreinvhs
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, respectivpigsented as

a function of environmental concern. While individuals with low or no enviromahe
concern were uneffected by environmental information, negative orvgoshiose with

a strong environmental concern were affected the most, and equally much, by both
kinds of information. As shown, individuals with a semi-strongceom displayed a
differentiated pattern in that they were affected more by negative lihguositive
information.

' 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.



Positive label

Negative label

=il -1,0 =) 0,0 RS 1,0 15

Environmental Concern (Z-score)

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 studieéshisitime in relation
to policy measures. The basic idea is that policy measures frengedision situation
and guide evaluations of the policy at hand. Hence, financial measuriesdraw
attention to wealth and individual interests, what's in it for wigle measures such as
voluntary agreements could invoke a social institutional perspectivémipialy 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 ai¢gx pol
measure, another law and the third voluntary agreement; see beloxaroples in the

car domain. The order was counterbalanced between subjects. Another group of
subjects, control, was presented a more neutral suggestion. The vigmettesas
follows:

As a car owner you regularly commute by car. In order to reduce negatiaet&ipm
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 imiblagsyou
have to choose other transport means.



= |s proposing a system for car-pooling. This implies that you can declarecwow y
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 &faes, Wealth and
Environment (index of Protecting environment and Unity with nature), teetieem in
this particular situation and whether they should object or accept the drofMesdih
was rated as significantly more important when a tax was suggested tienather
three conditions. The environmental value was seen as somewhaimportant in the
control condition than when policy measures were proposed. As fardatitowards
the policy instruments, Law and Voluntary agreement were rated 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 Waalth an
Environment as independent variables. The results are summerisedlenlTaelow.

The general picture that emerges is that when Tax is the suggested policyemaagur

the importance of Wealth accounts for variation in attitude. Howevern \Wwhe/ or
Voluntary agreements are proposed it is mainly the value Envirorthmenaffects the
attitude.

Table 1: Wealth and Environment as predictors of attitudes towards policy measures. Values are standardized
regression coefficients ((3) 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 valuenmsystee
dynamic and indeed affected by context. Furthermore, economic incentwdsdcaw
attention to self-enhancement values rather than collective méts also Frey, 1997
especially chapter 8). Whether such attentional shifts alter ouerofar 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 taeccelera
progress towards sustainable consumption. It will identify current laumelof product

life spans and consider how this is applied in life cycle assessment a&sdeakin
recent debate on resource productivity and waste reduction. In reviewing current
understanding of issues relating to product life, the results of treesearch on
household appliances in the United Kingdom, the E-SCOPE study, will be e&damin
This demonstrated that many discarded appliances are reparastill functional. At

the same time, the study revealed that a substantial proportion of blolesstdesire
longer lasting appliances. The implications of this apparent paradioBendiscussed.

The paper concludes by evaluating the acceptability of longer lasting appliances an
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 bug ik a general
consensus that for industrialised countries, at least, it demands a reductio@ i
throughput of resources. Progress requires a shift from a linear economy tola circu
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 (1998atattat

in order to make satisfactory progress towards a fair use of 'environrapata’ (the
earth's capacity to support human activities) Britain should aim to cutnssiegtion

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 intenesteased
'resource productivity'.

Much recent literature relating to sustainability utilises this contektamework. Some

of it touches, though too often lightly, upon the implications for prodtectspans.
Increased product life, whether by greater intrinsic durability or ‘productxifension’
through repair, reuse and upgrading, is one way to slow the throughput of resources
Significantly, product durability was a key theme in an early contributidghaaebate

on sustainable production and consumption by the World Business Cdancil
Sustainable Development (Falkman, 1996). von Weizsacker et al (1997, p 70), in
developing the 'Factor Four' concept, argued that "durability is one of the masib

11



strategies for reducing waste and increasing material productivityeWiske, McLaren

et al (1999, p 53) describe durability, alongside reuse and recycling, as "éntical
increasing overall efficiency.” Yet the twin themes of product dliiabnd product life
extension have attracted relatively little in-depth research and whikheacademic
research community regards them as central or peripheral to sustainabidibyrde
remains somewhat unclear.

Inadequate understanding of issues relating to product life has a practiditaigei

In a project co-ordinated by Consumers International (1998), consumer orgasisati
explored how to promote sustainable consumption by improving their abilisotade
environmental information to consumers. Their report noted tegtftitused 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'sdife cycl
including reparability and the timing of replacements. It recommended thatjen to

give consumers reasonable advice, they should in future analyse the opt@nostkf

of appliances, explore the potential for upgrading and pay greater attentiterisaids
services.

In this paper | shall expand upon this argument that greater attentiorbenpsid to
product life spans if satisfactory progress is to be made towardsinabita
consumption. Firstly, |1 shall address product durability in the context of recent
developments in 'life cycle thinking', with particular reference to wwmes behaviour. |
shall then briefly survey past research on product life spanswantharise the recent
empirical findings from a project undertaken in the United Kingdom. Finally, | shal
consider some policy implications. Although the focus is on consumer dsydbére

are important messages for public procurement, industry goods and (paiobapsall)
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 theramas
economic growth, approximately 40% over the past thirty years, and, so far, "the
delinking of effluence from affluence remains elusive” (OECD, 2000Qday's
‘throwaway society' is tolerated, if not accepted. The concept has a history that can b
traced back at least 40 years to publicatiomted Waste Maker®ackard, 1960). It is a
term used frequently in popular debate and is well known to the general mble&a
remarkably little attention has been paid to it by the research coiymu

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 approacticsiive of a wider
socio-political failing. Modern politicians, operating in a liberaltue and woefully

failing to distinguish improved human well-being from a growth inuaffice, are
invariably positive towards consumption in general and consumer spvisrein
particular. They thereby render themselves powerless to challenge the throwaway
mentality. To choose to be irresponsible has somehow become oree afnsumers’
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 whig peo
consume (e.g. Featherstone 1991; Cross, 1993; Lury, 1996). A small bodgaricte

12



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 ouvathay

culture are poorly understood.

1.3 Resource prolonging

Reference to resource productivity in previous environmental debated e been
interpreted in the context of depleting finite resources (e.g. Conn,.1By Hontrast,

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 ighengossibility

of this threat re-emerging (Frosch and Gallopolous, 1989). Instead, todbgte da

resource productivity has been prompted by concern that the level of qumsum

most industrialised countries threatens to reduce the well-being of peopleen oth
continents and future generations.

The British Government's Performance and Innovation Unit (Pttérka renamed the
Strategy Unit) recently produced a report on resource productivity (Cabiniee,Off
2001). In the original Scoping Note, the PIU (2001) highlighted five ways cfasarg
resource productivity, the first of which was 'resource prolonging' byeasing
durability, decreasing turnover rates (presumably less frequent repldferaed
redesigning products (or components) for longer use. Another was reusslodtpror
components, alongside recycling. It was significant (if not ssingj given the political
climate) that the final document excluded any reference to this call $ounee
prolonging. Evidently the challenge to economic convention were too dcataati
contemplate for the Treasury officials consulted. Thus the final report addressed th
need for resource productivity and how it might be measured, but excluded any
reference to durability, instead highlighting general strategic toolsrgteeof market
based instruments, ‘resource productive innovation’, public procureroeitaral
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 thinkipgoduct
development and public policy analysis, sometimes described as k& 'twagrave'
approach. This may be traced to four developments.

First, during the 1990s, LCA (Life Cycle Assessment) became increasingly papua

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 amg Alle
1995). LCA quantifies the environmental impacts of a product across successive phases
from initial resource extraction to final disposal. Second, concerrt aasie has led

to the development of legislation based on the principle of 'prodesponsibility’

(Lifset, 1993; Mayers and France, 1999). This requires companiesitgiatpreviously

have had little knowledge about their products after the initial guaranted petake a
greater interest throughout their life spans because they are made responsitdiedt-

life disposal.
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Third, the need to reduce environmental impacts in affluent nations witeduting

the quality of life led researchers to contemplate the possibility of inogedke
'service' provided by a particular product during its life. Manufacturers begamui¢ovr

the potential for leasing products rather than selling them (Stahel and Jacksgn, 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 atcounte
for during the use phase of appliances (Kollman, 1992), coupled with criticism of the
cost of extended warranties (Office of Fair Trading, 2002), raisedegttén costs
incurred throughout the product life cycle additional to the purchase price.

Life cycle thinking is essential in confronting the throwaway sgdietcause it deepens
understanding of products beyond the point of purchase. This is particuladytamk

in a marketing context. Significantly, the need to address the whole life oyc
products is now being recognised by consumer behaviour specialists. Antmidesn
Raaj (1998) illustrate the distinction between the product life-cyalelae consumption
life-cycle. The former, an essential part of marketing theory, icamed with the
introduction of a product into the market, the development of sales,rdlcess of
product improvement, and the stage at which the product is removed omatket.

By contrast, the consumption life-cycle is concerned with pre-purchasdieststch

as problem recognition and information search, followed by purchase, use arghldispo
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 lifasspa
Indeed, one of the earliest, most widely publicised examples of life cycle assgsam
study of washing machines for the UK Ecolabelling Board, intjlichallenged the
case for increased durability by suggesting that most of the environmental ohffaet
product was in its use rather than production and disposal (Jackson, 1996r Simil
research on refrigeration equipment resulted in public subsidies for lownenco
householders who replace old, inefficient appliances. Thus reduced arsrgyas
prioritised over cutting waste. LCA measures environmental impacts such as energy
consumption and waste volumes but political decisions remain totiggooine or the
other.

Life cycle assessment is complex and fraught with potential difts 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, reoggnise

its potential value. Consumers International (1998) has called fomowad LCA in

order to provide consumers with reliable information on when to disposen of
appliance. Heiskanen (1996) indicates that only one published LCA has been
concentrated directly with product life extension and this confirmecdetivironmental
benefits for household appliances, clothing and furniture (though ndigfding and

heating devices).

Two general problems with LCA relating to life spans are wortimgdtiere. The first
concerns system boundaries. The washing machine example cited above was subject to
criticism because it did not include the impact of raw materials extma¢@ooper,

1994). Sustainability demands a global perspective, which requires environmental
impacts in countries where resource extraction takes place to be as significant as
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impacts closer to home. The second concerns the assumption about life spanka3her
long been concern about inadequate data on how long products last and the
aforementioned study assumed the average life of washing machine to be 14 years, well
above other estimates. Organisations undertaking LCA use internal data, the accuracy of
which is disputable unless open to scrutiny, and there is condelqratential for
confusion over variations in life spans because of different measurestle.g.
replacement life of a product differs from its service life depending on ehétls

passed on to the second hand market).

LCA is not only used by industry but also government. For example, tiishB
Government, preparing its response to the proposed EU Directive on Waste Electrical
and Electronic Waste, commissioned an LCA (and also a life cycle financial
assessment) of eight products, though limited this to a comparisderoisive end-of-

life options (i.e. the current situation and various landfiduse and recycling
permutations). Using multi-sourced data in an established software tool, the stud
revealed that the Directive would provide clear environmental bef&fitsx out of the

eight products (Ecobalance UK, 1999).

2.3 Ecodesign and product policy

Until the middle of the 20th century consumer durables were considered as investments
and it was assumed that they were designed to last as long as possible. Since then,
planned obsolescence, a term popularised by Packard (1960) as the deliberate
curtailment of a product's life span, has become commonplace.

Design trends, whether design for environment (DfE), ecodesign or sustairahietpr
design, indicate a growing concern that durability be considered alongside other
objectives (Fiksel, 1996). At present, however, other environmental impacts appear to
be getting more attention. In the report cited above Consumers |ieaiatl998)
observed that although manufacturers have reduced water-use and energy-use and
increased the proportion of recycled materials in their products, nmaose
improvements are still possible, particularly in relation to dutgbil

One of the aims of integrated product policy is to achieve a coherent approach to
product development. Promoting durability, it could argued, might increaseyen
consumption. There may well be unavoidable trade-offs, but itldhmustressed that
concern is largely limited to a few types of product, notably refrigeraggquipment and
vehicles. Moreover, Heiskanen (1996) has exposed a weakness in the argument fo
replacing functional products for reasons of energy efficiency. Sles tiwdt as long as
there is a constant rate of energy saving innovation to delegcespént allows for the
purchase of even more energy-efficient models.

2.4 Slower consumption

Increasing resource productivity is attractive to industry and governraeatige of its
association with eco-efficiency, using energy and materiaieffily in order to reduce

costs while reducing environmental impacts. Technical efficiency in product design
however, is not enough. It is also important to slow down the atterhich raw
materials are transformed into products and subsequently thrown away as waste, a
process has been described as 'slow consumption’ (Ax, 2001).
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In broadening interest in products beyond the period from develdpanensale, life

cycle thinking demands an understanding of '‘product biographies’. hgwariheised -

how carefully, how intensively, how intimately. Slow consumption iesponse to
concern that 'life in the fast lane' is transient, unsatigfysnd ultimately
counterproductive and that many people feel trapped in the 'make, take and throwaway"
and ‘work hard/play hard' culture. Alternative lifestyles are possibker since the
consumer boom in the 1960s there has been a counterculture of people seeking 'simpler’
lifestyles, while in the 1990s such thinking was repackaged as ‘downshifting'.
Nonetheless the consumer culture prevailed. The following three examplestigumst

that more substantial change is afoot.

In the United States the Long Now Foundation addresses attitudes to time and is
seeking to develop tools that will help people in thinking, understanding ciimg) a
responsibly over long periods. According to Stewart Brand, one of its dsecto
"Civilization is revving itself into a pathologically short attentspan. The trend might

be coming from the acceleration of technology, the short-horizon pergpettivarket-

driven economics, the next-election perspective of democracies, or thetiisgaf
personal multi-tasking. All are on the increase. Some sort afidiaacorrective to the
short-sightedness is needed - some mechanism or myth which encourdgeg thew

and the taking of long-term responsibility, where ‘long-term’ issorea at least in
centuries" (Long Now, 2002).

Long Now was sparked off by a idea from computer scientist Daniel:Hillikink it is

time for us to start a long-term project that gets people thinking past titalrbarrier

of an ever-shortening future. | would like to propose a large (think Stogehe
mechanical clock, powered by seasonal temperature changes. It ticks ongebangsar
once a century, and the cuckoo comes out every millennium” (Long Now, ibid). The
organisation plans to create a well-engineered clock that will be charismatidtto vis
interesting to think about, and famous enough to become iconic putilie discourse.

The aim is to reframe the way people think about time in the same atgyhibtographs

of Earth from outer space altered how many people thought about the environment.

Another important initiative is Eternally Yours, a Netherlands-baseavonkt of
designers with a specialist interest in the socio-cultural and psychologficenices

upon product life spans. Eternally Yours wasyfed almost a decade ago in response to
awareness that many consumer products are discarded not because they are worn out
but because people become fed up with them. It aims to address the relevancarof 'time
design’, seeking to divert attention away from exclusive focus on the mofgoiduct
realization or purchase to product ‘careers' and the wider cultural implications of
consumption. Recognising the impact that consumers have on producttdifeally

Yours advocates 'extensive design’, which involves not only the creation of a product
but also its entire 'career of use'. This requires the developmsetvides and concepts

for future communication tactics that will support products already sold.

Operating in a rather different context but with clear parallels is Sfoed, a
movement of critics of the fast food culture and those people "who are todeinigat

feel and taste, too greedy to remember what they had just devoured” (Sidyw2602).

Slow Food, which boasts 65,000 members in 45 countries, has adopted a #sail as
symbol. Citing the 17th century writings of Italian Francesco Angeliteo believed all
creatures to be God-sent bearers of the divine message and considered slowness an
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essential virtue, it suggests that the snail is "of slow motion, to eductitat leing fast
makes man inconsiderate and foolish."

3. Product durability and product life extension

3.1 Research context

Research into household consumption has grown as governments have teough
discover how to promote sustainable development most effectively (Noorndan an
Uiterkamp, 1998; Sushouse, 2002; OECD, 2002). By contrast, there has been no
comprehensive study of product life in an environmental context smGE&D report
twenty years ago (OECD, 1982). There has been a policy review of durability as a waste
strategy (Cooper, 1994), a report on options to encourage product life i@xtens
(Heiskanen, 1996), and a book on the marketing potential of lonstamglgproducts
(Kostecki, 1998) but, overall, the research base remains surprisingly weak.

More specifically, data on product life spans has long been regardeddexjuate
(Conn, 1977). According to Bayus (1998, p.764), "Empirically, it is verfycdIf to
rigorously examine product lifetimes, since detailed data for the entire prddunidie

and at all the various product market levels are generally difficult to acuir the
United Kingdom, however, the E-SCOPE project has recently generated some
comprehensive data relating to household appliances through a quantitatere G

over 800 UK households and a series of focus groups. Data was collected on the age of
the current stock of appliances, opinions about appropriate life spansgestténd
behaviour relating to repair, the means by which items acardied, and reasons why
people might be deterred from purchasing longer lasting appliances. Statisticg1c

the following section, unless otherwise specified, are from the report of théectpro
(Cooper and Mayers, 2000).
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Figure 1: Age of discarded appliances

Age of all
Product category discarded

appliances

(mean)
Electric cookers 12
Refrigerators and freezers 11
Televisions 10
Washing machines, dishwashers and tumble dryers 9
Hi-fi and stereo 9
Vacuum cleaners and carpet cleaners 8
Video equipment 7
Home and garden tools 7
Microwave ovens 7
Computers and peripherals 6
Telephones, faxes and answer machines 6
Radio and personal radio, stereo and CD
Small work or personal care appliances 4
Mobile phones and pagers 4
Toys 4

Source: Cooper and Mayers (2000)

3.2 Longevity

Some academics claim that product life spans have declined (Kostecki, 1998),swherea
others are sceptical (Bayus, 1998). A lack of comparable historical datzefamnited
Kingdom has led to reliance upon anecdotal evidence. In focus group discussions
participants were inclined to argue that appliances, particularly seval,itdo not last

as long as in the past (Cooper and Mayers, 2000).

The E-SCOPE survey revealed that 88% of the current stock of appliances are under 10
years old and 57% less than 5 years old. As shown in Figure 1, the average life span of
discarded appliances ranges from 4 to 12 years, depending on product type. Some
products lasted much longer; for example, 34% of cookers and 25% of refrigerat
discarded were over 15 years old.

The survey also found that many appliances have more than one dwimgy their life
cycle. AlImost one quarter of all discarded items are donated or sold for redsbea
proportion for computers (67%), hi-fi and stereo (44%), and video equipment,
microwave ovens and toys (around 35% in each case) is particularly higtharf
10% of appliances that were still functional were discarded into the waste stream. Thi
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means that, in total, around one third of appliances are discarded even thougtethey
not broken.

3.3 Attitudes

Quantitative research revealed that the UK population is divided almosly even
whether or not appliances last long enough: 45% stated that they do noth0#%tile
stated that they do (the remaining 5% holding no opinion). These pgiaie not
unrelated to behaviour. People who were satisfied with product life spares w
significantly more likely to purchase premium range appliances aattdémpt to get
products repaired. A noteworthy minority have high expectations: thare 10% of
respondents thought that the certain types of product should lassta2eyears.

Firm evidence may be lacking, but focus group discussion revealed that nuply pe
perceive product life spans to be in decline: "I think things have chandadk Ithey

are made more disposable these days...Things used to last a lot longer" was a typical
comment (Cooper and Mayers, 2000, p.13). Another participant hinted at an innate
yearning for improvement: "I don't think they ever last as longacasd like" (ibid).

Some were critical of the frequency of change in models and, by impticaifo
manufacturers: "Every time you're buying one they're ready to brinfpernone out,

and now | think that is so unfair" (Cooper and Mayers, 2000, p.14). There waa als
sense that innovations were sometimes unnecessary: "You get these extiaseon t
which you are paying for and yet you don't use half of them" (ibid).

3.4 Repair and maintenance

Consumer decisions during the 'use' phase, such as whether to repgalac® peoducts

and whether to pass on products or discard them as waste, help to determine product life
spans. Appliances were discarded due to technical failure in around td®dhcases,

but many of these items were not considered irreparable éy dwners. Survey
respondents were asked to distinguish broken appliances 'in need offrepaitiose
'‘broken beyond repair' and almost one third were classified in theefocategory.
These represent subjective judgements, but the outcome suggests that peofeebf
forced to replace broken products that they consider reparable. Thisfosasinby
another recent study which assessed the condition of items discarded at civic amenity
sites and concluded that 77% of upholstered furniture and 60% of domestic @gplian
could, theoretically, be refurbished and reused (Anderson, 1999).

The increasing cost of repair relative to replacement is a critidalence that
perpetuates the throwaway culture. In the E-SCOPE survey well over one third of
respondents (38%) said that they rarely or never had products repairedw@veirds
(68%) cited cost as a reason why they do not get items repaired.

Repair has become relatively expensive because much manufacturing has been
relocated to newly industrialised countries. Appliances are made inriesunthere
labour is relatively cheap, yet would have to be repaired in the countajeowbere
labour costs are invariably higher. During the 1980s and early 1990s the price of new
televisions and washing machines increased by 20% and 40% respectively, whereas
repair costs increased by over 150% in each case (Consumers International, 1998, p.20)
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3.5 Technology and upgradability

Some academics have advocated planned obsolescence as a means of ensuring
technological progress (Fishman, Gandal and Shy, 1993). Among the generaltpablic
E-SCOPE study found ambivalent attitudes to new technology. Many focus group
participants were somewhat frustrated but resigned to change. In the quantitative survey
people were asked to identify the primary deterrent to purchasing longeg lasti
appliances and fear that they would become 'out of date' was cited by spedents

(30%) than those who cited price (23%). Significantly more men had thigrothan

women, who were likely to be deterred by the cost of purchase.

The focus groups offered an opportunity to explore different intermnesabf ‘out of

date'. One participant said that a reconditioned case would be acceptable Ky wor
parts should be new, while another considered reconditioned inner parts acceptable as
long as the case was new! Participants also discussed second-hand products, which
account for approximately 5% of the appliance stock. Although attitudes were
predictably negative, most people regarding them as inferior and tiatbe faulty,

some expressed a willingness to purchase them if they appeared to bealyeodnd

had an adequate guarantee.

Ecodesign has prompted interest in the potential for upgradeable produgisy Ba
(1995), in an industry-sponsored report, foresaw a possible consumer hadasst

built-in obsolescence and concluded that designing certain products to be upgradeable
could offer benefits to manufacturers, consumers and the environment. Some
manufacturers already design products to be upgradeable: Miele, for exanguke Paff
Update, a service which allows customers to have washing macthindse driers and
dishwashers reprogrammed.

4. Product futures

4.1 What life cycles?

Sustainable consumption demands increased resource productivity, to which greater
durability could make an important contribution (Figure 2). For rpostiucts, longer

life spans lead to less damage to the environment, although, as indicated abmad, opti
life spans for some appliances depend on trends in energy saving innovations

Historical evidence suggests that it will not be easy to achieve a societabshiftis a

‘culture of permanence' (Durning, 1992). People are critical of the throwawiayysoc

yet follow trends in fashion and aspire to own the latestiywots as a sign of 'success’;
hence they express concern about the short life span of products while disdardsg i

that function or are reparable. Such paradoxical attitudes and behaviour expose the
complexity of issues relating to product life. The following setexplores some of the
factors that determine product life spans using a structured approach developed by
Eternally Yours, that addresses product characteristics (Shapes and Surfaces), people's
relationships with material artefacts (Signs and Scripts) and thatamal system or
context (Sales and Services).
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Figure 2: Impact of product life on sustainable consumption
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4.2 Product characteristics

Increased product durability demands an element of ‘redesign’, as the technical
specification of products determines operational qualities such dslitgliaeparability

and upgradeability. The reliability of appliances varies between product types and
between brands (Which, 2002). Research by Cramer (1997) concluded that mste rob
construction, modular construction and alternative supplier/user rehigs (see
below) are important if product longevity is to be increased.

The quality of the internal workings of a product critically influenceslutsability (its
‘technical' life span). However, the product's 'Shape and Surface’, too, influences its
likely life span - and often in a way that is less obvious or predictibie.partly a
matter of geometrical characteristics, style or features, but also whettieurlouws care

for quality and detail is evident, as in hand-crafted products. Ax (2@ pffered the
example of shoes, which she notes were once investments but now are often cheap and
disposable. She argues that only if shoes are comfortable and attractive plél\waat

to have them repaired rather than replaced and advocates a return toalfftaadsboes,

citing a Wuppertal Institute study that reveals environmental benbfaseover, she
describes this as a form of sustainable product design, not mere ecodesign, because t
customer is involved as 'co-producer' and production is invariably localised, thus
supporting regional development.

Consumers often face the problem of inadequate knowledge about tigethidesign

life of products. Describing the work of Manufactum, a German mail order company
specialising in durable, craft-made products, Burchardt (2001) argues thabfiem
impossible for customers to make an informed judgement concerning the
price/performance ratio of products. He concludes that decisions to opt for rigieer
products have consequently become a matter of trust rather than knowtetige E-
SCOPE survey 73% of respondents said that they considered information ore@xpect
life spans to be very important and 54% were dissatisfied witinttiemiation currently
available (Cooper and Mayers, 2000). Consumers International (1998) haseul oipat
policy-makers should encourage improved advice on the durability aspects of products
in order to stimulate the market for those that are less damaging ¢émtironment.

The way in which products wear, particularly changes in 'product surfeeetime,
affects their value. For example, many people believe that wood tends tetteye b
than, say, plastic. Aesthetics are important in creating the appeal of prolaicts
underpins their longevity. According to Eternally Yours, products ldhtage with
dignity".
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4.3 New relationships

Products are not merely functional, but provide importamiadggin human relationships
(Douglas and Isherwood, 1979). Our possessions communicate messages aboet who
are, or want to be, and reveal histories about our past life. They helgfibe our
human identity and reflect our values. These 'Signs and Scripésll ngroducts to be
carriers of meaning.

A decision to replace a functional product may signify that we do not want to be
associated with items that we consider 'out of date’. Conversely, peopldeaia
increased attachment to a product over time, perhaps through the context of how it was
obtained (e.g. a special circumstance) or sheer familiarityexploring people's
attachment to material artefacts the Eternally Yours Congress drew paratlels wi
human relationships (van Hinte, 1997). How many products it is pesgibifeel
affection towards? If an individual can love only their 'life partnerquely, is it
equally true that we cannot express care for all of our many possessions?

Fewer functioning items might be discarded if people developed greater atta¢bmen
their possessions. On the other hand, growing interest has reeemtlged in the
amount of ‘clutter' in people's lives. In America, a new wave of basstribe
techniques to dispose of clutter as a 'life management tool, while its National
Association of Professional Organizers includes 'Be clutter-free’, a consustanmvige
offering Email advice at $20 per consultation or $100 per week. In Britain, meanwhil
a television series calletihe Life Laundryprovides advice to families seeking to rid
themselves of clutter, and at least one local authority has promoted 'Clear YQut Da
during which residents empty their houses of unwanted goods. Theré&atigonh of
jumble sales (and, more recently, car boot sales) is an indicatiogopfefs transient
relationship with possessions and desire to 'keep up’ with changing times

The significance of 'psychological obsolescence' has long been rsedgmackard
(1960, p.74) referred critically to the creation of ‘obsolescence of desirabitityy a
leading clothing retailer who said "We must accelerate lebsence...It is our job to
make women unhappy with what they have...We must make sbamhappy that their
husbands can find no happiness or peace in their excessive savings." #ttempt
increase product durability may expect resistance from marketing interests.

4.4 Serving without selling

It is necessary, therefore, to consider how increased product durability coeliit ben
industry. A growing number of researchers argue that a shift in companyiestiraim
selling new products to selling the services provided by products is required (etg. Whi
Stoughton and Feng, 1999). By addressing 'Sales and Services' in this waygtileey ar
suppliers will lose the incentive to curtail product life spans prematuredyder to
'shift more boxes'".

This growth of interest in product-service systems, "a marketablef ggbducts and
services capable of jointly fulfiling a user's needs" (MEPSS, 2002), hagpbempted

by a desire for increased resource efficiency. Stahel and Jackson (1993) pnooese a
from a 'fast throughput' economy to one based on 'optimal utilisatiomhich the
services provided by products are delivered more effectively. Two categories of
product-service system are of particular relevance to product longevigyisOmhen
value is added to the product life cycle by, for example, increasing the cpfadifter-

22



sales services, while the other takes the form of an 'enabling plaffwroonsumers to
receive a service without necessarily having to purchase products (through, for example,
leasing) (Manzini and Vezzoli, 2002).

After-sales services vary in quality and, as noted above, broken agsliare
increasingly judged to be irreparable. Manufacturers and retailers imnBadenit that
extended warranty pricing does not reflect the actual risk of failure of individake:s

and models, which varies considerably, and prices charged have been criticised as
excessive (Office of Fair Trading, 2002). It has long been suggested debate on
product durability that guarantees should apply over longer periods to encourage
manufacturers to provide a better after-sales service, with parts in stockder End
reasonably priced (OECD, 1982; Cooper, 1994).

The second system implies a shift away from the traditional contractuajemeant in

which a manufacturer sells an individual product to a consumer, norrhadiygh a
retailer. Instead, 'eco-leasing’ is proposed, in which the supplier assespesgibility

for maintaining and (crucially) disposing of products (OosterhuighikRand Scholl,

1996). As Bayley (1995) has observed, leasing contracts may encourage durable and
upgradeable products. This represents a dramatic change in the corporate culture of
'shifting boxes' but, according to Eternally Yours, suppliers could reiemasproduct

as a 'conversation piece' that will generate turnover for many yeargsaftveth. This

more radical approach may be prompted by producer responsibility legisiatian

will make manufacturers responsible for products once discarded. Leasing their
products offers one way in which they would be able to keep trackrnofttiveugh their

life cycle.

5. Summary and Conclusions

This paper has argued that sustainable consumption demands a reduction in the
throughput of resources and this, in turn, requires increased produspdifis. If our
throwaway culture is to be displaced by one that reflects the values required for
sustainability, one of the primary challenges will be to discbeer to enable people to
desire fewer material possessions while forging attachment to thasesgiosis in their

care. Sustainable consumption should allow for the value of the materidl twdbe
affirmed (i.e. it does not require asceticism) and promote an ethic of gooddstkipar

while challenging expectations of ever-increasing material affluence.

The paper has exposed the lack of scholarly research relating to the throweiey so

or product longevity. Similarly, there is little evidence @dvernment interest in the
development of policies designed to address the throwaway culture, despite its
recognition of the need to increase resource productivity. The forces of industrialism
remain powerful: politicians appear confident when addressing resource productivity in
the context of 'efficiency’, but wary of promoting any change thahtnhig portrayed as
threatening to change 'modern lifestyles'.

In exploring how to progress most effectively towards sustainable cphisumnthe
emergence of life cycle thinking is proving critically important. Amait study of
consumer behaviour emerged in a marketing context, with emphasis on the purchase
phase in the product life cycle, and it is now recognised that more understanding
needed of the subsequent phases, use and disposal. Life cycle tools that provide data on
the environmental impact of consumer products, however provisional, ardig@ssen
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although environmental trade-offs between durability emergy efficiency still need to
be resolved.

Recent research undertaken in Britain has demonstrated the scale of public concern
about the life span of household appliances. The population appears to be evenly
divided between people who would prefer longer lasting products and those evho ar
satisfied. A brief survey of factors that shape product life spans has deateshstneed

for products to be redesigned, consumer attitudes and behaviour to change, and
suppliers to have a greater incentive to maintain products. The throwawely sl
prevails, but signs are appearing on the horizon of an emerging culturaleciatiqu
consumption patterns that are too often characterised by speed andgstiedrsiss.
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GIS maps and qualitative studies combined provide knowledge
of energy and water consumption in households

Kirsten Gram-Hanssen and Ole Michael Jensen
Danish Building and Urban Research

ABSTRACT

Household resource consumption can be visualised and analysed geographically by
using GIS (Geographical Information System). Researchers at Danish Building and
Urban Research have among others produced GIS consumption mapsgthe city

of Aarhus. These consumption maps are based on a monitoring system called eco-
accounting, which is an environmental accounting system that takes into acpaust |

and outputs of energy and resources. Combined with GIS maps of socio-esandhic

the physical conditions of buildings, household consumption pattam$e analysed.
These studies showed that the social status of the residents in each type of
neighbourhood corresponds to their energy consumption. And that miseingption

varies widely from neighbourhood to neighbourhood and within thehbeighood as

well. However, patterns and interrelations do not provide us with an unuéngiaof

the actual consumption behaviour in households. To attain this tenthEng
gualitative interviews from households in selected neighbourhumasbeen used. This

way knowledge has been provided about the use and meaning of home aretligeowl
about different kinds of everyday life as it is being lived ffedént parts of the city and

in different households. These qualitative studies showed that diffecaersietold
consumption have to be understood as an integral part of the interrdigtween
technology and culture in everyday life.

Introduction

This paper gives an introduction to research on household consumptibn an
sustainability conducted at Danish Building and Urban Research (DBUR)o
approaches are used in these stuébesising on energy and water consumption in
households. One approach uses GIS-maps to provide a bird's view of the subject, the
other uses qualitative analyses to give a worm’'s view of the subject. Tie tw
perspectives both consider environmental aspects and lifestyle aspects of consumption
The purpose of the paper is to explain working methods and tools and to élusivat
different methods complement each other.

When considering the environmental aspects, it can be noted that the daily u=gpf en
and water in households is highly relevant to study, as one third of allyeimerg
Denmark is consumed directly in the households (Danish Energy Statistic 2001) and
more than one third of all tapwater (Danish Statistics 2001).

% Research activities presented in this paper originate from several finished and ongoing projects carried
out at DBUR. Two main projects are: Lifestyle and resources, part of the Danish welfare programme, and
Energy consumption of houses, differences caused by techniqgue and behaviour, the ERP 2000
programme (The Danish Environment and Energy Agency). An important project within the Danish Welfare
programme is Lifestyle, dwelling and consumption. This is an independent, now published, Ph.D. project
conducted by J.O.Jensen (2002). Like the projects presented in this paper, this Ph.D. project is based on
GIS maps and theories of consumption.
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However, when considering the lifestyle aspects consumption of energy andnagter
not be the most relevant objects for analysis, because theories styldiferimarily
focus on the communicative aspects of consumption, i.e. how to express lifestyte, gro
belonging and identity to others or to your self through daydrearAicgrtain level of
energy consumption, whether high or low, is not a way to express identitystag®
dreams, for one reason because it is a hidden consumption. This does not nf@gh that
or low levels of energy consumption is not related to lifestyld aonsumption
practices in the sociological or anthropological sense of the word. fidhisther studies
have shown that energy consumption i.e. relates to the size, style and typeuséa ho
and to the amount and use of appliances and that all these aspect are highly relevant
within a sociological and anthropological understanding of consumption.

A leading idea of this research is to combine lifestyle, resource cptisamand
physical structure from two points of view. In a bird’s view, patterns cfwoption are

seen by combining the idea of the social geography of the city with the visoalisat

the energy and water consumption. From this point of view, physical structuns mea
the built environment. In a worm’s view, qualitative analyses ofiddal households

have been performed in order to understand how house, identity and resource
consumption are interconnected in each individual case. From this gowiew,
physical structure means the house with its appliances. Thus far, thEetsymectives
constitute two strategies.

In the following two sections we will give examples of each of these reseeatdysts.

In the first section we will introduce to birds view, with the GIS- basepisimand it is
shown how these maps relate to a monitoring system called eco-accounting. In th
second section, the qualitative studies of the worm’s perspective are introduced and it is
shown how these studies are related to different cultural consumption theories.

Birds eye view: Consumption maps

Segregation is a main characteristic of urban conglomeration. Git@erdifferent and

they become affiliated with different social groups and subcultures, eabkrofwith

their own favorite places for living (Jensen and Bech-Dagel999). Lifestyle more

or less predestinates the social membership and the acceptable domainy fitfie dail
This has long since been established by urban studies and can easily be ddmfirme
statistics that take account of for instance the personal income of dpousin
neighbourhoods. By using GIS, the segregation according to income can easily be
visualized. However, as will be described later, not only wealth and goods make the
distinction.

And now this question: Will it be possible to represent social geographynis i
statistics that address consumption only. For consumption as a whole, dhisourse
impossible. But, by meters placed in the homes in order to read the tapfidweating,

the amount of electricity, or the amount of water delivered, these elenaoént
consumption can be emphasized by means of GIS. Meters installed are of oourse f
individual accounts. Nevertheless, by using GIS access to these meter readings can be
transformed into a map that shows the distribution of heat consumptitve urban
neighbourhoods.

At DBUR consumption maps and other kind of maps of the city of Aaraus heen
compiled into a GIS Atlas that shows how statistics of buildings, ssmmoomics and
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consumption can be visualized by means of GIS (Jensen and Olsen, 2002). As a
research institute DBUR has access to a personal data register in order to olmain soc
economic data (the Danish CPR register contains information on income, i@ducat
age, nationality etc. of every person living in Denmark). DBUR has also access to a
building data register to obtain information about buildings in Aafthes Danish BBR
register contains information on building year, size and type lofbalding in
Denmark). Aarhus Technical Department has provided the meter readings. Infarmatio
about 280,000 people, 133,000 buildings, 70,000 electric meters, 45,000 heating meters
and 53,000 water meters have been assemble in the data register to sepptaisth
production.
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Figure 1: Examples of maps picked up from the Danish GIS atlas, one based on data on personal income, the
other based data on household heat consumption.

The division of Aahus into neighbourhoods is based on the physicatusewof the
city, i.e. the age of the neighbourhoods, its location in the urban Hdedyarcation by
the road network, type of buildings and the environment of green. aneakort, this
can be seen as a division of Aarhus into naturally demarbateging neighbourhoods.
The signs of the map explain the level of consumption. For Aarhus ahmapng heat
consumption was made possible by the fact that most housing estates aeel sufipl
district heating.
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Eco-accounting

When studying the heat consumption map, it is worth noting that the average heat
consumption is measured in heat units per person instead of heat units per household.
This way of interpreting energy consumption comes from the Danistacaounting
system, and in fact the GIS maps of consumption can considered a visualizaon o
accounting for a geographical area. By benchmarking consumption as an individual
rather than a household relationship, it is at the same time stressed thahgion is

about responsibility of individuals. The same way of thinkingkm®wn from the
concept of The Ecological Footprint and the concept of The Ecological Rucksack.

As measures, environmental accountings of this kind are meant to serve as
environmental indicators and documentation of environmental improwsmen
addition, they should encourage the establishment of new environmentalemenmats,

and whenever possible help promote environmentally sound behaviouay. tase, the
benchmarking system provides opportunities for a dialogue with tizerd. It is the
overall requirement of sustainable urban development and nottleaséductions of
carbon-dioxide (Cg emissions that have caused the demand for the environmental
accounting.

In Denmark eco-accounting is a widespread monitoring tool applied to the infrastructu
of all kinds of housing areas, from single homes to large socialingoestates.
Moreover, it has been applied to the infrastructure of schools am@ffA basic
assessment tool, based on an Excell spreadsheet, is available bontbpage of
Danish Building and Urban Research (www.dbur.dk).

The monitoring method can be seen as an Environmental Aiiog{BA) method, but
unlike the traditional EA, eco-accounting calculates in substances (massegyg en
units) instead of finances (monetary units). The assessment method addnesses t
efficiency of a specific supply system and moreover the efficiency afupgely system

and consumer behaviour as a whole. It is based on the idea of assessing inpuyiudnd out
as known from the Life Cycle Assessment (LCA). In eco-accounting likandial
accounting, all inputs and outputs have to be balanced and therefor takewdotint
(according to the physical principle of constancy of energy and substatwmegver,
practical use of the assessment method is limited by those dibfugls, heat (district
heating), electricity, water, and waste that are connected to meters or otheewise ar
measured.
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Figure 2. The principle of the double-entry eco-accounting

Neighbourhood consumption pattern

From a researcher’s point of view, GIS-visualised eco-accounting is an impmtass

to understanding energy consumption and household consumption patternsas.a wh
This became even more visible when household consumption maps wereezmbmiplar
socio-economic GIS maps and GIS maps dealing with physical conditions ofdsiild
still based on a geographical division of the city into neighbourhoods.

Main findings of such analyses confirm that the social status of the residezdashn
type of neighbourhood corresponds to their energy consumptian.amalysis also
shows that small household (few persons per household) and largengsvéthany
square meters per person) are closely related to high heat and electrisiynptan.

In affluent residential areas, the average heat consumption per person is 200-300%
higher than in apartment blocks and the average electricity consumption pan pers
there is 20-40 % higher than in most other neighbourhoods. Howeves, aiso
remarkable that often apartment blocks on average consume as much heaopeagers
ordinary single-family houses. Surprisingly, the age of a building tlauns its technical
standard, does not greatly affect the heat consumption except in neighbsuwitiod
new buildings constructed since the Danish Building Regulations were tghien
1979 (Jensen and Gram-Hanssen, 2000).

Consumption varies widely from neighbourhood to neighbourhood. Howewadso
varies within the neighbourhood. This variation is of causedsigom neighbourhoods
with big variations in house sizes (Figure 3 is an example of this) although
neighbourhoods with similar houses variation of 300-400% is found.
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Heat consumption per person distrubuted on intervals
in villas
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Figure 3: Although the energy consumption varies widely from neighbourhood to neighbourhood, the
consumption within neighbourhoods also varies considerably. This gives an example of the variation of heat
consumption in a high-status villa area.

Worm'’s view: Qualitative studies

In the previous paragraphs it was described how maps of energy consuamgtio@ps

of socio-economic factors and building statements can expose patterns of carsumpt
in the social geography of the city. However, one thing is showing patteotkea
thing is understanding the patterns, i.e. understanding why citizensye®asuthey do.
Concerning this kind of questions qualitative studies can provide valkiaddedge.

Searching for an understanding of consumption behind the patterns of consumption, two
different qualitative studies were conducted on why people live where tleeywhat

their house mean to them, how they furnished and equipped it and how they used the
house and its appliances. One study focuses explicitly on energy consumption in
working and middle-class neighbourhoods with terrace houses, rental ars- own
occupied respectively (Gram-Hanssen 2002). Another study focuses onastyle
identity of middle and upper-classes in detached houses, both the li\agfthvitlas and

in newer standard houses (Gram-Hanssen & Bech-Danielsen 2002). Each stuisincl

10 to 12 in-depth qualitative interviews (Kvale 1996) with selected families.fAlleo
interviews were taped, some of them fully transcribed, and others thellgatiported

and partly transcribed. In the following some results will be presented. Givstvlar, an
introduction to some of the theories that these studies rely on are in order.

Consumer theories

Consumer theory deals with experiences, motivations and reasons for wie ipepp
things and why different groups of consumers buy different thidigssical studies on
consumption have focused on the communicative aspects of signals and symbols in
relation to social groups. Douglas describes how humans through social rgatheri
witness and confirm each other’s consumption rituals (Douglas &wsloer 1979).
Bourdieu describes consumption and "the good taste" as a way for the higia¢r so
classes to distinguish themselves from the lower classes (Bouréid4), and he shows

how residential neighbourhoods in this way form part of the symboliepstwucture
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in society (Bourdieu 1996). In contrast to these descriptions based assesctiety,

we find the post-modern understanding. The argument is that we are approaching a
society with post- or late-modern structures where institutions from maositeziety

such as class, family and community are under dissolution, aatewhe individual
therefor has to express and create his or her own individual identitk (B92;
Giddens 1990). In relation to consumption this could be understoodhasinfdividual

is free self-consciously to choose to manifest any of the multitude of/lédesin offer:
"Everyone can be anyone” (Stuart and Elizabeth Ewen here cited Featherstone
1991). This discussion on modern versus post-modern consumption tloeeeyehn
focuses primarily on the communicative aspects of consumption. Campbell argues
against this, stating that these theories depend on the consumer and the otesenger s

a common understanding of the “language” that is used (Campbell 1995). As an
alternative to the strong focus on communication, Campbell has proposedyaaheo
pleasure and daydreaming as the wheel that turns the need for consumptione{Campb
1987).

This kind of consumer theories focuses on why to consume, and not on whatshappe
afterwards in relation to the consumed objects. Talking about energy comsynigs
relevant not only to understand why people buy new appliances, bub &sow how

they are used afterwards. The subject area known as “domestication of technology”
deals with this Making Technology Our Owri996). Here, the focus is on how
technology is used, tamed, and (re)interpreted in everyday life. Theepomof
domestication of technology thus enables us to understand the mumhsaluction
process between humans and the consumed appliances.

In our studies we have concluded that understanding in which neighbdudlifterent
kinds of people live Bourdieu has a lot to offer, however moving inside the house
looking at decoration and renewing more late-modern theories, oieth@dpleasure

and daydreaming, may be more relevant (Gram-Hanssen & Bedbkzain 2002).
Whereas understanding the interaction with the house and its appliances avieaoul
more from the domestication of technology paradigm (Gram-Hanssen. ZD0&je
conclusions will be further elaborated in the following exampldgdings.

Example of empirical findings: Who lives where and why?

From the GIS maps we know that different neighbourhoods have differats lef
energy consumption for heating purposes and that the inhabitants Havendiocio-
economic backgrounds. In the qualitative studies we explore why differers ofpe
people live where they do. Economic ability is of course an itapbdeterminant but
as we will see economy is not the only important factor.

In the study comparing rental and owner occupied terrace houses we find that
houseowners have a higher income and are better educated than renters. In general the
differences between the studied neighbourhoods were however not thargteaany

of the renters were economically able to become homeowners if they wanted. In th
interviews, we explored the cultural reasons why people are homeowners . fenter

the case of some of the residents it was obvious that the question had nevéessally
raised. Whether they were homeowners or renters, they justediointy natural thing,

which is simply to follow what you know from home and bring wituyas a part of the
habitus, which is the unconscious social disposition you are kropgiith (Bourdieu

1984). In the case of others, it was an issue, and here we heard differest aborit
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how constructing identity and choosing a neighbourhood were clos&ied. An
immigrant couple, who were homeowners, told how they had avoided many rented
houses assigned to them by the municipalities because they didmictowive in what

they considered ghettos with too many immigrants. On the other hand one of the
families living in rented houses had discussed buying their own house. Mdhg o
husband's colleagues had their own houses, which they workedni@imand renew
every weekend, and he longed to be part of this group. His wifeuweswhinks that
buying a house “is not for people like us”.

Wanting to learn about the specific culture of a local neighbourhdodhay be
informative to listen to those who feel that they are not a part obttaé ¢ulture, the
“Strangers”. One example from the study of detached houses was a self-made man who
had worked his way up as a businessman and now lived in an expensive ardd with o
villas, and all the neighbours having long education's. The fdmdybuilt a new villa

in the old style, and already before they moved in their neighkdooked askance at
them because of this. In the beginning the family said “hallo” to all thet; but
nobody returned their greetings. The family explained how after soars ffeey now

felt at home in the neighbourhood, and were invited when the professor or the doc
invited the neighbours, though they still felt different. AnotherdBger” was a family

in a middle-income standard-house neighbourhood, which suffélied a bad
reputation. One of the families told how they, when they boughhthese, had to
defend the neighbourhood and justify to their friends and family thby wanted to

live in such a place. This family agreed that the bad reputation of architecture was
deserved. They themselves did not find the houses too beautiful. They boughigee h

as a temporary solution, however they had grown to like the sbigain the
neighbourhood and found it more important than the architecture.

This kind of stories gives “flesh and blood” and cultural explanationghe GIS maps
showing the social and cultural segregation of the city. And as we know lie@I5
maps that different neighbourhoods in the city have different levelgenergy
consumption for heating according to size and type of buildings the stisoelsedps us

to understand the relations between for instance social status and energy consamptio
households. Choosing which house and area to live in is also ché®s#h@f energy
consumption for heating purpose, however this was not how it was experiendesl by t
inhabitants, as energy consumption in it self was never a goal.

Example of empirical findings: Buying and using appliances

Understanding different levels of electricity consumption betweerhbeurhoods and
between households in the same neighbourhood is about undegttre type, the
number and the use of appliances. To understand more about what influence type,
number and use of appliances, we have interviewed respondents abodiffacamt
appliances were purchased and “domesticated”.

An example was a family that bought a new tumble dryer one year ago because the old
one broke down. They explained that they were looking for a machineisbdtless
energy. The wife had tried not to use their old dryer too mi@hging wet clothes to

dry on a clotheshorse in the evening and then finishing them in theetainygr in the
morning. Because of the size of the house, there is no room for the closieeshtire
daytime. Buying a new and more efficient machine means thatit does not have to

think so much about how she uses it. She said that she washes time dull loads
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every day, and that they have thought of buying an extra washing machimease

their washing capacity. Asked how it was possible to generate so much dirty clothing,
the mother responded that as she work at home she was able to fill the maanges
times a day. By doing so, she avoided discussions or problemse&ritfamily about
clothes washing. All five members of her family wore theitlw@s for only one day
before washing them, including sports clothes on an almost daly. Behe children
showered at home and at sports practice every day, and air-drying the towels in the
bathroom was impossible because of moisture problems resulting fiawk aflheating

in the bathroom. So the mother’s solution was to wash (and dry) albweds after

each use.

From this case it was learned that the process of domesticating the technoluggdcha
daily routines and involved discussions and relations among fameifgbers as well as
knowledge (actual knowledge or beliefs) about energy efficiency. This proses
interwoven with the physical conditions of their house and the available firtiee 0
mother. This family is a good example of what Cowan describes in heiMoaak\Work

for Mother (Cowan 1983). More appliances to do housework does not mean less work
for the mother but rather a higher level of service for the fanmtl; these appliances
also permit the mother to do the work alone. An additional consequence, wenotight

is increased electricity consumption.

In this and related examples we heard stories of how buying and using appliances had to
be understood in a complex interaction between family members,otise tand the
technology. We learned that understanding differences in electtmityumption was

about understanding relations between technology and culture in eveifgdayd we
learned that these relations very often had little to do with awareness and comncern f
energy consumption.

Concluding remarks

In this paper we have showed examples of research on households energyeand wa
consumption from two different but complementary approaches. A bigg of GIS-
based maps shows social geography and consumption patterns in théandszape,

and from a worm'’s view, qualitative studies of everyday life provide backgréornd
understanding the different levels of consumption. Both methods areyeselant as

a research method however both of them are also relevant for a poligjasamihg
approach.

As urban planners are used to maps as an integral part of their planninghémss
consumption maps may be a way for them to bring in more focus ¢ainside
consumption in urban planning. Planning, building and renewing citiesast@lbuild

the physical structure of the future consumption pattern and therefomiportant to

pay attention to relations between the built environment, tyitesand resource
consumption in the planning process. Consumption pattern is however rbt tota
predetermined by the physical structure. As the qualitative studies of evédifgdaow

the actual resource consumption has to be seen as a result of the interaction between
culture and technology, and this knowledge is also useful in a practical context.
Information and communication strategies have to take into account thaemlével

of resource consumption can not be reached only by focusing on morengffici
technologies. How new needs constantly develops needs to be understood.
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Abstract

A systematic approach towards lowering the environmental load from private
consumption can only be attained when the impacts of the policy camibgored.

This paper describes the development of such a monitoring systempbelvbioand for

the Dutch government. Some results are discussed.

First, an operational approach to determine the worldwide impacts from comsumpt
the Netherlands is described. An important innovation is the use of linkedoinjpuit
tables that cover the world wide trade and economy, albeit that the input talties

are rather coarse. The framework can also be used to improve input output datasets
other countries or regions, and can be the starting point of a worldwidedh&et to
which each country can connect its own input output database.

The effectiveness of ecodesign

Since the early nineties the concept of ecodesign has been embraced as an important
approach to decrease the environmental load of products. The focus of ecodesign is to
lower the environmental load throughout the lifecycle of the product. Avorirant
assumption was that the load should be lowered per unit of function fulfillfRent.
instance, an environmentally sound car is thought to be a car that pollggsetes
kilometer, an environmentally sound light source is an energgiesff light source.
Although this seems a logical viewpoint, it misses an important poiptoved product
performance will often result in a change in consumer behavior. Agyea#icient car

is a perfect second car for the family, and why not light your garden wéthmetv

lamps. In other words, the often claimed win-win situation (lowst ead lower load)

can have an important unexpected side effect, through the consumer behaviour.

What limits the environmental load of consumption?

When we do not look at products per functional unit, but on a macro leeetan
understand that in fact there are just a few factors that limit enviroalmead of
consumption:

= The cost of products set an important limit on consumption. In general,
consumers have a more or less fixed income, and this income increases a few
percent per year. If inflation is lower than income increase, this mbapsan
afford more products if products become cheaper to buy or use (the fuelneffici
car), it means they can purchase or use more products.

= The time consumers can spend is limited, in many cases, for iastaren
choosing between the use of a private car and public transport, time is a decisive
factor. Time is also an important limiting factor for the holiday indest
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= Volume. Many people have a limited storage space. This is an important factor
when deciding for a second car, but also favors the use of compact products, and
is a motivation to rent, in-stead of purchase tools.

Of these three factors, probably the most important and fundamenibe& cost factor.
This means that if we want to limit the environmental load by consumptiareeg to
address the ratio between environmental load and value, and manage a traiosition f
low value high polluting products to high value, low load products.

The environmental load per unit  of value in economic sectors

In earlier research [2] we developed eco-indicators per unit of value added in the major
industrial and service sectors in the Dutch economy (base year 1993). Added value is
defined here as the difference between sales and purchases of the sector. Figure 1
provides an overview of the results with a few sectors highlighted.

Base Chemical indy

Refineriesl \
Electricity N~y

Agriculture\R

Base metalis

Electro mechanicd|

Figure 1: The environmental load from 63 economic sectors (expressed as E co-indicator 99 points) divided
by the value added by a sector in the Netherlands. The blue columns represent service sectors, the red
columns represent industrial sectors. A few sectors have been labelled as example.

Clearly the bulk industry sectors create relatively high load per unaloévThis is of
course not really surprising. A little more surprising is the observatian s#rvice
sectors do not always perform better than industrial sectors. For instance thefepai
consumer goods is a relatively poorly performing sector, mostly due totémsive use

of small delivery vans.

The ratio is not the only important factor, also the magnitudehef activity is
important. Figure 2 provides an alternative presentation, using the E2 vdctorddt

the environmental load against the added value. The slope of the vector indieates th
ratio, the length indicates the magnitude of the sector.

In this representation, we see that there are just a few sectors responsikdehighth
added value or environmental load. Service sectors seem to add much value and low
environmental load.
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Figure 2: The environmental load plotted against the value creation, using the E2 vectors. The slope of the
vector represents the ration between load and value, the length represents the magnitude. For sustainable
economic growth the steepness of the vectors should decline, or the flat vectors should grow.

Of course this representation can also be misleading, the apparentlyavorable
service sectors use much of the unfavorable sectors, such as electricity.tlis fancire
useful to follow the whole chain throughout the economy, by linkingssand
purchases, and carrying the environmental load per transaction with it. In thisevay
can perform a so-termed environmental input output analysis.

Data collection through Input-output

Each economy has an economic input output table that specifies the vaibe of
purchases between sectors within the country and abroad (the imports), as well as the
supplies to other sectors and the exports. Furthermore all other major costseanésev

are specified.

These tables have been used by several LCA experts to compile input @@put
databases; see [1] for a general overview. Environmental data per sector is byided
the added value, resulting in an environmental load per unit of value. Thiesecen

be used to link the environmental load to all supplies through the economineg b

to get a total environmental load of the outputs of all sectors.

Towards a system of interconnected IO tables that span the world

A yet unsolved problem is how to deal with imports and exports. Toadity LCA
practitioners that used IO datasets have used the assumption that the envirdoatental

per unit of added value for imports and exports are identical [1]. An apple ip&has

the same load as an apple in the USA. However, it is clear that there are some problems
in assuming that the environmental load connected to an agricultural product produced
in the EU has the same load as a product produced in developing countries. Some
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research indicates that, especially for trade with non OECD countries, the
environmental load per unit of value is an order of magnitude higbwewpared to
production in OECD countries [2]

In a large economy such as the USA, the lack of specific data for imports may not be
too relevant for most sectors, but when smaller, and more trade orientednézoare
analyzed this may lead to significant distortions. This paper teschiow we can link a
national IO table to a set of three international 10 tables that span tlieegonomy.

We believe that this approach can be generalized, so that other resezanhauld their

own National 10 table.

The environmental load from consumption

The dataset presented here is the result of a project commissioned by the Dutch
government. The project originates from the desire to be able to tracephets of its

policy on the environmental load of private consumption on a natiovell [Eor that
purpose, a system has been developed that links consumer expenditure to the
environmental load it creates. The intention is to update the systeyrbeyears and to
monitor the trends.

Direct and indirect environmental load
It is important to distinguish between direct and indirect environmeodadl ¢aused by
consumption.

= The direct environmental load is defined as the load that occurs after a product
or service has been purchased by the consumer. 10 databases cannot cover such
load, they trace economic flows up to the point the consumer purchases the
product.

= The indirect environmental load is the load that occurs before the product or
service has been purchased. Basically this is the load produced by economic
activities. This load can assessed in 10 databases

This distinction can be clarified with a simple example. When thewuoer purchases

paint to decorate his own house, thdirect environmental load is the load associated

with the production of the paint, the packaging and the distribution, diteet
environmental load is the load that comes from the emission of solVérgsdirect
environmental load isotthe same as the imp[acts from using products (often called the
“use phase” in Ecodesign or LCA). For instance electricity consumption is regarded as
indirect, the consumer purchases the electricity. Similarly, tbéuation of fuels for a

private car is regarded as indirect load but the exhaust gasses from the car is regarded as
direct environmental load.

This distinction seems slightly artificial, it is however vasgeful, as the indirect
environmental load can be well covered with environmental input outpastabl

Consumption patterns

In most countries a detailed analysis of consumer expenditure isldeaiSuch a
statistic specifies average expenditure by consumers over a large rangeéuastgpend
services. For this project we used the data from the Central bureau of Statistins [3]

41



expenditure over 350 products and services. Some products occur several tinees in t
list. For instance car use for recreation and car use for shopping are kept separate.

The products and services can be analyzed for the direct environmental load. To
determine the indirect environmental load a link was made to 105 industialsas
defined in the Dutch economic input output table. As we will see these Dutch sectors
are also linked to input output tables in other parts of the world.

Netherlands
(IO table with 105
sectors)

Other OECD
countries |
(10 table with
30 sectors)

i

Consumer expenditure over 350 products

and services

Direct environmental load| | Indirect environmental load

Figure 3: Overview of the financial flows throughout the economies to the Dutch consumption pattern.

Selection of environmental stressors
The Dutch government specified a list of 20 elementary flows or “strés$bese are:

= Emissions of CO2, CO, CH4, NOx, SOx, N20, HFC’s/ HCFC'’s, non methane
VOC, benzene, PAHs, heavy metals, nitrogen, phosphate, PM1}) (dus

= Land use, water consumption, wood use, fish extraction, ysesti€ides.

= Truck, Car and Moped kilometers, especially to assess the nuisance caused by
noise

Direct environmental load

The 350 products and services have been screened to determine if they eesult i

direct environmental load. About 20% of these have a direct environmental load. LCA
databases and other sources are used to determine the direct environmental load. The
products were grouped in following domains (relevant for Fig. 5):

1. Food : Food, catering, electricity for cooling, energy for coqkiveshing and
food shopping transportation
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2. Leisure: magazines, books, recreational transport (incl familg)visiblidays,
electricity for TV etc

3. House: house and garden, rent and mortgage, insurance, maintenance, incl.
energy for ventilation and heating

Household: furniture, curtains, flooring, lighting (incl electyici
Hygiene: hot tap water, cosmetics, toilet paper, medical care, - insetanc
Labour: commuting, education fees

N o o s

Clothing: clothes, shoes, washing

An analysis showed that the major contributions to the direct envinaiaiload are
associated with (top 4 only, in descending order):

1. Car driving for work and recreation

2. Wood and Coal, used in fireplaces and old stoves
3. Heating

4. Cleaning

Of course this ranking also depends on weighting across impact categories, here equa
weights were used of all elementary flows (emissions, resouecetciy

Indirect environmental load in the Netherlands

The Dutch input output matrix has 105 sectors. The National “emisgisirgg system

maintains a detailed data inventory for industrial activitiess dhtabase has been used

to run queries that produce datasheets per sector. Significant amounts of work were
needed to convert the data to a format that is consistent with the idefiaft the

stressors and the sectors. For a number of stressors, such as land use, other data sources
needed to be used.

Indirect load outside the Netherlands
The “rest of the world” is split up into three regions:

= OECD countries in Europe
= Other OECD countries
= Non OECD countries

For each of these regions, thirty sectors were defined that were taken from the DIMITRI
[4] and EDGAR [5] database. These databases already have data on Energy use, CO2,
NOx and SOx per country and per sector, so it is relatively easy to create datasets for
these stressors per region. To cover the other stressors a wide rangece$ has been
consulted. In order to focus the efforts, an analysis was made using the GTAP [6]
database to identify which countries or regions contribute tooeh industrial activity.

The focus was to find data for these countries and regions first, and éatgape data

over the whole region. Of course the data collection was not complete, and often
extrapolations have had an important influence.
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Some results

The results of the procedures described above can be summarized in a few graphs. First
we analyze the relative share of the different “consumption domains” to a seleaiéd set
impact category indicators. A domain is defined as a group of purchaseadln$tthe
individual emission an aggregation has been made, mostly using the CML 20t im
assessment method [7].

Figure 5 shows that for most impact categories food plays a dominant role in the
consumption patterns. Recreation and working expenditure are quite heavily dominated
by expenditure on car transport. This shows that the use of cars is also araninpo
contribution to the load.

Share of consumption domains

Freshwater
Land use
Noise (traffic) Il
Housing
Sl m Houshold
Eutrophication [IH DN O Feeding
Toxicity 177 I N\ § Recreation
e _ O Personal Care
Acidification 77 NN = .
- B Working

]
Climate W77 N\ |
Energy [ Y =

0% 20% 40% 60% 80% 100%

Figure 5: Share of the consumption domains over the environmental impact categories (direct and indirect, all
regions).

Another result is the analysis of the direct versus the indirect envirdaimead. This
shows that especially road noise is associated with direct environmental loads This
partly a distortion due to the fact that truck kilometers and car kilometers aideareql

to have the same impact. Indirect load is dominant in most other impact agegori
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Share of "direct" environmental load
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Figure 6: Share of the “direct” environmental load, caused by the consumer, in relation to the indirect load
that is caused by economic activities (all regions).

Another view is obtained when we analyze the relative contributidmedbtd from the
regions. Here we can see that the Non OECD have a relatively high contribution,
especially in land-use and acidification. This is remarkable,easalue of the imports

of this region is relatively modest. The Netherlands get 66% of the tisnjpom Europe

and only 17% from the Non OECD countries. The contribution of toxic emgssio
within the Netherlands is remarkably high. One explanation isttieathare of direct
consumption of household (which occurs always in the Netherlandghigdnitoxicity.

Share of regions
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Toxicity N B
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Figure 7: Share of the regions tot the environmental load (direct and indirect)

These results allow us to get an insight into the dominant anddéesgant issues
related to private consumption. For instance it seems that many LCA studies ar
focusing on products within the household consumption domain, whilstthig shows
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that this is not an important domain. There are other consumptionirdothat are
much more important to focus on. Especially the environmental loadd ¢tatke food
production chain seems to deserve more attention.

Implications of the monitoring system

As the monitoring system has now just been started, we cannot present any trends yet.
However in a few years when a second assessment will be made it will bgqaaene

clear what the trends of all efforts directed towards improving eco-efficiency are.

The system as it is now, already shows some very interesting rékeits,

= The relatively high contribution of the direct environmental load mesampact
categories; the load caused by consumers after obtaining a product is
remarkable. It should be noted that direct environmental load ihasame as
the use phase; important loadings from electricity use due to the use of products
is considered indirect load.

= A relatively high contribution of the consumption domains Feedind an
Housing, as well as recreation.

= The relatively high land use in Non OECD countries needed for the Dutch
consumption

The system developed, shows the power of using the eco-efficiencyvadtie fgainst

load) to make assessments on the societal level. In stead of analyzing the eantiabnm
load per function performed by the product, we analyze the environmental load per
added value, and as value addition is the main function of an economy, warhave
analysis of the functionality of the economy.

An important implication is that governments can in fact try to imd@econsumption
domains by developing policies that can address the issues that requitg paether
implication is that government can look at sectors it wants to stimulatesaudage.

Finally the system can be used to assess trade between economic blocks, and more
specifically trade with non OECD regions. Companies should be well awareithat

such tools governments can focus their product policy moreesftigi

The same tools can also be used for assessments on the product leves$trategic
analysis from within the company. The main function for a producior a company
department is the generation of value with a low environmentd! [blae dataset has
now also been implemented in LCA software, which means it becoe®y easy to
make the assessments in this way. The data from the input outpesaan be used
in combination with traditional LCA datasets.

For strategic assessments it becomes easier to see which divisions provickd Ut
low environmental load. It may become an important asset for a company ltetie a
show this overall ratio and try to concentrate on divisions with the faesrable ratios.
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Abstract
There is a small Austrian village with approximately 70 inhabitants who miegde
living out of farming, part time farming and as employees at a nearby intisgtia

What and how much material do they consume during the course of a yearfa&/hat
changed and what will change in regard to their consumptiorét Whhe range of
consumption between different households?

First | introduce the concept of society’s metabolism and one of the heauticators
called Domestic Material Consumption (DMC) defined as differendevdes the
Domestic Material Input (DMI) minus exports. Then | show the D&t@position for
both years 1830 and 2001. | discuss the changes in the context of society’s transition

Theyern as social system has changed from a subsistence-based syatenarket
related one. Modern farming practices based on fossil fuel anlizértiave risen the
material throughput to a different level. This did not alter the DMC vergihn(5,5 tons

per capita 1830 to 7,7 tons per capity in 2001) because both DMI and Export have
grown significantly.

Therefore the look at the DMI, Export and DMC reveals better irsighinpared to a
narrative focus on the DMC only.

On the household level Theyern’s material flows have changed fromagkaous to a
heterogeneous characteristic. The agricultural based household has a DMI 0h80,3 to
per capita whereas the private household with people employed at the nearby factory
has 3,3 tons/capita DMI in 2001.

The highest potentials for the reduction of material flows can be séle@ agricultural
sector and the transport.

Finally 1 suggest braking down the DMC into various categories to allowgnkwith
lifecycle data.

Approaching a small village in Lower Austria: Theyern

There is a small village in Lower Austria called Theyern. It is located halbgtyeen

St. Polten and Krems. It was founded in th& tBntury. At first sight the village has

not changed at all over the last 200 years. The population of approximately 70
inhabitants remains more or less the same in numbers. The slingplemdscape has

still the same characteristics. Even the map of the village itself and mbstlmiitdings

have remained the same.
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A closer look at the community reveals a different impression:

In 1830 it was a farming community. Everyone was involved in crop farming and in
sustaining the appropriate number of livestock for dung, labor and meat.supply

In 2001, some of the inhabitantslisivork as farms or part-time farms, while others
work as freelancers or as employees at a nearby industrial site (Fig 1). Most of the
surrounding fields have been leased to specialized medium sca&rgasf neighboring
villages. The few remaining farmers of the village have focused theirtestion fruit
farming (mainly apples). Tractors and fertilizers caused big changes in the garmin
practice. Furthermore, the new modes of transport allow closer links to othef soci
economic systems (employment and shopping at nearby cities).

Students
25% _Farmer
|

[ 190

Part-time farmer
6%

Employeas/ Freslancess
Retired persans | | 14%

22% Homemaker
14%

Figure 1: Population in Theyern 2001 (100% = 76 persons)

To fully understand the environmentally relevant changes in Theye have applied a
concept called social metabolism. This allows the discussion of woegire
interactions in a comprehensive manner.

Social Metabolism

The concept of social metabolism originated in the traditions of bicdoglypolitical
economy. Social metabolism supposes social systems to be anatgonganisms” in

that they exist in a permanent state of material and energy exchangéeirithatural
environment and other social systems (Fischer-Kowalski et al,. 1996)eXd¢hange is

vital for humans' quality of life and is channeled by natural as well &sdyomic and
technological processes. Considerable ecological changes are the result of these
processes, in terms of both input (raw material extraction) atput@wastes and
emissions).

While energy metabolism has long been registered statisticaiynms of energy flow
analysis (EFA), we are internationally among the pioneers who are working t
methodologically develop material flow analysis (MFA) as a tool for tisemation of
sustainable development. We see EFA and MFA as more than statistical snétfeod

see them as tools that are crucial to any description or understanding of the "bio-
physical" economics of a society. Quality of life, working hours, trad@jsport,
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communication relations and consumption - all of these are issues that we andigze in t
context of their relation to social metabolism.

For a better way of dealing with the data some headline indicators have beepeivel
(Figure 2).

The first set of indicators is closely linked to the input andotliput flows of a social
system. Domestic Extraction (DE) entails everything taken out of ditvmestic
environment into the social system. Imports are considered as inputs fronsadttedr
systems. Domestic Processed Outputs (DPO) are any controlled or uncontrolled
material outputs to land, air or water. Exports are outputs nbext ether social systems.

To balance input and output someone has to consider both the charibeswater
content of material that is flowing through the system and the axidptocess during

an incineration. Since these are not flows of primary interest, #neycounted
separately. Everything a social system takes in and does not exporurnsedsas
consumption of the system and is called Domestic Material Consumption)(DMC

A second set of indicators focuses on various forms of hidden flows, fllavsate
triggered by the system’s demands but that do not take place Withsystem. They
might take place in other social systems as Foreign HiddemsHBEHF) or in the
domestic environment as Domestic Hidden Flows (DHF). Data on hidden flows are
rather uncertain and can vary widely due to the lack of standardization of system
boundaries (Weisz et al., 2000iljadn and Hubacek?2001). | will therefore not discuss

this set of indicators, but rather focus on the first set of indicators.

Water
[ r
. Exports >
L1
i
1 |1
TME DPO ;
!
= | TDO
; | DHI"W'
| DEE) N |
Domestic Environment
Sodrce Matthews af al, 2000 {siightly modified)
DE Domeslic Extraclion FHF Foreign Hidden Flows
DMl Direct Malarial Inpud DHF Domestic Hidden Flows
= DE + Impons
DPO Domestic Processed Outpul TMR Total Material Reguirement

= DMI + FHF + DHF
DMC Domeslic Material Consumption  TDO Total Domestic Qutput
= DMA = Export = DPO +DHF

Figure 2: Basic Material Flow Analysis model (MFA model)
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1830-2001: What has changed in terms of consumption in Theyern?

Little Changes in Tons Consumed

The investigation focuses on Theyern as a social system that is embedded in its
domestic environment and has material exchange with other sod¢&insyS heyern is
reflected in a simple model with inputs, outputs and an intastnatture to process the
flows including stocks. The data for 2001 have been generated by householgsnqu
through data from the local administration and by our own counting asehatbion.
Additionally a model with agricultural standard factors has helped to elahlelck data.

Data for 1830 are taken from a study focusing on the historical situation oflagatu
systems (Krausmann, 2002).

A first look at the DMC of 1830 and 2001 reveals a change. However, the change is no
as big as someone would expect. Whereas an average person consumed 5,5 tons in
1830, the average person consumed 7,7 tons in 2001. This is an increase of about 40%.
A more detailed insight reveals the DMC composition.
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Figure 3: DMC composition Theyern 1830 and 2001

Figure 3 shows that the consumption of biomass has only grown by 7%. The andety
structure of the DMC have changed. In 1830 the DMC was to a very high degree
biomass (98%). In 2001 the domestic material consumption included a slightly
increased amount of biomass, which has a share of 77% of the total, as well as fossil
fuels (16%), minerals (4%) and goods (3%).

As described above, the DMC has not grown much over 170 years. A close tbek at
indicators domestic extraction (DE), import, export and DMC at the same time can
provide a broader view.
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Input and Output Growth Keeps Consumption at the same Level

Due to technological advances like mechanical labor and Zertilihe Domestic
Extraction increased by 90% between 1830 and 2001. The import, shown in figure 4 o
top of the domestic extraction, grew substantially during the same periogetier,

the input into the system in 2001 is 2,34 times that of 1830. The export was atmeos

existent in 1830.
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Figure 4: Domestic E xtraction, Import, Export and DMC in Theyern 1830 and 2001

Concluding from this there are two significant changes:

1. The level of the DMI has grown significantly. This mears the material input
into the system was 5,7 tons/capita in 1830 and 13,3 tons/capita in 2001. Due to
a growing export the DMC has not changed a lot.

2. The system characteristics have significantly changed from eddlosan open
system, which depends on the exchange with other social systems. Whereas in
1830 the Direct Material Input was almost the same as the DMC, in 2001 DMI
and DMC became more or less independent variables.

A Homogenous Village Becomes Diverse

Up to now we have looked at average data. In 1830 all the farms employed the same
agricultural production mode. The only reasons why DMI and DMC per capita might
have differed between various farms is the size concerning number o&pacgs,
number of cattle and imbalances in the distribution of wealtis. thherefore assumed

that the per capita DMI and DMC did not vary in a wide range.

In 2001 the village had comparable high diversity. There are two different agnadult
specializations. Some focused on fruit plantations, others on.dropsldition, some
farmers became part-time farmers and started working at a nearby factory. lonadditi
there are families where no one is involved in farming and one or maengegarn

their money as employees or freelancers. Finally, a humber of pessogisred and
receives a pension (see figure 1). This means that both the DMI and DMC have a wide
range. The DMI varies between 3,3 and 50,3 tons per capita in 2001; the DMC between
3,3 and 33,2 tons per capita.
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Figure 5: The ranges of DMI and DMC in Theyern 2001

The most striking DMI growth is between an average farm in 1830 (5,/Capits) and

one specific farm that was taken to represent today’s farming practices in Theyern
(50,3 tons/capita), an increase of 780% (see figure 6). This reflects the modermitatio
the agricultural system: Less people work with assistance of machinekfuelssand
fertilizers. At the same time they achieve a much higher yield due toipgdirorop and
optimized growing conditions.

In Comparison with the Austrian Average

Austria’s current DMC is about 18.3 tons per capita and year (Matthews et al., 2000).
This is considerably lower than the Direct Material Input (DMI)ahémounts to 22.8

6 tons/capita and year. Austria’s per-capita DMC is a larger than thagavef the
EU15 countries of 15.6 tons/capita and year (Weisz et al., 2002). In Austria,
construction minerals are the largest fraction of DMC (52%). Biomass acciounts
25%, fossil fuels for 16% and industrial materials (e.g. oresj%ar

Measured as metric tons, biomass DMC increased by about 20% from 1960 to 2000,
whereas the input of construction materials and fossil fuels increasesiderably
faster.

53



Qutearreich | Farm Syerpge Private Hougsshald | Theysrn 1830

Theyern 2001
Figure 6: A comparison of DMI/DMC in Theyern 1830/2001 with the Austrian average in 1996.

The most significant difference between Theyern and the Austrian average are
construction materials. Theyern is a small village and the study igatest only one

year. In this period there was no significant construction work going on. li@ecbad

built one 120 rhbuilding during the course of one year this would mean approximately
additional 150 tons per capita and year for DMI and DMC for each person of the
household. For the average DMC per capita in Theyern this would mean an increase by
30%. This aspect of possible spikes at the local level needs to be considered whe
comparing local data over time or with other local or national data. FigilitestBates

as well that changes can be viewed far better in the DMI than in the DMC. \While t
DMC range among the different sets of data is 18 tons/capita, the DMI varies by 45
tons/capita.

Conclusions

The DMC and the DMI show the high significance of the agricultural system (s
biomass in figure 3). It seems that during the next 10 years the part time farithing w
disappear. This will reduce both the village's DMC and DMI. The few farms
specialized in fruit farming will then dominate the two indicators. Chagésrming
practices can have a huge impact on the village’s environmental performance. This
sector should receive more attention.

DMC and DMI show that further attention should be drawn to transportefitigycars
and vans use approximately 40% of the fossil fuels in 2001.

For detailed discussion, the investigation of DMI, Export and DMC tsveetter
insights than a narrow focus on the DMC.
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Considering this broader view, the DMC as indicator to discussiogi®on in the light

of sustainability seems to offer some substantial advantades.indicator can be
looked at in time series. The DMC of neighboring systems can be added together
without double counting.

At the same time the reduction or the increase of a social system’s DMC mnghah
reason that is not necessarily dependent on its environmental performaoogerio
discuss this | would like to look at lifecycles of goods and how theytrbigmeflected
in a social system’s DMC.
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Figure 7: Lifecycles of goods and how they might be reflected in a socials system’s DMC

A system that imports final goods only might have a very low DMC compaitadaw
system that uses the same quantity of final goods but which tsxthecraw materials
within its domestic environment. This case study suggests that it migiadséle to
brake down the DMC into these categories. This would allow a discussion of both
lifecycle data and system based indicators like the DMC at the same time.
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This paper outlines how the National Consumer Research Centre is developing
constructive technology assessment as a tool to promote sustainable consuptjon
some of the problems with conventional LCA approaches are identified. Then,
background and context of constructive technology assessment (CTAjoduired.
Some llustrations of how we have used CTA are presented. A summary of our
arguments is given in the final discussion.

Addressing sustainable consumption: the problem with LCA

LCA has become the established way to assess the environmental impacts of consumer
products. It provides data on the environmental profiles of product altesde.g.

paper vs. cloth shopping bag), and helps to identify at what st@genost relevant
impacts occur (e.g., product manufacturing vs. product use). Thus, it providetaimpo
information for environmental labelling, product development and theigiwavof
consumer information.

Over the years, a variety of shortcomings in the LCA model have alsoidezdiiied
(e.g., Tukker 1998; Heiskanen 1999; Bengtsson 2002). The final weighting aftémpa
is a value-laden decision that cannot be modelled objectively. Moreb@, is
primarily a quantitative method, and has difficulties in integrating dada is not
readily quantifiable, such as impacts on biodiversity or social impaatshefmore,
LCA models do not as a rule consider the social systems surrounding theldgaai
processes studied. Thus, LCA is not sufficient in addressing, e.,wadl toxic
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chemicals such as chlorine compounds can be managed in closed systitmsariety
of socially-mediated impacts of genetically-modified organisms (GMOSs).

Yet the greatest shortcoming of LCA, in our view, is the lack of compatibiditween

the broad systems picture that LCA paints, on the one hand, and the limite& pdwer
individual decision-makers on the other. It is not so difficult to identie optimal
environmental product system in principle — on the drawing-board — but no one is
actually capable of influencing such broad systems. Consumers and sesihese

only limited and indirect influence on the entire product life cyclegreas authorities
cannot micro-manage each product life cycle in detail. Thus, many todayebtiat

the variety of actors in the product chain should be more involved imoenwental
assessments, that co-operation among the actors is needed, and that improvemen
options should be considered in realistic settings (e.g., H&iskd999; Bengtsson
2002).

CTA as an alternative approach to sustainable consumption

LCA is one method of, or input to, technology assessment (Batum\altz 1996).

Two problems have been identified in conventional technologgsasment (TA). One is

the technocratic reliance on experts, whereas the issues considered are usually quite
political and value-laden. This has led to a variety of approaches thab amgage
different stakeholders in the assessment process, such as the policy-Delphi (Turoff
1975) and consensus conferences (e.g., Joss and Durant 1995; Rask et al. 1999).
Another is the lack of input of external stakeholders into the techyalegelopment
process — conventional TA identifies threats and possibiliiesisting technological
developments, but not, for example, what kind of technologies are needed to address the
problems of society (such as sustainable consumption patterns).

Constructive technology assessment (CTA) is a new approach pedela the
Netherlands (e.g. Schot 1992). The idea is to incorporate the needs and rexpsireim
society (“the selection environment”) into the technology development process
(“variation”, i.e., the development of new alternatives). Onddceay that CTA is an
attempt to merge technology assessment and technology development, antihedn

and engage a variety of interest groups in the process, on the other.

Another guiding idea in CTA is that technological change is usuallywasiocess that
requires considerable adaptation at various levels in society. If we want topdevelo
technologies for a sustainable future, we need to start early, and we needity tkde
variety of changes that will be required for the technologies to be accepted, agetto m
their aims. One example of such an application is the Dutch project ohprotein

foods (see Weaver et al. 2000), which aimed at developing factor 20 environmental
improvements in the food system. Based on a thoroughgoing envirohnsental, and
economic analysis, and through the engagement of a broad rangdéeifadtlers, the

most promising novel protein technologies and applications werefidénand R&D
consortia were set up to continue their development.

Examples of CTA studies at the National Consumer Research Centre

Much of the early work on sustainable consumption at the National Consumer Research
Centre (NCRC) focused on consumers’ environmental attitudes and thenememtal
impacts of consumption patterns. However, we were soon disillusioned with the
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atomistic and rationalistic view of consumers embodied in standard econacic a
marketing theory. On the one hand, advances in consumer reseaechrésented a
more sophisticated picture of consumption as a cultural phenomenon. Orhéhne ot
hand, historical technology studies have shown how technist&rayg structure the way

we consume, and how changes in consumption are conditioned by broaderandrket
technological developments. Finally, consumers’ attitudes to “greeneugis” or
recycling seemed rather trivial in the light of the momentous changgsre@ by
environmental sustainability. Thus, we felt a need to explore new approaches to
sustainable consumption.

Early developments: product chain act ors’ views on the environmental

impacts of consumer products and GMOs

One of the new approaches adopted was to consider consumers as one group of market
actors influencing consumption — and its environmental impacts — together wits. othe
This gave rise to studies with a “product chain” approach. We studied, for example,
how different actors (consumers, retailers and manufacturers) prolect chain of

four consumer product groups (clothing and textiles, detergents, applemtgsper
products) perceived the environmental impacts of these product groups, and how they
viewed their own and others’ abilities and responsibilities to improve themk@ten

et al. 1998). This study later formed part of an in-depth study of how consurakes

sense of the environmental attributes of products (Niva and Timonen 200dnénm
2002). We also studied how consumers adopted more environmentally sountepracti

in laundering, using questionnaire data and laundry diaries (Aalto 2002).

Another study focused on how different actors in the product chain perceivekse ri
benefits and ethics of gene technology in food production (Jauho and NivaNi989;
2002). It was found, not surprisingly, that consumers tended more frequehtlyda
negative view of GMOs, while the retailers and manufacturers more usually were
positive. Yet there were also very positive consumers, and quite criticalebssi
representatives.

Furthermore, the arguments employed by the proponents and opponents of gene
technology differed (Jauho and Niva 1999; Niva 2002). While the proponents focused
on food security, and the relative safety of genetically modifiedsfotee opponents
focused on the substantially different nature of gene technology émnventional
techniques. Their concerns about the risks were related to the unpredictableampact
GMOs on ecosystems, on the one hand, and the ethics of human interfeténide wi
foundations of nature, on the other. Interestingly, the risk analogipopbnents and
opponents also differed. While proponents compared gene technology to eveskday ri
(e.g., driving, flying), opponents drew analogies with technologidalrés (nuclear

spills, DDT), and were concerned about the capacity of society to manage the related
risks. By revealing the fundamentally different way of reasoning grtioa proponents

and opponents, the study identified a central impediment to reaching auctwstr
dialogue on the issue.

These studies made progress, in our view, in engaging different stakeholders in
environmental and technology assessment, and in identifying diffeneesd bf

reasoning that lead to divergent views and actions. We felt, however, a need ® go on
step further and try to engage the stakeholders in finding solutions, as well as problems.
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Constructive technology assessment of electronic grocery shopping

In early 2002, the first attempt was made to conduct a full-blown CTA. Electronic
grocery shopping was selected because of the public interest in the potef@ial of
based solutions to reduce the environmental impact of consumption. AenofribCA-
studies have indicated that electronic trade could be a way to reduce the enviabnment
impacts of grocery shopping, especially by reducing the use of private cars foinghopp
trips (Freire 1999; Orremo 1999; Punakivi and Holmstrom 2001).

Yet the studies also indicated that an environmentally efficient system ecguir
sufficiently large and centralized clientele and well-coordinated difojinees, so that
delivery routes can be planned efficiently. Many other uncertainties medKécult to
assess the true environmental potential of electronic grocery shoppindiewliet
replaces or merely complements supermarkets, whether it actually reduegs paiv
use, and how it influences consumers’ ability to select environmentallgrbproducts,
as well as how it impacts consumption levels in general. These undestairg due to
the early stage of development of electronic grocery shopping. At the saejeltis
early stage makes it possible — in principle — to integrate environmepiaviements
into the service development process.

The CTA project was conducted in the following manner. A booklet of backdroun
material was compiled, summarizing the findings of LCA studies, aligenelectronic
grocery systems available, and existing views on future developrpestsbilities and
problems in electronic grocery shopping. A variety of actors wetited to a workshop

on the issue: all in all, 200 invitations were sent out to retailers, deghyndevelopers,

new businesses in the field, authorities, experts, NGOs androers from the NCRC
consumer panel. The two-day workshop was organized in May 2002, with 31
participants representing retailing and other related business (11), sexuwit
authorities (9), and NGOs and consumers (11). A large share of the CTA woriks@op t
was devoted to group sessions concentrating on three different issuegnteff
deliveries, product information and alternatives to current electronpsitn On the

first day, the groups identified central possibilities, threats and unu@gain the
environmental impact of electronic grocery shopping, whereas the second day focused
on developing scenarios for preferable future developments. At the bothalays, the
groups convened, presented their findings and had a general discussion.

The workshop led to a number of innovative suggestions for future geveld. These
included, e.g., the combination of a variety of deliveries (food and otherispppst,
medicine and recycling), the development of city logistics (e.greshwarehousing and
logistics for different retailers), alternative ways to access electrorgemyreervices (in

the shops, in collective facilities, using the mobile phone), amnative ways to
improve the competitiveness of local corner shops and local producers through
electronic services. For the present, it remains to be seen how these Itedisi@nce

the future development of electronic grocery shopping. At least onie alesén has,
however, published a plan to combine local corner shops with electronic ordering of
groceries. The study continues this autumn with an interview of key partgipant
(especially business and technology developers) concerning the impact of theoworksh
on their work and plans.

In the future, the NCRC plans to organise a CTA in the food sector. Tjeetpgopart
of the research centre's research programme "Consumers, trust and ttleaiab@nd
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it aims to bring the actors in food production, retail and consumpgtigether to
critically assess the conditions for trust, trustworthiness and accoustabittie food
sector. The objective is to advance the dialogue between the actors and tdefacilita
consumers' viewpoints to be heard and consumers to be involved in formirgyfutd
policies.

Discussion

In our view, much of the existing discussion on sustainable consumiptisased on
problematic assumptions of rational consumption and rationalistisideganaking.
Rationality is always bounded, and all decisions are socially anditedpshaped. In

order to bring about changes in the prevailing product culture or culture of cormumpti
the acceptability of new solutions needs to be addressed, as well as the cofaitions
their adoption. This means looking at how consumers perceive consumiptiora-a
tives, how they adopt them in their everyday life, and whatyiieghanges they imply.

It also means addressing the system of actors and technologies that are connected to
even the simplest consumer product — technological change is usually slow, and
requires considerable societal adaptation.

Finally, the unforeseen consequences of technological change need to be addyessed (e
Geels and Smit 2000). Even though, for example, ICT in principle endides t
elimination of paper-based communication, the paperless office has not emarged —
contrast, we use more paper than before. Similarly, electronic groceppirstq(if

poorly designed) may increase traffic rather than reduce it. Thus, an amdlizsoader
systems (including social systems) is required. At the same timeeed to target the
variety of actors running that system to find where changes can be introduced, where
and how changes are acceptable, and who has an interest in initiating ti&hA A
approach appears to have the potential to address at least some of these problems. Our
further work will continue to explore the potential of this method innariing
sustainable consumption patterns.
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Abstract

The environmental profile of households is commonly assessed byringhbonsumer
expenditure survey data (CES) with environmentally extended inputtoatalysis.
The pollution intensities are calculated only for domestically produced pgreodsing
information from the national accounts, such as the National Acoguihdatrices
including Environmental Accounts (NAMEA). Import is either neglectedreated as
having the same pollution intensity as domestic production. The questidrether this
can lead to serious oversights or distortions in household environmeufilds. This is
likely to be the case if a country has a high degree of economic specialization and
imports many products it does not produce itself. Both of that is true for NoWay.
present an exploratory investigation of the role of imports combining assésshdre
Norwegian pollution intensity with that of selected trading partners. Weneresent the
results for key greenhouse gases.

Introduction

Norway is an open economy that produces olil, gas, fish, and maferidale world
market. It imports a significant fraction of the finished goods used. We matesthe
environmental burden associated with the import and export of gomaisNorway.

The environmental burden embodied in a product, also called the emigdiensity,

refers to the emissions and resource use associated with the production andialistribu

of the product. It accounts for all upstream processes, cradle-to-gate. We compare the
emissions intensity of Norwegian industry with that of selected tradingguastChina

and Japan. We evaluate the importance of trade for the environmental prdfie of
average Norwegian household accounting for both emissions caused by household
activities directly (e.g. fuel combustion) and those embodied in the prozhrgamed.

We want to answer two questions:

1. How does the emissions intensity of Norwegian domestic consumgampare
to that of Norway's export? Is the profile of domestically consumed goods
significantly different from that of exported goods? Is the profilengfarted
goods different from that of exported and domestically consumed goods?

2. What is the 'environmental trade balance'? How much of thesiems that a
typical Norwegian household is responsible for occur abroad?

These questions are highly relevant to a number of public policy isdbes. to its
access to clean, inexpensive hydropower and the availability of wood and mviayNo
has a competitive advantage for the production of energy-intensive products. thFor bo
economic and environmental reasons, it makes sense to locate for examiheuaiu
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refineries in Norway. But to what extent does this specialization impact aysw
ability to meet its obligations under the Kyoto protocol? To whatesdeghould this
specialization continue? The second question is relevant with respeet ¢oriterns
about the issue ‘carbon leakage’, i.e. the hypothesis that emisgemsvie industries
will relocate to countries not obligated to reduce emissionsruheéeKyoto protocol.
There is also a strong public concern about manufacturing conditions irogiegel
countries with respect to child labor, lack of health and safety standardackndfl
enforcement of environmental regulation. The latter issues araduressed here,
because we will focus on a few basic greenhouse gases. We have conducted the same
analysis for common air pollutants, SO2, NOx, and ammonia, babtaeport the
results here.

Methods and Data

The Norwegian National Accounts

We use data from the Norwegian national economic and environmental actoasss

et al. 2002), including a set of supply and use tables, emissions data (Flugatud et
2000), and trade statistics. Our approach follows the general approach for the use of
input-output tables for embodied energy and emissions calculationsresemd by
Bullard and Herendeen (Bullard Il and Herendeen 1975; Herendeen and Tanaka 1976;
Herendeen 1978). More detail and background is provided in a number of peihess i
volume, including the contribution of Munksgaard et al. In terms of tetogy and
symbols, we follow Lenzen (2001). We focus on the year 1997.

For Norway, four different tables are used:
1. The supply table V, 297 suppliers x 1319 products.
2. The use table U, 854 users x 1319 products.

3. The import table M, which follows the structure of the supply table. W&e t
supply table includes import as a single supplier, this table accounts for the
sector supplying the goods. These stasistollow a 5-digit sector code and a 6-
digit product code, which is part of the NACE classification system.impert
table distinguishes between competitive and noncompetitive import.

4. Trade statistics describing the imports and exports by source/destinatiory.countr
The goods are classified by 2-digit SITC code.

The supply and use tables (SUT) are the heart of the Norwegian national accounts. The
accounts include intermediate accounts for the production of investmedts, galoich

are used by dummy investment sectors, which again contribute to gross fixed capi
formation (GFCF). GFCF indicates the investments in industry (suppliev®stment

in housing stock is also counted as GFCF, and expenditure for owner-ocooysss h

and flats is accounted for as self-payment of rent.
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Following matrices were calculated from the supply and use tables:

X The intermediate industry-industry matrix was formed assuming that, f
each product, suppliers have constant market shares for all using sectors.
This reflects the industry-technology assumption (Stramman aote@ass
2002).

Kg Intermediate inputs (from industry sector) required for GFCF oh eac
industry were calculated through 3 matrix multiplications, also asgumi
constant market shares. The first multiplication determined the producti
in the dummy investment sectors (NACE code 28xxx) required for GFCF.
The second multiplication determined the market shares of producing
industry sectors (23xxx) contributing to the production of the dummy
investment sectors. The third multiplications combined those to matrices to
link producing industry sectors to GFCF.

Competitive and noncompetitive import were separated into twostableich have
exactly the same format as the supply table. Products are either supplied by aampetit

or noncompetitive import, never by both. Competitive import camdaged as if it was
produced by domestic sectors. For non-competitive imports, it is po$sidb this to a
limited degree: Some product classes are broad enough to include similar products that
are domestically produced (e.g., potatoes and sweet potatoes), while for othextgr

there is no domestic production (e.g., wine, coffee). For nopettive imports, we
assume domestic production of similar products where such products exist and neglect
the products (and their environmental impacts) if no such products exigbrotfece
following tables:

Cl Specifies the intermediate industry input of competitive impdmsn
supplying industries in foreign countries, assuming the same industrial
structure and market share as Norway. This is similar to the assumpéion of
mirror economy (Stremman and Gauteplass 2002).

NCI Specifies the intermediate industry input of non-competitive irspiooim
supplying industries in foreign countries, assuming product similarity and
the same industrial structure and market share as Norway.

K  Competitive imports required for GFCF by supplying sector, assuming the
same industrial structure and market share as Norway.

Kni Non-competitive imports required for GFCF by supplying sector, assuming
product similarity and the same industrial structure and market share as
Norway.

All tables are specified as monetary flows from supplying to usingrsectn addition,
matrix E specifies the air emissions of CO2, CH4, N20, SO2, NOx, and Net4
million Kroners (MNOK) of industry output. The vector x specifies the tatdlistry
output of different sectors. From this, we calculate four differentiphielts.
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M1 =E(I -X )A(—l)-l Domestic emissions due to the
upstream production processes

s-1\71 Domestic and foreign emissions
= - + !
M2 E(I (X *CI+NC )X ) due to the upstream productipn
processes
_ _ o-1\7? Domestic emissions due o
M3_E(I (X K d)x ) production processes, including

capital inputs

M4:E(I —(X WCI+NCI K +K #K nd)s‘(—l)_l Domestic and for.elgn emissions
due to production processes,

including capital inputs

These calculations are based on the assumption that both emissions factors and
production structures of the trading partners are the same as those of Norwayt Both o
these assumptions do not hold. Therefore, it is important to investigagmiksions
intensities of Norway's trading partners.

Emissions intensities for China and Japan

In comparing emissions intensities of different economies, the prablémat different
classification systems are used to define industry sectors. Most European cogatries u
the NACE classification, but trading partners such as China, Japan, or the USA ha
their own systems. Classifications reflect the industry structure of tieethiay were
developed. There is no 1-to-1 correspondence. For the purpose of comparison, we
mapped the more detailed sector classifications onto the 2-digit NACE &dde (
sectors). These sectors do not cover exactly the same industries infénendif
countries; due to this mapping it is likely that a certain fractiocoofpanies would be

in one NACE classification in China and in a different one in Norway.

Hubacek and Hertwich (forthcoming) estimate emissions intengikdg for China

1997 at a resolution of 120 sectors, based on earlier work (Hubacek and Sun 2001).
Nansai et al. (2002) present emissions intensities (M1 and M2) for 1990 and 1995,
using four different levels of detail in the sector classificatid-or 1995, the numbers

of sectors considered are 399, 186, 93 and 32. We mapped the Japanese 186 sector
classification onto the 2-digit NACE classification (57 sectors).r &amumber of
Japanese sectors, no Norwegian equivalent was found (from 'gas supplyice 'off
supplies’ and "activities not classified elsewhere’). We fowatdhas only for 53 NACE
sectors. The M2 multipliers are a weighted average of M2 for the more detailed
Japanese classification. A similar procedure was applied to the Chinese eand th
Norwegian data.

66



Results

The Norwegian National Accounts

Figure 1 shows the direct and indirect greenhouse gas emissions inteosithes 157
industry sectors that are part of the industry-industry input output tableaEbrsector,

the direct emissions intensity E and the multipliers M1-M4 aretethahe sectors
were sorted by emissions intensity. Fig 1 indicates that the emissionstynspasis a
large range. For some sectors, there are no direct emissions, fanghipp emissions

are 0.5 kg/NOK. For energy-intensive sectors, the direct emissions intensity E account
for a large fraction of the total emissions, whereas for the majofisectors (sector

number <120 in Fig 1), upstream emissions are most important, and the mulhpliers
are significantly larger than the direct emissions intensity.
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Figure 1: Direct emissions per
revenue (E) and indirect
emissions intensities (multipliers,
M) for greenhouse gases in
different industry sectors in
Norway.
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The difference between
the different multipliers is
not that large. It is
important to take import
into account, but if the
country of origin is like

Norway, the impact of
import is never larger than
20%. The calculations indicate that importance of capital investmenttt igery high

(M1 vs M3). This contradicts the findings of Lenzen (2001) for Austiehd needs to
be investigated further.
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The allocation of Norwegian GHG emissions, and those contained in impoothatis

to final demand indicates that >70% is associated with export (Fig 2). THism®the
findings of Hass et al. (2002). Note that we no longer have a final demand gategor
'investment’, as we use multipliers (M3, M4) that take capital investmenagotount.

The emissions allocated to export are about 3 times as large as the emissicaedssoc
with the import of products. The difference is larger than the totessons allocated to
final consumption in Norway. This clearly demonstrates the importance @fste If

the receiving countries had, on average, 50% higher emissions intensities, giensmis
savings through Norwegian export would be as large as the emissions duoalto fi
demand in Norway.

Note that in Figure 2, there are products imported for final consumption that are
associated with export. This is because we assumed the same market share teed impor
products as for domestically produced products for all final demand categoriess Thi
probably a bad assumption. The furniture that is imported is probably usedwayo
while a larger share of Norwegian-produced furniture goes to export. If we changed the
allocation or got better data, most of the red area of the export bar would Iprbbab
shifted to private and public consumption, while the blue area would shift into the
opposite direction.

The 'unaccounted' bar indicates the potential importance of those praxfunbn-
competitive import for which no pollution intensity was used, e.g. coffée.simply

used the Norwegian average pollution intensity and multiplied it wehvétlue of the
products not accounted for in any other way. The unaccounted products are not
substantial.
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Figure 3: Emissions profiles of different purposes. (a) Cumulative expenditure of total production,
household consumption, government (public) consumption, export, and import versus pollution intensity.
The area under the curve gives the total emissions. (b) Distribution of the emissions over expenditure.

The emission profile displayed in Fig. 3a was produced from the emissiensiiptof
products (M3), where the products were again sorted by emissions intensity.
Expenditures are accumulated starting with the highest emissionsityntefig 3a
indicates that most of the emissions-intensive industry output ga@gobrt. Much of

that is not in the form of final, but of intermediary products. Agtirg graph does not
include direct emissions by households. Imports for productionmame emissions
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intensive than those for consumption. Another way of displaying theséeans is to

look at cumulative emissions (Fig. 3b) as a function of cumulative dikpes Fig 3b
corresponds to a Lorents curve in economics — a way of displaying income and wealth
disparities in an economy. If all emissions intensities were equatuttve would be

just the diagonal. This would be ideal from the perspective of Emgseduction
(Sommervoll and Aasness 2001). We can see that export and governmenhmars

is most like this; for different reasons, however. Export is dominbjegollution-
intensive products, while government consumption consists almost iezbluef
products with low pollution intensity.

A more detailed investigation of household GHG emissions by consumptirpose
shows an interesting pattern (Fig. 4). The highest indirect burden isisasgowith
food, as several other studies have indicated. Here, the emistimathane and nitrous
oxide are more important than those of CO2. It also indicates the importasies, @is
the emissions of GHGs per calorie vary significantly.
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Figure 4: Distribution of GHG emissions by different consumption categories.

Indirect and direct impacts of housing (categories 2 and 8, respectively) are less
important than in other countries. This is due to the use of hydropowesdtingn The

total emissions associated with the use of motor fuels in prieaseanid motorbikes is
about as important as nutrition. The indirect emissions, associated witlacafagture

and petroleum refining, but also with the use of airplanes and trains, areaignif
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Import from China and Japan

There are several difficulties with taking into account the eamssassociated with
imported products. For one, exchange rates vary. The trade margins are not kmewn. T
assumption here is that products can be compared in basic prices. Tnagies,ma
including transport costs, are not included here, but they are potentially amipdrbhe
other issue is that product qualities can vary, so that in fact much largeitigeaare
associated with one million Norwegian Kroners of products imported friimaC
compared to those produced domestically. If we would compare the satisfaction of
household demand, we would compare emissions intensities adjusted by pgrchasi
power parity, but that is not appropriate for traded commodities, which ere p
definition exchanged at the market exchange rate.
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Figure 5: GHG intensity of China and Japan relative to Norway, by industry sector in NACE code.

The results indicate that the emissions intensities of Norway and Jagpaimdar. On
average, the M2 value for Norway was 49 tCO2/MNOK in 1997, that for Japan was 46
tCO2/MNOK in 1995, using 1995 market exchange rates. The values for the individual
industry sectors, however, differ up to an order of magnitude, as Fig 5 SRigws.
displays the log of the ratio of M2 in Japan (China) to the M2 in Norway. The
variation may have several causes. For some sectors, the cleaaghm electricity

from hydropower may lead to low intensities, in other sectors, differancastual
products produced may be to the advantage of Japan, which has a more techiyological
oriented economy with more final products and a higher value added.

China shows a significantly higher pollution intensity tharmmway or Japan, ca. 300
tCO2/MNOK on average. In Fig 5, most industry sectors also show much higher
pollution intensities. It should be kept in mind, however, that tféssdo the pollution
necessary to produce a unit output valued in Norwegian Kroners. The differagce m
reflect the terms of trade, not just differences in the energy efficiand economic
structure of the two economies.
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Conclusions

We have shown that a significant fraction of the GHG emissions are asdoweitt the
production of items for export. The importance of import for househwids@ons,
while not insignificant, looks smaller. This latter conclusibowever, is based on
Norwegian emissions intensities. The investigation of eamssintensities of Japan
and China show that Norwegian emissions intensities are not repriegefaiathose of
countries of origin. Some countries, like China, will have sigaifity higher emissions.
Even for countries with practically identical average emissiaesigities, the emissions
intensities of individual sector outputs/products can be vergrdift. Given the overall
importance of exports and imports for an open economy like Norway, our resalsch
into question the practice of using domestic emission intensities forteapproducts.
While the error may not be larger than 20% when investigating aggregate quantities like
a household emissions profile, they are larger for individual compmnespecially
when going down to the product level. This severly impairs our ability to ssétge
based on endogenous imports for identifying opportunities for wepnent, either
through product shifts or shifts in lifestyles. A better accounting fpoits is required.

The problem is that Norway trades with almost every country in the world, and no
country accounts for more than 4% of foreign trade. A further inagiigtaking into
account more trading partners, as well as differences on the product-levetaistedr

References
Bullard 1lI, C. W. and R. A. Herendeen. 1975. Energy Impact of @opsion
DecisionsProceedings of the IEE&3: 484-493.

Flugsrud, K., E. Gjerald, G. Haakonsen, S. Holtskog, H. Hgie, K. Rypdal, B. Tornsjg
and F. Weidemann. 2000. The Norwegian Emission Inventory: Documentation
Methodology and Data for Estimating Emissions of Greenhouse GasesragiRange
Transboundary Air Pollutants, Rapporter 2000/1. Oslo: Statistics Norway.

Hass, J. L., K. @. Sgrensen and K. Erlandsen. 2002. Norwegian Economic and
Environmental Accounts (Noreea) Project Report 2001. Documents, D2002/15. Oslo:
Statistics Norway. www.ssb.no.

Herendeen, R. A. 1978. Total Energy Cost of Household Consumption imaijor
1973. 3: 615-630.

Herendeen, R. A. and J. Tanaka. 1976. Energy Cost of Living. 1: 165-178.

Hubacek, K. and E. G. Hertwich. forthcoming. Emission Intensitie€Ffona Based on
Input-Output Analysis. Laxenburg, Austria: International Institicr Applied Systems
Analysis.

Hubacek, K. and L. Sun. 2001. A Scenario Analysis of China's Land Useaart L
Cover Change: Incorporating Biophysical Information into Input-Outidoideling.
Structural Change and Economic Dynaml@{4): 367-397.

Lenzen, M. 2001. A Generalised Input-Output Multiplier Calculus for raliat
Economic Systems Reseaf(1): 65-92.

Nansai, K., Y. Moriguchi and S. Tohmo. 2002. Embodied Energy and Emission
Intensity Data for Japan Using Input-Ourput Tables (3eid), CGER-D031-2002.
Tsukuba: National Institute for Environmental Studies, Japan.

71



Sommervoll, D. E. and J. Aasness. 2001. Klimagassutslipp, Konsument@se
Levestandard (Greenhouse Gases, Consumer Prices, and Standard of Living).
@konomiske analys&@001(3): 27-35.

Stramman, A. and A. Gauteplass. 2002. Domestic Fractions of Emisgidtisked
Economies. Trondheim: Dept. of Energy & Process Engineering, @we& niversity
of Science & Technology.

72



Sustainable consumption: an NGO’s dream about data, tools
and insights

Patrick Hofstetter, Stefan Haas, Felix Meier and Jennifer Zimmermann

Patrick HOFSTETTER; Visiting Scientist at Harvard School of Public Health, WWF
Switzerland, Climate Policy, Oerlikonerstrasse 45, CH-8057 Zurich, Switzerland
e-mail: phofstet@hsph.harvard.edu

Stefan HAAS, Felix MEIER, Jennifer ZIMMERMANN; WWF Switzerland, Consumption
and Lifestyles, Zirich

Abstract

For many years, WWF Switzerland has been engaged in sustainable comsumopki.
This includes the creation of information labels for productd aervices (FSC,
naturemade, goQt-mieux etc.), member information on products and behadior a
lifestyle assessment.

Research on sustainable consumption should not only allow to ask new and more
precise questions but also to support GO’s (like UNEP) and NGO’s in their
dissemination work. What type of data, tools, and insights doesua gf consumption

and lifestyle campaigners dream about if they would have unlimitsalirees? This
paper summarizes an attempt to get first answers to these gseia help to
understand better the demand side of research and may prove helpfudciinglir
transdisciplinary research.

1. Background on WWF and past activities

The World Wide Fund for Nature (WWF) has a long tradition afnmting direct
protection of national and global fauna and flora. However, WWkz8sand also
informs consumers on indirect effects of their (purchasing) behavior on theiatepliet
natural resources and quality of life.

In the area of “consumption and lifestyles” — this is one branchigena members of
WWEF are informed on the consequences of consumer decisions. This is done by four
major ways:

1. information published in the WWF magazines and guide books

no

lifestyle tests
3. development and promotion of product labels, and
4. careful selection of products that are sold in WWF's Panda shop.

ad 1) This includes the whole spectra from information on nutriticysihg,
appliances (www.topten.ch ), mobility, flowers, paper, electricity, textilg also green
investments (see www.wwf.ch -> Konsum).

ad 2) Since 1992 lifestyle tests have been provided to members to allow them to check
with which behavior they cause major environmental impacts. Iméedions focused

on energy use and G@missions. Then, a version included also potential savings in
monetary terms. The most recent version uses the ecological footmihbdn(see
www.footprint.ch/).
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ad 3) WWEF has been instrumental in developing and supportingivasab establish
product labels that fulfill high environmental standards and can becoraekatrforce.
Usually, this is done together with industry and/or other interestecegaBkamples
include the FSC label for sustainable wood products (www.wwfwoodgroup.ch/html
the label Naturemade Star for least polluting and renewable electricity
(www.naturemade.ch ), the label Natureplus for environmentallienatgle building
products (www.natureplus.org) and as an extension of product labels enestly a
label for restaurants that provide a selection of organic dishes and dthir
environmental criteria (www.goutmieux.ch).

ad 4) The WWF-owned Panda shop is not just a fund raisetdoupays attention to
ecological and social criteria, prefers labeled products, aims at higedgly and was

in the past successful in stimulating producers to design new products
(www.pandashop.ch/).

From this list of activities, available information, and tools it bee®wbvious that for
WWEF Switzerland the trendy term “sustainable consumption” is notgulsbel for
consumer-oriented research but daily practice. This means that the researamitgmm
may look at this available data, insights and tools and choose to furtleoméheir
foundation, richness and robustness. However, it also means ¢hatedent state of
practice has been driven by the available data and tools known to the NGO. It also
means that those people that have been running the consumption aylé lif@spaign
(among others those co-authoring this paper) are not startmgsttatch. Their dreams

and thinking is heavily biased by what they have been doing in the patti@stiould

be considered when judging this paper's contributions.

2. Method

This paper is based on an unstructured brainstorming session witireébect-authors

as major sources of input and the main author as rapporteur and compiler of the
mentioned points in this paper. After the face to face sessimnpf the co-authors
provided also a written input on issues connected to extreme changes in consumption
patterns (see Section 3.2a).

3. Results
During the session the contributions and discussion circled around &iwo areas
where more research, better data and tools would be very helpful for WWF:

- Assessment dimensions and indicators
- Relevance of changes in consumption patterns
These two major areas will be discussed in the subsections below.

Further discussion has emerged around the terms ‘lifestyle’ and ‘ldeshdnges’.
Nobody thought that they are able in their work to actually gbdifiestyles and little

interest to do so was expressed. It was agreed that one can and should repeat the
potential of alternative lifestyles but that the major po#ritr transitions is seen on

the level of (small) changes in consumption for specified groups of godu=n Yke
discussion turned to mobility it was also mentioned that politie@lsures may be more

useful than voluntary consumption changes. However, it wasyasbioned that much

has to do with the positive image of traveling abroad. As long as trgviei Cuba,
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Maldives, or Vietham is rewarded by social prestige while walking the neasst$arr
climbing the rocks that are just a bicycle ride away is considered boring, lienfilard

to achieve major changes in mobility. One co-author mentionedhthdtelieves in
factor 4, which means that he believes in measures to increase the effraig@ryin
appeals for a sufficiency society. This viewpoint was certainly supported by his
experience in consumption campaigning. However, this could also indicateettier
insights nor tools are available that support lifestyle changes. Better undargta
under which circumstancéidividuals are willing tochange their lifestylesnay well

be considered an area of research that might bring this topic back onto tba afen
WWEF.

The main author confronted the co-authors with the notion that ifirth&ations of
consumption factors such as disposable income, time and space are changed this may
cause relevant changes in consumption patterns and lifest@bound effecthat are

caused through changes in limited factors may either support sustainablmgbmsu

or stimulate additional unsustainable consumption. Although it wlasoavledged that

such indirect and induced effects may result as a consequence of some of their
campaigns, they thought that considering such effects goes beyond tligyr tabi
communicate, that things get even more complex, and this indirectlgdrassues,
including that economic growth is beyond the scope of this branche Teéastions may

again hide the need for research that clarifies the mode of action, size)eaachce of

these aspects and helps to break it down into communication pieces. It may then be

in future such rebound effects are considered automatically when envirohmenta
impacts of products are assessed and that only rebound-adjusted results are used in
campaigns. The suspicion that these topics cover research potential wasenbbfjra

former branch chief in a separate interview.

These two examples of lifestyle changes and rebound effects reveabtt@mings of

the chosen method. Brainstorming with consumption campaigners inidiée of a

busy day in an office of WWF does not allow for expressing dreams that geytamd
current knowledge and foci. Further, facilitating and sunmimgy such a brainstorming

by an involved researcher in the field allows him to interpret lackiteydst as either

low priority for NGOs or a high research need in order to allow it to become a high
priority. Future assessments of user needs for sustainable consurap&arch should

take this into account through more careful selection of individumEnstorming
places and make sure that enough time for dreams is available. Here we “solve” this
dilemma by the opportunity for the co-authors to correct the bias of therautho

3.1 Assessment dimensions and indicators

The three pillars

It was well understood that sustainable consumption covers the three pillars of
sustainability: society, environment and economy. So far, WWF focused on the
environmental consequences of consumption. Of course, the Panda shop dides cons
fair trade aspects. It was also mentioned that it would be great to have moreaimiorm

on ethical aspects and working conditions along the supply chain of impated.g

3 Circumstances" may include economic or social incentives, moments in time, e.g., puberty, start of
working life, start of family life etc., or provision of information and infrastructure.
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However, no clear concept is available of which social impacts need to be cedsider
for which consumption items they may be most important or howvtloeyd be traded

off with environmental impacts. Although WWF focuses on environmeniadadis, it
seems that available insights and data on social consequences of canstnaptcan

be related to single products may be a research gap and deserve further study.

The economic dimension was so far considered in terms of product costs and ssmetim
in supporting small or new businesses. However, at WWF the economic dimension i
even less developed than the social dimension.

Indicators for the environmental dimension

Much of the discussion concerned the question on what indicators dheuigded to
assess the environmental preferability of product alternatives. It was clear tleat thos
indicators should be quantitative and not just follow a gut feeling on godzhch
Although LCAs have been used and even commissioned by this W¥feHrthe
branch has a limited overview on the different available impact assessetéodm

One co-author mentioned that the overarching goal of WWF is to protect the
biodiversity. Therefore, biodiversity should be the top goal. (Troplatests, water

use and climate are three important focus areas of WWF International and Switzerland.
This suggests that these could become sub goals and that indicators fohtéese t
impact areas may operationalize the top goal biodiversity.

From their experience they know that very often trade-offs are needed in@mwmbene

up with recommendations for certain products. Therefore, highly aggregatihgdset
have been useful in the past. However, they have also very sgtatéons on the
validity, transparency, and “perceivability of indicators” of the rodth Ideally, a
method allows both, a clear ranking of alternatives or even quatitficof differences

in effects between alternatives but also transparency on the major dagse-ef
relationships. ldeally they would not just communicate that washing detergentsas
20 points less environmental damage than B but that the totafrehiftA to B would
cause an increase in trout populationxéd, avoid the eutrophication of lakes and
increase the use of unsustainable harvested palm bildngs.

After having commissioned the lifestyle test that works Wi ecological footprint as
assessment indicatomfw.footprint.ch), they mentioned that they would not do so
again. Although the ecological footprint’s strength is its visues@ntation and ease of
understanding, the footprint does not link to the major WWF goals and efcrept
experts it is very hard to understand the results.

LCA and its impact assessment methods are seen as focusing too much on energy
related impacts and not adequately dealing with the mentioned WWF goals water,
forests and biodiversity. Further, they often fail to addressithergions landscape and

soil quality that are, e.g., relevant in relation to food production.

3.2  Relevance of changes in consumption patterns
Much emphasis has been put on the need for data and tools that allow to “play” wit
different consumption patterns. Three different “wishes” weeair

a) Large and extreme changes: What happens if the share of organiccifeaders
from 10% to 80%? Or, if all new houses and all renovated apartments fuodfill t
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requirements of the Minergie-Standgravhat does this mean in terms of savings in
energy by 20107 If a consumer makes consistently environmentally preferalites:

how much does this reduce her total environmental load compared to the average
consumer?

b) Detailed product comparison tool: Does it matter whether | choosslen
floors from massive wood or rather a laminate product? Do carpetssheep wool
differ from other wool carpets and how do wool carpets compare to synthegtetssar
What is the environmental difference between specially conserved organic milk and
fresh conventional milk?

C) Consumer support tool: This tool comes close to what available lifessyge te
have tried in the past. It should provide consumers within a short titheingights
regarding their consumption patterns and some simple rules of thumpshdeld be
able to remember these when selecting goods in front of the shelf.

Some more details shall help to better understand the ch@tcseof these three
needs.

a) Large and extreme changes

The idea of looking into large changes is to get an idea whether sucleshangld

help to achieve relevant goals in future or not. This is importantafoNGO to
concentrate its limited resources to the big issues. Further, somensrastan only be
motivated to follow certain advice if they can expect macro changes, half bf the
population would reduce the meat consumption to one third then we could retire so
many hectares of land (or reduce import), improve surface water quallstand that
amount or completely switch to organic farming.

Since consumption comes often in patterns, it was suggested to “desigh”od lis
extreme consumers, such as:

Organic-regional vegetarian: Such an archetype consumes just regionally produced
and organic food that has been grown during its best season.

Organic food with little meat: The type of organic food reflects the averages observed
by the big retailers in terms of origin and season.

Regional fan: Only regional produce is bought. However, the share of organic food
reflects the grand average.

Budget consumer:This archetype is very keen to choose the cheapest products. One
big Swiss grocery created a special Budget product line for this consumer group.

Exotic lover: Such consumers want to meet the global village on their dining table. If
there are alternatives to national products they choose foreign produce.

Convenience and high meat dietSuch persons choose more than average amounts of
meat (and usually the better parts) and prefer convenience food, i.e., pre-nedditio

4 This is a Swiss energy standard that limits the use of heating energy per m2 as a function of the used
heating systems.

5 Regionally produced means in Switzerland mostly a distance from less than 300 km from the place of
consumption.
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and sometimes pre-cooked food that also needs a cooling chain for the high share of
frozen food.

For the activity field ‘housing’ one could imagine an extremist who:

- lives in an apartment with a heating demand of only 15 kWh per m

- uses less than 17 kWh/m2a electricity that is 100% from renewable sources
- occupies less than an attributable share of'3@rated living space

- uses less than 80 liter water per day

- produces less than 110 kg of household garbage per year

- buys furniture and lives in a house where only FSC-labeled wood was used
- prefers linoleum, cork, natural caoutchouc or ceramic tiles for oweerings

- paint and glue are labeled eco-products

- products with the label ‘natureplus’, where available, or comparable lakels ar
preferred

- products from the second hand market are preferred
Such an archetypical consumer could then be compared to the average consumer.

So far, researchers in consumption patterns relied on consumption datagioyithe
statistical offices. Very often, the available categories are nohaistnough for our
purposes or it is not possible to know whether somebody who eats muatis aalso

a fish lover or not. Big retailers have started some years ago to offemeustards that
are used each time the holder purchases something from the retailer. Cengeireer
certain benefit dependent from the total yearly amount they sganceturn, the
retailers gain insights in purchasing patterns that are usedat@ange shops more
practically and to advertise more focused. However, this data provides alsonaumaxi
information on consumption patterns. The products are identified by 100% anky usual
a card is used by not more than one household (one retailer dedridose to 2 million
cards in Switzerland, which has little more than 3 million hoolsisf). Since these
retailers are also strong in non-food items, furniture, gasoline réati@vel agencies,
insurances, banks etc., the coverage is really broad. If one could access this data
collection then consumer styles could be generated based on the actualptimmsum
patterns found.

b) Product comparison tool

As indicated above, such a tool would allow to analyze and compare existingtproduc
(and services). The tool would require considerable input information alsl isk
interpreting the results. It would probably come close to comaldrCA software with

the added value of a huge database that allows to analyze and compare — say — the 1'000
most important products. In a NGO's daily business such a tool would be used to answer
specific questions from members, to produce information that can be used inclks arti

for the magazines, to support the development of labeling criteria, and taupowith

rules of thumb (see c).
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c) Consumer support tool

The early versions of lifestyle tests using £&nissions or energy use as indicators or
the most recent version using ecological footprint as indicator are semoastarts.

As mentioned in Section 3.1, the assessment indicators need fuditketo make them

even more comprehensible for the consumers. Next to this, tisestomuld be further
improved by being detailed enough to really capture the major consumption choices
made by consumers but also by communicating the major screeningepenartt was
found that it is not useful, e.g., to differentiate between estdl versusC or to
differente between two different species of tomatoes if the enviroaimgiffierences

are affected by other parameters.

In this context it was mentioned that the work of Niels Jungblused a very good

level of simplification where organic/conventional, regional/imgd (with different
distances and modes of transport) and seasonal/frozen, etc. were used to characterize the
consumption alternatives. The idea is to educate consumers to look at @etnull

criteria when making purchasing decisions.

Realizing that many WWF members belong to a societal group that is well isff it
recognized that such a tool should also include financial services (wslhoitld
actually cover all environmentally relevant choices that individualkeaor this
purpose, it may be useful to quantitatively assess the different greestmew plans
that are offered from financial institutions. These analysesidhmt just focus on
performance and investment criteria but also on effectivemeshifting funds to
sustainable activities.

For both tools in (b) and (c) researchers may combine input-outpusianahg process
analysis. Therefore, researchers may ask what should be the referénde kgnof

bread or 1 Euro of bread? The co-authors opt clearly for physidal hegause this is

the way consumers think. Further, it was also realized that such a tool needs to be
designed specifically for Switzerland or even for the different lagguregions of
Switzerland. All-European versions would be of little help because consumoerd

realize that certain aspects or products do not apply for them and therefore the who
tool may not be useful for them.

4. Concluding remarks

This paper is a first attempt to understand better the user needs for research i
sustainable consumption. The chosen method and setting was probably not well suited
to elicit visionary thoughts and needs and the presentation tewpretation of the
mentioned topics may be biased by the professional bias of tifieatlac and main
author. However, the paper confirms the usefulness of some directions that bastg alr
been taken by the research community and gives further adviadirdct such
endeavors.

Further work in assessment dimensions (to also better captusedia dimensions)
and environmental indicators (to produce images that stick with the ussys)learly
profit from working closer together with potential users.

% See http://mww.ulme.ethz.ch/index.html?/ulme_start.ntm and a more recent version from R. Hanselmann
and O. Tietje that on http://andros.ethz.ch/exp/simulme.asp.

79



The three different types of tools that allow a) to show the consequenceacod
changes and the potential of extreme consumption patterns, b) to supportsaictivis
their daily work on a semi-technical level and c¢) comprehensible consumer tsuppor
tools that are focusing on major drivers for environmental pollution but are
comprehensive enough to allow individuals to set priorities themselves.

Finally, lacking confidence in the possibility to change lifestyles and account fo
rebound effects may be interpreted as a need for research that may preigiis iand
tools to make these two areas accessible for consumption campaigns.

80



A Proposal of the Quantitative Evaluation Method for Social
Acceptability of Products and Services

Yoshie Yagita, Yoshihiro Aikawa, Atsushi Inaba

Yoshie YAGITA and Yoshihiro AIKAWA: Ochanomizu University, 2-1-1 Otsuka
Bunkyo-ku Tokyo 112-8610, Japan, y.yagita@aist.go.jp

Atsushi INABA: Research Center for Life Cycle Assessment, AIST, 16-1 Onogawa
Tsukuba Ibaraki 305-8569, Japan, a-inaba@aist.go.jp

Abstract

Sustainable consumption is one of the key concepts to establish the sustainabl
economy. An index representing the willingness by customers/consumers to use
ecoefficient industrial products or services can be the ratio of tlied sagceptability of

the products and services to their environmental [Jatighile the environmental loads
could be calculated following LCA methods, it has been thought thajudetitative
evaluation of the social acceptability of the products and services are difficcdt si
acceptability is subjective, and individual preferences show significantsitigs.

The aim of this study is to propose a new method to evaluate the soeiptadmidty
guantitatively. We are now qualitatively extracting the elemderequirements of the
customers/consumers, which might be universal regardless of the produstndces,

and the secondary requirements under the elemental requirembicts depend on the
products and services chosen by consumers/customers. If we could weight
guantitatively the elemental requirements or the secondaryreewnt by interview

using questionnaire, the social acceptability of the products and services can be
evaluated quantitatively using the format proposed here. The format is aatamplof
“Quality Function Deployment®!, which is commonly used in the field of the design

for the industrial products.

Introduction

Social acceptability of the products has been studied in the field of tHeeting
research, where a product are hardly sold to all consumers but usually sold to the
specific target groups of consumers who have similar characteristics. iRgulst the

target group, consumers were classified into a few clustersraupg by certain
attributes such as demographic attributes like age and sex, social andnieabno
attributes like occupation and income, geographical attributes, psychoélatjidautes
including life style, and behavioral attributes like frequency of purchasingircéinds

of products and brands

These experiences suggest us that consumers belonging to the sameastastenitar

attitude in purchasing products. Their elementary requirements to a certircipaoe

universal in the same cluster. If we could extract their elemengguyirements and
guantify them, it might be possible to evaluate social acceptability of @arceroduct

guantitatively in the same cluster. However it is thought tthet elementary
requirements of one product differ significantly from those of another. Emecatary
requirements might be dependent on the the consumer’s intensions.

The aim of this study is to propose a new method to evaluate social acdgptabil
guantitatively. For the first step of the study, we are now extracting the e&men
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requirements of consumers on a few of their activities by Internegygumhere we are
extracting the secondary requirements simultaneously that are specificHaotiatty.
It is expected that the elementary requirements are univedgbandently on the
activities, even if their weights on each activity are significantlifedint. The
secondary requirements must be used in order to weight the &eynesguirements
considering their correlation, and should be used in order to ewathat social
acceptability of each product quantitatively.

Extracting the Preferences of Consumers

Consumers use products and take services as a means of achieving a certain purpose
Consumers choose the most appropriate products and services. For example, @mmuter
utilize products and services, such as cars, trains, and other public tratmsport
systems, for the purpose to go to their office or school. They choosetibe that

brings them greatest benefits besides the main purpose, such as “low costgrt¢omf

and “punctuality”, which could be defined as the secondary requirementscsizethiie

activity or here for “commuting”, and could be related to the eléangmequirement.

In order to know consumers' preferences for achieving specific purposegearet

survey on three typical daily activities “commuting,” “having dinae weekends,” and

“doing laundry” was conducted by asking open-ended questions. Out of 600
guestionnaires that were sent to the people aged 20-59 on the panel of a survey
company, 242 were returned, and then 45 to 50 words were extracted on each behavior
by combining similar words and omitting the words that have little or ntiaeddnip to

the study. After that, they were integrated into more genanalwords with Laddering
Theory?" ®! which present the elementary requirements, “economy,” “health,”
“convenience,” “comfortableness,” “harmonization with the nature,” “interpeiso
relationships,” “unusualness,” “time,” and reliability.” (Figs.1 to 3)

In this survey, we found that the primary requirements (or preferenaegjefdhree
activities could be integrated into these nine elementary requirements. éftatvenas
though that the weights of priorities of these nine elementaryireggents were
different on each behavior. This is shown in Table 1.

Table 1: Elementary Requirements for the behaviors

Having D nner
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Commutig

Econom y

Tine

Convenince
Com fort
Unusuahess
Health
Ham onization with the Nature
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Thterpersonal Com muntation
Relnbility

(o] o] [e][e] (o] (o] [e][e] (6]
(o] o) [e][e] (o] (o] [e][e] (6]

O
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Future Work

As mentioned above, the aim of this study is to propose a new method toesgaltiat
acceptability quantitatively. If the priority of the elementary requéet® or the
secondary requirements of consumers has been determined, it is possibiediace
the approach of the quality expansion table of QFD (Quality Function Dephbyme
shown in Table 2.

Where, the elementary requirement’s importance level is expressed
{Ai | i =1+ 7}

The secondary requirement’s importance level is
{Bj | j =10 J}

The relevance levels between the elementary requirement and secendagment is

it would be expressed as follow,

i
A:leij Bj:ZXij
J:

Then, the social acceptability of the product could be evaluated by the sumaifatien
acceptability values of the product on each secondary requirement. This wasdbtain
by multiplying the secondary requirement’s importance level by theacteristic of the
product on each secondary requirement measured physically or from engineerin
viewpoints. This is displayed in Table 2.
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Table2: Quality E xpansion Table for “Commuting”
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When the characteristic of the mean on each secondary requirement is expressed
{ij ‘J =]eeee J, k=1:---- k}

Acceptability values\{s) of the mean would be expressed as follow

J
V, =) B,C,,
j=1

We are now planning the next survey in which we would try to prioritize dreegitary
requirement or the secondary requirements. Practically, it rogbgasy to prioritize the
secondary requirement, which were specific for each activity. The results of
prioritization of the secondary requirements would lead to the prioritizaifothe
elementary requirements. We could compare the priority of the elemeatairements

of a certain activity with others. If they would be universal, the formait tie
proposed here could be utilized for all products and services regardlesettenckes
among the activities. If not so, this format would be useful touatal social
acceptability of each product.

Conclusions

In this paper, we proposed a new method to evaluate social acceptability qualtitativ
It is an application of QFD method using the experiences of marketing feséaec
usefulness of this format should be further evaluated.
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Figure 1: Require Quality Map E xpressing “Having Dinner on weekends”
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less electricity charges laundries will not shrink in the wash ‘
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Figure 2: Require Quality Map E xpressing “Doing Laundry”
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Figure 3: Require Quality Map E xpressing “Commuting”
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Abstract

China's development over the last few decades can be characterized by high rates of
economic growth, migration from rural areas to the fast-growing cities aeccoecpby
changes in life styles, and steady population growth. These develsphaa® made
severe marks on resource availability and quality. In this paper we will iga&sin a
scenario analysis using a structural economics framework what effects lidsylges

and other major developments might have on water resources.

China has one of the longest traditions of water resources and river managethent
world. Its civilization has sought to control the effects of floods @mdight for many
thousands of years, and utilize the water flows for irrigation andyagen. In the last
century competing uses such as domestic, municipal, and industrial waseinption
have also become reasons for the regulation and abstraction of water.

In order to investigate these changes in economy and society and its effeetsvateth
situation in China a set of scenarios has been developed and analysed siithetural
economics framework.

1. Competing usage of water

China's development over the last few decades can be characterized by high rates of
economic growth, migration from rural areas to the fast-growing cities aeccoecpby
changes in life styles, and steady population growth. These develsphaa® made
severe marks on resource availability and quality. In this paper we will iga&sin a
scenario analysis using a structural economics framework what effects lidsylges

and other major developments might have on water resources.

In order to investigate the water situation in China in the coming decade a set of
scenarios shall be developed and analyzed within a structural economics fremewo
using input-output (I0) analysis. Resulting regional water requents for the year
2025 shall be compared to regional water availability of ground water, surface wate
and further irrigation potentials.

China has one of the longest traditions of water resources and river managethent
world. Its civilization has sought to control the effects of floods @mdight for many
thousands of years, and utilize the water flows for irrigation andyagen. In the last
century competing uses such as domestic, municipal, and industrial waseinption
have also become reasons for the regulation and abstraction of water.

Increasingly, China faces severe water problems. Every year, 26c rhectares of

land is under drought. The water shortage is 30 billion cubic metersgation areas

and 6 billion cubic meters in the cities. The water situation carbalstaracterized by
low-level figures per capita and per acreage of water resources. For example, the per
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capita water resource availability is only about ¥4 of the average tetle world. This
problem is compounded by uneven spatial distribution of water sowith surpluses

and deficiencies. Generally speaking, the South is rich in water whildtth is short

of water. Furthermore, there are seasonal variations of water resourceseaschniual
disparities with frequent flood and drought disasters. (Department dfoldgy.
Ministry of Water Resources 1992; China Water Resource News 2000). Since
settlement patterns in China reflect these greatly varying precipitatiels Iseasonal
surplus of water affects many more people in China than asolasiater — more people

are affected by flooding rather than droughts (Heilig, Fischal. 2000).

Traditionally, most of the water used in China is for the agricultural isedt¢hile most

of the water — some 78% - are still used in this sector, the increase in agaloutiter
consumption has been remarkably low. The Nanjing Institute of Hyglyand Water
Resources estimated that in between 1980 and 1993 China's agricultural water
consumption had only increased by about 3.6%. The amount of water ugeiddtion

even declined by over 4%. At the same time water use in industry increased by 94% in
Southern China tripled and urban water supply grew by 256% (United Nations 1997;
Heilig 1999).

The decrease in water quality is the result of contamination by untreated rasidedti
industrial wastes or from leakages from outdated waste-treatment systems, and
contamination from agricultural fertilizers and pesticides. About 80%efvastewater

is untreated. The concentrations of water pollutants are among the higtiestvarld,
causing damage to human health and lost agricultural productivity (Asiefopment

Bank and Chinese Ministry of Water Resources 1999). Studies showngxéhia of

the rivers in the whole country and o\@% of the rivers flowing through cities are
polluted. Some major lakes are in various phases of eutrophiGatiuth coastal areas

are hit by seawater intrusion. The water sources in more than 50 percent &t Chin
major towns are not suitable for drinking. In southern cities, pollutionesab@ to 70
percent of total water shortage. (Ministry of Water resources, 1996, quoted after Xu,
2001)(China's Agenda 21 no date).

In addition, global climatic changes will have a lasting impact Ghina’s water
resources as has already been shown by a high frequency of droughts andlfloeer

the country. Rising sea level will lead to increased sea water intrusion in Grastsl

and will have ecological and economic effects on low-lying or coastal areas (China's
Agenda 21 no date). For example, modeling exercises by Fischer and Wibehgr(Fis
and Wiberg 2001) show that increased output in agriculture is bought by aasincy
share of irrigation leading to additional needs for water transfer schemtserimare,
climate variability is expected to increase under all scenarios resuitingcrieasing
frequency of extreme events.

At the same time water is severely wasted. As Xu states: “We use 10-20 times more
water than those advanced nations to produce the same amount of pooféxXample

in agriculture, about 60% of the irrigation water is lost by canal seepage aértiffer
levels (Xu, 2001)Inefficient irrigation causes not only water loss, raises thentable

and with it the ineffective evaporation of the ground water, but also leadsilto

" In addition, the total lake area have decreased by more than 14% over the last 30 years
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salinization and water logging, both can lead to decreases in agricultural prioglficti
Other socio-economic factors adding to the water problem are the lack of adequate
pricing mechanisms and political and institutional frictions betweerious
administrative levels. The fragmented nature of the mandates ahithistries and
uncertain relations between provincial governments and the centrahgwrér does

not permit a coherent integrated approach to solving urgent and complex problems of
water management (World Bank, 2001).

Flood damages, polluted rivers, droughts, soil degradation, sedimewtzd and
estuaries might not only entail considerable environmental tlermy-effects but might
have disastrous implications for the social and economic fabrieafdtion with severe
ripple effects beyond its boundaries. Water shortages especially mffgation in
North China, industrial use of water supply for the energy base in Shanxiids&buth
Lianning and the Shandong Peninsular.

This situation has attracted considerable public attention and reset@rest. Research

and policy focus has been to increase (non-conventional) sources osupdy such

as water loss reduction, reuse or recycling of water, inter-basin transfers, and
desalination of seawater and groundwater rather than the political difficudicdeoif
reallocating agricultural water use to higher value users. Allocating water amogg man
conflicting potential uses presents a major dilemma to governmental iegenc
Government must achieve a consensus on policy among the multi-seceredtgby
introducing appropriate incentives and institutions. The prospect of wateityseard
increasing environmental, social, economic, and financial pressures calls f
coordinated decision making beyond optimization of water resource®cioral
isolation and through fragmented institutional control (Bouhia 2001). \Watist be
considered as an integral part of a larger system in terms of its fuscaiod
interactions between economic sectors, residential use, environment, pubhc duecl
other national goals. Lifestyle changes cannot be modeled iatisol We will
therefore use the comprehensive systems approach of structural economics fag-our lon
term scenario analysis.

2. The structural economics framework and its application to water
consumption

Structural economics and scenario analysis

Scenario analysis investigates interactions among selected possible tesgexttonajor
driving forces and shows the development of and interaction among thaantel
systems. It supports decision-making and policy development and serves agoa tool
foster creativity and to stimulate and guide discussion on the points afsin{€ark

and Munn 1986; Toth, Hizsnyik et al. 1989; Prieler, Lesko et al. 1998). A well-
established theoretical framework is a key for such investigations.idmpaper we
employ a structural economics framework in which scenarios about po$sibre

8 salinization refers to a build up of salts in soil, which decreases the osmotic potential of the soil so that
plants cannot take up water from it. When soils are salty, the soil has greater concentrations of salts than
the root, so plants cannot get water from soil. Water logging is the result of a raised water table. When
soils are water logged, air spaces in the soil are filled with water, and plant roots essentially suffocate --
lack oxygen. Water logging also damages soil structure.
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stages can be analyzed. The focus of structural economics is to describe the state or
structure of an economic system and its quantitative and qualitativgeshtrat take

place over time (Duchin 1998). “Scenario” in such a setting means thgecbaihe
structure of the economy as represented by production and consumptionspaiie

their associated flow of biophysical resources and monetary flows.

The core of our approach is a recursive input-output model expanded by water use
coefficients. The basic purpose of an input-output model is to predids$ leveutput,

value added, and employment given a certain increase in final demanesémting
various socio-economic scenarios). The integration of regionalldi@stavery detailed
biophysical information in a geographic information system, amgwaption data for

rural and urban population allows us to especially address the regionaltigis par

water availability and needs based on changing demographic, economic, ant lifesty
guestions.

Specification for an input-output model for long-term scenarios in China

on a national and regional level

In order to combine monetary data and physical data within a commonduktgical
framework, we need to extend the economic tables by a set of natural resource
coefficients representing consumption of water for each sector.

The enlarged 10 table, as presented below, provides as with an asgagtieme for
economic activitie§z;, Vi;), household and other final consumpt{og), environmental
inputs(Ly; and Ls), and effects on the environme(al;). Whereas the inner parts of the
table are in monetary units the outer part is physical units (in cubic meters).

Table 1: A Schematic Presentation of an E xtended Input-Output Table

Grain, Other-crop, Rural, Urban, ... Total Output Water
livestock, ...
Grain Depreciation and
Other- Inter-industrial flows Final deliveries Goods, Degradation
crop Services, and q
Zjj Ui Final deliveries i
Livestock (Zi) (Us) (X3) (e
Capital Factor inputs (value-
added)
Labor
(Vi)
Total Goods, Services, and
Input Factors (X))
Land Natural resource inputs | Natural resource
uses
Water (Lrj)
(Lrs)

Source: modified after Fischer and Sun (Fischer and Sun 2001)

As a next step in our analysis we have to transform the enlarged IO table to@esueffi
matrix. This is achieved by dividing the various flows between theogsitnsectors
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(zj) by total output, the sum of interindustry flows and final deing@x;). The

coefficient matrix gives an empirical measurement of the relatijgmsdimong the
various sectors of the economy. To calculate input coefficients ofahadsources, we
divide the natural resource inputs by total sectoral ou(gyt These coefficients
represent the direct or first round effects of the economy.

Based on the coefficient table the Leontief multiplier matrix can be caculdihe
multiplier accounts for the total effect on output and resource consumygepending

on the sectors that are affected by the initial changes in final demanerqtinst
effects) and all sectors previous in the production chain. Water use multipliers meprese
an indicator of the effect of a change in final demand on total watprirements,
including initial, direct, and indirect effects.

Changes in final demand are driving water consumption in an input-ouspogviiork
via direct and indirect water consumption of economic sectors producing goods for final
consumption and via direct water consumption for residential purposes.

Water use priorities are modeled in the following way: We assume thataments for

urban and rural residents are met first, industrial and service segptigereents are met
second, and agricultural requirements received the lowest priority. Thisngaisi
included in the formulation of the supply-constrained modedidential requirements

are deducted from the water supply; the available water under consideration of water
use coefficients deliver potential output (exogendiisfor the constrained sectors;
finally, the unconstrained sectors (industry and services) are allowed taddrealy

based on the exogenous changes in final demand.

Representation of the Economy at a national and regional levels

In our analysis we use the input-output tables for 1992, which were compiled by the
Chinese National Statistical Bureau (State Statistical Bureau of China 19@6jable

is aggregated to reflect the significance to the national economy of tbes/agctors.
Since about 85% or 406 billion cubic meters of the water is used in agricultuksect
their detailed information was maintained by disaggregation irang horticulture,
fisheries, forestry, and handicrafts. Other important consumers ef wat the energy
sectors with about 51 billion cubic meters and the manufacturing sectors with 41 billion
cubic meters, respectively (United Nations 1997). In general, industdedrs show
enormous differences in water use due to the requirements of the respectiveésproduc
and production technology. Thus, it was necessary to disaggregate the previous 11-
sector model to differentiate growth rates for fertilizer productioerggnproduction,

and other industrial sectors (Hubacek and Sun 2001). In addition, our moldeles

the increasingly important transportation and service sectors. Curtbetly is no
record of the amount of water used by economic sector in the required detail level of
this study. Thus Strzepekt al (Strzepek, Holt et al. 1998) provided a further
disaggregation of available Chinese government statistics. The use of tbfmgeots

in a scenario analysis would give us total and sectoral water requirempreseait-day
efficiency.

In terms of final demand we use the classification categories of the Nationsfic&thti
Bureau of "non-peasants” for urban population and "peasants" fdrpapalations.
Institutions include Government, investment, inventory, and netrexpdalue added
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categories, reflecting the value of factor inputs, are capital income,dabgensation,
taxes, and profits.

In our 1-O model, China is divided into 8 regions based on their uniqueraygucg,
agro-climatic, demographic, and economic development levels, and consoliddted w
provincial level administrative boundaries for the sake of data avdpalaind
consistency.

A basic problem of modeling water use within an economic framework arisastieo
discrepancy between economic regions and watershed regionsnddigares for

water use are based on economic boundaries as derived from the input-output
framework. The water supply figures have to be based on hydrologicaticosdin

order to assign water supply quantities to our economic regionpplgetae hydrologic
model, Climate and Human Activities — sensitive Runoff MalleCHARM developed

by Wiberg and Strzebek (Wiberg and Strzepek 2000). The model is applied to the nine
major water resource regions of China to estimate the naturalldsaiater supply in

each of the economic regions. Water not used in one hydro-economic flegisn
downstream to the next, which could bring it to a different economic reGidARM
models surface runoff, evapotranspiration, and sub-surface runoff ferdinali cells.

The output of this grid-cell level approach can then be aggregated to foenanomic

units.

Table 1: Hydro-economic regions in China

Note: The overlay of the economic and watershed (hydrologic) regions results in hydro-economic regions.
The first digit in the hydro-economic region code represents the hydrologic region and the last digit
represents the economic region.
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Regional differences do also exist in terms of water consumption wdeholds,
industrial and service sectors based on availability of water resourdethenefore
habits of dealing with an abundant or scarce resource. For industriadraime sectors
as well as the household sectors wecwdate regional water requirement and
productivity coefficients based on water use and economic output of the base year.

3. Structural change in production and consumption

The impact of changes in economy and society on water consumption wititaeed
by the future patterns of both consumption and production. The posdilrie fatterns
of consumption and changes in technology are discussed in the sections below.

Economic Growth and the Consequent Per Capita Income Growth

Since 1978, China’'s GDP has expanded at an average rate of nearly 10 per cent and
total exports at 17 percent per year. The Fifteen-Year Perspective Plan (1995-2010)
identifies two fundamental transitions to sustain future growthrdih a traditional
planned economy to a socialist market economy; and 2) from the eetgnswth path,

based on increases in inputs, to an intensive growth fashion, driverpliyvements in
efficiency. (World Bank 1997). Assuming the continuance of high saving rates
supporting high investment rates, of the market-oriented refaant of high factor
productivity growth, the World Bank projected growth rates of annuaBypércent

until 2020. (World Bank 1997). According to the World Bank, the pace of GDP growth
will be slowing down over time, from some 8 percent of today to 5 percent in 2020 due
to a then stagnating labor force, diminishing marginal refuand lower gains from
structural change.

These aggregate growth trends mask diverging paths for different parts of China. There
is a large body of literature dealing with the regional disparity ima&CfLiu, Yao et al.

1999). It is generally acknowledged that three regions have emerged with discerned
development paths in the past two more decades: 1) the leading coastal areas
characterized by high income level and high growth rate; 2) the catching up central
regions with average income level but rapid structural changes froioulage to
industry and services; and 3) the backward regions in the west, witlcla sfower

growth rate, and with a small share of the population dominated by nationailtiesno
Another significant disparity exists between rural and urban areas. Theapita
income ratio of rural to urban residents has been around 1 to 2ébpaghtwo decades.

GDP growth rate is a comprehensive indicator that is not independenpuafion
growth (implying labor force growth) and technological progress.nlfake income
growth rate be independent of other driving forces, we subtra@reeen growth rate

of population and the part corresponding to technological progress (about 35 pércen
GDP growth) from the predicted national GDP growth rate (World Bank 1992dWorl
Bank 1997). As a result, we obtained a net per capita income growth rate. For
simplicity, we call it per capita income growth rate. In order to accoate to the
regional and rural versus urban differences discussed above, wgulstigrowth rates

for urban and rural areas and for two large development zones.
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Population Dynamics and Urbanization

When the People’s Republic was founded in 1949, it had a population of 540 jmillion
three decades later its population was more than 800 million; and present China’s
population has approached 1.3 billion. Today’'s high share of young Chinese in
reproduction age has created a strong population momentum that is now driviags Chin
population growth despite already low levels of fertility. China is rmoéd with two
counteracting trends: while economic growth, urbanization and the assoifegtdel
change may lead to lower fertility rates, modernization and the opensugiety might

lead to opposition to the government’s strict one-child policy nmlfaplanning (Heilig
1999). In its most recent (medium variant) projection, the UN Populationidivis
estimates that China’s population will increase to 1.49 billion in 2025 amddiightly
decline to 1.488 billion in 2050 (United Nations Population Division 1998).

In the past two decades, two opposite trends have coexisted to shape the population
dynamics across regions. On one hand, migration from Westdr@eamtral China to

the eastern regions, especially the coamtaeds, adds percentage points to population
shares of the eastern regions. However, on the other hand, the fertiltymaveng
upward from the eastern to the western regions have basically countereldald not
exceeded, the impact of migration (Jiang and Zhang 1998). In addition one has to
consider the moving of traditional industries, particularly, heenustry, from the
eastern regions inward to the western regions and the new strategic movenment of
Chinese government to reduce regional disparity. As a comprebemesivlt of these
three trends, the accumulative impact of migration on regional populatiibwtisin

up to 2025 may not be very significant.

Despite the fact that the urban population is constantly isicig@aChina can still be
considered a predominantly rural society. In 1997, after the rapid secrefathe
officially defined urban population for more than a decade, only some 30% of the
population lived in urban areas. The rather recent increase in urban popslat@inly

due to the promotion of towns into cities, thus increasing the numbertie$ ci
altogether. Another reason for the increase in urban population has beeost@rg

of strictly controlled internal migration to meet the labor desnahthe growing cities

and towns as well as a wave of temporary “illegal” rural-urban labor migratiwa. T
United Nations Population Division (United Nations Population Division 1998)
estimates that by 2025 about 50 percent of the Chinese population will live in urban
areas.

Change in diet

With respect to changes in consumption patterns, changes in diet structine raest
relevant for agricultural water use. In China’s food tradition, cereal protiages been

of overriding importance; other food products such as meat, fishery products,
vegetables, and fruit played only a residual role. This pattern lemschbanging due to
recent social and economic developments. Urban residents typicaflsr @ more
diverse diet and eat more processed foods. Today's Chinese eat more dngairyan
products, which has boosted livestock production. China’s populasigremormously
increased its meat consumption and also eats more fruits and vegetables, whereas dir
consumption of grain has leveled off or even declined (Wu and Findlay 1997)teDesp
these developments, China’s average food calorie supply per person per day is still
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below the average level of developed countries (FAOSTAT 1998). Therefore, an
increase in per capita calorie consumption can be expected in the future.

To calculate aggregate final demand from households for the products lof eac
production sector, we multiply the above-listed average expenditures of undaaral
residents, respectively, by the total numbers of urban or rurdergsiin each region.

To obtain total final demand corresponding to each production sectomkvether

final demand components to household consumption according to theintctatio to

the level of aggregate household consumption.

Technical change

In the 1960s, first long-range forecasts of water consumption made WSttpredicted

an increase in annual fresh-water consumption of 2-2.5 times from 92000,
mainly due to increases in water use in industry and heat power generation. However, in
the 1970s and 1980s a transition from extensive water resources consumption to
intensive and multi-purpose water resources utilization broughitabstabilization of

water consumption. Similar trends were observable in somdrasunf northern and
western Europe ((Shiklomanov 1994).

Also in China important steps have been made towards water saving. Resentl
ministries, including the State Economic and Trade Commission, thethioif Water
Resources and the Ministry of Construction, jointly confirmed theyé¢an-goal for
saving water in industrial companiddie share of reused water rate is target to increase
from the present 50% into 60% in 2005 and 65% in 2010 (Anonymus 2000).

Based on the assumption that most industries in China will recycle thertovatevery

high degree Thomast al. use a recycle rate of 90% for their study (Thomas, Conrad et
al. 1997). Chen Junfeng in a scenario analysis assumes recyclsmpetateen 25% and
90% depending on the regions (South-North Water Diversions by Cheangunf
IGSNRR). Our estimates for the industrial sector follow the projected trenteof
official water saving efforts of the relevant ministries in Chasauming a recycle rate

of 85%.

For the service sectors we can observe two opposing trends: inefficient water use and
increasing water demand based on higher expectations, health and hygienic standards.
Unfortunately, statistics for water use in service sectors are hard to find. In G&ina t
water use in the service sector is subsumed under urban water use. We therefore use the
regional variability of urban water consumption for our water use sceinafi025. In

terms of technical change we use labor productivity since water use in thdoe se
sector is derived from worker-output ratios (Strzepek, Holt et al. 1998). During 1985-
2000, the labor productivity in the service sector increased by 3.12% per annum
(Statistical Yearbook of China, 2001, pages 22, 30, 52), we assume a gradual slowdown
of the labor productivity growth in the future in the sector. At theamssrthe annual
growth rate is about 2.5% annually.

Also in the agricultural sectors there is lot of room for improveméntortunately,

field data on effectiveness of water saving technology is notlyeadilable because
over the last 20-30 years, the emphasis has been on water supply rathematéa
conservation (World Bank, 2001, p. 73). Efficiency of irrigation nekws only about
40-50%. In North China Plain areas, the efficiency is around 55-65% (Liu and He 1996;
Ministry of Water Resources 1998). There seems to be potential for veateg s
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through better management and infrastructure. But part of ther Wast upstream
through percolation and seepage returns to the hydrologic system andlableava
downstream users. Real savings could only be made from reductions in
evapotranspiration and the flow to the ocean through measures such aanipiegx
improved crop genetics, plastic and organic mulching, irrigation scheduling and bes
farm management practices (World Bank 1999)(World Bank, 2001).

In order to facilitate these changes the Chinese Government is promeatiar saving
irrigation; the State Council has approved the establishment of water-savihg/yie
increasing counties as well as water-saving well irrigation districts, across the. natio
Water use efficiency is planned to increase by 15% by 2010 (Xu, 2001, p.3).

4. Results and implications of alte rnative development scenarios for land-

use change

In this study, we selected diverse scenarios based on different comisnafidhe
widely expected developments on population growth, changes of lifestgles, df
migration, and economic growth for a 30 year-period. Given the assumed iextent
technological progress, we show how these combinations might affect demaradeor
consumption in China. The increases in final demands and sectoral outpidsivive

the associated water needs to exceed projected supply in certain regions. In other words,
these regions in China would not be able to support the increased demanat witho
significant improvement in water productivity, water savings measurebora
increasing imports. The major results of our scenario analysis are paesefallowing
table.

Table 2: Renewable Water Supply and water demand for 2025.

Region WateSupply

Water Demand
North 95.76 150.86
Northeast 125.15 51.78
East 256.19 125.49
Central 507.89 76.87
South 600.89 119.82
Southwest 694.11 74.50
Northwest 155.47 243.38
SUM 2,435.46 1,226.36

Notes: The Plateau is missing in our scenario analysis due to lack of data. Water supply is based on Wiberg
(manuscript); water demand is based on own calculations.

The table shows water supply vis-a-vis of water demand for each of the economic
region. In the Northwest and North regions the demand for water exceeds its potentia
supply. The North region can also be considered water scarce, which is region
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surrounding the capital Beijing was only 226 cubic meters per capita. Anything below
one thousand cubic meters per capita is generally considered water scarce.

This table shows the importance and advantage of a regional over a natioysisatal

we compared water supply at a national level we would not be able to see the water
shortages on the regional level and might conclude that the avajlabwitater is not a
problem in China. This advantage is achieved at the expense of further saetaital

which limits the usefulness of the present setup to questions of lifestylgeshah a

finer sectoral level or product level. This is a general problem tiwatoenic regions

and its associated tables do not match the region relevant for a certatanpodr
resource (in this case the watershed).

For further analyses of the water situation the current framework allowsatrg
changes in population and urbanization, dietary changes, and changasbvwatder
sectoral categories as well as technical change and wated refeitéency gains, and
incoming growth rates. In a next step we will also evaluate the effects on water
consumption associated with each of the product groups represented within each
economic sector and thus the potential relieve through relocation of waterviatensi
sectors.

In the literature a number of reasons for the apparent water shadmag been
discussed. Our study has identified and quantified the water shortageulisofes
overpopulation, in rapid increase of the rate of urbanization, and steady and fast
economic growth.

The underlying causes at an institutional level are the compulsory development o
irrigated agriculture and deficient funds in water improvement meaéthes 1992).

For Yang and Zehender, the root cause of inefficient water use lies in the unel@rval
price of water. To obtain an intrinsically important commodity cheaply does not
provide any incentive for using water more efficiently. Thereforee @f the
instruments to remedy this situation is the implementation of watarges. Local
governments have shown quite some enthusiasm to use such a mecsiacsm
increasing water prices become a de facto source of revenue (Yang and Zehnder 2001).

China must allocate its scarce water resource to its highest economic return.
Agricultural water use value is lower than in non-agricultural sectos Aécessitates
moving from the constraining goal of food self sufficiency to the rflexgble notion of

food security. Therefore, it is necessary to expand the food markeidbiydorders to
allow for flexibility in cropping decisions on the farm level guzing and exporting the
crops it grows best and importing to cover the remaining demand (quote). Or@s Yan
and Zehender (Yang and Zehnder 2001) phrase it “virtual water impothé form of

grain imports, should be incorporated into current regional and niaagnaultural
development strategies. Food self-sufficiency has been a heavilyedigopic. Many
Chinese believe that a high level self-sufficiency in grain is s&ag. Policy-makers

are often hesitant to move water away from agriculture to sectors that wouideprov
higher economic returns. This is due to the fact that currently some 40%Qiitiese
population works in agriculture.

Needs some flexibility in cropping pattern that allows a substitute less water
intensive crops. Over the last two decades the trend has been to shift froor@paito
high-value crops such as vegetables and horticultural products. dua shift will lead
to an increase in water use per unit of land. Agricultural productiomiergkis heavily
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reliant on irrigation. Agricultural production may need to move fittwn north to the
water-rich southern parts of China or to import grain (Yang and Zehnder 2001).

The same logic applies to the industrial sectors. It might be necessarydateaid
water-intensive industries to water-rich areas. Currently the lgeagier consuming
industries such as power, petrochemicals, coal, and metallurgy cerenmargest
amounts of water are located in the north, where there is a shortage of wateesesour
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1. Vision: the Performance Society °

Modern industrial society has reached perfection in the productiosmdsiible goods,

but at the same time has become dependent on it: without massmpoins no
economies of scale, without economies of scale rising prices for goalddess
consumption! A new focus on sustainable development recainesv way of thinking

in the sense of a “Performance Society”, an economy, in which the preserviation o
values has priority over value added. This calls for a new central noticadusf: \the
utilization value, which replaces the exchange value of the industrialysociet

We therefore talk about a “reservoire economy* (as opposed to a flow econamu)),

is centred on the management of fleets of goods and on selling r@sdlperformance

— as has always been the case with investors letting rental apartments. Baidaix t

that customers now pay a flat fee for the services received, every breakdown or repair
means a reduction in profit, while today the same events lead to an additmomaki

for some economic actor. Preventive Engineering, e.g. the prevention of technical
breakdowns or of the misuse of goods by the user, becomes the new key capability to
increase company profits. Furthermore, the highest profits in théofRemce Society”

are not achieved through efficiency- but “sufficiency” strateg®ich as loss
prevention and the application of the precautionary principle.

The term “Performance Society” does not mean the tertiary (or sergee®)y nor the
virtual "e-economy", but it describes a different way of managing therimbgjoods of
the industrial society over their life-time. As the selling of sawiwill increasingly
replace the selling of goods, the virtual and the material economy witleirfuture
merge: the boundaries between product, process and service are disappearing gradually.

While the manufacturing society is comparable to a river — its revenue coomes f
resource throughput — the Performance Society may be compared to a lakesiragptimi
the application of knowledge and the utilization of fleets of gobdsugh a dynamic
fleet management; its central notion of value being the utilizatmne. As every
guality impairment of the lake now also means a reduction of a compassess, this
comprises a new quality definition over longer periods of time emergesgerRive
measures like loss prevention and waste reduction become a vital part @ffthe s
interest of the economic actors involved.

The Performance Society decouples economic success from resource consumption, and
substitutes “reversed incentives for zero-solutions” (which are sufficEnategies) for
the efficiency thinking of the industrial economy. An extensionhef product-life of
goods corresponds to a substitution of manpower for energy andatated changes

9 Orio Giarini, Walter R. Stahel ,Die Performance- Gesellschaft: Chancen und Risiken beim

Ubergang zur Service Economy*, Metropolis, Marburg, 2000, ISBN: 3895183202
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in the structure of the economy by which regional workshops replace liseotrand
global factories?

The following illustratio’t shows the transition from ,business as usual* to
dematerialisation and sustainable development, and the relative amgertof
Lefficiency-* and ,sufficiency“-strategies.

Shifting development paths towards sustainable development

A “sustainable development”
“minimization”
Sufficiency
Strategies
Increased
Economic Efficiency “business as usual”

Activity \Strategies

Environmental Impact - Social Inequalities

Source: ECOTEC for DG ENV

The central objective of the ,lake economy* is the management ofrexisiues. The
smaller the loop, the higher the value preserved: re-use comes befare regr

before remanufacturing, remanufacturing before recycling, negybkfore disposal. In
addition, some types of goods can be upgraded to the state of the art with regard to
technology and/or fashion. This option is of special interestnmbamation with re-use,

repair and remanufacturing activities.

2. The Importance of Repair and Upgrade

Strategies of repair and upgrade represent key elements of the Performance-Sdciety, an
will play a major role in all efforts towards a more sustainaldgetbpment, an
increased resource efficiency and dematerialisation (factor 10).

The importance of repair and upgrade strategies has so far only beenishowro-
economic terms and on a qualitative basis. Few quantitative facts and figures are
available so far on the importance for a national economy over longer efitiche.

10 Stahel, Walter and Reday, Geneviéve (1976) The Potential for Substituting Manpower for Energy,

a report to DG V of the European Commission, Brussels; (1981) Jobs for Tomorrow, Vantage Press, N.Y..

Source: “Sustainable Production, Challenges & Objectives for EU Research Policy”, Report of the
Expert Group on Competitive & Sustainable Production and Related Service Industries in Europe in the
Period to 2020, July 2001
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Equally missing are more concrete concepts or scenarios exploring futulepdesets
towards a balanced future state, broken down into lines of business @b gif
products and goods.

3. Project

The result of the project shall be facts and figures concerning the importance of repai
and upgrade on the way to the Performance Society along the time axis and diaded i
lines of business, groups of products and goods respectively. Thus shobile tena
assign repair and upgrade their correct value within the strategies toreasustainable
development and for increased resource efficiency, and to inthase in any such
strategies in a concrete way.

The results of this research project should also help to transmit thee desir
sustainability to economic actors on both the supply and demand side. The results
should further be used as an input for a new marketing approach of sustainable
development, which materializes, quantifies and particulattgzebenefits. Economic
actors shall thus perceive their specific opportunities in the Performance Smwikty
move increasingly into that direction in order to realise their patent

If we succeed to raise the desire for sumsthility in all players, instead of reducing
sustainability to an ideal, instead of generalizing it and enforcingraugh legal
compliance, then sustainability might become a self starting and cowtiaciion!
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project manager in the field of Information Technology (e-commerce and e-work) and
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Raquel GARCIA: Consultant at the Wuppertal Institute (Eco-efficiency and Sustainable
Enterprise Group). Research into food supply chain issues, with a focus on life cycle
impacts, corporate social responsibility and sustainable consumption and production.

Unsustainable patterns of consumption and production in industrialisetries were
identified in Agenda 21 as the major cause of the continued deterioratioa global
environment. The Johannesburg Summit reaffirmed the needrfdamental changes

in the way societies produce and consume, and called on developed countries to take the
lead. In the light of both conspicuous consumption in the developeld,vand the
developing countries’ opportunity of leapfrogging to more sustainable gnoattérns,

Factor X strategies can play a crucial role.

While considerable improvements in resource use efficiency heese dchieved in the

last decades, the sustainability agenda is gradually shifting to include consumption
alongside production. Eco-efficiency strategies and policies hasilted in
environmental gains that translate into less resources used per unit of prosireicay,
contributing to the factor 4 and 10 increase targets in resource efficiency. Hoaeaver,
efficiency gains may be offset by trends on the demand sidedswaw life styles and
rising levels of consumption. The two sides of the equation—cautsum and
production—hence need to be addressed if Factor X goals are to be achieved.

It is production and consumption systems (PCS) that need to be changed. PCS are both
the adequate target and the necessary scope for implementing Factor X staaigégies
measuring progress towards more sustainable patterns of consumption dunctiquno

Only those strategies that are based on life cycle thinking and reflect Iticaésuwand

values will produce real effects. Indices that capture the entire system sisinimas
assessing the potential and the success of Factor X solutions in the system.

This paper discusses the potential of Factor X in two specific PCS: the footleand t
information and communication technology (ICT) systems. The aim igtbifid where

in these systems, and how, business can intervene to promote sosieenable
consumption and production patterns, and further to highlight differentesdrethe

two sectors. While efforts in resource efficiency have thus far adopteddagpror
production process scale, a shift to a life styles scale, that takes the consumer as a
starting point, is being called for. It is argued that new indices are needexhphate

the complexity of PCS, thereby promoting a closer interaction betweamebs and the
consumer in the search for more sustainable consumption and production patterns.
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Outlining consumption and production systems

While research and action has targeted both consumption and production sepheately
challenge remains to describe the entire PCS system, accounting fondimeicfactors
that influence the system. While rational theories of consumptie@ been dominant

in the policy communities, advertisers and marketers have beesn gpen to using
cultural and social theories. This is often seen as the reason foe#tterguccess that
advertising has had in impelling consumption than government policies hed in
controlling and channelling 1

Different models have been suggested to describe CP systemsassubb needs,
opportunities and abilities mod&l which examines the specific forces underlying
consumer behaviour at both the macro-level of society and the rei@b-of the
household. The provision, motivation and access(PMA) modet* provides a
framework to ensure that the introduction of a more sustainable prodaetrvice is
successful, which can only happen when the three areas—provision, motivation an
access—are addressed through appropriate policies and programmes.

| The provision, motivation and access model

Individual and socially = Income = Design of products and
contingent motivations of services
consumers

= Time
= Production of products and

= Availability and ownership of ;
services

* Personal concerns infrastructure of essential

= Social and cultural goods and services = Distribution of products and
influences = Availability and choice of services

= Habits and established products and services = Disposal of products and
routines services

= Information
Motivations of business « Education and training = Set of_expectatlor_ls and
established practices of

= Market competition and h
consumption

“recognition ”

= Long term planning = Price

= Regulation = Marketing strategies
= Relationship with customers
= Company'’s culture

= Protection of brand image

Figure 1: Illustrates the basic structure of the model, which is used here to examine the food and ICT sectors

2 Wik, R. Culture and energy consumption. In Online handbook Consumption, everyday life and
sustainability. http://www.comp.lancs.ac.uk/sociology/esf/session3.htm

3 model developed by Vlek et al. In OECD 2002. Towards sustainable household consumption? Trends
and policies in OECD countries.

% The term systems of provision has been used by Chappells et al. (2000) to describe a framework for
understanding production, consumption and lifestyles. The PMA model is based on sustainable
consumption literature and case-studies of multi-stakeholder action to shift patterns of consumption and is
presented in Ryan C. 2002. Sustainable consumption — A global status report. Draft for comment, April
2002. UNEP.
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Outlining the PCS in the food and ICT sectors

Research into material intensity has highlighted the variations betwedliffgrent
economic sectors, and between the origins of the material flows withirseator. The
promotion of sustainable patterns of consumption and production henceocadls
sectoral approach, whereby suitable strategies and priorities are definechfseetar.
The core of the UNEP programme on sustainable consumption and production,
presented in the World Summit on Sustainable Developméeakes a similar approach
by addressing functional clusters, such as food, housing, clothioigilityy health,
leisure and education. The differences between the two sectors examinedftbare, o
stemming from the differing nature of the products, services and PCS itiogues
illustrate the need for a sectoral approach.

Thefood sectoris directly or indirectly involved in a fifth of the total material floywer

capita in Germany, ranking second in material intensity afterimgpudust under a
guarter of that total derives from private use of energy for preparation citédband
shopping trips, while processing and trading account for more than three-quarbers of t
total!® A study into eco-efficiency in the Swedish food supply chain has rshioat a

factor 4 increase requires a radical reduction in the use of resources such as energy and
phosphorous, that can only be achieved through technological developnettes, b
organised flows and a change in the behaviour of individuals and companie

The figures above show that the impacts arising from the act of consumingkaab i
not only to the consumer’s behaviour, but also to product and process chdiegteris
The most significant environmental impacts are upstream in the product chain.
However, households influence trends in these areas thrbaghchoice of diet and
their food-related servicé& LCA research into consumption of vegetable products, for
example, has shown that avoiding products flown in from overseas and deep fr
products results in the highest change in environmental impathese characteristics
are determined upstream in the chain, but can only be fully realised if thenmrnsu
takes the “right” decisions. Consumers’ decisions, in turn, are depeunpgen their
motivations, as well as on the provision and access to more sustainablerdolodts
and services (Figure 2).

5 UNEP 2002. Proposal for a Work Programme on promoting sustainable sustainable consumption and
production patterns. Briefing note for distribution at WSSD. http://www.uneptie.org/outreach/wssd/

16 Sachs, W., R. Loske, M. Linz et al. 1998. Greening the North. A post-industrial blueprint for ecology and
equity. pg54.

17 Nordic Council of Ministers 1999. Factors 4 and 10 in the Nordic Countries. The food supply chain

18 OECD 2002. Towards sustainable household conumption? Trends and policies in OECD countries. Pg.
25

19 Jungbluth 2000
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’ The provision, motivation and access model for the food consumption and production system

|

Individual and socially
contingent motivations of
consumers

= Nutrition and health
= Convenience
= Variety

= Environmental and ethical
concerns

Motivations of business
= Pressure from retailers

= Corporate Social
Responsibility trends

= Environmental, social and
health regulation applicable

Income (especially labelled
products)

Time for shopping and for
home food preparation

Availability and ownership of
infrastructure of essential
food products and services
(e.g. electric appliances to
cook, transport for shopping)

Availability and choice of
products and services (e.g.
labelled food)

Nutritional and health
information

Education and training

= Eco-labelling (e.g. organic
food)

= Ethical labelling (e.g. fair
trade)

= Convenient food

= Supply chain information
flows

= Supply chain reach

= Agriculture, processing,
distribution and retail
practices

= Packaging systems
= Consumption requirements
= Set of expectations and

to food products and
services

established practices of
consumption

= Price

Figure 2: The food consumption and production system according to the PMA model

Sustainable food production and consumption need to be approached from a product
chain perspective, which evaluates the potential for increased resouraenefieind

offers consumers the option to buy more eco-efficient food productssemites.
Research in the food sector has often taken a life cycle approach, examining the impacts
of food products from agriculture to consumption. Business is graduallyghhoften

in a piecemeal fashion, incorporating product chain oriented actions tinir
environmental strategies, with the interaction between food processors armtsfarm
taking the form of education and training, procurement standards, and research projects.

Going one step further means addressing the entire PCS, so as to ensure that products
and services that are improved upstream in the chain actually meet the consumers’
motivations and can be accessed by them. Food has strong underlying values and
concerns, rendering information and education issues paramount. Organicfoiood
example, may be inaccessible to consumers with lower income, inadequatetida,

or more difficult accessibility to #isng points. Other products, such as frozen food,
result in high impacts in the consumption phase. Improved informatreducation

are needed in these cases, to ensure increased energy efficiency from the consumer side.

From the screening of the food quality initiatives establishedabipws actors along the
food supply chain in European market, it can be concluded that they hawe ofa
quality aspects. These aspects include healthfulness, safety, nutritive value,
environmental friendliness, animal weigé, ethical concerns, use of GMOs,
biodiversity, social responsibility, enhancement of local economy aldral value
preservation. However, their coverage of the supply chain varies éR3yur
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Figure 3: Initiatives in the food supply chain and the coverage of their claims™

While organic agriculture certification schemes and integrated production cedificati
schemes claim to be environmental friendly by applying organic agrieukad
Integrated Crop Management (ICM) respectively, national/sectot faven quality
assurance schemes claim to assure this aspect through compliance with national
environmental legislation. Retailer Led Quality schemegs teféntegrated methods of
production, while food processor/manufacturer led quality initiativelsratailer house
brands address eco-efficiency measures down stream in the chain in addition to
sustainable primary production practices. Traditional or regional quatigceschemes

claim to assure environmental friendliness mainly through less ifiéginproduction

and processes, which follow strict criteria or traditional ways, togetherawidmphasis

on decreased transportation distances.

Sustainable agriculture certification schemes focus primarily only on the primar
production phase. National or sector level farm quality assurance schemagppasis

mostly on the primary producer level activities to accomplish safe food pi@uwdth

rare referral to the activities of processors and retailers. Foaskgsar and retailer
driven schemes emphasis corporate citizenship leading to a wider peespectiv
addressing quality aspects such as inclusion of ethical issues or social and humian capita
or more strict environmental criteria development and also use a \afrietyls such as
operational indicators or stakeholder dialogues. Use of product sbrafwvs the
schemes to deliver consumers a single coherent quality message andsptbgide
opportunity to develop brand loyalty and in turn increase in coeswanfidence.

2 Tuncer, B. 2001. From farm to fork? Means of assuring food quality: an anlysis of the Europan food
quality initiatives IlIEE Reports 2001:14 Lund 2001
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Regional and traditional quality aspect schemes address a whole different seityf qual
aspects whilst managing to build full credibility with shorter supply cleawverage.
However, they still lack international referral and perforreaegaluation systems that
would assist in continuous improvement. While benchmarking schemes camlzssee
guality management tools, which possess the advantage of forming a pool of bes
practice applications and illustrations of supply chain collaboration.

Other approaches in the food sector use the concept of product-ssstiems (PSS),
such as the Dutch Odin case study presented in Box 1.

Box 1: An example of Product-Service Systems in the food sector

Odin Holland supplies organically grown food to consumers by subscription. Once a week, the consumer
receives a paper bag with assorted vegetables and accompanying recipes from a store in the neighbourhood.
The consumer received a fixed amount of food, enough for consumption by 2 to 4 people for 4 days.

Odin only sell organically grown vegetables with the E KO organic food label certified by SK AL, which is an
organic agriculture certification organization. Furthermore, Odin supplies regionally grown food, aiming to
minimise the environmental impact caused by transport. For variation purposes a small amount of food is
imported, especially in winter time.

The supply is based on fixed price contracts between Odin and farmers, without intermediates such as
auctions or wholesalers. This enables planning in advance and provides distribution advantages. Contracts
with the consumers are the main advantage for such strategy.

This approach offers financial benefits to the farmer, facilitates accessfynoers to

food products that are organically produced and that require less packaging and
transport, and further it provides adequate information to the consumer. Hpweve
guestions may arise with regards to the “set of expectations and establisheéspHctic
consumption”. While consumers are provided with the food and recipes tontzen of

days, the actual needs may be different from expected or planned, the resylt bei
higher levels of consumption.

Recent changes in thECT sector are accelerating the shift to a service-oriented
economy, in which more ‘value’ is associated with immaterial feammdsknowledge.

There is some evidence to suggest that a structural shift towards a seentedor

digital economy may support the dematerialisation of industriadymtion and
consumption patterrfs. The current growth of ICT infrastructure is based on the
(expected) expansion of demands for different ICT applications, ecommengedne

of them. Ecommerce can simply be understood as the buying and selling of gdods an
services on the Internet. The process of economic transactions can be separated from the
information phase, including product information, bids and commtiggcdelivery and
payment, as illustrated in the following Figuré?4.

% Dematerialisation refers to a guantitative reduction in the material throughput of the economic system.
This is based on the assumption that reducing the material throughput will automatically reduce material
output (pollutants, waste etc.) as well as harmful resource extraction. Dematerialisation implies a more
efficient use of those natural resources which are fed into the economic system (re-use, recycling).

22 Kuhndt, M., von Geibler, J., Turk, V., Moll, S., Steeger, S., Schallabdck, K.O., Utzmann, I. (2002). Virtual
Dematerialisation: Ebusiness and Factor X. Interim Report to the European Commsion. Wuppertal
Institute. Wuppertal, Germany.
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Figure 4: Phases of commerce. (Source Wuppertal Institute)

Regarding the delivery phase, the product intensity of the object of the transaction
determines the influence that ecommerce has on resource effiéiertays, ecommerce
activities can be divided betwe@mnoduct-based ecommerceand information-based
ecommercedepending on the degree of physical material used to provide the service
associated to the transaction obféct.

Product-based ecommercedraws on a physical product as the mode for delivering
services related to the product for the customer. An example of product-based
ecommerce would be the online purchasing of CDs (Box 2).

% Kuhndt, M., von Geibler, J., Turk, V., Moll, S., Steeger, S., Schallabdck, K.O., Utzmann, I. (2002). Virtual
Dematerialisation: Ebusiness and Factor X. Interim Report to the European Commsion. Wuppertal
Institute. Wuppertal, Germany.

% This approach is in accordance with the classification of services e.g. by White et al. (1999). Servicising:
A quiet transition to Extended producer responsibility, In: Mont, O. (1999). Product service systems. IlIIEE,
Lund University
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Box 2: Preliminary conclusions from a case study in the music sector?s

Both product-based scenarios, i.e. the physical retailing and the CD online-shopping scenario, necessarily
include the physical production of the CD and its distribution.

The infrastructure’s (production site building) contribution to the overall material intensity is rather low, as
enormous quantities of CDs (and herewith service units) are produced. For buildings with a far lower turn-
over of CDs (such as e.g. a CD shop), the building infrastructure turns out to be of more importance for the
overall material intensity. This explains the slight difference between the two scenarios as online shopping
does not require a CD shop.

The consumer’s transport stage is of importance to the overall material intensity. Here, the material use for
travelling refers to an individual CD. This transport is more material intensive per service unit than transport
to the retailer as the latter covers a larger number of CDs. The high importance of the consumer’s physical
transport is also highlighted in the banking case study (see below) and in other studies of product-based
ecommerce.?%27 Also in these cases the transport to the retailer is of less environmental relevance, with one
reported and unsurprising exception: the transportation of the product to the retailer including product
packaging is of high environmental relevance if air transportation is induced by ecommerce .28

In the case of product based ecommerce, the physical production and delivery of a
product is taking place similarly to the traditional commerce scenarig, Tihe related
resource consumption can be influenced by ICT only marginally, as tdegbian of

the product and the logistical efforts to deliver the product remain. Iiaddihe
product handed over to the customer is likely to provide the same numbawices

units when compared to the traditional product, i.e. the product is likety et shared

with others.

Information-based ecommerce or eserviceefers to services that are delivered to the
customer via an ICT infrastructure. This type of ecommerce is infaymbtsed, i.e.

they are not based on a physical product which is handed over to the customer. Online
bankingzgand online music downloads are popular examples of such digitakeserv
(Box 3):

% Kuhndt, M., von Geibler, J., Turk, V., Moll, S., Steeger, S., Schallabock, K.O., Utzmann, 1. (2002).

Virtual Dematerialisation: Ebusiness and Factor X. Interim Report to the European Commsion. Wuppertal
Institute. Wuppertal, Germany.

% swedish EPA, Home shopping will save energy, 2000. Available online at:
http://www.swedenvironment.environ.se/no0001/0001.html#art13.

2 Reichling, M., Otto, T., Environmental Impact of the New Economy, In: Park, J., Roome, N. (Eds.),
g2002). Ecology of the New Economy, Greenleaf.

® Hendrickson, C. T., Matthews, H. S., Soh, D. L. (2000). The Net Effect: Environmental Implications of E-
commerce and the Logistics, Pittsburgh: Carnegie Mellon University, 2000.

29 GfK-Onlinemonitor (1999). In: Bundesministerium flr Wirtschaft und Technologie. E-f@cts:
Informationen zum Ecommerce. Ausgabe 01/2001.
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Box 3: Preliminary conclusions from a case study with the music sector on online music3°

Purely digital distribution of music, where no product is involved in the economic transaction, is clearly
beneficial from a material intensity point of view, compared with the product-based scenarios. However this
is only true under the assumption that the user does not burn the music on a CD and that a fast Internet
connection is available.

If CD burning as well as a slow internet connection is assumed, digital distribution might be much more
material intensive than the product-based scenarios. In addition, a fast Internet connection might change
consumer behaviour and increase the overall material intensity on the macro level, as consumers with a fast
Internet connection are more likely to stay online all the time or to download more music.

An initial conclusion from the researthis that ecommerce can — under specific
circumstances - provide significant resource efficiency potentiais seems especially
true for physical products that are shifted to e-services. Hereby, the product is
dematerialised, this means that the new ecommerce service is based drya hig
dematerialised product per unit of service delivered. A music-server forpéxaan
provide a tremendous number of service units to many consumers and ordinehasu
therefore a low material intensity per service unit. Other examples of d&tisee
products are centralised voice mailing seriécs, news servers

This shift from product-based commerce to e-service requires that theeganmwgded

by the product is purely informational. Groceries for example, cannot beeslpf

the internet. Thus, product-based ecommerce appears to incorporate a lower
dematerialisation potential.

The application of ICT for economic transactions will lead to economic advantages such
as greater transparency or a larger geographical scope, reduced transaction costs and an
increase in efficiency in the supply chain. With respect toPG&, greater efficiency

does not necessarily lead to favourable environmental outcomes, if moieneflise of

some production factors also implies greater use of the environment as a productio
factor®* As long as environmental resources are not allocated efficiently or treated as a
common good, or specific environmentally negative activitiesh s certain modes of
transport, are subsidised, the overall impact of ecommerce can be negative.

Further looking on PCS it has to be keep in mind that the rapidiatioo pace in the

ICT sector is not always matched by the consumer’s response. ICT proddcts an
services are rarely used by consumers to their full potential. Forpéxamulti-
functional ICT products (e.g. handhelds) are very often only used tbdnéf single
function. This example shows the importance of understanding censulbehaviour,

%0 Kuhndt, M., von Geibler, J., Tirk, V., Moll, S., Steeger, S., Schallabock, K.O., Utzmann, I. (2002).

Virtual Dematerialisation: Ebusiness and Factor X. Interim Report to the European Commsion. Wuppertal
Institute. Wuppertal, Germany.

31 Kuhndt, M., von Geibler, J., Turk, V., Moll, S., Steeger, S., Schallabock, K.O., Utzmann, I. (2002). Virtual
Dematerialisation: Ebusiness and Factor X. Interim Report to the European Commsion. Wuppertal
Institute. Wuppertal, Germany.

% Reichling, M., Otto, T. (2002). Environmental Impact of the New Economy, In: Park, J., Roome, N. (Eds.)
Ecology of the New Economy. Greenleaf.

% Reichart, I., Hischler, R., Schefer, H., and Zurkirch, M. (2000). Umweltbelastung durch Internet-Surfer,
Fernsehzuschauer und Zeitungsleser [Environmental impacts of surfing the Internet, watching TV and
reading a newspaper]. Eidgendssische Materialprifungs- und Forschungsanstalt (EMPA), 2000.

3 stiller, H. (2002). In: Andretsch, D., Welfens, P. (2002). The New economy and economic growth in
Europe and the U.S.” Springer.
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as well as assessing their needs, in order to ensure that the resource efficiem@/ pot
offered by new products and services is tapped by consumers (Figure 5).

’ The provision, motivation and access model for ICT enabled consumption and production systems ‘

Individual and socially = Digital inclusion/divide = Content and design of
contingent motivations of (income, age, education) communication phase
consumers (information, marketing,

negotiation and contract)

= Connectivity (e.g.

= Asses to information broadband)
= Greater transparency = Content and design of ' Proquctlon of products and
) information services offered (product
= Convenience o ' based vs. information
= World-wide assess to ] Ava;lablhty a(\jnd choice of based)
) roducts and services )

products and services P = Delivery of products and
Motivations of business services (physical vs. digital)
= New Markets = Pricing of communication

phase and product and

= Relationship with customers services offered

= Efficiency gains
= Reduced transaction cost

= Corporate Social
Responsibility trends

Figure 5: The ICT consumption and production system according to the PMA model

Developing PCS indices

While the need for sustainable consumption and production is widely acknowledged,
the means to achieve this aim are likely to vary for different ecmneattors and
regions. Consumption patterns are the consequences of choices that individuals make,
which can vary between and within different countries and culturesd lwas specific

sets of value-systenis.If policies and strategies are to be effective, they must capture
these differences. The PMA model can assist business in attunthgcpend service
development to the entire PCS.

The three elements of the PMA model are potential interventionispfmin changing
unsustainable CP patterns. Actions towards more sustainablenpatéen also be
grouped into three broad areas, targeted at different stakeholder groupserjekéa:
information and awareness (targeted at consumers), production and product
improvements (by business), and equity (targeted at governments anshtiotexl
agenciesf° New approaches to Factor X strategies are suggested that address the two
sides of the equation, production and consumption, and search forrsoiatitie PCS.

While work on a PCS indices set is ongoing, this paper piesast initial ideas
garnered, structured in three different ph¥ses

% UNEP 2002. Proposal for a Work Programme on promoting sustainable consumption and production
E)Gatterns. Briefing note for distribution at WSSD. http://www.uneptie.org/outreach/wssd/

Ryan C. 2002. Sustainable consumption — A global status report. Draft for comment, April 2002. UNEP.
Y Examples of indicators draw on Wuppertal Insitute’s work and on OECD 2001. Sustainable
consumption: sector case study series. Household food consumption: trends, environmental impacts and
policy responses. Paris, December 2001.
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1. Examining the potential for Factor X in the product/service life cycle

The first phase addresses the impacts side, whereby the impacts of a product/service are
identified along the life cycle, encompassing production and consampitidicators

that measure resource efficiency, such as the material intergsitynit of service

(MIPS) are useful in this phase.

2. Assessing the current levels of consumers’ demand and producers’ provision

The next phase is to assess the level to which the consumers are demanding and the
producers are producing more sustainable products/services.

Consumers. examples of indicators in the food sector include:

= Share of products from e.g. organic, integrated, conventional and greenhouse
production

= Share and per capita consumption of food products with different degrees of
processing (fresh, chilled, conserved, deep-frozen, pre-prepared, ready made,
self-service and restaurant)

Producers: examples of indicators in the food sector include:
= Share of fair trade products or organically grown produce on the market
= Number of information and education campaigns targeted at the consumer

3. Understanding consumers’ and poducers’ motivations and access to
products/services

The second phase aims to understand the motivations and potébtdh @onsumers
and producers to promote more sustainable solutions within the PCS.

Consumers. new provision systems must reflect local cultures and values, to engure th

the products and services meet the motivations of consumers and can be accessed by
them. Indicators in this area must captaceessandmotivation Examples of indicators

in the food sector include:

= Per capita availability of products from e.g. organic, integrated, conaantio
and greenhouse producti¢access)

= Per capita average distance and mode of transportation for food transports
(access)

= Distribution and energy use of household appliances for food storate a
preparatior(access)

= Willingness to pay for organically grown produce, or fair trade products
(motivation)

Producers. drawing on the results from phase 1, product/service development and
improvement must be based on life cycle thinking, to ensurehbatost significant
impacts are effectively addressed. Indicators in this are must captineation and
preparednessExamples include:

= Top management commitment to sustainability issues e.g. defined
environmental goals, involvement with CSR iss(rastivation)
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= Innovative corporate culture e.g. number of new product entries to the
market/year, number of life-cycle thinking applications/y@aeparedness)

Concluding remarks

The initial insights into provision, motivation and access aspectseofobd and ICT
sector highlight the importance and the benefits to business that can anse fr
addressing the entire PCS. Capturing life cycle issues and the consumers’ potential
response in product development helps guarantee the success of maraldasta
products and hence contribute to more sustainable patterns afnguien and
production. This paper sheds light into a number of issues and raise®rpidst

further research:

Differences between the food and ICT sector®ifferent sectors have varrying levels
of preparedness and motivation for promoting more sustainable prodwiteseboth
from the consumer and the producer sides.

= Inthe ICT sector, intangible products can be of value for the consumést, iwhi
the food sector only tangible products are delivered. In that regard, {thiegdh
form of the product becomes a major factor in the purchase decisions.

=  While the infrastructure is a key determinant in the ICT sector, it is rdiber t
primary production method, the transportation mode and packaging that are of
strategic significance in the food sector.

= In the food sector, the scope for multi-functional products is quibdek
compared to the ICT sector. Even though there are products that offer additional
health benefits such as some diary products or diabetic products, such features
do not bring in environmental benefits as in the ICT sector.

= As the food PCS is strongly linked to cultural and ethical concerns, Factor X
solutions along the food supply chain hence need to be identified nedgional
context. The ICT sector, in turn, is more prone to global solutimns
sustainability, as production is organised internatiorilly.

Need to address direct as well as indirect consumptiorbusiness cannot limit
product/service development considerations to direct consumption, bert natds to
include potential “indirect consumption” activities that may arise. Préshrgice
development hence needs to capture motivation, access and consumption practices
aspects.

= Product/service development and innovation in the ICT sector is ofteneattach
to considerable infrastructure requirements (rebound effecithwieed to be
balanced with the direct efficiency gains.

= Typical examples in the ICT sector are printing emails, and burning Cibs wi
music provided online, which means that the initial efficiency gam®fiset by
increased consumption of other resources.

% Friends of the Earth Netherlands 2002. Sustainable Produciton and Consumption - a global challenge.
Pg.15
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= In the food sector, examples such as the Odin initiative (Box 1) can atstole
“unnecessary consumption” in the cases when the provision levels exceed the
expected needs.

The need for information feedback to the consumerdanformation to consumers can
play a critical role in changing motivations.

= This is especially true in the food sector, where cultural and ethical values are
paramount, and where the consumer is increasingly interested in knowieg mor
about the products and their origin.

= Multi-functional ICT products may prove unsuccessful if the corsuacks the
information about the benefits it offers. An example is the areasent of the
impacts resulting from the consumers’ activities, through the incorporat
the product or the provision of feedback to the consumer.

Need to involve relevant stakeholderswhile the hitherto work has focused on the
consumer and the producer, all relevant stakeholders need to be addressed if
unsustainable patterns of consumption and production are to be chahgedar be
achieved through stakeholder involvement initiatives promoted by busiaess
through the extension of the PMA model to include other stakeholders, such as
governmental agencies, civil society in general, and financiatutishs. The PMA

model may also be useful to understand regional differenchmiite same economic
sector, facilitating the adaptation of product development to thenagicontext.
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Economic Modelling of Sustainable Consumption Patterns for
Mobility and Heating

Daniela Kletzan, Angela Koeppl, Kurt Kratena, Michael Wueger

WIFO, Austrian Institute of Economic Research

1. Introduction

The past decades of environmental concern have been mainly associated with the
negative impacts of production on the environment. The issue of sidtaina
consumption emerged as political and research topic after the Rio Earth tSammi
1992. Consumption processes are increasingly recognised as a prerequisite for
sustainable development. Consumption processes influence prodpiaioesses and

imply the use of resources. Rising consumer demand on the one hand puts a strain on
the environment as rising material and energy input is needed to satisfy dénahe.

other hand rising material intensive consumption is accoiegday increasing amounts

of waste.

The paper stems from a research project on modelling and quantification of cimanges
consumption behaviour in the areas of room heating and mobility itri@ts The

paper starts out with an overview of the international research on sustainable
consumption and gives some examples of national and internatiohalives to
enhance changes in consumer behaviour. It then presents the results fromoamcecon
model aiming at quantifying the economic effects of changes in the structoreait
household demand, which can be regarded as sustainable consumption petisrns.
approach moves well beyond traditional economic theory, incompgrather than
economic factors that influence consumer demand. The focus was laid on comsumpt
services that generate economic welfare, and which are produced by a combination of
stocks (e.g. housing with improved thermal quality) and flows (largeyggh Finally,

some concluding remarks and policy options to bring about these changes in
consumption behaviour are offered.

2. Measuring the Environment

In order to include aspects of sustainable development in economic modelling, adequate
information systems that depict the flows and interactions betweeroemént and
economy are necessary. The following paragraphs give a short overview hof suc
information systems, namely approaches for environmental accounting and
sustainability indicators.

2.1  Environmental Accounting

Several methods for capturing and assessing the environment and enmtadnme
services have been made available over the last few decades. These approaches attempt
to achieve the most comprehensive integration possible of environnigctizrs in

national accounting systems.

% The project results have been published in Kletzan et al. (2002).
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As part of its revision of the System of National Accounts (SNA) in 1883 United
Nations devised and published the Integrated System of Environmental arahicon
Accounting (SEEA) (http://www4.statcan.ca/citygrp/london/london.htm).

The underlying motives for producing a system capable of reflecting and securing
internationally valid standards for environmental accounting derive toga Extent

from the recognition that (environmental) problems arise as a resutttesgtions
between economic and ecological systems. Fig.1 presents in simgifiedhe various
interactions, which take place between the economic and environmentamsyst
Included here are the normal transactions described in national accounts, as well as
physical flows and environmental effects.

The flows of environmental inputs into the economic system infohe of raw
materials, energy and environmental services are depicted. Thesciwa iclosed with
the production of waste material and the deterioration of environmental/qeslilting
from economic activity.

Figure 1: Interactions between Environment and E conomy

Links between Environment and Economy

Natural resources, energyr& Natural resources, energy &
environmental services . environmental services
Environment <
Waste, emissiong, Waste, emissions,
environmental environmental
degradation degradation

Consumer expenditures

¢ v

Producers Consumers

v v |

Goods & services

Capital, labour

i 1

Wages, profits

Source: http:/ /www# statcan.ca/citygrp/london/london.htm.

2.2  Indicators for sustainable development

To assess whether production and consumption patterns are compatible with sastainabl
development, indicators have to be developed. These illustrate th#epeadencies

and causalities between human activities and changes in the envirandentke the
progress towards or the distance from sustainability measurableddntorserve as a
basis for political or societal decision making, indicators oughdiode all economic,
social and environmental aspects of sustainable development. Otethational level,
different approaches are used to develop (sets of) indicators for sustainable
development.

An approach that is frequently used is the "Pressure-State-Response” model that
illustrates ecological-economic interdependencies and the environmdetas dfom
economic activities, as well as from policy measures. Pressure indicators thssess
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causes of environmental problems (e.g. emissions from car traffic), statators
describe the actual situation (e.g. concentration of air pollutants), whegasnse
indicators present policy instruments and measures to reduce pressures. The
effectiveness of those instruments can in turn be measured by the chamgssimre

and state indicato?3

A second approach is the development of indices, which aggregate several iadicator
with similar properties. Such indices are comparable to economic keikatthe

GDP. The advantage of this approach is to present one single figure, which maasures
society's performance in terms of sustainability. The disadvantate isecessity to
weight heterogeneous factors (e.g. different air pollutants) and thysdge their
respective hazardousness.

Aggregated indices are inter alia the "Index of Sustainable Economic WelfaEa/V)
developed as a reaction to the shortcomings of the GDP in measuring welfare- (Daly
Cobb, 1994, Stockhammer et al., 1997). Another one-dimensional indicatbe i
"Ecological Footprint" (Wackernagel et al., 1999), which compares a societygdem
for natural capital to sustain its production and consumption procestesths
available supply, i.e. the countries' arable land, forest and water.

3. On the search for sustainable consumption patterns

In recent years economic research has shown a growing interest in the causes and
consequences of material intensive consumer behaviour and its neggihats on the
environment. The research is driven by the search for more sustainable comsumpti
patterns. Sustainable consumption refers to a rather new research area characierised by
great variety of theoretical and methodological approaches that go beso+uassical
consumption theory. The research on sustainable consumption strivesdoatat
various disciplines in order to depict the driving forces of consumer behaamoduto

derive policy instruments aiming at changing consumer behaviour.

Three main areas of research can be distinguished:

= Criticism and extension of the neo-classical "homo economicuss. réeearch
stems from an unease with the representative utility maximising consumer as
explanation for consumer behaviour (Siebenhiiner, 2000, Van den Berigh et a
2000, Rabin, 1998, Duchin, 1998).

= Analysis of driving forces for material intensive consumption, focusing
economic, socio-psychological and socio-technical explanati®apke, 1999,
Brown — Cameron, 2000, Douglas — Isherwood, 1980).

= Modelling of consumer behaviour within economic-ecological modelss Thi
research line focuses on modelling the heterogeneity of consumer belendou
its impact on the environment e.g. within experimental economics (Gintis, 2000,
Bossel, 2000, Jager et al., 2000).

Aside from the theoretical research on sustainable consumption, a nunresearich
projects and initiatives have been carried out by international sejams or within

0 see for example Jesinghaus (1999), Eurostat (2001), OECD (1998, 1999A, 2001),
http://www.un.org/esa/sustdev/isd.htm.
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countried®. The projects differ in the methodological approaches applied as well as in
the consumption areas considered. The research is mainly focused on the empirical
analysis and assessment of consumption patterns and the related esniedbmifiects.

The results should be used to develop policy recommendations for atoweaeds
sustainability. Some of the projects also include direct action to change @nsum
behaviour and promote sustainable consumption patterns.

The surveyed research on sustainable consumption shows the need for furthem work o
the integration of sustainability criteria in consumer demand Hgleand the
guantification of economic and environmental effects of changes isunter
behaviour. In the economic literature we find different approacheshwhight be
helpful for developing adequate consumer demand models for sustainakdey (
Wenke, 1993, Etzioni, 1985, Conrad — Schréder, 1991, Becker, 1965, Lancaster, 1966,
Deaton — Muellbauer, 1980, Roth, 1998, Alston et al., 2001, Parsons, 1986). Important
features in this respect are (i) an integration of sociological as well abgisgical
aspects into an economic model and (ii) a recognition of consumption expenditure as

4. Integrating new patterns of consumption into economic

modelling

In order to illustrate sustainable patterns of consumption, estgimnal economic

models have to be adapted and extended. The approaches described above provide
essential guidelines on the changes needed. From these various approaches we derive a
model of sustainable consumption for Austria in two areas of relevance toy energ
demand: heating and transport. The specific model elements are:

= Consideration of stock-flow relations

Heating and transport can be provided by various combinations of energy ffidwesad
capital (substitutive relation), as is also emphasised in the househaldciioo
function approach. A model representing sustainable consumption pathemuls s
therefore focus on the mix of stocks and flows. Moreover, consumption gadrernot
only determined by relative prices: demand for stocks and for consunsgtieices also
depends on other economic and non-economic factors (e.g. the availableuictingetr
in a wider sense - road networks, public transport, settlement structusesighiicant
influence on the demand for services and (energy) flows). Dependitigeogeneral
conditions different technologies with specific capital and energyiresgants will be
chosen (e.g. private vs. public transport). Our approach focuses — based on the
household production function — on the transformation of energy flowsrélevant
consumption services.

= Adjustments costs in capital stock.

In our model of sustainable consumption various costs of adjustment &l chpik are
taken into account: costs related directly to changes in the capitastgcpurchase of
fuel efficient cars, improvements of thermal quality of buildings) enanges in the

! For an the research on sustainable consumption carried out by the OECD see OECD (1999B, 2000A,
2000B, 2002), Payer et al., 2000. For various research project on national level see Vittersg — Strandbak-
ken — Stg, (1999) Stg — Vittersg — Strandbakken (2000), Brand, (2000), Noorman — Schoot Uiterkamp
(1998), Empacher et al. (2000).
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demand for flows (e.g. modification of transport and travel behavenergy demand
for heating). In this context the relation between (costs of) capitak stocl
expenditures for non-energy consumption are of relevance. The substatitapital
for energy flows reduces energy consumption but at the same time expefualiture
capital has to be compensated by a reduction in non-energy consumption.

= ‘Demand shifts’ as possible (exogenous) changes in preferences.

The move towards sustainable patterns of consumption can alsouggtabout by an
alteration of preferences that cause demand shifts. A specific module askdao
from the Austrian consumer survey 1999/2B00corporates these demand shifts in our
model. Sustainable households are defined as those showing exemplanigureima
relevant consumption areas. That is, given a certain level of incomenabkta
households have relatively low expenditure for energy and transgwethouseholds
covered by the consumer survey are subsequently divided into "sustaiaathl&lfess
sustainable” ones. In the resulting ascending ranking of the expendesafing and
fuel 50% of households are defined as showing sustainable consumption tehavio

Using econometric functions on the consumer survey data set the preferences of the
respective household types are derived, subject to their economic situation (level of
income), their age, characteristics like size and composition, locatigoulgbion
density) and capital endowment (e.g. car ownership). Then, expendesatorg and
transport are standardised for uniform household characteristics (income level, age,
household composition, location). The resulting differences innekfpee between
sustainable and less sustainable households are interpreted awl dahifis due to
sustainable consumption patterns. On the average sustainable housedadd €6

less for heating and 55% less for fuel than less sustainable btissehhese results
indicate the magnitude of changes necessary to achieve a certain sustataagéit

for example, a decline of 20% in expenditure for fuels would require an inénetise

share of sustainable households from 50% to 76%.

Based on the above considerations (stock-flow relations, capital stock adjsstmen
demand shifts) a general consumption model (Figure 2) was developed. The model is
based on econometric estimations of consumption expenditurenfidomal accounts

as well as on physical energy and transport data from various sources. All data are
available from 1976 to 2000. The model can be characterised as a partial ecanometri
model of microeconomic consumption. The major components of nloidel are:
Production functions for energy services (e.g. heating, mobility), aniequatdescribe
capital accumulation (e.g. investment in renovation and thermalation, purchase of
vehicles), and demand functions for energy services. Demantioftsxdor market
goods are then derived from the production functions. Here, demand is notthas i
neo-classical approach, made solely dependent on relative fitesjjusted in such a

way as to reflect the stock of capital in infrastructure, which is treated as digedsi-
factor. The demand for energy services is modelled separately, where the dffects o

2 The consumer survey is carried out in order to derive a weighting scheme for the consumer price index.
The survey does not only collect detailed data on consumer behaviour over a whole year, it facilitates its
guantification with respect to demographic and socio-economic characteristics. The 1999/2000 survey
covered a sample of 7098 Austrian households, and included data regarding consumer expenditure,
income, the households' endowment as well as their living conditions and environmental awareness.
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demand shifts are considered. Demand shifts represent changes in consuame de
towards more sustainable patterns of consumption.

Figure 2: Overall model of consumption

Private Consumption, total
CR =CR (YD, PC)

Heating & Lightning Transport Housing Non-energy
- Non-electric energy | | - Cars (investment)| | (Grossrent) | | consumption
(coal, oil products, - Fuels CRNE = CR - Heating
gas, heat, biomass) | |- public transport - Transport - Housing
- Electric energy - Other transport

- Capital stock: housing investment

| S - Capital stock: transport infrastructure, ¢
- Energy services: heated living spa

- Energy services: consumption, person-
kilometres

S

CR  privateconsumptiontotal
YD  household disposable income (nominal)

PC price index for private consumption, total

CRNE private consumption, non-energy

Total (real) private consumption is expressed as a function of real htschd&pmosable
income. In order to allow for more differentiation within this aggte, the following
categories are considered separately: housing, heating/lighting, transport, and non-
energy consumption. It is assumed that no explicit substitution tdikes petween

these categories, but rather, for given levels of aggregate consumptioxpandirires

on housing, heating/lighting and transport, non-energy consumption is treated as a
residual.

Subsequently, sustainability scenarios (in terms of @@issions) were formulated and

‘ex post’ simulations were carried out for the period 1990 to 1998. For defining the
sustainability target a rather pragmatic approach was chosen. Consumphierameds

of heating and transport was said to be sustainable when over ateeyied it led to

a reduction of households' @@missions of 13% compared to the level in 1990
(Austria's Kyoto target). The results of the ex post simulations régeahat extent
actual emissions diverge from the target set. The gap between the two timéapaihl

vs. "sustainable” emissions) shows that substantial interventiatd vk needed in
order to redirect consumption patterns and thus reduce consumption related CO
emissions.

While the use of such a one dimensional criterion for defining sustainabilityusthyio
cannot capture all aspects related to sustainable consumiptgtiti, helps to clarify
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which structures need to be considered in economic modelling of sustainable
consumption patterns.

The simulations indicate to what extent changes in specific consumption ardds wou
have to be made, in order to induce, over approximately a decade, a move towards more
sustainable consumption. Such changes result, e.g. from policyeintierns or from
alterations in social values. Technological innovation is likellge just as much of help

as is demand management policy.

To aid comparison, ‘maximum settings’ were used in the simulatios) i.e. in each of
the scenarios, and thus for every exogenous intervention, the sustainaigkttyhad to

be reached (the above mentioned 13% reduction in €fissions). This facilitates
direct comparison of the various simulation results and changes in technpilogg

and behaviour are thus made visible. The results indicate that any attempete doéi
13% reduction in C@emissions by concentrating on specific single measures would
involve intense or excessive effort. It seems that moving prevailing cqtistm
behaviour towards a more sustainable form is only likely to succeed wherdke lod
policy instruments is used. This also includes non-quantifiable falitersawareness
raising or education.

With respect to transport, the following sustainability scenariose vaefined and
calculated:

‘Road Pricing’: a kilometre fee for cars is introduced and then retuméduseholds
through a lump sum payment (‘eco-bonus’).

‘Zero Charge in public transport’: the price of public transport is reduced anaddihan
through an increase in vehicle tax.

‘Regional Planning’: the density of city population increases.

‘Demand shifts’; the share of ‘conventional’ households decreasesanrfaf more
sustainable households.

With respect to heating, the following sustainability scenarios were defined and
calculated:

‘Building Regulations’: minimum standards for thermal quality inusing induce
investment in improving the building stock (buildings constructed between 1945 —
1980).

‘Demand shifts’; the share of ‘conventional’ households decreasesanrfaf more
sustainable households.

Overview 1 summarises the changes in the respective variables in the vari@®scen
that are needed to achieve the Kyoto target in the period 1990 to 1998.
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Overview 1: Policy Instruments for Sustainability Scenarios (Average 1990 - 1998)

Simulation Scenarios Transport

Road pricing  Zero charge  Regional planning "Demand shift"
Changes in variables

Road toll revenues 1.8 h

Vehicle tax (fixed costs) 0.34 h

Price of public transport -29.6%

City population density 41 inhabitants per km2

Change in shares of household types 14%points

Simulation Scenarios Heating
Regulations "Demand shift"

Capital stock, dwellings 8.7 bn€ )

Change in shares of household types 12%points

1) of which only 2.9 bn € per year are due to investment in thermal improvement.

4.1  Sustainability Scenario ‘Road Pricing’

This scenario comes closest to representing a neo-classical envirahmpelity
approach as it targets emission prices. A tax on kilometres travelledpissed. This

tax could be implemented in the form of a toll, or in the form w&hkicle charge per
kilometre. The crucial aspect in this scenario is revenue neyfjiadit in total, there are

no new net revenues generated since tax revenues raised are retompeslm to
households). The recycling of the revenues should prevent gativeemacroeconomic
impact. Ex post, i.e. after the desired change in demand, the road pricing policy
generate€ 1.8bn for the approximately 45bn km driven (average 1990 — 1998). This
represents an effective charge of ab®0t04 per kilometre.

The road charge raises consumer prices by about 1.7%, while the return oktheere

to households has an opposite effect so that the net impact is close to zero. As a resul
there is hardly any change in real household disposable income.gersthe fall in

real expenditure on individual motorised transport, we see a corresponding inorease i
expenditure on non-energy consumption. Further, not only lhsdmsumption fallen

by 11.3% necessary to achieve the targeted IE@Is, all forms of expenditure on
individual motorised transport fall too. This includes car purchaggsda -15%) and
vehicle fixed costs (-7.5%) since, similar to an increase in fuel tax,otek charge
raises the variable costs of car use. Since the decline in the demand forrpobport

is only 0.9%, we also see a change in the demand structure for transpgorgnwi
alteration in the modal split between private and public transport. Summingeup, th
‘road pricing’ scenario, in correspondence with the many other studiesneryy
taxation, shows that with respect to the standard indicators emplay@dtional
accounts, sustainable development can indeed be combined with positive
macroeconomic effects (double dividend).
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4.2  Sustainability Scenario ‘Zero Charge in Public Transport’

The underlying assumption in this scenario is that the acceptance of public riréryspo
consumers will increase. The extent to which cost considerations affect such ghanges
acceptance is also tested here. Thus, this scenario can also be edeaprah example

of neo-classical price regulation of emissions being used asvammmental policy
instrument. In this sustainability scenario, the price for publicspaurt is reduced by

30% on average over the period 1990 to 1998, and the resulting revenue loss
experienced by the public transport companies is offset by an increasecie veahi

The required fall in fuel consumption of 11.3% (given the, G&¥get) is achieved
through the shift from private to public transport (+6.1%), and also thrdnegharious

effects of the increase in vehicle tax on fuel consumption. The incredse wehicle

tax, which (ex post) generates extra tax incomé€ 853 million, has an impact on the
average fuel consumption of the car fleet, and influences the real fixed cosisatd pr
transport, which in turn dampens vehicle purchases. l.e. fewer, and at the same tim
more fuel-efficient vehicles are purchased in an effort to ofiseteast partly, the
increase in vehicle tax. The combined price and income effects result idacka¢ of

car purchases by 15% and a real decline in fixed costs related to car ownership by 25%.
In total, we see here a smaller increase in non-energy consumption (ttha3?i) the

‘road pricing’ scenario. Thus, in this scenario too, positive effeatshan-energy
consumption and accompanying advantages for the macro-economy are to be expected
(see Overview 2). This scenario differs from ‘road pricing’ with respect to the
compensatory payments (lump sum transfer) to offset the increased taxaahitie a
double dividend effect. Here, a double steering effect is achieved by targeting
compensation specifically at a lowering of public transport prices.

In order to raise the attractiveness of public transport and to increase the steetcing effe
still further, additional measures should be used at the same tignes¢hemes to
promote co-operation with taxi operators). It is also possible to make the idest of co
redistribution even more transparent for households by providingeet dink between

the two cost elements. For example, the annual payment of vehicle tax muld
automatically coupled with the provision of a public transport pass.

In this scenario, an increase in the average fuel efficiency of tHeeeaand a decline
in the distances travelled, both factors being a result of the increase ire takjcead
to a fall in fuel consumption. The reduction in car fuel consum@®a result of the
rise in vehicle tax, is at least as great as that arising from the changesmodal split
due to the decline in public transport prices.

4.3  Sustainability Scenario ‘Regional Planning’

This scenario is based on the changes in lifestyles that occurveeebet 990 and 1998
and which led to an increase in traffic volume. The central varialileeimodel is the
ratio of the population density in rural areas (surroundingsgitie that in the cities.
This ratio rose continuously throughout the period 1990-1998, reflecting a éfedtyl
‘work in the city - live in the country’. In contrast to this consurifastyle, this
scenario assumes that population movement would have led to increased cameentrat
of residential and work areas within cities. This leads to a significarease in city
population density, with the respective figures going up by 40 persons per square
kilometer (+29%). From our point of view, this sustainability scendlustrates the
interface between transport and housing. Regional shifts in thelgbop have no
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impact on the total level of private consumption. This scenario refkbet idea of
reducing redundant energy services without a decrease in the level of econoarie.welf
Since, however, only the expenditure on fuel consumption fatlscdiner transport
related expenses remain almost constant, we withess merdilyha shift between
energy and non-energy consumption.

4.4  Sustainability Scenario ‘Demand Shifts’ in Transport

This scenario analyses the effects of amaased share of more sustainable households.
The distinguishing characteristics are changes in transport behaviour. Intorder
achieve the Cetarget in this scenario, the two household types — as described above -
are no longer grouped by the median value. An emission reduction of 13% would call
for a share of 64% of households to engage in more sustainable consumggtionlyan
36% could maintain their conventional consumption behaviour. Thisnassun leads

to an expenditure shift between private and public transport with transport costs
remaining constant. In total, this leads to a slight increase (+3%pmekres travelled.

The analysis of consumption expenditure for each household type showed that
‘sustainable’ households tend to have lower total consumptigeneXure than
‘normal’ households (given the same income). The shift in thusdhold structure thus
leads to a decline in total real private consumption by about 2%, wherelsnaaoyy
consumption falls by 2.6% (see Overview 2).

4.5  Sustainability Scenario ‘Building Regulations’

This scenario assumes an improvement in the thermal qualitiyeobuilding stock
constructed in the period 1945 to 1980 in order to achieve the targeted emission level.
For the simulation it is assumed that certificates to proof minimum stEndéenergy
efficiency are demanded in building regulations. This would thggdrithe necessary
investment in renovation and improvement (a sur@ 20bn). In the model, household
investment in the necessary improvements is financed by an increase idiexpesm
housing.

To achieve the emission target, consumer expenditure on heatinggightrio decline
by 11.7% (in real terms) and the capital stock of housing in terms ofahetrality
would have to increase by 8.7bn on average for the period 1990 to 1998. In the
simulation the least favourable case for households is used, i.e. it is asthained
households have to finance renovation themselves (without pubsici&sd) and that all
renovation costs are ascribed to emission reduétitircan be assumed that investment
in renovation, by leading to an improvement in the quality of housoukstvill in fact
also exert a positive effect on household welfare. Financing renovation, érp\pats a
considerable burden on households, leading to an increase in real iexpend
housing of 2.3%. With no change in total expenditure for private consumptis in
turn leads to a decline in non-energy consumption by 0.3%.

4.6  Sustainability Scenario ‘Demand Shifts’ in Heating
Corresponding to the simulation for transport, this scenari lead shift in household
structure with respect to heating/lighting, such that 62% of householdd Wwaw to

“In reality, the overall costs can be divided into "conventional" renovation costs and costs that arise
through thermal improvement of the building.
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consume more sustainably, while 38% remain ‘conventional’ in tlmgisuenption
habits. Simultaneously, the differences in total expendituresh®othbusehold types

were also taken into account. The shift in household structure thus leads to a decline in
total real private consumption by 1.9%, with non-energy consumptiowgfay 2.3%.

Overview 2: Simulation Results for the Sustainability Scenarios ‘“Transport’ (Average 1990 - 1998)

Road Zero Regional "Demand
pricing charge planning shift"
Difference to baseline in %

Consumer prices 1.7 1.3 - -
Private consumption, total 0.1 -1.1 0.0 -1.9
Non-energy consumption 2.0 1.3 0.5 -2.6
Private consumption (P 95)

Transport

Cars -14.6 -15.0 0.0 -
Fuels -11.3 -11.3 -11.3 -11.4
Public transport -0.9 6.1 -0.4 20.0
Other transport -7.5 -24.7 0.0 -

Transport activities

Person-kilometres, total -12.7 -10.4 -12.5 2.8
Person-kilometres, cars -17.9 -15.6 -17.9 -17.9
Person-kilometres, public transport -1.7 0.7 -0.6 45.8

Overview 3: Simulation Results for the Sustainability Scenarios ‘Heating’ (Average 1990-1998)

Regulations "Demand shift"
Difference to baseline in %

Private consumption, total 0.0 -1.9
Non-energy consumption -0.3 -2.3
Gross rent 2.3 -

Private consumption (P 95)

Heating

Heating & lightning, total -3.5 -11.7
Electricity 0.0 -11.7
Coal -11.7 -11.7
Oil products -11.7 -11.7
Gas -11.7 -11.7
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5. Conclusions

International research on sustainable development is mainly focusednzeptual
analysis and/or project based work. A central point is the reori@mtafi prevailing
demand structures. In contrast, the integration and depiction @iralde demand
structures in empirical economic modelling is more or less pewtdry. The study for
Austria presented here, can be considered a major step towards the integration of
sustainable consumption patterns (for heating and transport) in an empirical
consumption model (a partial model in the aggregate economy). In thisxgoan
analysis of demand shifts was presented for the first time, a subject twélcen
importance in the literature, and their respective impact was calculated within t
overall consumption model for Austria.

In the present project specific focal points in the field of consumggdraviour were
chosen as a basis for analysis. The modelling approach included a new and extended
method for the measurement of economic welfare. The generation ofnguitsu
services (housing, mobility), and thus of economic welfare, out of a cornolbinat

stocks (e.g. housing with improved thermal quality) and flows (largely gndsgthe
primary focus of analysis. The analysis reveals that calcutabased on flows alone

can be highly misleading, particularly in the field of (sustainable)wuopgon.

The economic analysis of sustainable consumption patterns or structuregtsatie
clarify the extent to which it might be both possible or commendablectmgte the
substitution of flows by stocks (e.g. improvements in thermal quafityuildings, or

more energy efficient transport systems). Relevant too, in thecg is the role that

can be played by technological innovation (improvements in theéirgxibuilding or
vehicle fleet stock, or the potential for introducing specific itiges to promote new
technologies). Two essential factors are crucial in the context of sustainable
consumption: the demand shifts concerning the consumer services dasiethe
composition of the stock-flow mix necessary for the service pravisio

In accordance with the above considerations, the following adaptations wede@eitio
to distinguish present analysis from that found in conventiondefap

- Instead of an economic analysis of consumption flows, attention was focustesl on
level of consumption services achieved through stock-flow combinations,

- Stock-flow relations were explicitly modelled,

- The integration of technological innovation into the interplay oélst and flows and
the respective impact on consumption services affecting welfare,

- Demand shifts as a result of changes in lifestyle were taken into account.

Thus, economic policy has three principal ways of affecting consumption gatbgrn
influencing shifts in demand (e.g. through campaigns to raise publiccess), by
acting on relative prices (e.g. those of stocks and flows), and by creatingjvieseao
promote suitable technological progress (e.g. investments imsinfcture, or
specifically targeted R&D programs).

The empirical evidence produced by the model reveals that economic mstsumin

this case taxes and road pricing — can generate positive macroeconomic effacts. Thi
result is consistent with the evidence of several other studieddle been undertaken

to test the effects of incentive based instruments in environhpliey. What is new

128



in the present research is the strong focus on consumption services. It was found that not
only flows of consumption goods and services alone generate economic weliare. Th
crucial point is that it is a combination of those flows with a specifidtalagtock that

leads to the achievement of the desired consumption service.

Although the results appear positive for the macro-economy, and despite tld¢oretic
confirmation of their potential efficiency, political realitishow little use of such
policy measures. A prerequisite for successful implementation of such e®ésthe
willingness to accept major changes in the existing economic framework.
Macroeconomic effects are clearly only one part in the total assessment process. Othe
data found in the simulations would appear to be more important for padigcadion
making. This includes: information on the starting points chosenthe policy
interventions and the extent of possible effects on prices, tax ratda) sayuk etc.

For the first time, the model framework makes it possible to assess the econpaut

of shifts in demand. In the concrete case, this means that as far as thd ttereaergy

in the areas heating and transport is concerned, the model is capable of detewmning h
high the shift in the share of Austrian households towards more sustainable
consumption would have to be, in order to reach the target set. Thexagpaand
predictive power of the model are largely exhausted in answering fess #hifts in
demand are propagated or how large monetary incentives need to be i andecée
such changes in consumption behaviour (demand shifts). Looking asstnes in
gualitative rather than quantitative terms, however, it can be assumed thatr@apart f
changes in consumption, the realisation of structural change oopply side should
also prove possible. The interactions between technology and changes im publ
awareness becomes clear. Such complexity makes it all the more necesgaoltidelt
objectives are stated as explicitly as possible.
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Abstract

Sustainability - a term originating from silviculture, has badopted by UNEP as the
main political goal for the future development of humankind -ge #he ultimate aim

of product development. It comprises three components: environment,ngc@mal
social aspects, which have to be properly assessed and balaaceewfproduct is to

be designed or an existing one is to be improved. The responsibitiig cesearchers
involved in the assessment is to provide appropriate and reliable instrunantke F
environmental part we have already an internationally standardized tIClcle
Assessment (LCA). Life Cycle Costing (LCC) is the logical ¢etpart of LCA for the
economic assessment. LCC surpasses the purely economic cost calculation by taking
into account hidden costs and potentially external costs over the life dydle o
product. It is a very important point that different life-cycle basedhods used for
sustainability assessment (or life cycle management (LCM)) use the sateensy
boundaries. This is not trivial since in economy the "life cycle" ofayt is often
defined in a different way compared to LCA. The social aspects of sustainability have
not yet been adequately described in terms of sustainable life cyclgenaaat. This
points to an important research gap, which has to be overcome in the tuear fu
Finally, once the methods for economic and social assessment wiéviedoped, the
most promising ones should be standardized by ISO.

Objective

Sustainability is a broad and not precisely defined term, a guiding peirarigoal laid
down by the United Nations Conference of Environment and Development (UNCED) in
Rio de Janeiro, 1992. In order to fill this principle with life, all sectorsoaiety in all
countries have to redirect their activities, which presently nearly exelysaim at
(economic) growth. In this lecture, product development is in the foctieatnalysis.

It is hoped, however, that also other fields of economy and gaaetprofit from ideas
conceived for a rather narrow sector of human activities. It should be hatesirhilar
concepts have been put forward, as Life Cycle Management, Ecoefficiateyated
Product Policy, and Industrial Ecology, which try to achieve sustainability least to
move in the right direction. The problem for responsible decisiakers consists in
weighting different approaches, technologies, product lines, etc. within an ingigas
global business world. It is the duty of researchers and experts of differies to
develop and improve methods that can be used to operationalize the guidindepoihcip
sustainability. What is ultimately required are simple-to-use (but meatssarily
simplistic!) methods which give reliable results as a basis forsidesi at different
levels of the society (industry, politics etc).
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Sustainability

The term "sustainability” (in German: "Nachhaltigkeit") ongfies from silviculture and
means that only as much wood is removed from the forests as grows admeriang

run [1]. Cultivation and care are the prerequisites of sustainable forestiyyGdanvon
Carlowitz, the founder of this practice recognized well the economic and social
implications of his idea (in his main profession, he was the superintentiéhé o
saxonien silver mines in the early™8entury). He therefore may also be considered as
the father of sustainability in the modern sense of the word. In thel gliiacal arena,

the term sustainability became popular through the report "Our CommoreFhy the
World Commission on Environment and Development, better known ag "Th
Brundtland Report" [2]. In this report, environmental protection is linkét global
development and emphasizes the responsibility humankind has for tiwee fut
generations. This can be recognized in the famous definition: "Susdeadevelopment

is development that meets the needs of present without compromisingilitye cd
future generations to meet their own needs". There is a high moral tiathis
principle and a lack of guidance, how this aim can be reached.

At the United Nations Conference of Environment and Development (UNCHRIDin

de Janeiro, 1992, sustainable development was laid down as the most intpsktarit
the 2F' century. Moreover, in the Agenda 21 many political and industrial areas wer
analyzed with regard to sustainable development and possible improsdragatbeen
presented. From here on it has been clear that three aspects (the threé fbillars
sustainability) have to be considered and brought togeHwatogy (Environment),
Economy, andSocial aspects.

There seems to be consensus about that the three pillars, but not abalatie r
weights of these aspects. Industrialized countries tend to emphasize the emtiabnme
aspect (at least the green movements, the environmental agencies, and some&esompa
as well), whereas developing countries give highest priority to economic peezio.

As understandable these different priorities may be, they omerthe spirit of Gro
Harlem Brundtland’s and UNCED’s conception. What is needed from an
methodological point of view - that’s the field where researchers can amdt sho
contribute - are assessment methods allowing to distinguish etde&lopments
which are more or less sustainable and those which are not at all. The results sf studie
based on such methods could be used by decision makers to make the rigitsdecis
Concentrating on products (including services) in the fafigwl hope to show that we
are not starting at zero, since several methods already exist, whichohb&edfined

and combined.

Life Cycle Methods

Why life-cycle based?

Any environmental, economic, or social assessment method for productddiess itto
account the full life cycle from raw material extraction, produrctm use and recycling
or waste disposal. In other words, a systems approach has to be taken.t@slyay,
trade-offs can be recognized and avoided. Life cyle thinking is the pratedqfigny
sound sustainability assessment. It does not make any sense at alprbwveim
(environmentally, economically, or socially) one part of the systerméncountry, in
one step of the life cycle, or in one environmental compartment, ifith@dvement"”
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has negative consequences for other parts of the system which mwesigbtitthe
advantages achieved. Furthermore, the problems must not be shifted intmrigg2fju

The second point is that life cycle thinking is not enough, since in ordernmesthe
magnitude of the trade-offs, the instruments required have to be as ajuentis
possible. Since we are living in a global economy (which from the European peespect
started in the 18century, not as recently as often claimed), the system boundaries used
in the methods have to be global as well. In this context, the lifie ayitiative jointly
launched by UNEP and SETAC deserves high attention and support [3].

Environmental Life Cycle Assessment (LCA)

Product-related life cycle assessment with an emphasis on energycess@and waste
started around 1970 [4-6]. It was the time of "The Limits to Growth, a reptretolub

of Rome" [7] and the first oil crisis soon afterwards showed, if nothbeage of oil,

but the vulnerability of the global economic system. Twenty yestes,|LCA (now
officially under this name) was developed by SETAC [8,9] and later on sthreitby

the International Standardisation Organisation (ISO 14040-43; TR 14047,49; TS
14048). The first round has been finished [10] and LCA can now be considered to be
the first and only internationally standardized environmental assessmentimeth

The basic principles of LCA, which together distinguish this methma bther
environmental assessment methods, are:

= The analysis is conducted "from cradle to grave"

= All mass- and energy flows, resource- and land-use, etc. and the potential
impacts connected with these "interventions" are set in relation to a "functional
unit" as a quantitative measure of the benefit of the system(s)

= LCA is essentially a comparative method (also improvements of ctensyare
compared to the status quo).

In short: two or moresystemsare compared on the basis of a common benefit in a
"holistic" way. The advantage of (at least theoretical) completeness i getrivff by

the uncertainty where and when exactly some of the processes, emissions, etc. occur and
which ecosystems or how many humans may be harmed and whethertlmesbolds

of effects are really surpassed. Furthermore, the magnitude of the functionas

usually fixed arbitrarily in wide margins; for instance, the functiomét for comparing
different containers for beverages may be the filling of 1, 100 or 1000 liers1¢t 1

bottle or barrel!). As a consequence, the absolute amounts of theémitens” have

no meaning and concentrations of emitted substances cannot be calculated. The
additional use of other, often complimentary - albeit not standardizeethods (e.g.

risk assessment, material- and substance flow analysis) has therbéen
recommended for the sake of decision-making [11].

One advantage of standardization is that LCA has a clear structure, which essentially
goes back to SETAC [9], and now consists of the following four components (ISO
14040): Goal and scope definition, Inventory analysis, Impact assessment, and
Interpretation (formerly Improvement assessment [9]). If comparative assertions
(system A better than or equal to system B) are made available to the publidcal “crit
review" is mandatory (ISO 14040 § 7.3.3) [12]. This and many other "obstaces"

built in the ISO-series of LCA standards in order to preveatniisuse, especially by
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false claims based on sloppy LCAs. As asequence of these preventive measures, a
full LCA to be used publicly has become a somewhat lengthy procedure. Of course, the
learning process, which is perhaps more important than the numericéd,ressahore
rewarding in a long and carefully conducted LCA study compared to a "quick and dirty"
one. On the other hand, during the design phase, there is not much tinheraihoke
simplified methods were proposed and also compared with each other [13]. In "Design
for Environment”, a compromise has to be found between a reasonably camprehe
coverage of the life cycle and the time needed for data collection and modelkng. Th
actual calculation process is fast due to the elaborate LCA software, which is availabl
nowadays.

Economic Life Cycle Assessment (LCC)

The economic counterpart of LCA is known under several names, asylciie Costing
(LCC), Full Cost Accounting (FCA), Total Cost Assessment (or AccoghtfTCA)
[14-16]. Also conventional cost accounting of products includes life cycle aspacts, si
the costs of raw- and intermediate materials enter into the cadoul&@osts involved in

the use of products and in waste removal, or recycling generally do not show up (with
the exception that in special cases the producer may have to take-back the @roduct
pay for the waste collection, as in the case of the German "Green Dot" system). The
main difference between conventional cost accounting and LCC or TCA comsists i
accounting for "hidden" or "less tangible" costs, including costs for environmental
protection [14,17]. Of course, also these costs are included in conventional cost
accounting, mostly in the form of overheads, but they are notua#dbclearly to a
specific product system. As in LCA, this clear attribution to a produdersyss
important for assessment in order to estimate the true costs (t@@e environmental
interventions (LCA) of the product (system) to be compared with anotieemaich

fulfills the same function or has the same benefit.

White et al. define Total Cost Assessment as the "long-term, compreheraiyssaof

the full range of internal costs and savings resulting from pollutioreptewn projects

and other environmental projects undertaken by a firm" [14]. In this metswud e
economic benefitsof pollution control measures are included, whereas in conventional
accounting only the costs of pollution prevention would be taken into accbuist.
inclusion of positive trade-offs clearly indicates life cycle timgk The term "life

cycle", however, is often defined in another way in the economic ssienamely as

the sequence product development - production - marketing/sale - end of economic
product live; as noted by Norris [15], this economic "life cycle" may be eveteslior

some products than the physical life cycle ("cradle-to-grave™) used in WCafurther

step, even the external costs due to environmental damages connected with the products
may be included [14,17]. These costs are not incurred to the company, but rather to
society or even to future generations. The quantification of these cadff&igt, since

it is often not clear, which damages are - or will be in future nected to the
interventions caused by a product system. Furthermore, some damagethigagand
esthetical ones) cannot be expressed in monetary terms or even the attempt to
monetarize sounds clearly repulsive (what is the monetary valueushani?). There is

also the problem of double counting if LCA and LCC is applied and LCC includes
external effects. In this case, the external costs are expressed in monisaapadiin
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"environmental units”, i.e. in impact category indicator resultsradatg to 1ISO 14042
or in "ecopoints" etc.

Social Life Cycle Assessment (SLCA)

SLCA is the least developed life cycle method, indicating a research gapar©eBal.
described an attempt to combine SLCA with (E)LCA to a method called "Social and
Environmental Life Cycle Assessment” (SELCA) [18]. It isemesting to note that the
purpose of this integration was quantifying sustainability. SLCA, accordinbete t
authors, consists of the components "Problem definition scoping”, "®wbysis”,
"Process assessment”, "Evaluation”, and "Action". Data analysis is equivalent
Inventory analysis, Process assessment to Impact assessment. Althowgmst s
difficult to combine concepts and data from so different fields asolegy and
technology, it is clearly worth trying. It should be mentioned thlab the German
"Product Line Analysis", basically an early LCA, includes economic and Isocia
assessment components [19].

Conclusions

| hope to have shown that only life cycle based methods have tleatipbtfor
sustainability assessments. The methodological problem consistembining the
existing and new methods into one suitable instrument. It shouldtbd timtequal
and consistent system boundariekave to be used for environmental, economic, and
social life cycle assessment. It is suggested that the physicat th#n the economic
life cycle definition is used throughout. A lucid analysis of LCA &&{L with the aim
of combining them to create an assessment tool for supply chain manageséeen
presented by Rebitzer [20]. Including social assessment, as proposed n@iBai.
[18], could pave the way to a true sustainability assessment including tharihiree
aspects of sustainable development.
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Indicators for Environmentally Sound Household Consumption
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1. Introduction

Households, through their demand side influence on the economy are a majao acto
reduce environmental burdens. However, the ability to make wargleontribution
towards a more sustainable consumption and production system depends on

= Information where they can make a difference and
= An appropriate framework setting of other relevant actors.

The involvement of all “major groups” of society is one of the mastitutional
innovations the sustainability discourse and Agenda 21 haveHhtrabgut. Another is
the development of indicators for sustainable development as conesete;rélated
guidance for taking and evaluating action.

So the issues of sustainable consumption and the appropriate indicators makigbhee
on the political agenda ever since Rio 1992 (see e.g. VROM 1993,
Miljoverndepartementet 1995, UN DESA 1998, OECD 1998a)

But so far no methodologies for a coherent set of indicators hamedbgeloped. Since
most current sets of indicators for the environmental impacts of househslohgation
cover eclectically selected and widely differing aspects of the issue (UN DESA 1998,
OECD 1998a).

The indicators presented in this paper are based upon

= calculations of resource consumption as key driving force of current
environmental problems,

= relevance of consumption clusters and
= an estimate of actors’ influence.

The limited and thus easily communicatable number of indicators gefsaln the
identification of dominating factors of resource consumption, which arered by one
or few indicators each. With these methodological innovations, weightimy a
aggregation problems prevalent in much of the current work can be oveftome.

The suggested indicators are based on significance analysis based on Geanan dat
However, given the similarities in economic patterns and consumption styéss, t
should be applicable to the majority of industrialised countrieshowit major
readjustments. It is possible, however, to adapt the system of indicatbesdiversity

of countries’ size, their infrastructure, climate, heating requarésmetc. by “tailor-
made” modification of some of the existing ones, or by suggesting addirolizdtors.

** For a detailed description of the methodology see: Spangenberg, J. H.: “An environmental based
approach to assessing the environmental impact of household consumption” in the proceedings of this
conference
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These could be developed along the same line of thought (prioritising derived from
consumption statistic) used in the study presented here. Some furthéicatiod of

the selection criteria for consumption cluster indicators migheleeled for developing
countries due to global differences in wealth, preferences, consumpttiernpaculture

etc.

When analysing consumption clusters regarding their share in keyurces
consumption, it turns out that the total requirement of constructidrhausing, food
and transport adds up to about 70% of material extraction, energy consumptiana
use. Each single cluster represents more than 15% of energy and materiaptionsum

The indicator development will therefore concentrate on thee terevironmentally
dominant areas identified psiority fields of action construction and housing, food and
nutrition, transport and mobility.

Based on existing data, for each priority field a few consumption issuédeatdied
offering the most significant potentials for reducing resource consumpthese will

be presented as “why households cankena difference” and characterised by
indicators. The relative influence of the different actors inclugingate households is
presented titled “actors involved®, with 0 = little influence, + = signifticanfluence,

and ++ = strong/dominating influence). These results are based on common semse; for
validation of these estimates or even for their quantificatietailkéd social science
studies would be required. All relevant numbers are for Germany.

2. Construction and Housing

2.1  Why households can make a difference

In Germany, energy consumption of housing accounts for 32% of the total demand
with heating representing 49% of the total households’ energy consunptiading
passenger transport (GRE 1997). A reduction in the energy demand for heatidg wo
thus significantly contribute to sustainable household copsam It has the highest
technical potential for CO2 reduction (Federal Ministry of Environment 2002)

Construction and housing causes 29% of the total material consumptisnncludes

all raw materials and resources needed for the construction, extension ateharae

of apartments and houses including heating as well as materials that become yhecessar
at the end of the life cycle in order to demolish the building. In 1998 conetrwetiste
summed up to 231 Mio. t. That is 58% of the total waste (Federal Statistical Office
2002).

The construction sector is the main contributor to the increasinmgedl soil, with

85% of the approved building projects in 1994 dedicated to housing. Settlement area
increased from 18.785 to 42.495 km2 between 1960 and 1998 (Federal Environmental
Agency 2002). This equals 124 ha per day (Federal Statistical Office 2002a). 84% of
this area will be used for single family houses (Enquete Kommission 1998).

Thus the housing sector offers significant opportunitiesémings regarding land use,
material flows and energy consumption.

140



2.2 Indicators

Indicator 1: Heating energy consumption (kWh / m’ a)

This indicator is already established in expert discussions and isemtiaspart of an
“energy passport” for real estate that was introduced in the year 2000 (GRE 1997)
Quality benchmarks already exist for different types of buildings.

In practice the indicator can be used by architects and invesiocheck their
investments and plans and by households as a selection criteriore foewhflat or
house when a household has to move.

During the phase of use, however, it does not indicate specific actiimntaken but can
be a means to monitor whether thermal insulation work undertaken hmasuoeessful.

Indicator 2: Settlement area (m? / cap)

Settlement area is one of the main contributors to sealing off tagether with
transport and production infrastructure. Measuring the developmemindfuse for
settlement purposes will therefore serve to indicate the sustainability sktilement
patterns.

The indicator measures the long term trends in housing; althoughteorm limited
degree attributable to day to day consumption decisions it is driven by consumer
choices as regards the flat or house rented, bought or built. It thus characiedse
important aspect of our overall lifestyles and consumption patterns.

Indicator 3: Relation of private investment in existing houses to the erection of

new buildings (dimensionless)

Modernising existing flats and houses to the standard of modern housinglequio

that of new constructions reduces material flows and land use per unmnobibhally

identical output significantly (Enquete-Kommission 1998). Thecatdr monitors the
trend in private household expenditure relevant regarding this alternativ

Currently the German government subsidises new private house consg uneeavily,

but still the future owner has to contribute significant matchiagd$. Thus the
indicator also reflects the flow of subsidies, and in case their prioritycsbeuthanged

from erecting new buildings to maintaining existing ones as suggesttu: Byederal
Parliament’'s Enquete (Enquete-Kommission 1998), it monitors the degree to which
households react to such changes in financial incentives.

Indicator 4: Resource intensity (kg / m? a)

The total material flows can be diminished considerably through edduesource
intensity in the sector of housing construction by using recyclaténmals and those
which can be easily rebuilt or demolished. Technological achiewsmie the

ultrasonic recycling of concrete by decomposing it into the re-usaigée snaterials
sand, gravel and cement for instance will hopefully lead to evere rsignificant

reduction potentials in future.
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Indicator 5: Living space (m?/ cap)

A valid calculation of individual resource consumption cannot be achieved msroéa
heating energy consumption and resource intensity measured ih kgéngle person
will presumably consume less energy than a 4-person household in an sgedllilat.
The living space per person provides additional information necessary in ordeido av
misinterpretations.

Empirically, energy and material consumption is correlated to theglspace area per
capita (Enquete Kommission 1998). Currently, the living space per capita tend
increase with the age and income of a person and in each age group grows over time. In
1950 4,7 persons shared one flat, in 1968 it decreased to 3,0 persons and 1998 the
average household size was 2,2 persons only (Federal Statistical Office 2008)arhis i
reason for environmental concern regarding future resource consumptjmarticular

when taking demographic change into account.

2.3 Actors involved

Housing is characterised by a high diversity of actor-specific, but frequently
overlapping potentials for influencing energy consumption and rabtiews as well as
land use. Private households are important actors for a number of reasons:

= Nearly all housing expenditures (monetary and physical) can be attributed to
private households, either as users or as property owners. In Germany, 38.7% of
all flats are owner-occupied; in houses consisting of one or two flats, dhe sh
of owner-occupied property is 71%. In these cases, the households are owners as
well as residents, with the influence increased accordingly.

= Private households play an important role with respect to decisions on
sustainable housing modernisation. They influence to a consideratent the
amount of material, energy and water needed for construction andnaesidie
particular by deciding about the apartment size (even if socio-economic
constraints are taken into account).

= As owners, they determine heating energy consumption by deciding about
thermal insulation, the choice of more or less efficient heatingragséed the
like.

= The patterns of airing and heating, and the preferred room temperature influence
household energy consumption significantly, at an equivalent levéVing
comfort (up to a factor 2 due to different consumption behaviour). This way,
residents can determine the amount of heating energy consumed by their
consumption behaviour (and through minor renovations, e.ghéosealing of
joints).

A similar pattern of influence like for private owners is attributableptilic or
corporate owners of rentable flats. One important difference, howieviése investor-
user-dilemma that occurs if the house owners’ investments e.g. in energy saviitg bene
the resident through her energy bill, but not the investor. Bethases, energy service
providers can help through contracting arrangements, i.e. by payimgpdomanaging

the investment and in return reaping the benefits by charging the conausteile

price, although the cost are decreasing. Whereas the resulting surplus makes up for the
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profit of the contractor, the owner has a modernised (and thus waheased) property,
and the households benefit from stable energy payments below market prices.

Local authorities significantly influence land use by dedicating fpeareas for
housing purposes and defining standards associated with building permits. aRegion
planners and architects influence settlement structures (living area) asswtie
standards of construction (resource intensity). They do so by providmgnergy
consumption and resource efficient housing, and they could help offdaitsy of
flexible size which permit a regular adaptation of living area to the changieg&ia
family.

Banks define lending criteria and thus influence the standard of housing — aycapacit
that could easily be extended to energy and material efficiency standard

Political regulation frameworks and subsidies strongly influehe®t determine the
households’ decisions whether to invest in the construction of oasel or whether to
renovate old ones. Taxation of living area, material input and enexgiioia energy
consumption standards play a significant role, as do criteria foriggasubsidies. In
Germany, public support for new developments was 27.1 bio DM (about 1¥pihio
1996, compared to 8.4 bio for upgrading existing houses.

Table 1 illustrates the diversity of actors involved as well as theierdiff but
overlapping spheres of influence, according to the reasoning above.

Table 1: Indicators for Construction and Housing
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3. Food

3.1  Why households can make a difference

In Germany the food chain’s share in energy and material consumpgti@@%.
Agricultural area, 97.9% of which were intensively farmed in 1999 (SOL 199gysov
56% of Germany’s total land area. It furthermore has a considerablepaéiteant and
eutrophication impact as 38% of the total nitrogen input and nearly 40% of the
phosphorus input originate from agriculture, mostly from the convemt{@uadick

1998). Further impacts on the soil are caused by erosion and pesticides. (Federal
Environmental Agency 2002)

The output of greenhouse gases, measured ag@@valents, is significant. In order to
feed Germany’s 80 million citizens, 260 million tons of £&Quivalents are emitted per
year, i.e. 3.2 tons per inhabitant (Enquete Kommission 1994).

Households could influence environmental resource consumption in the production
phase significantly by selecting a particular diet, e.g. less meat interrsiweyanic
food.

3.2. Indicators

Indicator 6: Meat consumption (kg / cap a)

From a health care point of view a reduction in meat consumption has a@&muofmb
positive effects, but these will not be dealt with in this papere kex refer to the
environmental significance of meat production:

= The emissions of the livestock production sector of 115 Mio tons CO
equivalents are six times higher than those of the crops sector (20 Mio tens CO
equivalents).

= To produce meat large areas of land are needed. In Germany 60% of the
farmland is used for the cultivation of feedstock, and additional teedported
from the EU and from overseas.

= Ammonia emissions caused by pork breeding contribute significantly tinegdgi
acidification and eutrophication.

= Dung water contributes to ground water pollution (in some areamadjugity of
natural wells is no longer suitable for drinking water purposes duehmlirgte
concentrations), and it contributes to the nitrogen input to fragile stersy via
water and air.

This indicator is also used in the draft set of OECD sustainable consumpticatansli
(OECD 1998a).

Indicator 7: Organic products (% market share of food products)

Organic agriculture leads to a considerable reduction in pollution as no pestoide
less fertilisers are used. Thus the pesticide and nitrate leakage into the grouratevate
diminished and the biodiversity of accompanying plant and neighboecwogystems is
significantly higher than on intensively farmed land. Adequatenainbreeding is not
only an ethical issue, it lowers the amount of pollutant substances releasezll.a
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Furthermore, the volume of erosion caused by organic agriculture is sgtlific
smaller than in intensive farming.

The energy consumption of organic farming is slightly less than of ctiomah
farming (Haas/Kopke 1994). The advantage of not using synthetic fertiksexduced

by the lower output (Jungbluth 2000). Organic livestock production needs about 15 %
less energy than conventional produced meat depending on the kind of animal
(Kramer/Moll 1995).

Indicator 8: Food transportation (km / kg)

The distribution of food is after livestock production and conswmpéctivities the

third biggest factor contributing to the resource consumption of tha deotor, with
increasing tendency. The growing average transport distances are furthermore
increasing the demand for transport infrastructure, in particular thioograsing road
transport (here only transport to the retailer is accounted for; the trafigpo the shop

to the home is covered by the mobility indicators).

The preferable indicator would thus be based on product specifgptraranalysis,
including domestic and foreign intermediate products and services, packaging et
Given the existing restrictions in data availability, theltdtanestic transport efforts for
food and feed is taken as an approximation, since these data are available in e Germ
national statistics. For other countries, similar proxy iatgics may be suitable.

3.3 Actors involved

By expressing their preferences at the shopping counter, households gviéicars
influence on the kind of food produced, the mode of production and thus the
environmental impacts. Their influence is limited, however, as regardsamgpant
intensity of the food purchased, partly due to the lack of information (ladpelpartly

due to the absence of substitutes.

For this aspect, traders and retail companies are more influentialhdusupply
structures (e.g. limitations in regional organic food provisiar® equally important.
They can be improved by the farming sector, but this is at least partly depemdthe
market conditions and cost structures determined by politics, in this caseladytioy
the European Union’s Common Agricultural Policy CAP. Food industdyrastaurants
are additional actors on the supply side, with the latter having simidceshthan the
private households regarding the menus they offer, but restricted by markand (see
table 2).
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Table 2: Indicators Nutrition 0
c
]
0 2
[
S S
: :
) P
=] D 2
o ] =
L & %) = g
] 9 o = g 3
= Q © o ) o)
o 04 L s o @
Meat consumption ++ + + + + n
Organic products ++ + ++ + + +
Food transportation | + + @] + + +

O = less influence; + = average influence; ++ = significant influence

4. Transport

4.1 Why households can make a difference

The growth of transport volumes and distances is still clobeked to economic
development, and the trend in modal split goes towards more environmentally
unsustainable modes like road or air transport. While the transport volumes anegreachi
the limits of capacity of the road system, transport infrastructure d@srie a major
driving force in land use and ecosystem fragmentation (a UK headiieaior for
sustainable development, DETR 1997). Although not yet the sector with theshigh
greenhouse gas emissions in Germany (unlike e.g. New Zealand), transport is the sector
with the highest annual emission growth rates. 50% of the global miodral
consumption is for gasoline, making up for one fourth of the totahgmeese effect. In
Germany this rate is 30% (Petersen/Schallabock 1995). 32% of the OECD member
countries’ primary energy consumption occurs in the transport sector, witbnited

States at 37.4% and the European OECD states at 27.2% (OECD 1998b). Not included
in these numbers are the £@mounts (including COequivalents of other greenhouse
gases) caused by the production and maintenance of vehicles and infresstiSotiar

all concepts to curb transport growth have failed (Akademie 1997).

In Germany, private households contribute 96.4 million tons E®ectly) and 68.3
Mio tons CQ (indirectly) to the emissions from transport (Federal StatisticliteOf
1997).

Regarding land use, 4.6% of the total area of Germany is occupied by transport
infrastructure (Federal Statistical Office 1997), more area than forrgpuhis figure
neither includes non-road infrastructure like petrol stations, repapssand private
parking areas, not the indirect land occupation by noise corridors etc.

About 83% of emissions can be attributed to passenger transport and 17% to freight.
Still the amount of &zardous substances released from diesel trucks should not be
underestimated. Compared to the total volume of transport, truck transport has a shar
of “only” 15% to 20% but it causes approximately half of all nitrogen enrissid the

total transport sector and an even higher percentage of soot emissions (the morgribut
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to road damage and maintenance as well as all other non-environmeuatetisirare not
discussed here). Between 1990 and 1995 an increase in goods transport by 15% could
be observed as result of a strong increase in goods transport by road (+ 50%) and the
simultaneously diminishing importance of goods transport by rail (- 32%)(Akedem
1997).

4.2 Indicators

Indicator 9: Shopping and recreation transport distances (km/ cap a)

Transport activities for shopping and recreation purposes are not only lstrong
dominated by passenger car use, they also account for more than half of théerédome
covered per person. Even if these transport activities are not “volunianygte
households have at their disposal significant potentials for chooging snstainable
means of transport.

Changing framework conditions, like increasing individual@atof life styles, the
growing number of single person households, suburban shoppiregscant transport
intensive leisure time activities all contribute to growing transgistances covered by
private households, while commuting is decreasing in its relative imgertan
Settlement structures induce transport activities by increasing or diminishéng t
distances. So do the means of transport available, while the mobility rate:fher of
trips) as well as the time used for commuting has remained quite consG@etnrany
for more than fifty years (Petersen/Schallabdck 1995).

The category of “leisure mobility*, however, is problematic asafrit is a residual
entity in transport statistics for mobility not induced by paistablt includes transport
from reproduction and voluntary work (Spitzner/Aumann 1995). Thid &frtransport,
however, is characterised by quite low levels of elasticity regarding tee rof
transport (Spitzner/Beik 1996).

The indicator proposed focuses on the distance covered, since societal trends like
shorter job duration, longer educational or unemployment phases or tddvweards

higher female employment participation resulting increasing numbkensodking
couples with two distant work places lower the private households’ possibitities
avoid transport. However, as regards occupational and educational transporesctiviti
private households are free to select the means of transport they use, a leagtas
sufficiently convenient choices are available.

Indicator 10: Modes of transport for vocational purposes (share of cars, rail and

other public transport, non motorised transport)

In recent years the functional separation into inner-city workimy @uter-city living

areas has led to an ever increasing number of commuters. Their mode of transport has a
significant influence on the resource consumption for transportcommuting, this is

to a significant degree open to consumer decisions, whereas the frequency and distan
of trips is overwhelmingly beyond their influence. Vocational purpaaasport is
dominated by cars, with still increasing shares (in Germany exoeptducational
purposes).

As the frequency of transport activities for occupational, educational/trainidg an
business purposes by and large cannot be influenced by private houséhelds,
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indicator refers to the transport activities for shopping and recregtimposes.
Indicators like “commuter rate” and “commuting distances* are regarded goo
indicators for planning purposes, but are less suitable for indicating mensu
behaviour.

Indicator 11: Modes of transport for shopping and recreation purposes (share of

cars, rail and other public transport, non motorised transport)

Factors which decisively influence the selection of transport means are: swbjecti
needs, individual preferences and values. Sustainable consumption belzviber
present state of the art can be predominantly expected in those consumptera thast
require the least personal efforts (low cost hypothesis). However, some stuiiateind

that individuals regard the transport sector as a high cost one, resulting in a comparably
low elasticity as regards car use.

As pointed out already, the environmental impact of transport is deterrjnéde
frequency of trips, the distance per trip and the mode of transport. S;ntearnisport
distance for recreation and shopping is already covered by anadiieatan, this one
monitors the modes of transport. Thus the environmental sustainabitibnefimption
is strongly influenced the modes of transport chosen.

Indicator 12: Number of passenger cars (dimensionless)

Empirical studies show that even proven environmental awareness does not
significantly influence the mobility behaviour of car ownedsice a car is available, it

is used as frequently as in other car owner households.

On the other hand, environmental concerns are instrumental in theodegisther to
buy a car not, opting e.g. for a combination of car sharing, rental cars and public
transport.

Indicator 13: Holiday flights (km / cap a)

Despite the still relatively small environmental resource consammf aviation, it
needs to be monitored due to the current trends that more people use airtttarfgpor
more frequent flights to ever more distant destinations.

This corresponds to a steep in crease in energy and resource consumption, mdtich is
sustainable in the long run.

Indicator 14: Average energy consumption of new cars (I gasoline / 100 km)

From the users’ point of view the use of the private passenger car is actually the
quickest, most comfortable and economically attractive means of transport, égpscial
the costs for the railway network are included in the ticket price whereas theasosts f
the road network are independent of distance travelled. The car will remain a
predominant means of transportation unless there is a change of circumstances.

24% of the energy consumption by household is caused by transport, 60% loy thi
gasoline consumption (Federal Statistical Office 1999). Besides the tradspances,
frequencies and the mode of transport, the efficiency of the cars used has ianpeqgbr
on energy consumption. This efficiency is determined by two factbestdchnical
efficiency of the car itself, and the style of driving. This indicatouges on the former,
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which can be influenced mainly in the phase of buying a new car. Decreasing energy
consumption of new cars (and thus a decrease for the next decade) can only be
achieved, if the current trends towards bigger, faster, more comfortable and tias hea
cars is either overcome or at least overcompensated by efficiency gains.

4.3  Actors involved

In Germany, 58% of all households own a private car; additional 23% own twarey m
but 56% of all West German and 66% of all East German citizens r@vesed
railways in the last year (Federal Ministry of Environment 1998). 44.3 Mis agg
registered in Germany (Federal Statistical Office, 1997). Aviation shbasighest
annual increases (7.5%) of all transport activities, with holidayntBigplaying an
important role. Regardless of external constraints, households domfieatecision on
the mode of transport, but the availability of suitable and eoiewnt alternatives is
important as well. Local authorities and service providers can do a los iredpect, by
offering or reducing the supply of infrastructures for mobility (pubsBms$port, parking
areas etc.) and by increasing or reducing the need for mobility through planning and
more or less centralised service availability. Employers influencencimy behaviour
by financial and administrative incentives.

Travel agencies and tourism companies influence holiday transmantssharing
providers do so for the rest of the year. Political decisions can increase or dduease t
cost of mobility, thus setting incentives for more or less resowonsumption for
transport purposes. Thus the legislative and administrative authorities ardampor
actors for the development and implementation of a new policy inébisrs Finally

the efficiency of means of transport is determined by industryels as by their
customers. Table 3 illustrates the overlapping spheres of influence.

Table 3: Transport Indicators
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5. Discussion

The 14 indicators for environmentally sustainable household ogign suggested in

this paper are based on consumption clusters that cover the vast mdjokiy o
resources consumption. The indicators themselves monitor the main diovoes
inside the clusters. They can be used by consumer organisations (the project was
conducted under the supervision of an advisory board including representiatives
consumer organisations) to focus their advice on the environmentally elegant
issues. For example no quantifiable environmental difference coutoubd between
deep frozen and fresh vegetables from comparable locations, synthetic fibrex are n
guantifiably better or worse than natural ones, and clothing andfashigeneral are

no reason for serious environmental concern (that may be different fitestglé point

of view, where the symbolic function of consumption counts more thandirect
environmental impact).

The identification of relevant actors should be useful for pgliesposes, permitting to
initiate joint activities for sustainable household consumptibimese could include
voluntary or mandatory labelling schemes, consumer information,sbuek financial
incentives like resource consumption taxes to make environmentaltginsinde
consumption economically reasonable.

So far only extremely limited information is available aboet ¢éhvironmental impacts

of wealth: does it result in high resource consumption levels duduerede, or in low

levels as a result of high quality, expensive but eco-efficiensumption (the Kuznets

curve hypothesis). The indicators developed in this paper can be applied to such
guestions and illustrate the significantly higher environmentstubance potential
caused by affluence under the current consumption patterns (Lorek/Spangenberg 1999).
Geographically, this applies to Europe in first instance: the indicators deseloped

based on German data, they can be applied all over Europe and probably in most OECD
countries.

With the resource input based approach developed in the paper for monitemohg) in
environmental pressures, impacts on humans’ health caused for exagnpbxic
chemicals are not addressed. These include above all chemicals witin-taxic
effects, i. e. cancerous, teratogenic, mutative, allergic and endocrgalsgbstances
but also eco-toxically doubtful, hardly biodegradable or bio-accatingl substances.
As long as goods and services contain such substances, thdareoeis an essential
aspect of health conscious consumer behaviThe protection of humans against toxic
substances is, however, rather the task of national legislatander to legally prohibit
harmful goods and substances, than one of individual consumer choicegoXibiig
concerns are a subject of sustainable production patterns rather than one of sustainable
household consumption.

Whereas the importance of a specific good and service for sustainability is, inlgener
only minor, numerous goods and services have a symbolic functiore®esid above

their utility function. Some of them indicate the membershi@ ioertain social or
lifestyle group, serve as a symbol of status or for compensatory consumption
(Scherhorn 1991). The importance for environmental sustainability and thevpdrcei
symbolic value of the products or services consumed need not be matchihg his

lack of congruence, however, does not reduce the validity and importance of th
communicative function. On this basis, selected goods and services can be singled out
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that might serve akeadline indicatorswhich due to their communication and social
distinguishing function play an important role in sociologi@ald psychological
consumption analysis, however less in the environmental onms &noenvironmental

point of view, in these cases the results of this paper could still be used to check the
relevance of the consumption clusters to be communicated hgothéndicators thus
avoiding a misallocation of political and communicative efforts.
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Abstract

We address the issue of sustainable development at the city leveloribmental
loading associated with production and consumption activities within our present day
cities is steadily increasing. Another reason for focussing on the roikgesfis the fact
that cities often are the economic, social-cultural and political heart cétgo€&ior
many people the city is the place were they live, work and build up a soeiarketn
many cases cities play a leading role in a broader regional, nationalvend e
international setting. While the issue of sustainable development clessla global
dimension it is also generally accepted that there exists a strong muat@insslip
between the global and local level. Cities and their urban wothogs are therefore
regarded as open systems.

Sustainable management of natural resource use is therefore regarded as an essential
aspect of planning processes aimed at making our cities of tomorrow ma@ieaist

Our main focus is on consumption, however this is not considepedasely from other
processes, both upstream (production of consumer goods) and downstream (waste
collection/processing) in the production-consumption chain. At thdesig} individual
consumers and household activities play an important role as far as sustainabl
development strategies are concerned.

We used the total (direct and indirect) energy demand of households as a proxy for
environmental pressure related to household consumption in five Euraiesmn
(Fredrikstad, Stockholm, Guilford, Padova and Groningen). Tieetdenergy demand
refers to the energy that is literally consumed by households (natural deesifmmg and

hot water production, electricity and motor fuels). The indiesergy demand refers to

the energy embodied in consumer items. Accounting for the indirect edenggnd
brings in the production and distribution activities in the productiorswmption chain.

Although the energy values can only be a rough estimate of the energstdudg
different household types it is shown that the household energy bugetsfive cities
result in different sets of change options for more sustainabkucuation patterns in
these cities. Such change options can be operationalised both througktdeeog of
household behaviour and through indirect steering via other actors in the lintegra
production-consumption chain (producers, retail, distributar$, &r by influencing the
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conditions under which consumption takes place (including purchase, use arghldispo
of consumer items).

Introduction

The last decades have witnessed an enormous growth in consumption and groducti
levels and related environmental decay, notably in industrializedr@airin this paper
we address the issue of sustainable development at the city \ldgehnalyzed and
compared the energy requirements of households in four European cibielshdhin,
Fredrikstad, Guildford and Groningen. Our main focus is on consumersoasdhold
consumption. It is increasingly recognized that, when aiming at redirebgngrésent
consumption and production patterns in a more sustainable directies pitly an
important role. Urbanization rates show a steady increase all over the world svéierea
the same time pollution, noise, poor environmental quality, and theaising demand
for energy endanger sustainable development of the cities and the quifiybthose
living in today’s cities. City planners, together with a wide varietystakeholders,
launch a lot of new initiatives to deal with the environmental bl that go along
with urbanization.

Another reason for focusing on the role of cities is the fact that cities afte the
economic, social-cultural, and political heart of society. For manyl@ébe city is the
place where they live, work and build up a social network. In many cases, iy a
leading role in a broader regional, national, and even internatietiadgs While the
issue of sustainable development clearly has a global dimensisnalso clear that
there is a strong mutual relationship between the global antllévedh Events taking
place at the city level have their impact on other local or regioysterms and
ultimately on the global system as a whole.

Modern cities face many challenges when it comes to balancungemental (urban)
guality and sustainability with modern city life. The idea of asusible development
refers to a well balanced use and management of the natural resourcéduas®mic
development. During the last years a large number of European citiesghan
priorities to environmental issues in the political planning processaisition routes
towards more sustainable cities, the role of consumption and the activities of Hdsiseho
has been increasingly recognised (see Agenda 21).

One reason for this is the increasing rate in which consumers buy and uselexcom
and changing mix of goods and services. These fast growing consump®nesilt in

an increasing environmental load. After all, consumer goods need to be produced befo
consumption takes place. Following this line of reasoning, consumer astétie be
linked to inputs and output of economic activity and thus to the associated
environmental effects thereof. We might even argue that the total environroaatal
associated with our production-consumption chain can be, directly ancbcihgi
assigned to consumption. We do not want to go that far in this paper althaighiss
aimed at reducing the environmental impact of consumption activities shouidtely
embrace the entire lifecycle of consumer goods and services. We draw the line at those
aspects that directly determine the extent of environmental pressure that talees pl
during and as a result of the consumption itself. Since the major part ofnm@msu
activities take place within cities we draw the line at the city level. The holase
metabolism metaphor is introduced to study the natural resource quisunof
households and the associated environmental aspects.
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The Metabolism Concept Applied to Households

Nowadays it is increasingly realised that, similar to the broad rangetioities taking

place at the production side of the economy, a society consists also gegdad
rapidly increasing) number of households characterised by difféifestyles. It is
increasingly acknowledged that households and lifestyle are interestingpteror
assessing and exploring routes to the required reduction of the (long-term)
environmental impacts of the combined effects of production and consumptianesctiv
that take place within the economy.

Consumer activities, centred on households, can be linked to patterns of inputs and
outputs of the economy and, thus, to the associated environmental effectsarhiecon
activities. Since the major part of consumer activities takes place withseholds,
households rather than individual consumers determine a large part ofceeso
consumption. The term “household metabolism" refers both to émeamt for
resources, i.e., the direct flows of resources through households, #rel gopply of
resources, i.e., the materials and energy indirectly required tcerdadise flows (e.g. in
mining, production of materials, construction of houses, and manufagtgoiods) as

well as the generation of waste (Noorman and Schoot Uiterkamp [1]). Thisws &ho
figure 1. By adopting the household metabolism metaphor, a picture isebtidiat
relates the use of natural resources to the very basis of economity:actimsumption

in households. Measuring household consumption patterns as a means towards
understanding how to direct them towards environmentally sustainabke rgoailres
insight into the mechanisms of household metabolism.

In order to illustrate the changing rates of household metabalishe four cities, we
focussed on household energy requirements rather than taking into tatiweuull

range of natural resources used in production and consumption processaly Usu
household energy consumption is taken to comprise that fraction of theatanergy
consumption that is literally consumed in (electricity, natges, etc.) or via (car fuels)
households (i.e. direct energy consumption). However, households also ugeir aer
indirect way. They purchase goods and services delivered by the production sectors.
The energy directly used for producing consumer items and services carsigemzh

as the indirect energy consumption of households. We proceed from this peespecti
and assume that the economy is based on the production of goods and servicel$ on beha
of household consumption, and that the total energy consumption cassigeed to
households (taking into account import and export). The total household energy
requirements were calculated as a function of household expenditures. fidratge
insights into the relationships between household spending pattainthe effects
thereof, counted as energy consumption. Furthermore, the approach reflects the
interdependency between industrial metabolism and household m&tabslipresented

in figure 1. metabolic changes in the production processes of consumer night

have a significant impact on the indirect household energy use wheraaginch
consumption patterns has its effect on the structure of the production fsitte o
economy.
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Figure 1: Household metabolism at the city level

The Method

The essence of the methodology used in the Toolsust project is the projectien of th
total energy requirement (in production, distribution, consumption, weadte
processing) on behalf of household consumption on desegregated household budget
spending categories. This generates insights into the relaparfshousehold spending
patterns and the effects thereof (counted as energy requirements). The energy
requirement of a specific household budget category thus contains a dodoalit part
(energy consumed directly in the household for this purpose) and aecingart
(accounting for the energy consumption in production, transport and servicesksector
The relationship of consumption of goods and services versus enquigneents can

only be established indirectly. Household consumption must frspht into patterns

of household consumption activities (e.g. vacation, private transport). Negh
activities need to be "translated" into energy terms, after which the direatdirett

energy requirements of these activities can be established.

The methodology for the assessment of energy requirements and intengtidged

in figure 2. Rather than choosing for process analysis or input-outplysianeve
combined elements of both methods in a so-called hybrid analysid) fadiids on the
advantages of both methods. It requires reliable statistical data concernigy ener
production and consumption, economic input-output matrices, household budget
surveys and goods and services price information (data that are only raielylawa a
high-resolution, and compatible form).
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In figure 2 it is shown that a combination of economic input-output aatenergy
statistics delivers, by means of input-output energy analysis techniques (Va
Engelenburg et al.[2]; Wilting [3]; Wilting et al. [4]), data concerning the energy
intensity of (66 in the case of the Netherlands) production sectors. In most cases,
process analysis is used to determine the energy intensity of a rangerof@0) basic
materials frequently used in the delivery and consumption of goods amckeseB®oth

data sets are used in a simplified Life Cycle Analysis of goods and services pestinent t
the categories of the budget spending surveys. The LCA results are calculated by and
stored in a software program EAP (Wilting et al. [5]). The EAP results lead t

evaluation of the energy requirements of goods and services, using theebad®96
(Kok et al.[6]).

Economic L
I-O data Energy Statistics Budget Surveys
I y !
I-O Energy Process Analysis
Analysis
v v
Energy intensities of Energy Contents
Production sectors of materials
EAP: LCA of goods and services
v v
prices — Energy intensities of goods and services Budget spendings

' ,

Energy requirement and intensity of
Household Budget Spending Categories

Figure 2: Flowchart of the methodology for calculating energy parameters of budget spending categories.

The Energy Analysis Program (EAP) as a tool

To calculate the energy requirements of the consumer items consurnedsayolds in
the various cities, the original Dutch EAP model was used as a defaugf, 1996 data
(Kok et al.[6]). It is beyond the scope of this paper to give a full geguniof the EAP
model. For a detailed description the reader is referred to Wilting et al.[Shisn t
section we only report on the adjustments of the original EAP Innodeder to make
the method meaningful for the other European countries in the Topleyestt.

The EAP database

The EAP model consists of a common database of basic data on the energy
requirements of materials, economic sectors, forms of transport, trade andsseamd

waste processing. In order to make the original Dutch database mearonghd 6ther
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countries involved in the Toolsust project (Norway, Sweden, UK, and Italy) @erum
of adjustments were needed:

= It was assumed that the energy contents of most of the basic goods are the same
in various countries. Therefore, except for Sweden, the Dutch database on basic
goods was used with some modifications. For all countries energy datadof fo
products were modified.

= Dutch recycling percentages of various materials were assumed

= Dutch trade margins (i.e. the purchase price as a percentage of the net turnover,
excl. VAT) were used.

= Dutch data on the energy requirements of waste processing were used
= Except for Sweden, Dutch data on the energy intensities of transport were used.

= Furthermore, due to a lack of data, no correction for differences in annual
fluctuations (temperature corrections) were included in thelledions.

For each country the energy intensities of the production sectors didtiegjurs the
Input-output table were calculated using country specific energy data and éczonom
data. It turned out that among countries data are available in different degreed.of deta
The level of detail at which the energy intensities were calculatexde wnerely
determined by the availability of energy data. To calculate the energsitiee per
country the following economic data were used:

= An input-output table with intermediate deliveries, in basic pricestfie UK
we used a Use table, purchaser prices)

= An input-output table with competitive and (if available) non-competiti
imports (competitive imports are imported commodities that are also produced
domestically whereas non-competitive imports are not produced domegtically

= Per sector: total domestic production value
= Per sector: net value added

= Per sector: energy prices paid by the producers. In some cases due to lack of data
the energy price per group of sectors was used.

= Per sector or per group of sectors: consumption of fixed capital (depreciation of
capital goods)

In addition to economic data, information on energy consumption persedatided

per fuel type was required to calculate the energy intensities of the mjput-gectors.
The energy intensities were calculated using primary energy terms. The energgdrequi
to produce primary energy and process it into useful fuels or elgctgcncluded in

the so called ERE (Energy Requirement for Energy) value. Except for etgatrisas
assumed that the ERE values for fuels were the same in the various couiiises.
assumption was not valid for electricity production since in ttigerdint countries
electricity is produced in different ways using a variable mix ofilf@esgrgy, nuclear
fuels, and renewable sources.

Due to restrictions related to data availability it was not possible tp @atthe country
analyses for the same year. For The Netherlands, the analysis was carfeedl6a6,
for Sweden 1995, for Norway 1997, and for England 1998.
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EAP analyses

Once the national databases were available, EAP was used to calculate the energy
intensities of consumer items. The selection of relevant consumer goodsensly

based on the available household budget surveys. Per country twoaimsets of data

were needed:

= Consumer prices
= Budget surveys

The format of the various data sets differ per country . Per consumer item a separate
EAP analysis has to be carried out to calculate the energy requirementitefnthat

= Per EAP analysis different types of information are needed:
= Price information (i.e. consumer price of the product, incl. VAT)

= Composition of the product (i.e. type and amount of the basic goods @ad ty
and amount of packaging materials)

= The origin of the product (i.e. name of the manufacturer, names of thesalel
and retail trade and transport distances)

= How the consumer product is treated after being used (i.e. waste processing
including recycling)

With help of these data the energy intensities per consumer item weratealcM/hen
combining this information on energy intensities of consumptiordgi@nd services
with the household budget survey information, we gained insigttieirtotal energy
requirements of the households in the cities. Rather than using theattiidaal budget
survey, we used data on budget spendings at the city level or at the regiehal le

Results

In this section we present the first results of the comparison betweercites:
Groningen (The Netherlands), Stockholm (Sweden), Fredrikstad (Norway), and
Guildford (UK). These first results are derived from the draft countryrtgpealkena et
al. [7], Carlsson-Kanyama [8], Throne-Holst et al. [9], and Clark et al. [10]. Exzep
Stockholm, due to constraints in the availability of budget spending date aiity
level, the results related to indirect energy requirements retaeteegion within which
the cities are situated rather than to the individual cities. In @yi®erpwe present
average figures. In the separate city reports to be available this falllaaswibe
intercountry comparison report to be available end of this year,irdtsonation per
household type (size, income levels, composition), type of house, afslewlif
consumption categories will be presented.
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Direct energy use

Table 1: Average direct energy requirements in GJ per household for four cities

Groningen Stockholm Guildford Fredrikstad

Primar | Final* | Primar | Final Primar | Final Primar | Final

y deman |y deman |y deman |y deman

energy | d energy | d energy | d energy | d
Naturalgas 71 70 0 0 55 54 0 0
Oil/kerosene | O 0 0 0 0 0 8 7
Solidfuels 0 0 0 0 0 0 10 10
District 0 0 62 53 0 0 0 0
heating
Electricity 26 10 15 6 42 13 64 58
Motor fuel 22 20 18 16 43 39 44 40
Total 119 100 95 75 140 106 126 115

*ERE values used to calculate the final demand data: natural gas: 1.01, district heating: 1.18, motor fuels: 1.11.
Conversion factors for electricity differ per country: The Netherlands: 2.65, Sweden: 2.42, UK: 3.21, Norway:
1.11. For Sweden and Norway, we also used average figures of the residential sector (IE A [11]).

When analysing the total energy requirements of households, we stathevitirect
energy requirements. Table 1 shows the average direct household energy retgiiremen
per city. Both the primary energy data and the final demand data are presented. When
looking at the primary energy requirements, data for households inhStoclare
relatively low, whereas in Guildford the direct energy requiremar@she highest. The
picture changes when looking at the final demand figures. Due to lowvaREs of

hydro electricity, direct final energy demand in Fredrikstadstout to be high.
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Figure 3: Average direct energy demand per household per energy carrier

Figure 3 clearly shows that the average direct energy requirements of a lbuseho
Guildford are almost 50 % higher than in Stockholm (in primary energy teAms)her
interesting difference between the cities is the share of electricittyeiriotal direct

energy demand. Electricity counts for more than 50% of the direct yenesey in
Fredrikstad where it is used for heating purposes, whereas in the other citieselef shar
electricity varies from 16% to 30% of the direct energy use. In Fredrikstad and
Guildford, the share of motor fuels is between 30 and 35%, indicatingearsive car

use, whereas in Groningen and Stockholm motor fuels account for 18 to 19 % of the
direct energy use. Indeed, car possession and car use in the latter two cities are much
lower.

Direct energy use is mainly determined by space heating, hot water production,
possession and use of electrical appliances, and transport. flihesens, in turn, are
associated with household characteristics (household size, compositiomcan),

size and quality of the house, and car possession. In our study, we differentiated
between these characteristics. We found that the deviation of the direct energy use data
is significant. In Stockholm, direct energy use of various household tygrées from

34 GJ to 208 GJ, whereas in Groningen, direct energy use varies from 43 GJ for a
student household to 175 GJ for households living in a detached house.

Indirect energy use

In order to calculate the indirect energy requirements of househohlsypes of data
are needed. Data on the energy requirements of consumers items, and iofoomati
how households spend their budget (see also figure 2).
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Table 2: Budget spendings related to indirect energy use in the various cities/regions (%)

Groningen Stockholm Fredrikstad South East
UK*
Food 19 23 20 24
House 26 24 16 18
Householdeffects 11 6 9 14
Clothing& footwear |7 9 7 6
Hygiene 4 6 9 4
Education 5 5
Recreation 12 12 12 20
Transport 13 9 21 15
Otherconsumption 3 6 1 0

* The consumption categories in the household budget survey of South East UK differ partly from the other
regions. Apart from the categories given in table 3, households in South East UK spend 14% of their budget
on Household goods and services, 4% on Personal goods and services, and 20% on Leisure.

The way in which households spend their budget is given in table 2. ditxpes on
direct energy are not included in the data presented in table 2. (For instance, households
in Groningen spend 8% of their budget on direct energy). In some cases, thaidget
spendings were not available at the city level but at the regional level

Combining the EAP results with budget spending data yields the averagectindir
energy requirements of households in the various cities. The aggregates aesult
shown in figure 4. The average indirect energy requirements of a household in
Groningen are the lowest (just below 100 GJ per household). Households ifox@uild
require more than twice as much energy (234 GJ/household). These esisn@nin line

the budget of a household in Gronsgeaunch

lower than in South East UK. However, these first results also shatwndi just the
absolute income levels determine the indirect energy requirementsuséhuids.
Households can spend their budgets in different ways. Obviously, thenwalgich
households spend their budget (i.e. in an energy intensive or em&sive way)
significantly influences the energy budget of a household.

with the absolute spending levels:
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Figure 4: The average indirect energy requirements of households

The results presented in figure 4 show that large differencets aaweng the energy
budgets of households in the various cities. Households can spend their ludget
different ways.

The relative share of the various budget categories in the totalispdiudget gives a
more detailed picture of the indirect household energy budget since differdgtb
categories have different energy intensities.

In figure 5 a-d the average indirect energy requirements per budget category of
households in the four citiemre presented. The energy intensities of Euros spend on
food (9-10 MJ) and recreation (8.5-10 M)/ are the highest in all four cities.

Spendings in the category house (rent and mortgage) have a low energyyirfensit
MJ/E).

Table 3 shows the average spendings associated with the indirect household energy
requirements and the average energy intensities of the househdlde four cities.
Households in Groningen spend their budget in a relative energy extengivehereas
households in the South East UK spend their income in a relative entngsive way.

The average energy expenditures of households in Stockholm and Feedrikst
almost the same, and just in between the energy intensities peinditures of
households in Groningen and the South East UK.

Table 3: Average expenditures associated with indirect energy requirements

Spendingg€) Indirect energy (GJ) | Energy intensity (M)J/
Groningen 15,300 97 6.3
Stockholm 19,500 141 7.2
South East UK 29,000 234 8.1
Fredrikstad 24,400 182 7.1
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Figure 5 a-d: Breakdown of the indirect household energy requirements in the 4 cities

Total energy use

Figure 6 shows the total energy requirements divided in direct and indiexglyarse

both per household and per person. The total energy requirements ofeadidus
Groningen are the lowest (216 GJ per annum) whereas households in the UK requi
more than 40% more energy (374 GJ per annum) to run their daily life. Households
Fredrikstad also require more than 300 GJ per annum whereas househald&ho|St
require 236 GJ per annum. Wheoking at the total energy requirements per person, it

is interesting to see that the total energy requirements per perStockholm (141 GJ)

and Fredrikstad (138 GJ) are almost the same. In Groningen, the total energy
requirements are relatively low (116 GJ). Although the total primary energy
requirements of households in the South East UK are the highest, due to a lalgav
household size, the total energy requirements per person (147 GJ) approaches the per
person energy requirements in Stockholm.

Total energy requirement (GJ)

400
350
300
250
200
150
100 |

50 |

Mindirect energy

Bdirect energy

per hh. p. person p. hh. p.person p. hh. p. person p. hh. p. person
Groningen  Stockholm UK Southeast Fredrikstad

Figure 6: Total energy requirements per household and per person
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Also interesting to notice is the share of indirect energy in thé hotesehold energy
budget. Except for Groningen this share is about 60%. In Groningendtrexirenergy

use accounts for 45% of the total household energy demand. Typical nuotars f
average Dutch household for this ratio are 55% for indirect energy use and 45% for
direct energy use.

When comparing the average spendings in Euros and the average total energy budget
of households in the cities with the national average of the countrytyhe part of, it

turns out that except for the South East region of the UK, the taedyerequirements

of the city households are (well) below the national average. $his line with the
spending patterns: the spendings of households in the South East of the highare

than the national average whereas the spendings of households in Groningdavare b
the national average. Table 4 shows that this is not the case in Sweden amag. Nor
Spendings of households in Stockholm and Fredrikstad are (pdititeve the national
average household spendings whereas the total energy requirements of an average
household in these cities is below the national average. Obviousligelnolds in
Stockholm and Fredrikstad spend their income in a more environmesaalhyg way, at

least from an energy perspective.

Table 4: Average total spendings and total energy requirements per country and per city/region

TheNetherlands Sweden UK Norway
Average|Groningen |Averagg Stockholm [Average |South Average |Fredrik|
NL region Sweden UK East Norway [stad
region
Spendings€) 21,302 | 16,625 20,290 20,850 25,750 30,190 25,919 26,955
Total energy (GJP 249 216 263 236 340 374 312 308

Change Options

In this paper we addressed the issue of sustainable consumption at tbeetjtiaking
into account the direct and indirect energy requirements of householdsriaus
European cities. By gaining insights in the energy budgets of hodsehdhese cities,
we aimed at finding guidelines for reducing the environmental load, expressetgy e
terms, associated with household consumption at the city level.ujlthwe presented
average figures in this paper, it is obvious that there is no such thing asei@ye
household. Individual households are characterized by different features (®mae,n
type of house, quality of life standards, etc.). A broad range of characserist
determines the way an income is spent and thus the associated householdwelgagy
Rather than presenting a long range of possible options that can lead towards more
sustainable household consumption patterns, we are interested in idgnsiygtem
parameters influencing the energy budgets of households. Using energysatalysi
portray household metabolism provides insight in how to searcthéomge options at
various system levels:

The macro level

At this (inter)national level the structure of the economy or thetsire and efficiency

of the energy supply system are important factors that determine they energ
requirements of households. Both the economic structure and the energy supply system
are important determinants of prices of goods and services and the energiyyimten
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consumer items. The indirect energy requirements account for aboutf hiadf total
energy budget. Households cannot change the energy intensities of goods amed.servic
This kind of changes take place at the production side of the economy. It was also
shown in our study that the efficiency of the energy system and the fuelisack
influences the household energy requirements significantly.

At this level, change options to reduce the household energy requirearenter
instance:

= Changes in the subsidies/tax regime (i.e. higher taxes on resoudcé&snen
taxes on wages)

= Stimulation of locally produced open air grown food
= Measures to improve the energy efficiency of the industries

The meso level

The meso level is the city level or the regional level. Citiesasa great diversity and
every city is characterized by its own specific features. In many cases the physical
structure of a city such as the infrastructure, the presence oédtiffgpes of industries,

and the way buildings, houses and other facilities are located play a ser@ius tiod

way households organise their daily life. Also, qualitative aspectsasithe quality of

the public transport system, the environmental quality of the directusaliregs, and

the quality of the dwelling are important determinants of household energy budgets
Poor quality houses, often occupied by lower income households, requeesnergy

for heating purposes. Therefore, change strategies for lower income households might
be more effective when focussing on direct energy use rather than on teetiedergy
requirements. At this level, change options to reduce the hddsatergy requirements

are for instance:

= Facilitating public transport while discouraging car traffic and parkinginvitie
city

= Imposing energy saving measures for housing projects

= Facilitating local food shops for locally produced open air gréveal

The micro level

Micro level changes take place at the level of individual households. These rgesha
in the way households divide their budget over different consumpitgmns and
categories. The highest potential of energy reduction is at the micro leeel s
households themselves have the biggest influence on their consuipgtierns. There
are many possible changes of very different kinds, for example:

= gspending money in a different way (changing the composition ef th
consumption package)

= saving direct energy use (for example by energy insulation and using less
electrical appliances)

= having vacations closer to home and using other transportation means tha
planes.
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In the Toolsust project, the main focus is at the meso level. Howevers hetame

clear that when searching for strategies to reduce the energy requirements lobldouse
consumption, change options at all three levels should be incagoradividual
households can make choices in their daily life that resultlawar energy demand.

But it should be realized that households are part of a complex systencin mdmy
actors play their role. The interrelationships between the various leneetrucial when
composing strategies aimed at ‘greening’ our present day consumption patterns.
Without a good public transport system, people are not likely to not usectrei
anymore. Buying locally produced, open air grown food requires the presence of
locally-produced-food shops in the neighbourhood, and saving on the eidirgy
requires a good quality house. At various levels different stakeholders angeghvol

Designing strategies aimed at reducing the energy requirements of Hdssimands
a fair understanding of the system at various levels, and a clear picttive ofost
important stakeholders playing a role in identifying and immeleting the most
promising change options.

Discussion and conclusions

7.1 Discussion

In this paper some general salient results are presented. Furdhgsea of the results

will surely produce more detailed insights in the total energyinements of different
household types in the four cities. For the first time the DEA&R model was applied

for other countries. For this purpose, most of the database of tirabfEAP model

had to be modified. As much as possible, data of the country of origgnused in the
analyses. However, we were not able to replace the complete Dutch data set with
country specific data.

We experienced that collecting identical types of data in various countriesyis ve
difficult. National statistical bureau’s collect and present data in (sligkifferent

ways. The effects of using different types of data need to be studied further. We expect
that in some cases the use of different statistical data might significaihience the
outcome of the analyses. This is true for both economic-financial bladgedt surveys,
Input-Output tables, energy prices etc.) and energy data (direct energy sessons

and households). Completing the various data sets with bettetyodata is also a
priority for further research.

With respect to the EAP model, Wilting [3] did an extensive study regardig th
uncertainties of the Dutch EAP model and the outcomes of the model. Aardodi
Wilting uncertainties in the energy intensities of individual sectors areost cases
between 6 and 8% and uncertainties in price levels of products are around 10%. An
example of an uncertainty analysis for an individual product (a wholenead) is

given. The maximum uncertainty of the product is calculated to be 20%. Sined no
uncertainties lie in the same direction the 95% confidence interviabeviless than

20%.
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Concluding overview of the findings

About direct energy requirements:

Large differences exist in direct energy requirements among househdlds in
four cities: expressed in primary energy terms the average direct energy
requirements of a household in Guildford are almost 50 % higher than i
Stockholm. When taking into laccount the efficiency of the elettr&ipply,

final energy demand of households in Fredrikstad is the highest.

Large differences exist in the share of electricity in the direct energgraeof
households. Electricity counts for more than 50% of the direct energy use in
Fredrikstad whereas in other cities this share varies from 16% to 30%.

The share of motor fuels in Fredrikstad and Guildford (30%-35%) is much
higher than in Groningen and Stockholm (18%-19%), indicating a more
intensive car use.

The direct energy requirement differs significantly per type of é¢loais: In
Stockholm direct energy use of various household types varies from 34 GJ to
208 GJ whereas in Groningen direct energy use varies from 43 GJ for a student
household to 175 GJ for households living in a detached house.

About indirect energy requirements:

Large differences exist in the indirect energy requirements amarggholds in
the different cities. The average indirect energy requirements of hodsehol
Guildford are more than twice as high (234 GJ/household) as in Gron@igen (
GJ/ household).

Indirect energy requirements are strongly related to the absolutdirspdavels.
However, also the energy intensity of expenditure patternsiiéecamposition

of the consumption package) should be taken into consideration. The energy
intensities of Euros spend on food (9-10 ) Hnd recreation (8.5-10 M)/are

the highest. Spendings in the category house (rent and mortgage) have a low
energy intensity (2 Mégj.

The average energy intensity of households in Groningen are the lowest whereas
the energy intensities of households South East UK are the highest. The average
energy intensities of households in Stockholm and Fredrikstad do et dif
much and are just in between the energy intensities of expenditures of
households in Groningen and the South East UK.

About total energy requirements:

Large differences exist in the total energy requirements amorsgholds in the
different cities. Households in the South East UK require about d@ye
energy to run their daily life than households in Groningen.

The total energy requirements per person in Stockholm and Fredriustad
almost the same, whereas in Groningen and the South East UK the tajgl ener
requirements are respectively the lowest and the highest.
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Except for households in Groningen the share of indirect energy is @@fzuin
the other cities. The share of indirect energy of the total energy bufiget o
households in Groningen is 45%.

About change:

Change options to reduce the total household energy budget can be found at the
macro-, meso- and micro level.

When searching for change options, trends in the household sector are also
important. Current trends such as increasing income levels, householondiluti
growing populations, and aging of the population are likely to head to an
increase in the total household energy requirements.

By changing their consumption patterns, individual households dodiens

to reduce their energy budget. The degrees of freedom of individual households
to change their consumption pattern differ significantly and are detsintig
factors at all three levels. It is clear that changes at the macro leveh@nging

the energy intensities of goods and services) are inevitable to sgilific
reduce the household energy requirements.

Conclusions at a more general level:

The EAP model is a valuable tool to explore the relations betweesehold
consumption patterns and energy use.

Indirect energy use accounts for (approximately) half of the househald tot
energy use. Therefore, it needs to be considered in policy making.

Information about the energy efficiency of spendings is valualitiednnot be
presented and used without considering basic needs and quality of life.

Energy profiles of different household types often differ a lot from theagee
picture. There is a need for individual consumer advice about more energy
efficient consumption patterns.

Large reductions in household energy use, such as a factor four or more, seem to
require substantial changes in the energy intensity of the produsystem
together with major shifts in expenditure patterns and possibly athaced
household expenditures.
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Abstract

An integrated input-output model is a useful tool for tracing environmental impéct
consumption. By including impacts originating from production lapénsfinite order,

the methodology is highly relevant for studies operating in eclitde context. In this

work we show how the input-output approach can be used to enumerate the problem of
sustainable consumption. From our recent as well as ongoing research, we present
examples of key indicators such asf£&missions, and extend the analysis to a range of
spatial scales, from the national to the household level. Finadlydiscuss the policy
relevance of the different indicators.

1. Introduction

Living means consuming, and consuming causes resource depletion and environmental
degradation. Some contributions to environmental pressure arise from estiviti
associated directly with households. These are, for example, the consumtiets of

and water in the house, or the consumption of petrol through driving a privatesvehicl
The resources needed and pollutants emitted by households are diadet
requirements

Households also cause environmental pressure indirectly through the cdasuaipt
goods and services. The corresponding resources and pollutants needed to satisfy
consumer demand are calledlirect requirementsThese indirect requirements occur

in the numerous industries situated in the countries in which the goddsearices
demanded by the consumers are produced. However, in accordance to Adam Smith’s
classical statement that “consumption is the sole end and purpo#iepoddaiction”

(Smith 1776 Volume 1l Book 1V), they are ultimately being demanded Hmy t
households.

Indirect requirements must be understood as of “infinite orddns means that they, in
the case of the provision of a train journey, for example, not oclyde environmental
pressure caused by the very train journey, but also through assemblimgithent
running the stations, producing the steel for the train and the concrete faatibe s
buildings, producing the materials for the respective steel and cerfactbries, the
machines to mine the iron ore, sand, etc, the steel to produce the mining equamaent
so on. This process of industrial interdependence proceeds infinitely upsiream
direction, through the whole life cycle of all products, like th@nbhes of an infinite
tree. The sum of these direct and indirect requirements of resources and {golfitan
called total requirementsA technique used to calculate total requirements is input-
output analysis.

The aim of the paper is to outline some analytical techniques for drgrsimstainable
consumption. The paper is based on recent and ongoing research carried aut by th

171



authors. A common characteristic for the past and recent research projects is the use o
an integrated, generalised input-output approach to analyse a range of pobsy issu
Another characteristic is that the environmental impact of consumption d&s b
analysed at different scales: from national, state, city and househejibgi@res. The
possibility of making studies of relevance at both the macro and mi@s lis one of

the benefits of input-output analysis.

The focus of this paper will be on empirical indicators of relevance tmaisig the
environmental impact of consumption. Without restricting the gengi@libur results
and conclusions, the impact of g@missions will be considered as an example.

The paper is organised as follows: in Sectiafifierent methodological approaches for
analysing sustainable consumption are introduced. Section 3 describes empirical
indicators on a range of spatial scales for the @@ssure of consumption. The policy
relevance of these indicators is highlighted in Section 4. Finggtion 5 concludes

the paper.

2. What is the environmental pressure of consumption and how to

estimate it?

Energy analysiswas developed for the assessment of both direct and indirect
("embodied”) energy requirements for the provision of goods and servitemndtional
Federation of Institutes for Advanced Studies 1978). A bottom-up appro@dess
analysis is usually employed where energy requirements of the main producti
processes and some important contributions from suppliers of ingotgh main
processes are assessed in detail (for example by auditing or using disparate data
sources), and where the system boundary is usually chosen with the uiclieystiaet

the addition of successive upstream production stages has a small effect on the total
inventory. The Institute for Energy Analysis, set up in Oak Ridge, Teemesslo74,
established guidelines for the investigation of energy supply and comveystems in

terms of the net energy output (Peetyal. 1977b) or the energy service delivered to the
consumer (Devine 1979).

Early studies already recognised that process analyses carry significant systematic error
due to the unavoidable truncation of the system boundary. Herendeen, Hannon, and
others at the Center for Advanced Computation in Urbana, lllinaseftire suggested

to employ input-output analysis in order to account for energy requiteragginating

from inputs out of upstream supply chains of infinite order (Herendeen 1973). Sgce thi
statistical, top-down approach suffers from various shortcomings such as aggregatio
and allocation errors, Bullard and co-workers (Bullatcal. 1978) developed a hybrid
analysis technique, combining the main advantages of process and input-output
analysis, that is completeness and specificity.

With the increasing recognition of the threat of anthropogenic climate change, the
emphasis in assessments of energy supply and conversion systenas fedriftenet

energy to embodied greenhouse gas emissions. Nevertheless, greenhouse gas analyses
were still carried out using process, input-output, and hybrid techniques (forencefer

list, see Lenzen 1999).
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3. Indicators for the CO , pressure of consumption

An integrated national input-output framework including the linkage ofuwuopson
and other categories of end use to production activities, and further to eremtahm
effects, has many applications when combined with other data sources. Tis@moff
foreign trade statistics makes it possible to analyse the embodied envitahmeden
in commodities traded between countries. This points to a national emanbal
accounting principle founded in consumer responsibility and to the concept of
environmental balances between countries. Developing both these indicatonsawit
multi-regional framework including foreign input-output and environ@lestatistics
will form a basis for valid estimations of the environmentaldbar sharing between
countries.

Combining input-output and detailed household expenditure data makes filedgsi
analyse the environmental pressure from household consumption. If hbttuse
expenditure data and household characteristics can be linked, this opens up a wide range
of studies in the field of “the socioeconomics of environmental pressu

In the subsections below, different empirical indicators founded intagrated input-
output approach are described. The indicators cover a range of spatial applications from
national down through city, commodity and household levels.

3.1 National indicators

National CO ;, accounting and the influence of foreign trade

Especially for open economies such as Denmark, taking into account the greenhouse
gases embodied in internationally traded commodities can have a considdhabiee

on the national balance of greenhouse gases. Increased export of commodities produced
in Denmark, for example, increase Danish energy consumption and greenhouse gas
emissions, while the opposite holds for imports into Denmark. kisyarard and
Pedersen (2000) report that a significant amount of electricity and otkegyen
intensive commodities are traded across Danish borders, and that between 1966 and
1994 the Danish foreign trade balance in terms of @@eloped from a 7 Mt deficit to

a 7 Mt surplus, compared to total emissions of approximately 60 Mt. Emisgjares

to be reported to the Intergovernmental Panel on Climate Change (IPCQ) redlect

national ‘greenhouse gas responsibilities’, but simply refer motadeal emissions.
Consequently, meeting national emissions targets is becoming niftioeiltd for
Denmark, since an increasing part of greenhouse gas emissions from Daricly isrri
caused by foreign demand.

Similarly, Subak (1995) investigates methane {Ceémbodiments in the most GH
intensive agricultural goods, and the possibility ofs@d#dkage. Subak points out that if
greenhouse gases embodied in trade flows were more closely monitored, leakage would
be avoided and moreover, trade could serve dg #actoabatement control, since
countries with insufficient greenhouse gas credits from emissions trading esxchem
would import commaodities from countries with more efficient indas.

These two examples highlight the relevance of a revision of greenhouse gas accounting
practices for the Conferences of Parties (COP) under the UN Framework Camzentio
Climate Change. In Kyoto in 1998, differentiated emission reduction tsaripe
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industrialised nations were negotiated for the first time. However thegets were set
without consideration of international trade.

One way of dealing with international trade in regard to, €@®ission is by applying
input-output models. Some studies dealing with environmental factors in aaligster
input-output framework assume closed economies. Most studies employrsiigie

models where imports are either treated as exogenous (that is to be determined
externally, see Schaeffer and Leal de Sa 1996, Wyckoff and Roop 1994, and Common
and Salma 1992a), or endogenous (that is an intrinsic element of the modenzee L
1998b, Pedersen 1996, and Denton 1975). In both cases, however, factor embodiments
in imported commodities are determined by applying the domestic production recipe
and energy use structure.

Using a single-region input-output model and assuming that factor usese@n
industries are identical to those of domestic industries cardudeoan error into the
CO, multipliers (the amount of Cembodied in a value unit of commodities produced)
and hence into COembodiments in internationally traded commodities. In order to
arrive at more realistic estimates of the amount of @@bodied in commodities traded
internationally, one can employ a multi-region input-output modeluding multi-
directional trade flows.

Combining Denmark, Germany, Sweden, Norway and the rest of the world, we have
investigated three trade scenarios:

1. Five autonomous regions that are completely decoupled with regard to inter-
regional trade: imports are treated as domestic production.

2. Unidirectional trade into Denmark: the introduction of foreign production,
energy and C@data relaxes the assumption inherent in Scenario | that foreign
industries exhibit factor multipliers that are identical to those of Dbanis
industries.

3. Multi-directional trade between Denmark, Germany, Sweden and Norway, and
from the rest of the worfd: inclusion of feedback loops and capture of direct,
indirect, and induced effects of trade.

> The trade from Denmark, Germany, Sweden and Norway to the rest of the world was assumed to be
negligible in terms of total imports of the rest of the world.
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Scenario  [: Scenario Il Scenario Il
Autonomous Unidirectional Multidirectional
economies trade trade

o ®/\/\

OO0 OC

Figure 1: Schematic of three trade scenarios
(DK = Denmark, D = Germany, SV = Sweden, NO = Norway, RW = rest of the world).

Using the multi-region input-output approach, it is possible to deterr@Danish
national CQ balances (see Tab.1 below). In contrast to conventional emissions
accounts, these balances are expressed in terms of embodiments in final, daman
include CQ embodied in imports. They thus reflect consumer rather than producer
responsibility for CQ emissions.

Scenario I: Auton. econ. [I: Unilat. trade [1l: Multilat. trade
CO; responsibility 63.0 74.2 73.1

Exports 34.2 43.4 43.2

Imports 38.9 59.3 58.0

Trade balance -4.7 -15.9 -14.8

Table 1: Comparison of 1997 Danish CO; trade balances obtained from input-output models with varying
degrees of trade interaction.

In 1997, 58.3 Mt of C@were emitted from industries operating on Danish territory, and
reported to the IPCC (producer responsibility). The transition from prodiacer
consumer responsibility (scenario 1) increases the €fissions associated with Danish
production by about 10% or 4.7 Mt to an overall 63.0 Mt. While 38.9 Mt are embodied
in imports into Denmark (27.4 Mt into Danish industries, and 11.5 Mt directly iegort
by Danish households and governments), 34.2 Mt become embodied in espadhzst
Denmark exhibits a negative trade balance of 4.7 Mt. In the transition froarsckto
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Il the CQ responsibility of Danish final demand increases from 63.0 Mt to 74.2 Mt,
because generally, foreign industries are more-iBt@nsive than Danish industries,
thus increasing overall imports embodiments from 38.9 Mt to 59.3 Mt. Asut rthe
trade balance is negative at 15.9 Mt. Taking into account the multilatetal gtructure

of all regions changes the picture only slightly. Effects work towidrel€vening-out of
regional differences: Relatively Géntensive economies such as Denmark and
Germany experience a general decrease, while the opposite holds for Swmeden
Norway. The Danish COresponsibility is now 73.1 Mt, while trade balance is —14.8
Mt.

These results demonstrate that it is important to explicitly consider tdugtion
recipe, energy use structure and @missions of all trading partners, in order to arrive
at realistic figures for C©embodied in trade, and hence for the national contribution to
emissions, based on consumer responsibility.

Growth in national CO , emissions analysed by structural decompaosition analysis

Over the past decade, decomposition analysis has proved to be a useful tool for
analysing changes in energy consumption, see e.g. Chen and Rose (1990), Li et a
(1990), Rose and Chen (1991), Boyd et al. (1988), Lin and Polenske (1995), Bruin et al.
(1996) or Liu et al. (1992). A few studies have also decomposed changes in @snissio
e.g. Common and Salma (1992b), Halvorsen et al. (1991), Ang (1997), Chang et al.
(1998), Wier (1998) and Wier and Hasler (1999).

In their studies Munksgaard, Pedersen and Wier (2001, 2000), integrated input-output
analysis has been combined with structural decomposition analyssaim of the
studies were to analyse which factors influenced the change ine@@sions from
Danish household consumption over the period 1966 to 1992. Contrary to the multi-
regional study described above, these studies have been foundethgteaegional
approach only including Danish data. This implies the treatment of impprbdaced

by Danish industries.

Decomposition analysis is carried out by changing the impact factors ooaebin

order to quantify the contribution of each factor to total chaimgyemissions. The
contribution of each factor is estimated as the change in the factor iedltigyl the

other factors. The impact factors considered in the studies include, among others
growth in total consumption, change in the composition of consumptianges in
energy intensities and changes in fuel mix in production sectors.

Total Danish household consumption increased by 58% in fixed prices over idek per
1966 to 1992. We found, however, that total,Gfissions from Danish household
consumption only increased by 7%. This points to the fact that overaih@Dsity has
been reduced significantly (-35%) over this period.

Results from the studies show that overall growth in household cptisunof energy

and other commodities has been the main driving force behind growtyiarfiissions

over the period 1966-92. This was partly offset by reduced energy intensity in
consumption caused by substantial energy conservation in the households, glge ener
supply sector and other production sectors during the whole period plus chatiges in
commodity mix in private consumption. Over the period 1966-92 change in the
composition of consumption has been insufficient to compeffsatbe overall growth

in Danish consumption.
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The highest growth rates in household consumption were observed in thenptios

of services, transport, and recreation and entertainment. This indicatesnghangi
consumption patterns towards a life style with more telecommunicatiomrg traveling

and more leisure activities. From an environmental point of viewddgnglopment is
mainly beneficial since services and recreation and entertainment are cregddbgri
lower than average COintensities. However, the increasing demand for transport
services may constitute a severe problem in the future and consideffabie should
therefore be made to control g@missions from this activity.

Consumption of non-energy commodities in Danish households accountsést as
much CQ emissions as consumption of energy commodities. In 1992, emigioms
energy use accounted for 21 million tonnes whereas emissions froraneoyy
commodities accounted for 20 million tonnes.

Emissions from consumption of energy commodities increased by onlycl#1®66
to 1992 as direct household emissions have decreased continuously since the mid 1970s
due to energy conservation and shifts towards lessif@énsive types of heating.

CO, emissions from non-energy commodities increased by 15% from 1966 to 1992,
mainly due to overall growth in private consumption. Our decomposition sasaly
shows that, if all other factors were unchanged, increasing private consumptitth wo
have caused a 47% increase in,@missions between 1966 and 1992. However, this
growth was partly offset by energy conservation in production. If enetgpsity in
production sectors had remained constant at the 1966 level, indirecer@i€sions
would have been 31% higher than they actually were in 1992. Thus, if thadvea

firms had remained unchanged, the environmental consequences of private ciomsumpt
would have been much more critical.

3.2 City indicators

For cities, and regions within nations in general, the problem ofsisgesvironmental
performance is complicated by the need to establish a boundary and to deal with a much
more specialised and open local economy. As an example for city assessinecits,
(end-use) energy requirements were audited in the Urban R&duction Project
established by the International Council for Local Environmentaativies (Brugmann
1996; see also Bennett and Newborough 2001) with the intention of assessing
greenhouse gas emissions. This project developed into what is nhow knowrCégethe

for Climate Protection (CCP) campaign which has more than 500 member
municipalities (see www.iclei.org/co2). The basis of the assessment procddure, t
establishment of the emissions inventory, is outlined in softdaveloped by Torrie
Smith Associates (2002) in Toronto, Canada. The Association of America
Geographer'sslobal Change in Local Placgsroject is another, independent effort to
examine the causes and effects of climate change at a local level ¢Katel998).

In assessing a local area, one has to distinguish between greenhouse gas emissions
occurring ina local area, with emissionssulting fromthe activities required to support

the local population. There are many important indirect emissions thajraned in,

for example, the CCP approach. While accounting for environmental pressure on a
purely territorial basis may be appropriate for impacts such as localisedpaihgion,

or urban microclimate, an assessment of global impacts such as cliraate meeds to

take into account indirect contributions. Katet al. (1998) do identify indirect
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emissions as important. However, in the CCP approach "the marginalit behef
computing and applying full-cycle coefficients did not seem justifig the benefits"
(presumably a more complete emissions inventory). Ketted. (1998) admit that "all
greenhouse gas emissions could be linked to final consumption behaviouhebut t
extent to which such a principle should be and can be applied is a centrdécatisn

in the methodology of local emissions inventories"”. This isyapgk#losophical point: a
city exists fundamentally to support the lives of its inhabitamte fact that for
example a steel-making facility is located in one area, the output chvdhearly
supports populations elsewhere, does not mean it is appropriate to appadrtiosn al
emissions from the facility to the local inhabitants. This apprakas not invalidate
emissions reduction action taken within the steel making facilityneains that this
action benefits all future users of the steel.

Indirect emissions and boundary issues become critical when compaairgonsade
between cities or local government regions. In CCP studies &on@g, very large
differences, sometimes up to an order of magnitude, in the per capitan@i§sions of
local government areas in the same country have been observed. Tlersaahf are
primarily due to the nature of the accounting of indirect emissions. Gonpd&, people
who happen to live in a central business district are largely not @bf@for the large
amount of electricity used by the businesses in that*akeaomparison on the basis of
local per capita emissions is therefore of limited meaning.

A comprehensive and consistent assessment of cities and regiobe aahieved by
applying input-output analysis and multi-variate regression techniques. Inyao$tiine

Australian city of Sydney, Lenzen, Dey and Foran (2002) calculateeholds’ energy
requirement using input-output-based energy multipliers, and egdntine correlation
of these energy requirements with socio-economic-demographic ‘eariabch as
expenditure, household size, age structure, number of children, housenypeyment
and education status.

3.3 Commodity indicators

Several studies have investigated the amount of energy or environméetid &ke

CO, embodied in different kind of commodities, see e.g. Faist et al 2001, Wilting and
Biesot 1998, Vringer and Blok 1995. Indicators for ranking the commodities most
often been specified in units of physical effects in e.g. kg per urgbwimodity in
value terms. The techniques used for analysis are most often input-angdysis,
process analysis or hybrid analysis.

In the study done by Munksgaard et al 2001, €@issions from different non-energy
commodities are estimated by the use of a single-region input-output. niabée 2
shows CQ emissions and CQOntensities in 1992 for eight aggregated groups of non-
energy commodities.

8 Lariviere and Lafrance 1999), for example, exclude industrial electricity consumption from their
regression analysis of Canadian cities, because it is not explained by any city characteristics.
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Table 2: CO; emissions for aggregated commodity groups in 1992

Commodity Group C@emission CO; intensity
million tonnes CQ kg/DKK

Direct CO, emissions

Electricity 8.2 -

Gasoline 4.7 -

Other heating 3.5 -

oil 3.2 -

Gas 1.6 -

Indirect CO, emissions

Foods 5.5 0.16

Recreation and entertainment 3.9 0.12

Transport * 3.0 0.18

Household appliances incl. operation 2.8 0.05

Clothing 1.6 0.12

Services 11 0.07

Beverages and tobacco 1.0 0.16

Health 0.7 0.1

*) Includes vehicles and public transport services. Source: Munksgaard et al (2001:151)

Looking at total C@ emissions in 1992 the consumption of foods is the biggest non-
energy contributor accounting for 5.5 million tonnes,C®Ohereby, consumption of
foods is responsible for more than 10% of total Danish, €@issions from the
household sector. Comparison of indirect and direct household emissions thaeals
only emissions associated with electricity consumption (8 miltmmes CQ) are
greater than those associated with the consumption of foods. In comparisoimegasol
consumption only accounts for 5 million tonnes, CO

Next to the consumption of food “recreation and entertainment’nspart” and
“household appliances incl. operation” are the biggest C@ntributors. Not very
surprisingly “transport” is the commodity group having the highest B@nsity (0.18
kg/DKK). However, the production of “foods” and “beverages and tobacco” is also very
CQO; intensive, which is shown in table 2. The commodity group having the lowest CO
intensity is “household appliances incl. operation” (0.05 kg/DKK).

Analysis on a more detailed commodity level reveals even largeatioais in CQ
intensities. In 1992, the most g@tensive commodity was public transport, followed

by various kinds of food products. Commodities having the lowest G@nsity
include various types of services. This implies that greater demand for sevgetset

with reduced consumption of commodities such as transport, foods and beverages will
be accompanied by major decreases in @@issions.

In fact our results show that policies directed towards household consumption of
commodities other than energy offer considerable potential for refl@1 emissions.
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As the differences in the Gantensity of the various commodities is sizable, changes in
commodity mix towards less G@ntensive goods could be of significant importance.

The reduction potential of altering the commodity mix suggests policieddsheu
directed towards this end. One possibility is eco-labelling, another is a gween
program in which the highest levies are imposed on the most polkaimgnodities.

Such policies would encourage the consumers to spend more of their budget on
commodities with low C@intensity. However, the impact of a green levy program will
depend on how price elastic demand for different commodities is.

3.4 Household indicators

Indicators of the environmental pressure of households make it lgossicompare
households that are different with regard to socio-demographic household
characteristics such as income, age, education, urbanity and number of children.

Different family types have different lifestyles and consunmmptgiatterns and hence
affect the environment in different ways. Household indicators are useful fasmgse

the environmental effects of different household types, making iilp@de identify
family types representing high environmental pressure. Furthermoregehodais
indicators reveal the environmental effects of changes in househaldcteristics,
therefore informing the environmental consequences of future demographic and
economic scenarios.

Household indicators can be specified in different units, e.g. per househpler o
capita. Corrections can be used to eliminate the positive influence of irenaanghe

influence of more household members. This leads to household compaasedson

the emission intensity of consumption measured as for example kg emislsiove to

household income, or kg emission relative to number of consumet units

Studies linking input-output and household expenditure data for entire couravies h
been undertaken by a number of authors. The techniques was introduced by Herendeen
in the early 1970’s and first applied to the US economy of 1960-61 (Herendeen and
Tanaka, 1976), the Norwegian economy of 1973 (Herendeen, 1978), and again the US
economy of 1972-73 (Herendeen et al., 1981). The demographic factors considered in
these early studies were total expenditure (related to income), numbeusshbé
members, and regional population density. The main resultesd tharly studies were

that (1) a substantial part of a household’s energy requirements igwtedsty non-
energy commodities, (2) total energy requirements increase less thantiprapovith
income, that is, total energy intensity decreases with income, (apia energy
requirements decrease with the number of household members, and (4) urban
households exhibit a lower energy intensity than rural households.

“" When comparing various household types (e.g. urban and rural households), most studies make
adjustments for differences in household size by applying per capita household energy requirement.
However, there may be economies of scale in consumption, as commodities can be shared in larger
families and as item prices may decrease with purchased amount. Therefore, each consecutive household
member counts less than the previous one. Furthermore children count less than adults, as their
consumption is lower. An approach to this problem is to apply a scale of consumer units, weighting
household members according to their decreasing impact on household consumption. An example of this
is consumer units defined by the modified OECD scale, where the first adult person in the household
counts 1, other adults count 0.5 and children count 0.3.
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These results were confirmed in similar studies on other countries, such as the
Netherlands (Vringer and Blok 1995, and Biesiot and Noorman 1999), Germany
(Weber and Fahl 1993), New Zealand (Peet et al. 1985), Japan (Aoyagi et al 1995:
Kondo et al 1996), and Australia (Lenzen 1998).

Recent Danish research

In a recent Danish study (Wier et al., 2000) on energy consumption and deriyed CO
emissions, more socio-demographic household characteristics were inclmded.
addition to disposable household income, urbanity, and number of adulthiiten in

the household, characteristics such apetyf accommodation (flat/house), age,
education and employment status of main income provider in the lwdiselre
included. The Danish study suggested that in Denmark the above mentioned main
results hold: household income is the main explanatory variabkeh@lis for direct as

well as indirect energy consumption. Direct energy consumption increabeiseaine,

but less than proportionally, however, due to saturation. BeskjgEnaiture, house
type, urbanity and age are important too. This is due to increased transportdtion an
heating needs for families living in houseslam rural areas, compared to for families
living in flats and in urban areas. Furthermore, age has a small, but sighifituence,

as young households have lower direct energy requirements.

Indirect energy consumption turned out to be almost proportional tonecwith the
remaining explanatory variables having very little importance. Unahgrlthe higher
energy requirements for families in higher income brackets arg, fiigher total
consumption of all goods, and second, that consumption pattern changescoiitie.in
Thus, high income families have much higher indirect energy consumption due to
higher share of energy intensive goods like recreation activities and trgvelir more

on this, see Wier et al, 2001.

Household size, which is highly positively correlated to household dipesy has
only minor, (negative) influence. Consequently, in Denmark sharing gooldsger
households is not sufficient to decreaseheeidirect, nor indirect energy consumption
significantly.

Level of education and employment status do not make any notewoirdngdde. The

fact that these variables, which in turn may be related to lifestyle@mlimer values

(see e.g. Bourdieu, 1989, 1990; Turner, 1988) have minor importance for direct energy
consumption is supported by other studies (cf. Stokes et al. (1994), Pedersen (1997,
2000) and Jensen (1999)).

Multivariate approaches

The input-output based approach has its limitations, however. In analysingltience
of more socioeconomic variables on household emissions gf t6® shortcoming of
input-output analysis is that the method is not able to determine thicaigee of the
relative impact of the different variables considered. Such kind o¢lations analysis
calls for multivariate regression analysis, which is able to agtithe effect on energy
requirements (or derived emissions) from a change in each househn@dle, when
controlling for the effects from other variables.

In an ongoing study (Lenzen et al., 2003) a multivariate analysis of emngiyements
of households in Australia, Brazil, Denmark, India and Denmark is being catried

181



This analysis reveals that for all countries, except for Japan, expenditine nsain
explanatory variable — for Japan this is urbanity. In all cabesexpenditure elasticity
is lower than or equal to 1, indicating that energy demand is ratastic with regard
to household expenditure in all countries. Urbanity has signifioagutive influence in
all countries, except from India, where the effect is positive. Age hasisagipositive
influence in all countries, except for Japan. More results on othasehold
characteristics — and on the inter-dependencies between them — can be foamzkm
et al. (2003).

3.5 Overall environmental performance indices — the DEA approach

Most input-output based studies consider solely energy consumption apd CO
emissions. However, consumption is related to a large number fefedif types of
environmental degradation. As the commodity mix in consumption changeshamge

will have different impacts on the different types of environmentalspres The
previous studies described in this paper, have not provided infommatithe effect on
other types of environmental pressure than energy ancke@@sions.

The main reason for not including other types of emissions has ihsefiicient
emission data. In the past decade however, several countries, among others Denmark,
have improved their environmental statistics, and begun developingoemental
satellite accounts, compatible with traditional economic natiacebunts meaning that
economic flows, physical flows and emissions can be linked altogéthdre Danish
environmental account system, various physical flows like energy, woad etc are
estimated. In addition, various emissions are included, e.g. energy retassibas of

CO,, SO, NOx and particulates, NMVOC, NCand CO emissions from transportation

and industry, and CEINH3; and NO from agriculture.

Using this system, it is possible to estimate, not only @@ission indicators for
various goods, countries, or households, but now also emissioregrfofil each unit,
including all types of relevant environmental effects. The advantage afiemgofiles

is that much more information is provided, compared te @@icators. The drawback,
however, is that large amounts of information may be difficuibterpret. As a shift in
commodity mix may imply multiple effects, e.g. increasing,Gfnissions together
with decreasing NE emissions, it is complex to assess whether improved
environmental performance in general occurs, or not. Consequently, to reduce
complexity, there is a need for weighting different types of envirotah@ressures —
due to their relative importance — together in a broad environmental performdage i
aggregated across environmental pressure types.

From an economic point of view, the ideal environmental index would nedlser
reduction or increase in social welfare following the change in environhpetsure.

The best way to aggregate across different types of environmental pressure, ¢that is, t
weight different types of environmental goods (or “bads”) together, wmikb assign
weights to each pressure type due to society’s preferences measured by marginal utility,
which in turn equals prices. Environmental goods are, however, mestrat supplied

and demanded on any market and hence, have no observable prices. rigspnizes

on environmental goods is in principle possible, but is, howewst)ycand entailed

with large uncertainty.
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The DEA approach

One way to overcome this problem is to apply Data Envelopment AngdEi8).

DEA was introduced by Charnes et al (1978) as an alternative approach to the
measurement of productivity or efficiency in firms or enterprisesghwvaie either using

or producing goods not directly bought or sold in a market, and which consequently
have no observable prices. Productivity is normally assessed as the valuputfper

unit value of input (output productivity) or the amount of inputs used petinutput

(input productivity). Without prices, the values cannot be estidhdiut using the DEA
method, another type of productivity or efficiency analysis may beedaout to
compare different units (e.g. firms). In short, the DEA method opéisnan artificial
“price” or “weight” for each unit in the analysis, in terms of th&ugaof output divided

by value of input. The philosophy behind this approach is that as the DEA niethod
chosen exactly those “prices” (or “weights”) that gave the best possslt fer this

unit (e.g. a particular firm), and it turns out to be less efficieah tother units (other
firms) even so, then we can conclude that this unit does not perform well.

Correspondingly, DEA can be used to compare units with regard to environmental
performance. Environmental efficiency may be understood as the tiqwssible
environmental pressure per unit produced or consumed. The units may be tdifferen
firms, plants, sectors, goods, countries or households. The DEMddnetights various
pressure types together estimating an aggregated environmental performance index.
Previous DEA analysis on environmental performance of varioustrgesimave been

made by Taskin and Zaim (2000, 2001) and Zofio and Prieto (2001), and of
environmental management systems by Sarkis (1999) and Sarkis and Weinrach (2001)

Recent Danish results

In an ongoing Danish study, we apply DEA on good and household level in order t
compare the environmental performance across goods or household types. Until now,
we have aggregated the emissions into three types of environmental effects gdoordin
their relative effect or contribution to a particular type of pressure. Greenhosss gas
like CH4, N2O and CQ can be weighted together in a Global Warming Potential index,
CH4, NMVOC and CO can be weighted together in a Photochemical Ozone Creation
Potential, and finally S& NOx and NH can be weighted together in a Potential
Acidification index. On top of this, DEA is used across household types negahd

three types of environmental effects. Currently, we are adding effects indices on
contributions to Ozone Depletion Potential index, natural resowepletion and
groundwater contamination. The analysis shows that familieg limiurban flats have

the most environment-friendly consumption pattern — and low and middle@co
elderly families have the least environment friendly consumption pattkntil. now,

this is to some extent revealing the same pattern as energsereqnois analysis due to

the fact that several of the included emission types are energy related. Tmaeas
pressure types are included, we expect these conclusions to change.

An aggregated environmental performance index is valuable to decision-matez as
as to citizens as they provide a simple way of revealing success or failpodicids.
The development in the environmental performance index holds informah the
environmental effects of a given policy. If the policy is directed towards holdseho
firms or sectors, it is relevant to consider environmental performangesnfbr these
units. If we consider national or international policies, the enwirental indices should
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be estimated at national level. Together with economic indicaiek as GDP, the
environmental performance indicator provides a good foundation for pailading
based on comprehensive information in aggregated terms.

4. Policy relevance of the indicators

For environmental policy-making the relevant question will alwaysf e certain
change in the environment is good or bad and further, how good or h@W bdek able
to guide political decision making environmental indicators must therehtore some
normative implications. Environmental indicators must be able to ggomiformation
support to allow such a value judgement, ideally based on explicit watenss, (eg.
Olsthoorn et al (2001)).

In this perspective we will highlight the policy relevance of the indicators descim
Section 3.

= National accounting of CQand other environmental pressureSccounting
based on the consumption approach makes it possible to monitor whether
national consumption over time is putting a greater strain on the envinbnme
Using the production approach makes it possible to verify if international
agreements on reduction targets are fulfilled and further, if the linkeleet
economic growth and environmental impact can be broken.

= Environmental trade balancegive information about the environmental
pressure put on other countries by domestic consumption. One practical use of
such an indicator is to judge the fairness of international agreemer@©.0n
burden sharing mechanisms. The appropriate apportioning of national
contributions to climate change entails the calculation of greenhouse gas
emissions embodied in international trade. The latter can be carried out
conveniently using a multi-region input-output model. The redtdis these
models impact on concepts of equity, and on producer and consumer
responsibility, and therefore hold implications for negotiations tlaé
Conferences of Parties in the UN Framework Convention of Climate Change,
the forum for international negotiations on greenhouse emissions.policy

= Multi-regional input-output modellingalso serves as a tool to analyse the
potential for minimising the global environmental impacts from consumption.
By comparing national environmental multipliers, e.g..Q@ultipliers, for
comparable industries or commodities it is possible to point bigimcountries
are most efficient to produce given types of commodities as seen from an
environmental point of view. Such kind of analysis might be useful in aoder
estimate the environmental benefits from restructuring intiemel trade.

= Analysing growth in national COemissions by structural decomposition
analysispoints to the importance of decoupling overall growth in consumption
from growth in environmental impacts. This can be obtained by focusing on
measures influencing household consumption habits. Shifts in conymmikit
towards less C@intensive goods could be of significant importance since
energy intensity differs significantly among commodities. Toeget with
Commodity Indicatorshowing the embodied amount of environmental pressure
in a value unit of a commodity, these tools can be used to assess environmental
effects of changing consumption patterns. To change consumption patéern
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environment-friendly way, product related environmental information to
consumers (e.g. eco-labelling) would be a relevant policyuim&nt. Another
instrument is a green levy programme for consumer goods in whicimdabke

CO, polluting commodities bear the highest levies would encourage the
consumers to spend even more of their budget on low-intensity guouts
services. Finally, a third way of influencing demand for low,Gfensity
products would be to increase environmental levies on the industrhidiias

the drawback that imported commodities then become more competitive, giving
the consumers an incentive to consume commodities produced in countries
without any environmental levies.

= Indicators of the environmental pressure of househatdsuseful to assess the
environmental effects of different household types making it possibteentify
family types representing high environmental pressure. Furthernauselmold
indicators reveal the environmental effects of changes in compositiamily
types, therefore assessing the environmental consequences of future
demographic and economic scenarios.

= General environmental index (DEAJhe development of the environmental
performance index holds information on the environmental effects ofem giv
policy. If the policy is directed towards households, firms or sectors, it is
relevant to consider environmental performance indices for thess. uhit
national or international policies are considered, the environmémdales
should be estimated at a national level. In combination with econaditators
such as GDP, the environmental performance indicator provides a good
foundation for policy making based on comprehensive information in
aggregated terms.

5. Conclusions

Integrated input-output modeling serves a useful tool to link environmdfgatseto
consumption. Such modelling considers consumption (final use) as thetdépsin a
process leading to environmental impacts. Present and ongoing research carried out by
the authors show a great variety in applicating the methodology, faiimnal to
household environmental indicators.

Using the example of COve demonstrated in this paper that an integrated national
input-output framework has many applications when combined with othesalatees.

The inclusion of foreign trade statistics makes it possible to anahgserhbodied
environmental burden in commodities traded between countries. This @aimational
environmental accounting principle founded in consumer responsibility @ritiet
concept of environmental balances between countries. Developing both theatons
within a multi-regional framework including foreign input-output amironmental
statistics forms a basis for valid estimations of the environmentalebusharing
between countries.

Combining input-output and detailed household expenditure data makes filedgsi
analyse the environmental pressure from household consumption. If hbtmuse
expenditure data and household characteristics can be linked, this opens up a wide range
of studies in the field of “the socioeconomics of environmental pressu
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Within the field of environmental pressure of consumption we point tierelnt
indicators and applications:

= National accounts of environmental effects based on producer or consumer
responsibility can add valuable information to assess whether the link between
economic growth and environmental impact can be broken.

= Environmental foreign balances are indicators measuring the envirtaimen
pressure put on other countries. Applied for the emissions efti@Oindicator
has impact on concepts of equity, e.g. the burden sharing principles discussed in
the forum for international negotiation on greenhouse emissions policy

= National environmental multipliers based on multi-regional inpapatu
modeling make a basis for discussing trade policies directed towards minimising
the global environmental impacts from consumption. By comparing the
multipliers for comparable industries or commodities it is pdesgin point out
which countries are most efficient to produce given types of commodities as
seen from an environmental point of view.

= Assessment of the environmental pressure of changing consumptiomgpatte
over time can be founded in structural decomposition analysis fgcosi the
economic driving forces behind changes in environmental pressure. Such
commodity indicators point to regulatory measures as eco-labeling and a green
levy programme for consumer goods or for industries.

= Indicators for the environmental pressure of households make a basis fo
identifying family types representing high environmental pressueselly
pointing to the socioeconomics of environmental impacts.

= Finally, using an integrated input-output model within a DEA approach makes it
possible to develop general environmental performance index including a
weighting of the pressure of more than just one environmental eSech
environmental indices provide a foundation for monitoring the ovienplct of
a given environmental policy over time.
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Abstract

Life Cycle Assessment (LCA) is the flagship analytical toothie Industrial Ecology
“toolbox”, with a history of 30 years of practical application in bottustry and
government, and a global and growing body of practitioners in indastl academia.
LCA points to opportunities for:

a) consumers to select products which are “greener” (that is, less environmentally
damaging from an overall perspective), and

b) producers to manufacture greener products.

The LCA approach’s initiation and development has been steered by the goal of
avoiding “burden-shifting” from one environmental problem to anotherpaon bne life
cycle stage to another. Even with LCA’s challenging breadth, LCA-basgedies can
miss burden shifting within the realm of sustainable developmedtcan also miss
opportunities for greater progress on sustainable developmest gbia first required
expansion is to include outcomes of an economic and social nature iraddithe
current environmentally-related “Areas of Protection” which are used in. LThAe
second required expansion relates to the framing of the quésgetinRather than take
product-based delivery of a function as the pivot point of the analysipropmse to
guantitatively examine alternative ways that decisions alter the leveltisfaction of
fundamental and rather universal human needs for target shares tdtipoguwithin
societies.

In this paper we summarize the need for such an expanded framework, which we term
Life Cycle Sustainable Development (LCSD). Next, we explore the feagsibifi
establishing an expanded set of “Areas of Protection” which address the scope of
sustainable development; we suggest that one solution to this ckaliesng lie in
recently proposed frameworks of core economic needs. Then we articulate the concept
of need-required income (NRI) and summarize the results of recent araiy$iesand

its evolution over time. Finally, we propose an analytical approach@&DL main

data sources and modeling methods which, in combination, can provide dityajoab
identifying and evaluating choices, from the level of individwasociety, in terms of

their consequences for levels of core human need satisfaction irefesipand future.

Background: From Green Products to Sustainable Development

Life Cycle Assessment (LCA) is a quantitative and comparativeaddtir supporting
the identification of environmentally preferable product choices andyrdegptions.
LCA has a history of 30 years of practical application in both indastdygovernment,
and a global and growing body of practitioners in industry and academiae ébie of
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LCA is the concept of the “functional unit”: a quantitative measure of the amdunt o
function delivered by a product system or servic€EA as currently practiced takes the
delivery of a specified unit of function as a givéerthen informs inquiries about the
total system-wide environmental consequences of delivering this fanatia
alternative product systems, and it points to opportunities for:

a) Consumers to select products which are “greener” (that is, less erstatign
damaging from an overall perspective); and

b) producers to manufacture greener products.

The primary advantage of the LCA scope lies in its ability to help decrsmkers
avoid “burden-shifting” from one environmental problem to another,@n fone life
cycle stage to another.

LCA is increasingly cited as a tool that can help guide the search for pattierns
“sustainable consumption,” and in achieving movement towardstaigable
development. In particular, proponents have begun to cite “life cyalagement”
(LCM) as becoming increasingly capable of serving these two goal$4 haS been
defined many different ways. In general, it is seen to consist of thgration of life
cycle concepts (“life cycle thinking”) with other information sysis and metrics for
management decision making in firms.

In our view, while LCA has value and LCM has promise, neither as currentigived
is up to the task of promoting sustainable consumption or suswidaklopment
except in a narrow and partial way. This is true for the following reasons:

= The focal point for LCA is a specified unit of product-delivefedction; this is
a limitation because purchased products are not the only nor always the yest wa
to achieve a function, and because need satisfaction, rather than rfunctio
delivery, is closer to the core objectives of sustainable development;

= The focal point for LCM is choices by and on behalf of firms, ezithmong
alternative products or (possibly) alternative operational choites;is a
limitation because while profit-seeking firms are an important segment of the
partnership of actors who must work together for sustainable developmesat, ther
are also other decision making perspectives which must be empowered with
decision support;

= The scope of the impacts is generally environmental and resource impacts, as
well as impacts on human health via environmental pathways; thisrigation
because there are also important socio-economic pathways to human health

consequences, and because the perspective of sustainable development tends to

embrace a wider set of “areas of protection” than human health, environmental
health, and resource sufficiency.

= The model scope generally excludes consideration of dynamics and price
adjustments in both product markets and labor markets; this is tatimi
because market supply constraints and price responses can limit the power of
income growth in the aggregate to provide for need satisfaction in the aggregate:
while more money to an individual enables that individual to ise&rea
consumption and need satisfaction, more money to everyone mdy bichpip
the prices for need-satisfying commodities that are in short supply;
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= The model scope generally includes processes that are connected by appreciable
material or energy flows excluding processes connected by economic flows or
other causal influences which are non-material in nature; this mitatlon if
we are attempting to provide decision makers with best estimates of the
consequences of possible decisions.

Important environmental gains can be achieved by substituting aliernproduct
designs at the level of a fixed functional unit (and thus within fixed wopton
patterns). However, it is becoming increasingly clear that progress owffegency”
(economic output per unit of environmental burden) alone will not achievgdals of
sustainable development. For one thing, if economic output escalatgstlfest eco-
efficiency, net environmental impacts continue to increase. Secondly, thelexb-c
“triple bottom line” of sustainable development includes economid aacial
objectives, in addition to environmental ones. Third, aggregate economiat auip
consumption are properly viewed not as ends in themselves, but only as megais t
ends.

A life cycle framework that means to truly serve the quest forisasie development
can no longer neglect the “other” imperatives of sustainable developmeundirrgl
poverty reduction, increasing life expectancy and opportunity. Atnégmmim such a
framework must be expanded to ensure that measures for achieving envied yaest
avoid burden shifting to the socio-economic aspects of sustainable developviere
positively, an expanded life cycle-based framework will helpsi@cimakers innovate
within a broader space of possible options, and to identify within tipiarebed space
those options that provide environmenaald social and economic benefits. Finally,
sustainable innovations only have an impact to the extenthatbecomedoptedby
industry and consumers. Thus, an analytical framework for “sasiaiconsumption”
must address alternative patterns of consumption in terms of consumer acceptability,
environmental efficacy, and socio-economic feedback loops.

Framing Sustainable Development

Sustainable development means more than escalation of economity agithin
environmental limits. There are two frames for sustainable developmeatorigimal
expression came in 1987, in terms of “meeting the needs of present igesenathout
compromising the ability of future generations to meet their needs.” Duen§AP0s
sustainable development has more commonly come to be expressed in telrifiaieth
“pillars” of economic, environmental, and social objectives or indicators.

In adopting life-cycle-based methods of analysis to assist sustéynanalysis, which

of these frames or conceptions of sustainable development is most suitabdg?em

At first glance, it would seem that the more recent “three pillar” approach isgicallo
choice: LCA could simply expand its set of impact categories or “areas etpoot to

include social and economic measures of product system performance. Thideekpa
indicator scope is the general tack being taken by corporate performance measurement
systems such as the Global Reporting Initiative (GRI 2002) as thesensysiove from

an environmental focus to a sustainability scope.

There are two problems with this approach. First, there is the proliferatiodicedtors,
with no easy means in sight for their integration into an overatesc This problem
might eventually be solvable, but at present there is no clear meetsad, movement
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continues to be in the direction of increasing indicators in each of the categori
environment, social and economic.

A second, deeper, yet much more subtle problem with the three pillars apg@ach i
inherent conceptual rather than a solvable technical problem; this endency to
confound development with economic growth. From within the preseatiyentional
mind-set, with “economic sustainability” as one of the three pillars, the term
“sustainable development” is readily understood to mean “constrained naicono
growth,” as if economic growth were an end in itself. In this view, sustainable
development then brings to the development program a set of social ammheewntal
limiting conditions or at least competing sets of indicators which mugtadppled with

and somehow weighed, traded-off, or balanced in evaluating alternataes nier
sustaining economic growth. But since we know that money is onlydaedh and
partialmeango human ends, then we must remember that the same is true of aggregate
affluence. Of course everyone acknowledges this fact when pressed, but atraker ti
and in other analysis frames we lapse nonetheless into treatmgpmic growth as an
end in itself.

Both these limitations can be addressed by building upon the broader, more rdcent an
more enlightened definitions of development. Streeten (1995) traces tleicgvo
within the development field, of the definezhd of development as progressing
economic growth, to employment, to redistribution and alleviaticgcohomic poverty,

to fostering human development. Rather than development meamingasing
aggregate affluence, or increasing industrialization, development is properly edaluat
in human rather than economic or technological terms, as increasing suactessiny
basic human needs (Streeten 1981, 1995). The evidence and fruit of develgprmoént
that business is booming nor that wheels are spinning, but rather thet bemgs are
thriving. Development is sustainable when present day thriving sireoliiaty builds
rather than erodes the basis for future generations to thrive.

This brings us back to the original definitionsaistainabledevelopment: better meeting
the needs of the present while preserving or enhancing the ability of futuretipeisera
to meet their needs. We propose to construct a framework for sustainatitg oherd

that is centered on present and future satisfaction of core human needs. Aswve sh
below, defining an operational set of need-based indicators, while a ckadaliag

for creative input and dialog from many perspectives and experts, appears lpaactica
doable.

Elements of a Sustainable Consumption Framework

A long-standing general conceptual framework in which to consider theoemental
impacts of consumption is the so-called “IPAT” identity firstacluced by Commoner,
Ehrlich and Holdren in the early 1970s (e.g., Commoner 1972; Ehrlich andeHold
1972). This identity casts total environmental impact as equal to the prddine o
influence of population, affluence, and technology:

| = PAT i)
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where impact might be in units of tons of CO2 emitted per year, affluenceurstin
such as $ per capita, and technology is in units of tons CO2 per dollar of output.

Very recently, Waggoner and Ausubel (2002) proposed a “renovated IPAT yitlastit
a framework for sustainability science, which disaggregates the “technologyinierm
two distinct constituents: an intensity of use term, “C”, in units such asgailofuel
per $ GDP; and an efficiency term “T” in units such as emissions COZ2afien @f
fuel.”® The affluence and population terms remain as in the original framewdaHatso

| = PACT @)

This framework has the obvious advantage that it separates the influence oidecisio
and trends in consumption from production efficiency. It is obviouaslyotogically
correct. The integration with LCA might be accomplished in getfrabnsidering the
intensity of use term, C, to reflect functional units per dollar GIBRd it provides a

basis for structural decomposition of past trends in impact, as well astimating the
impacts of technology and consumption changes on environmental impacts. What it
misses, however, are thmurposes, drivers, and benefitd consumption. Thus, it
provides one way to decompose past consumption trends, but it ontg #ssipurely
technological efforts aimed at achieving progress on sustainable consumption.

We suggest that a framework for sustainable consumption analysis thae lypmtiof
inspiring and informing the search for decisions, innovationd, molicies that will be
both technically effectiveand successfully and lastingly adopted by consumers must
first break theimplicit identification or confusion of well-being with consumptiolt
must do so for several reasons:

= First, product policyevaluatorsmust bear in mind that consumption is only
instrumental to meeting human needs; it is not properly seen as ant¢he
objective function for sustainable development;

= Second, product policiprmulatorsmust work within a framework that provides
explanatory power regarding the motivators and drivers of personal consumptio
choices, which is the attempt to satisfy a variety of needs; feedbackfloops
today’s to tomorrow’s consumption drivers;

= Third, we will all benefit from recognizing the phenomenon of “constion
efficiency”, a now-neglected (indeed, invisible) but highly infludntiaver of
consumption aspiration levels and the extent of human need satisfaction

We address this third point in more detail in the next section.

8 A similar proposal was made in 1990 by Y. Kaya (“Impact of carbon dioxide emission control on GNP
growth: interpretation of proposed scenarios.” Paper presented at the IPCC Energy and Industry
Subgroup, Response Strategies Working Group, Paris, France.) Thanks to Edgar Hertwich for this
reference.
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Affluence vs. Need-Required Income
We propose to make explicit the facts that income and consumption are ins&dumen
rather than final ends, by decomposing the “affluence” tatmtivo constituents:

N, the level of need satisfaction per person; and
S, the service intensity of needs satisfaction.
In addition, we suggest decomposing “technology” into two terms:
T1, the output intensity of final demand; and
T2, the emissions intensity of output.
Thus, total (environmental) impacts can be expressed
| = PNSCTT S)

The term N should be conceptualized as a matrix, whose rows correspond totdifferen
basic needs, with a column for every person in the society, or for segofetite
population. A draft set of core needs is elaborated below. For the present alisaussi
consider the core need of mobility, which might be loosely defined as tlity &ii

move between work, home, and the other loci of activity with reddersafety and
timeliness. We note in passing that equation (3) is a conceptual device rather than a
“model”; the relationships between the terms in the equation wile hienportant
nonlinearities. For example, there are generally diminishing returreedfgatisfaction

from increasing levels of service.

The term S, the service intensity of need satisfaction, can be conzguted a matrix

whose rows are the core needs and whose columns correspond to different dimensions
of “service.” In the transportation example the unit of service might be ik of

travel per person per year. Note that societal factors (e.g., proximity ¢dyengmt to
housing) as well as individual choices influence the service intensity of needs
satisfaction. Levels of service will generally correspond to fanatiunits in LCA.

The term C is the consumption intensity of services, in units such aso$afodity per

unit of service. C can be conceptualized as a matrix whose rows are the different
categories of service, and whose columns are the different commodities (ealyomic
traded goods and services) which may be used to deliver a service. In fact, a third
dimension of this matrix would enumerate the alternative commaditgles that can

be used to provide the service set in question. P*N*S*C =y would equal the total
amount of commodities being purchased in order to provide the populatioritsvith
current level of need satisfaction. This vector y is termed “final ddimia national
economic statistics. Note that societal factors (e.g., the availalfitypublic
transportation, the characteristics of the road network, the willingsfessighbors to
carpool, etc.) will influence which consumption options are present in C and what
guantities of commodities are required to achieve given levels of service.

The sum of the elements of the vector y = P*N*S*C is equal to tctesomal
consumption expenditures, which in the US accounts for roughly 2/3 of total gross
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domestic product (GDPY. The sum of N*S*C over the commodities is equal to per
capita consumption, which is analogous to the “affluence” term in P#el land
IMPACT frameworks described above. A value of the IPNSCTT framework is that it
makes clear the instrumental nature of consumption and affluénsieows that the
affluence term is a function of the given levels of need satisfacimh of the
consumption required to achieve this level of need satisfaction. The inverse of t
product S*C can be considered a measure of “consumption efficiency” — the arhount o
need satisfaction achieved by a given level of private consumption. The inverse of S
provides a measure of the “service efficiency” of a society — the amount of need
satisfaction achieved by a given level of service delivery.

As the work of Segal (1999, 1998a, 1998b) has helped clarify, the inverse of S*C,
which we have here termed “consumption efficiency”, andctwvi8egal referred to as
“the social efficiency of money”) has both individual and social dinoassi

At the individual level, consideration of consumption efficiereyinds us that:

= To “live well” is an “art,” and ideally one continues through life to e
one’s understanding of, and skill at satisfying, the myriad human needs in a
balanced way; and

= Levels of satisfaction for several basic human needs depend sigthyficpon
attributes of work besides wages/income.

At the same time, consumption efficiency reminds us that, to make edfguthigress
towards sustainable consumption is likely to require not only individoaices, but
also action at the level of groups and society as a whole:

= An individual's ability to achieve needs satisfaction at a given level ofeds
partly dependent on the person’s social, cultural, and physical envirb(ergn
the availability and effectiveness of public transportation, and thHandss
between housing and work drive the cost of mobility);

= The motivations, choices and consequences of consumption choices of
individuals influence those of other individuals;

Segal (1998a, 1999, 2002) explored the level of income required to meet basic
economic needs in the US: housing, mobility, food, health care, do#ulucation, and
economic security. The analysis indicates that the US economy/society asahasol
evolved during the past half-century in a way that has involved major reuidtio
consumption efficiency — that is, major increases in the level sucoption required to

meet basic levels of core need. This was especially true in the need categories of
housing, mobility, health care and education.

The history of attempts to identify the basic needs required ¢calitgood life” is at

least as old as Aristotle. Indeed, some of the prominent threads of work attgtopti
relate basic needs to economic development (Sen 1998, Nussbaum 1998) build
explicitly upon the Aristotelian framework. Both of these authorsppse to
characterize basic needs as necessary “capabilities to function.” aNosgh998)
proposes a set of basic capabilities to function which is intetoldze universally

9 Other components of GDP in the US accounts are gross private fixed investment (16%), exports les
imports (net —1%), government consumption and gross investment (18%) and change in private
inventories (1%). Figures are for 1997, based on Kubach and Planting, 2001.
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applicable across cultures. Within the field of psychology, Mas®%&) and more
recently Max-Neef (1992) have proposed sets of basic human needs.

Segal (1998) critiqued Nussbaum’s approach, noting how it might be quite cbletesta
across cultures. He then proposed to resolve much if not all of this cudlatalism

by focusing on a subset of the basic human needs, which he termeecoamnic
needs. A slight modification of Segal's set of core economic nsedammarized
below, where we have opted to differentiate education from the care ofchiidt in
school:

= Housing: safe, minimally attractive housing a reasonable distance frdm wor

= Transportation: safe public or private transport allowing family bems to
travel quickly among the central points of everyday life (ehgme to work,
schools, stores, communal activity)

= Food: ample, healthy, reasonably diverse and enjoyable food
= Health care

= Clothing

= Education

= Economic security

= Child care (pre-school and not-in-school)

The intergenerational equity aspect of sustainable development also has,|dast
some decision makers, contemporary corollaries at the indivachd societal levels:

Individual: seeking to meet one’s needs while leaving intact or improving the
ability of others to meet their needs; and

Societal:  seeking to raise (and perhaps attempting to universally achieve at
least minimum) levels of need satisfaction.

Indeed, the impact term “I” in equation 3 is ultimately of interest tmdm decision-
making because of its influence on levels of need satisfaftiionumans alive today

and in the futuré® We could therefore reformulate equation 3 asf(®sS, C, T). The
sustainable development challenge is thus to seek levels of P, S, C, and T whigh achie
desired outcomes related to need satisfaction, today and in the futuselff@and
others. Thus, a need-based framework for LCD has a closed-loop property, asnshown
Figure la. Methods to provide for present and future needs are evaluated in terms of

0 The needs set certainly includes sustaining environmental quality, carrying capacity, resource health,
and environmental beauty. Because of our interdependence, an individual’'s needs are partly served by
the satisfaction of the needs of family and friends; the same holds true for the environment. But human
needs may also include the preservation of biodiversity and ecosystem health as ends in their own right,
even where a relationship of “dependence” has not been demonstrated. Stating that human needs are the
basis of evaluation of human decisions is not “anthropocentric” in the sense that it excludes the possibility
that humans will feel and act upon the need to nurture all of life on earth. A related point is that some of
our needs are met by the very act of serving other’'s needs. This discussion pertains to issues beyond the
scope of the proposed research, but is an important reminder of the fiction inherent in the simplified model
of humans as autonomous need-satisfiers.
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their impact on the provision of present and future needs. This is irasbtd the
linear, “open loop” nature of the more traditional framexgo(e.g., IPAT, IPACT, Life
Cycle Assessment, and eco-efficiency) which is illustrated in Figure 1b.

Figure 1a: Recursive nature of need-based framework

Figure 1b: Linear influence chain from affluence to consumer choice through technology to impacts

In a need-based framework for sustainable development and “sustainable consumption,”
the term N helps define a feasibility/acceptability constraint and possblgs as part

of an objective function, while the terms T, C and S all represent separate qioints
leverage to achieve progress. The approach must also attempt to idehtiéflect the

most important driving factors of individual consumption choice, amel most
important feedback loops between individual choices and the evolution @rthe T,

C, and N. This brings us to subjects of consumer theory and modeith@conomic +

life cycle consequence assessment.

Consumer theory and modeling

There are macro and micro-based approaches to modeling consumeoheWéyiwill
address application of both in this project. Macro-based approaches work at tloé level
populations, and attempt to explain or predict market shares for diffgternatives as

a function of first cost, life cycle cost, other product attributes, ad a=l
economic/demographic population characteristics. This type of modeling is often
referred to as consumer choice theory or discrete choice analysis (e.g.kiBaraAd
Lerman, 1985). Regression analysis is used to estimate parameterslals i@t
forecast new purchase market share responses to product prices and other
characteristics; multinomial logit and probit formulations have becamgopular
approach in models for integrated assessment and energy demand modelingyby pol
makers and electric utilities. As one among myriad examples, stralmawork for
modeling of consumer demand responses to policies was recently applied in a major
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study of CO2 reduction potential and impacts for the Canadian goveri@emadian
Government 2002). These modetwplicitly capture the influence of realities such as
variability in preferences and prices among consumers, limitedffeqi information,
non-rational information processing, and the influence of naregactors in consumer
choice.

Regression-based models rely on the assumption that relationships amondenelsr
of demand and market shares among alternatives will continue to deispihe future
to key driving variables (such as income, first cost, usage efficietcy,as they have
responded in the past. Such an assumption can be relevant in a worldniyith
incremental changes in lifestyle, technology, costs, product characseristi
demographics, etc. However, for sustainable product policy, we may wismtdyide
options for new products that are revolutionary and novel rather tbesmantal. We
may also wish to consider significant changes in life styles. Fumtrer as noted
earlier, we would ideally like to work with a model that explicitly refleckaeels of
need satisfaction. And finally, we would prefer a modeling framework that ilplic
characterized many different segments of the population, e.g., differeis lefve
income, different demographic groups, etc.

For these reasons, it is advisable to build into the LCSD framework the emehging
techniques for adaptive agent modeling of consumer behavior, as is being pioneered by
Jager and his colleagues (e.g., Jager 2000). Adaptive agent modeling and simulation
has become feasible in recent years with the revolutionary increasasmputing

power, and is being increasingly applied to study behavior in sogsiémss; an
overview is provided in (Liebrand et al. 1998). In these models, the behavior of
individual decision-makers or “agents” is modeled explicitly, with the dppiay to

study dynamics that evolve from the interaction of the agents over timgent A
interaction can be important for consumption, as it can explicitlyatesuch important
processes as information sharing and competition. Agent decision ruleethescan

evolve over time, as a result of such factors as learning and habit-formation.

While some adaptive agent approaches to consumer behavior assume rational or
optimizing decision rules, the “consumat” approach developed by Jager réfiects
realities of non-optimal behavior, as well as processes of sarigbarison and habit
formation (Jager et al., 2002). This approach is based on a comprehensiveotelta-

of human behavior, which integrates explicit modeling of need sdtisfadrivers and
context-dependent methods of cognitive processing (see Figure 2).
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Figure 2: Conceptual meta-model of consumer behavior (from Jager 2000, p. 97)

Economic and life cycle consequence assessment

As illustrated in Figure 2, consumer behavior co-evolves with the resteo$dcio-
economic system. Impacts of consumption on the economic system are oaimoport
for two important sets of reasons in life cycle-based sustainable consurapéitysis.
First, there is the standard need within life cycle assessment toatestithe
consumption-driven perturbations of process output (and correspomipagts on
process emissions and resource consumption) within the supply chainsrodtale
product systems. Second, there is the need, not currently met within standard LCA
frameworks, to address “rebound” consumption due to differenatisgnsable income
wrought by product alternatives that differ in life cycle cost, and to estifeatdback
effects of initial consumption changes upon second-round consumpgon,income

and prices, upon levels of need satisfaction. Need satisfaction impacts depend in tu
upon prices, levels and types of employment, distributionaleatiueconomic impacts,

etc.

Not only is consumption income-driven, but as mentioned earlier,dhie of Segal has
made clear the role of price evolution and market dynamics on themslaip between
levels of consumption and need satisfaction. For example, in a residemiising
market with a limited supply of safe houseggregate increases in income — even if
universally achieved — will bid up the price of the safe housing rather than allowing
higher levels of satisfaction of the need for safe housing.
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We propose that a modeling framework for life cycle sustainable develdprould
therefore include a dynamic input/output-based LCA model with an endogenous (and
disaggregated) household sector, dynamic labor markets with migration, dynami
capital investment for both growth and replacement, and regionalomdon
competition. For example, we propose to adopt for LCSD application the&yPol
Insight” model developed by George Treyz and colleagues (Treyz 1995). We suggest
that for “sustainable consumption” analysis, this new dynaf@idife cycle framework

would then be integrated with a bottom-up system of consumer behavior modeling suc
as the “consumat” approach of Jager, and with assessments of how core economic needs
are being met. The integrated modeling approach is represented schematicgllye

3.

Figure 3: Conceptual modeling framework for Life Cycle Development

Consumer
model

Economic
model
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Abstract

In order to be able to realise the transition towards sustainable consumptionribtioes
suffice to offer ever more sustainable products and services, housefibldave to

make changes in their purchase decisions and in a broader sengetlasolifestyles.

To incite the desired kind of changes in purchase decisions and lifestyg@easeeds to
understand how households operate. In addition one needs to know how thet relevan
markets work with respect to enabling/facilitating the changes in purchases and
lifestyles.

The research challenges following from the above sketched sustainable consumption
problems amount to:

1. Describing and modelling consumption behaviour in a way that enables researchers
and policy makers to identify principal driving forces of consumpti@mds in the
medium to long term, as well as identify the interplay between tivngirforces,
whereas driving forces encompass economic, social, cultural, demographic and
technical factors;

2. ldentifying those factors that are suitable for policy interventas,well as
identifying the necessary conditions for such policy interventionsetdeasible and
effective, and last but not least to provide indications of the order ghitnde of
doses-effect relationships between policy instruments and edemmnsumption
changes.

For the kind of approaches aimed at in point 1 several concepts have belepeatkve
and testetf. Usually these methods focus on time of resources due to household
consumption, either directly expressed in physical terms, a@alipitn money terms. In
those approaches the use of time is not or rudimentarily included, whereas skills ar
entirely left out. For the eventual consumption of products and semVieanput of time
and skills has a large influence on the attainable quality leveheoahility to substitute
between alternative ways of provision and consequently on the respoinsertives
for more sustainable consumption patterns. In addition, due the implied mrice
substituting between time, money and a household’s requiremehtthevshaping of
the daily and weekly time budget of households has also a large ovdualha® on the
propensity to swap strategies (e.g. do-it-yourself vs. mechmses. outsourcing).

o E.g. household metabolism concept, household cohort models, lifestyle enriched consumption and
ownership models (see inter alia Vringer and Blok, 1995; Noorman and Schoot-Uyterkamp, 1998; Princen,
1999; Brown and Cameron, 2000; Weber and Perrels, 2000).
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The paper will discuss the need for an integrated micro to macro approach in which the
formation and use of the money budget, the time budget and the skills collsction
modelled in an interconnected way, whereas the linkage to a description of the
production system allows for translation into physical impacts (emisspasg claims,

etc.). Apart from the challenges ahead regarding estimation of functi@hslata
availability, this approach implies also that the concepts extendsylandéhe core of
consumption as such, and links closely with for example the labolem#re housing
market and spatial planning, and with the institutional and culftaading of time use
(opening times, working times, etc.). Furthermore, the approach canlbapoun two

main layers, being the medium term perspective and the long term pesspétctine

latter also life cycle considerations (career path, pension) need to get a place.

The modelling approach as described above renders indications on what falitgrs po
interventions can be focused. Apart from insight in consumervimhain the widest
sense this also requires understanding of the (dis)functioning oéteaHRor example,
what is the range of choice actually offered to consumers, what can be impraked
process of product design (e.g. consumer involvement), etc.

From a policy feasibilitypoint of view the sketched possible transition pathways are all
subject to acceptability tests from policy makers and politicians and the ptidige.

For example, up to now wealthy countries are to some extent willing to eonsid
measures that imply the redistribution of global growth in wealth. On thénand this
significantly narrows down the manoeuvring space in the transititiwpgs, on the

other hand acceptability is not based on entirely fixed criteria and imageasn@&ber
relevant research questions is to what extent and how these images and critdria migh
change.

Apart from addressing the overall concept of the integrated micro to macro approach,
the paper will highlight some aspects by means of examples, suchoasnig\social-
cultural trends in a socio-economic energy & environment model, and peet asf
quality differences within one consumption category in connection to expendi
models (related to a study on nitrate and phosphorus flows in Finlantheffoore,

some aspects of market failure will be touched upon. The overall concepsitihda#ie
account of connectivity with other (study) dimensions of sustainable consursptibn

as governance and environmental impacts.

Understanding consumption patterns - including time use, skills, and
market failures

Introduction

In the late eighties and nineties a wave of studies emerged in which one Way or
other natural resource use was linked to the consumer or to a consumption perspecti
Especially in the fields of energy use and transport applications caunrm (6chipper,

1989; Fujime, 1994; Vringer and Blok, 1995; Weber and Perrels, 2000). In recent years
the sustainability discussions are dominated by climate policy relatesk.isku the
social-economic realm that has translated itself in a focus on maanoreicostudies
dealing with emission trade, tax burden sharing, international cdivpeéiss and trade

and macro-economic effectiveness of policy instruments.
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As the evaluations of early results of climate mitigation policies start tandbdhe

need for revision and more detailing of the macro-economic agpesdecomes more
evident (UNFCCC, 2001 and 2002). Furthermore, in transport and land use planning the
ongoing failures to contain urban sprawl and congestion in many @suaind the

rising interest in road pricing has also rekindled interestléemand side studies
(Himanen, Lee-Gosselin and Perrels, 2003). Similarly, the liberalisatioledtrieity
markets has temporarily reduced the interest in demand side managementeiithe
over-capacity has diminished significantly in most liberalisedketa, while gradually

the concern about limited foresight capabilities with respect to metbum capacity
adequacy is building up. As a consequence demand side management is expected to
become soon a topical issue again in electricity policy studies (EHBA2). The
different trends mentioned will probably contribute to a resurggm@®nsumer and
consumption oriented socio-economic studies. It is however of greattanperto
ensure that next to studies that are immediately serving public or business policy
interests, progress in methodology is achieved, especially with respbet ability to

make more comprehensive assessments of the sustainability impacts of cmmsaspt

well as the ability to integrate consumption oriented studies with generalmeicono
models as well as ecological or physical models. The present paper deals with some
aspects of these methodological challenges.

In this paper the focus will be on the socio-economic analysis of the foincfiof
households, more in particular how households combine mates@liroes (including
money), time resources and skills to provide ready-to-consundigigo(or services if

you like). First the concepts of the so-called lifestyle approach will tsednced.
Subsequently, time use and consumer expenditure modelling will be édclidse
paper concludes with a list of needs for merging the approaches (in a lifestyle context)
for integrating the approach with generic economic policy evaluation mddetkie
course it gives some hints on the plans in this area in VATT.

The need for a consumer perspective in socio-economic sustainability

research

In order to be able to realise the transition towards sustainable consumptionribtioes
suffice to offer ever more sustainable products and services, housefibldave to

make changes in their purchase decisions and in a broader sengetlasolifestyles.

To incite the desired kind of changes in purchase decisions and lifestyg@easeeds to
understand how households operate. In addition, one needs to know how the relevant
markets work with respect to enabling/facilitating the changes in purchases and
lifestyles. There is, however, still a sizeable methodological gapden what we can

do today and what is needed. The discussion in this paper tries to spell out what is
needed to bridge the gap.

The consumer focus is often underrated in socio-economic studies on envi@nmen
policies, not the least in the to date macro-economy dominated climatg guidies.
There are three reasons to revise that image: firstly, private consumptiorasytst
demand category in most economies. In addition, large parts of gxpdrction (for

most countries the category second in importance) are also meant for foreign
consumption. Thus consumption of households is eventually tlre anaer for the
volume and assortment of commodities produced. Secondly a detailed modélling o
household consumption patterns offers increased possibilities to accothe &ffects
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of non-economic influences on direct and indirect energy use and relateslogsiof
households. Finally at a conceptual level both economic mainstreamhansklf-
understanding of modern democracies postulate the consumers/citizens to be the
ultimate sovereign. Consequently a modelling approach placing the consuntlees in
focus of interest may contribute to give this perspective real istama the political
process. It may thus be a valuable tool for the necessary politicalidiscon future
energy options, providing a common perspective for experts\esimus disciplines as

well as decision makers and the wider public.

The research preferably extends its orientation to longer term struchaages in
society, which have an impact on the volume and compositioonstienption patterns.

This could be termed the long-term lifestyle. Based on earlier work (WebereardsP

2000) the hypothesis is accepted that in the context of natural resourcestyéeldan

be identified by means of expenditure patterns of time and monaynlthese patterns

are on the one hand influenced by broad societal and technical changes and om the othe
hand the expenditure patterns predetermine to a significant extent the required type and
amounts of energy.
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SOCIETAL HYPERSTRUCTURE

State of the art < » Lifestyle factors
technology

- available options .~ - societal values&norms
- physical infrastructure - cultural climate

l

MANIFEST LIFESTYLE

Expenditure patterns of
Money and Time
&
Individual variations
in priority setting and habit formation

ENERGY USE
Technical efficiency <= Behavioural aspects|
- equipment parameters - purchase/ownership
- maintenance - frequency of use
- accuracy of use

" ENVIRONMENTAL IMPACTS

Climate change
Acidification

Land use & soil degradation
Waste problems
Bio-diversity
Figure 1: The embedded long term lifestyle approach and coverage of the models

The overall approach is summarised in Figure 1. As regards the operationalisation i
means that lifestyles are understood as the patterns of equipment Fogyners
expenditures of time and money and energy use of households. Similastttfestyle
concepts in sociological research, lifestyles expressed by just mentioned patéerns
perceived as dependent variables, of which influencing factors arstigated.
Contrary to approaches often found in marketing research, no Eeaptyips or types
have been identified since earlier studies in this direction provided refastiry
results. Rather, households have been differentiated by household typebsngctm

their position in the lifecycle (young singles, young couples, reidded families etc.)

in order to account for the impact of the position in the lifecycle ousdimld
consumption. Additionally, the influence of social-economic housdetioaracteristics
such as income, education level, type and number of employment, and size of
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municipality can be included. In summary as shown in figure 1, the coreeof th
suggested models is in the middle segments, but both the broader socieeat and

the first line environmental implications with respect to resglemissions are to be
taken into account in the modelling approach.

Linking home production to home consumption

The basics on combining time and money

Households purchase goods on the market, dispose of durables (capital goods) that
provide services over a range of years, and combine these consumables wigs'durab
services and own labour input to obtain a product or service that is readpgume

(i.e. a warm meal). The volume and the quality of the consumables emtliridbles
purchased depends on the (net disposable) income, the relative prices of the
commodities, and the requirement level of the household. The requirdenel is the
apparent or specified level of quality and volume of the different readyrsume
services needed. The requirement level, in turn, depends on household chacagcteris
such as household composition, household size, age of adults and children, education
level of adults, type of environment (city, village), occupancy (emplogéided, ...).

Becker (1965) introduced a first operationalised theory of integrated time andceeso

use in a household. This concept is also connectable to micro-economic (bottom-up)
description of an economy, on the one hand via the links with the latwrket and on

the other hand via links with consumer expenditures (and hence aggregate private
demand). DeDerpa (1971) added some interesting features to the basic approach. As this
relates to time saving, mechanisation and resource use intansgywell worth to

review his model.

A household produces a portfolio of ready-to-consume produ€isr £ach product;Z
it needs a to combine a bundle of purchased consumapfean® household labour
time T; . In formula:

Zi=fi(X;, T)),withi=1, ..,n @

The household disposes of an income Y, stemming from current or past labaur and/
capital services. For linking up with the labour market Y has to be decompoesgxhit
from current labour (w.J and other income sources not depending on (current) time
input. This is ignored for a moment.

What remains is a budget constraint, in which the expenditures inribeleed period
equal the income of that period.

Zi (p-X) =Y @

52 In this case also the flow of services from one or more durables are counted under X.
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This is ignoring saving and dissaving behaviour. A proper inclusionld require
multi-period treatment which also would alter the treatment of dwwaBle classifying
savings and loans as purchases of financial services one can still claim to leed cov
everything.

The difference with Becker is that in DeSerpa’s model the production timehand t
material input are not linked up with a fixed relation. For example time inpubean
larger due to lack of skills to produce the ready-to-consume good in the minimem tim

It may also be the other way around, for example excellent cookirlg skible to
produce a better meal from the same material inputs, but require merenpat. In

both cases equation (3) would be an inequality. Furthermore, libtstion of part of

the material inputs by up-to-date but equally expensive technologynierg.effective
appliances) may reduce the minimal necessary time input. In that case equation (3
would be an equality, whereas the technology substitution causesirap while X
remains constant.

Ti = a.X; 6)

The utility the household is supposed to maximise can be depicted as follows:

U=U(4,...4) = UXy,.., X5 T1,..,Tn) @)

Maximisation of utility under the specified constraints leads to theowallg
Lagrangian.

L= U(Xl,.., X T1,..,Tn) +A. (Y -2 (p.Xi)) +H. (T -2 Ti) + 2 K. (Ti - a.Xi) (5)

Wherek; = 0 (for i=1,..,n),A > 0 andu > 0.A andpu represent the marginal utility of the
money budget and time budget respectivelys a parameter that corrects the marginal
utility of time in case a ready-to-consume product is produced at the ummime
bound.

The first derivatives with respect to material input, time input apdtiintensity are:

BUI/BXi=A.p+kKi.a &)
5Ui/5 Ti = H-K; (7)
Kij. (Ti - a.Xi) =0 6)
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The marginal rate of substitution between time and purchasing power (budgst use)

5Ui/5 T; M - K;j

In case a reduction of the time spent on the production @ptoaches the technical
minimum, k; starts to deviate from 0 and hence (net) utility change is smaller dugsto lo
of production of £

Technical changes in household production often relate to maintaining (or eve
augmenting®) output levels while reducing time inputs. In ideal circumstartoedaist

unit of utility gained from time released from a technologically updated aditistiguld
equal the utility attributed to the expenses on the technological renewal.

5Ui/5 T; M - K;j
_ =1 (10)

OUi/d X; )\.p+Ki.a

In case of a very flexible labour market in which the employee has a chailalyin
labour time duration, the shadow price of tipneeould be replaced by the net wage
rate®. However in practice the supply of jobs with different daily working times is
rather limited and consequently the approach of DeSerpa does not infringelrsormuc
realism in this respect.

Elaboration and limitations of the basic model

Winston (1982) elaborated the above concepts further by introducing auougitime

use model, which enables the inclusion of scheduling and activityhgvgtcas well as

a generally more flexible treatment of input intensity. The sdmgpdaspects have been
further elaborated in Perrels (1992) eventually resulting in a setstéd multi-nomial

logit models for description of scheduling behaviour of electric ap@iarse on the

basis of household characteristics. These notions have been takenavesria or less
rudimentary way in the lifestyle oriented energy and emission mdtiksife and

ELSA (Weber and Perrels, 2000). Such scheduling models are also useful for demand

3 For example, the spreading of washing machines went hand in hand with more frequent washes of
clothing, while more recently the introduction of tumble dryers seems to have had similar effects. This
means that the requirement level is not independent from technology, thereby complicating the analysis.

*  An additional problem is a tax system in which marginal labour tax rates for working household
members are affecting each other.
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side management policy assessments, especially if time dependenteppgonsiveness
IS included as well.

One concept introduced by Winston, which deserves mentioning, is the distinction
betweengoal utility and process utility The production of various ready-to-consume
products concludes with a positive goal utility, but may have a negatcegs utility.

For example cleaning activities will often not be regarded as ‘fun to do’, letugéful

as regards their results. In those cases the drive for substitution of time use without
compromising the output is very strong. On the other hand the piado€ quite some
ready-to-consume products have a positive process utility (it's fun tevddg the goal

utility is of minor importance. In the model of DeSerpa this wouldirequdistinction
between activities with negative and positive process utilities. Releasaeofrtim an
activity to accomplish something else is supposed to have a positive effecerat

utility in the standard model (eq. 9). In a model distinguishing betweenivesgaid
positive process utility eq.9 would get a second correction factor, which might result in
negative marginal substitution values. This links welth® claim of Winston (1982)

that people do not want to save time what so ever (as DeSerpa’s model is implying),
they want to save time on activities that have negative procesesitlitd add time to
those with positive process utilities. However, thanks to the ability e§ifgint and due

to social harmonisation this substitution process is limifEus discussion on the
direction and driving force of time reallocation is very relevamt dguidance in
prospective studies, as it connects to the question whether western society isragvelop
in the direction of a ‘harried leisure class’, ‘selective epicurism’ or ‘sglardulgence’.

The approaches of Becker, DeSerpa and Winston have proven to be powerfulito expla
several phenomena. They also enable various ways of operatiomalstimodelling

time use and resource use and/or labour time decisions together (Gronau, 1977;
Lambriex and Siegers, 1993). However, this appears only possible at fairly aggregat
levels, since of disaggregated levels it appears to be very hard to link teme us
categories with material purchase categories (consumer expenditure@gfofid time

use equation estimates and expenditure equation estianatssll largely if not entirely
carried out separately. This is one challenge ahead to be improved.

The requirement level and skills

Another underrated element is the treatment of the requirement Asvebne in this

article, usually some unknown but apparently existing (notion ofquirement level is
assumed, where its level is argued to depend on household characteristicsiaasdexpla
above. However, the dynamics in these requirement levels, either due cimatiyes
considered household characteristics or due to influences outside the househad (suc
advertisement and peer groups), are studied entirely separate from the abovediscussed
modelling approaches. Usually these are sociological or anthropological studids, whic
are often hard to link to the modelling approaches (or even outright opatsdea).

This is another challenge that needs to be resolved. Most probablyiglofent
connections can be found in longitudinal analysis, meaning thaeéqbh@ement level of

a similar household type (with similar income) can still change due tonekfiactors

(trend or fashion). A possible approach is two stage estimation of Engebausing

pooled cross-section data, whereas the second stage would entail the estimation of the
trend component. This requires however a thorough neutralisatjpricefmovements

and other temporal external factors such as degree days in case of heating réeit)elect
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consumption. The nobelist Becker constitutes an exception with respewneco
analysis of some aspects related to the requirement level, such as agdienomena

and the influence of taste (Becker, 1998). However, such concepts are usually not
applicable in more generalised models of consumption as intended pager due to

lack of data (Pollak, 2002).

Probably the most difficult part of the triplet money-time-skills is #gkills part.
Systematic data on (household care related) skills are scarce and, ifleyadattered

and non standardised. Indirectly, the expenditure and time use data sets provide some
information on probable directions in skill development.

In figure 2 is shown how very different mixes of skills, expenses iar@ihput enable

to achieve the minimum requirement level (for one day mealssrcéise). With limited

skills and scarce time cost run high. With more time it is iplesgso attain the
requirement level with less expensive inputs (e.g. no fetchedspaut ingredients).
Similarly with enhanced skills it is possible to satisfy the mimmrequirement level

while using less expensive products. If skills go up more or &kitls and time rise
further it gets possible to surpass the minimum requirement, lalkkbugh beyond

some level of skills or time input that invites to raise the expeasegll. The straight
overall increase at the right hand side of the graph represents the switch towards a
restaurant dinner. With high skills and sufficient time one can also achevievhl at

home. So, if cooking skills would be diminishing on average the propdonsgy to a
restaurant would increase. There are various claims around (TTS,...; LUWat.) t
cooking skills are diminishing. This would mean that householdstarhigher cost, if

they want to keep up their requirement level, either by outsourcing thengqudct or

going to a restaurant. In all likelihood such a development would have envirohmenta
impacts. The alternative would be that households are reducing their requiteveén

or use a mixed strategy, for example cooking habits on weekdays and weekends look
already quite different in various countries (SCP, 2001).
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Figure 2: Hypothetical substitution plane between time use, skills, and expenses (offsetting variable) for
producing meals for one day

Consumption expenditure models

The basics

In economics traditionally consumption studies were typically undetete@nalysis of
purchasing behaviour and the derivation of demand equations. As a consequence this
body of theory and methods is much more developed than the combined tme an
resource studies. The advantage of expenditure modelling is that it allovesspr
linkage with macro-economic models. Since the early nineties numerous stadées

been performed in which an expenditure system is linked to an inquuitonbdel with

dual tables for natural resource use, emissions, etc. For an overview see Duchin and
Steenge (1999). The earlier mentioned E3-Life and ELSA models also incldda suc
consumption-lI/O link, but they are altogether hybrid models due to eperate
treatment of direct energy use (both at the demand and the supply side).

For a proper embedding of expenditure models, especially when used in generic
economic modelling framework (e.g. for prospective studies), the assgssimthe
propensity to save has to precede the expenditure analysis. In as far ashd@istaina
transformation policies are intent to affect investment decisions (@ dre) the
including of savings is even essential.

As regards purchase of durables it can be argued to separate them out from the other
more or less ongoing expenditures. All in all this would lead to a three stegdpre
when constructing an expenditure system:

1. Split disposable income between savings and household budget
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2. Split off expenditures on durables, model that part with a discrekeeamodel
while including elements of stock-renewal models and the possibility tavediss
or borrow

3. Estimate an expenditure system for the remainder of the budget

The allocation of the budget over consumption categories depends on income and
prices, but also on changes in the requirement level and prefencese detailed
levels. The latter elements can be not represented directly, butokeioas influences

e.g. related to differences in physical needs can be represented by. [itgamples of

these are amongst others household size, household phase, urbavémon-ur
environment and education level.

It is pretty standard to express the functions in terms of budget sharé&s t{89. case

we assume there are m product categories to which the budget is spent and for each
household type h a separate set is estimated. The equation below repraesecédled

Almost Ideal Demand system approach (Deaton and Muelbauer, 1986).

Sm=a&m+ 2 (b . 109 B) + thm . By @1)

p; is the relative price of good j andjj {1,..m...,n}, while B, denotes the disposable
real budget of household type

Obviously it should hold that

2mnSm=1 0-2)
and

2mOm=1 0-3)
as well as (14)
2m 2 bhm=0

Household preference proxy variables can be added to the basic forpnedautions
have to be taken that the aggregation conditions (eq. 12-14) are fulfilled. Felexam

Is possible to re-specify or correct the budget variable for housetzeld Aso the
constant g, could be split up. Finally, truly new additional terms could be added, but
that may require re-specification or extension of the aggregation rnessictAn
additional problem is the often separate databases availabléectapd income on the
one hand (time series) and household type specific preference proxXmesather hand
(cross sections). The non-guaranteed solution to that is the use of moneeadva
estimation techniques. If it is only a matter of household size Engedscuan be
considered.

Also a multistage budget expenditure system can be applied, meaning thataWidmi
some of the product categories, sub-categories are distinguished for which again
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allocation functions are estimated given the (estimated) budget share efetvent
main category. For example within the sector food sub-functions may betestifar
meat, vegetables and fruit, etc.

In actual application of the set of equations the results can be aggregated to national
volumes by applying the appropriate demographic multiplicators. The rdsuylts
expenditure category need to be transformed into a demand vector by producing secto
This requires a special transformation table and also a correction feragded taxes,

and other indirect taxes and subsidies.

Distinguishing volume and quality

For environmentally oriented analysis it would be attractive to anaitpseonly
expenditures, but also volumes and qualities. The use of volumes aliowdor better
precision compared to the currently commonly used coefficients in the dofuuit
tables. Furthermore, when the analysis can use expenditure obseraatiordume
observationgnd prices simultaneously, it allows for a separation of quality andn@Iu
responses when prices, income or household circumstances change.Hinnikb
AESOPUS study in which the influence of human intervention niirate and
phosphorus flows are analysed, such a separation of quality and velwaeied out
(Sullstrom and Perrels, 2002). Even the influence of trends can hopdedudlgparated
out since the study can use pooled cross-section data spread out over a period of 13
years (85, 90, 95, 98).

The following summary gives an impression of the approach. More detaiedannd
in Deaton (1988) and Brubakk (1997).

Definitions

pi(T,M) observedprice per standard uriitof commodity i in year T and month M

pi(T,M)’ derivedprice per standard unit of commodity i in year T and month M

pri(T,M)” derived price per standard unit of commodity i as experienced by
household type h in year T and month M

Xni(T,M) observed— group average — expenditures by household type h on

commodity i in year T and month M

Vhi(T,M) observed- group average — volumes purchased by household type h on
commodity i in year T and month M

Vhi(T,M)’ derived— group average — volumes purchased by household type h on
commodity i in year T and month M

WS,  weighing factor of household type h in the unit price index according te shar
the of total expenditures of household type h in the total expenditures amoddmi

= Depending on the nature of the product, these are kilos or litres, or pieces (e.g. CD’s, trousers).
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Derived prices and volumes are obtained as follows:

Pri(T,M)" = Xni(T,M) / Vri(T,M) (L5)
P(T.M)" = Zn p(T.M)" . sy 16)
Wshi = Xni(T,M) / Zh Xri(T,M) @7
Vhi(T,M)" = Xn(T,M) / p(T,M) (18)

The challenge is first to analyse the developmen} of consumption pattenmsabg of
using the total differential of the identity,>& Vi . phi

O Xni = Poi -OmVhi + Vhi. GePri + OVi . i (193)
or
o Xni = phi .OrVhi + Vii.rpni + iV . crpni- (19b)

The change in the observed (average) unit-priges dand dpn can be decomposed

into a genuine price change of the commodity(type) i and a quality change of the
observed average of purchased commodities i (or commodity types i), as shown in
eq.20:

Oh & O Phi = ChaPhi + ChnQlQni ©0)

Even though the average quality of commodity i bought by different housejp&lg t

will differ between these groups, it is unlikely that the genuine average price change for
commodities of type i differs significantly across the groups of househods.tyl his
means we assume that:

Oh=1..n" GnPnyi = OGPy = .. = Ghpnj (21a)
and equally
Oh=1..n" drPn;i = drPnyi = .. = &Pn,j 1b)
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In that case e(.20 can be also written as:
Ot G i = G + ChO(Gni @2

However ¢p and certainly ¢ can be obtained from official price statistics.
Consequently, a value can be attributed to the quality changes by housgjuaiciad
drqoni .

On the basis of this analysis a decomposition analysis of price anty @ff@cts can be

carried out for the entire pooled-cross section database and the results can be added as
new variables. Subsequently a somewhat adapted value and volsios wdreq. 11

l.e. including household characteristics can be estimated (see alsakBr 1997). A
non-exhaustive overview of conclusions on response type is givebia I.

Table 1: Response combinations of households distinguished by quality and volume

DX av dp* dp dgc Conclusions
The change in expenditures has other
large small small Small reasons, such as income change or
Large changes in other products (prices)
Large but Demand is inelastic and/or househalds
Large small large large opposite of compensate price changes by quality
small choice changes

Large o Small or Typically penetration upswing of ngw

Small large large small large technology, which is cheaper andjor
9 much better

Well settled and reasonably mature

Small small small small small (and  necessary/basic) = commodity,

income changes affect other
commodities

The pooled cross-section data-base also allows for regional or mutjcitygle
differentiation of expenditure patterns. Since elsewhere IPAEBOPUS project the
impact of nitrate and phosphorus flows will be regionalised as much as possible,
possible regional/spatial differences (other than due to demographic structure
differences) will be analysed.

Some first results from the data analysis

As regards tendencies in food quality adaptations in relationnte ¢r household
compositions, a first scan has been carried out to check on influencestendéncy to
buy fast food (fetched food, freezer-to-microwave meals) or othervase febd (as
much as possible raw materials).
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Model 3
sfast2b=C+a.kaytetmk+b.jasenia+c.pika+d.vkotu+f.psup+g.vamto+h.taajama
1990 pR2 1998 pR2
C 0,42275 - 0,47075 -
a -2,0395E-07 -4,3692E-07
b -0,04889 -0,03871
c -0,00414 -0,00405
d 0,01512 0,01788
f
g 0,06986 0,05286
h -0,02316 -0,02979
R2 0,273 0,2827

Table 2: First correlation scanning results for fast food factors

Legend:

Sfast2b — share of fast food in total food&drinks budget
Kaytetmk — disposable income

Jasenia — no. of family members

Pika — age of respondent

Vkotu — education level of respondent

Psup — gender of respondent

Vamto — occupation of respondent

Taajama — degree of urbanisation

Results are shown for 1990 and 1998 surveys

Figure 3 below gives an impression of the volume changes within the grauaim
based products. Like the volume the total expenditures on this item went down
somewhat. Nevertheless the dynamics within the group is still lantfe,pwobably
relevant changes from a environmental viewpoint.
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Figure 3: Changes in volume purchases of grain based products between 1990 and 1998 (kg)

Towards comprehensive models — what is still lacking?

As explained in the previous chapter separate household time use + resource use models
exist as well as expenditure models. The first challenge is to closedganhect these
models. In countries in which both consumer expenditure survey ddtéinae use

survey data are available for various years such an intercameeatn — in principle —

be built. Practical obstacles should not be underestimategyviao, when one intends to

aim to good quality linkages.

Auxiliary information on skills, skill development and relatiorivibeen skills and other
household characteristics, as well as influences of trends are very welcome\§imila
auxiliary information on purchase of durables and the influence of informatidheo
selection of ecological favourable alternatives is needed.

Another aspect is the link up with the labour market and thereby enabling the
connection to AGE models.

The above models were still focusing on the medium term. For the londifiecycle

income profiles need to be included, whereas technological developmdmines,
appliances, vehicles) as well as social dynamics (household formatiomséaes etc.)
need to be considered explicitly.

A separate area is spatial influence on household behaviour. This includes:

= choice of residence location and type of residence in relation to worloluGati
and location of principal services;

= vehicle ownership and travel behaviour
= infrastructure and city planning (‘the supply side’)

There are several spatial trends that heavily influence the logistiesntd production
(mega-stores versus neighbourhood shops; tele-services and tele-working).
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In the framework of its 2003-2005 strategy VATT is planning to conduct some basi
research on sustainable consumption in the upcoming years, starting in 2€93hBar

will be a direct spin-off from AESOPUS, partly new basic efioth addition there is

the aim to participate in the national cluster programme on ecceefficiresearch
(concerning sustainable consumption as well as waste). As regards the more certain
parts of the efforts work will concentrate on:

= Completing the work on expenditure functions, including the separatf
guality and volume aspects

= Linking the expenditure functions to an input-output model and to an AGE
model

= Obtaining Finnish time use data and organising them in a data-system together
with consumer expenditure data

As regards the testing of policy instruments one feature should beonshtibeing

market failure¥. Up to date instrumental impact assessment has often analyse
instruments one by one or assumed no interaction effects (apart from those that happen
to be already integrated in the model structure, such as for taxes). hfegeaied
assessment is called for (Perrels, 2000). This links closely todtien of market
failures. The usual models are often:

= overlooking aspects that do matter (such as the skill factor in households);

= assuming well operating markets, whereas asymmetry and incomplete
information is very common in consumer product markets;

= not ideally suited to take into account interaction effects of ingntsnalthough
this can partly be alleviated by preparatory studies.

The positioning of energy efficiency in policy packages is a good egavhphe above
mentioned difficulties. The non-tangibility of the issue seemgive it a disadvantage
right from the start. The same non-tangibility is one of the causes \ahkets for
energy efficiency are hard to develop, not the least because of lack ofatitor and
asymmetry.
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APPENDIX A — Overview of the AESOPUS study — economic focus
The contribution from VATT focuses on modelling the economic side of prectsse
affect the man made intervention in the N- and P- flows in Fanlan

To modelling will focus on the following aspects:

- consumer behaviour, in particular through the estimation of a set of consumer
expenditure functions, with extra detail for food expenditures; the sdtigeiion as a
sub-model for simulating consumer response to price changes and rigeshia
demographic characteristics, and — to some extent — quality characteristics; (see e.g.
Riihelld, 1997; Suoniemi and Sullstrom, 1995, Leppanen et al, 2001; Pellekaan and
Perrels, 1995).

- a dual input-output matrix system, showing both value flows fromisectectorand

physical flows, including the implied N- and P-content of these flows)isoend there
will be extra detail for the agricultural sector, while also a system admabsatellite
accounts will be available; the results of the consumption sub-model dad in¢o the
input-output system in order to simulate impacts throughout the ecosystem and
the impacts on the resulting (man made changes in) N- and P-flows;

- impacts at the production side can be taken into account in various ways:

- by changing the technical coefficients in the input-output systewrder to preserve
as much as possible overall economic consistency this is to be combihextiogiting
demand response and technical change information, from exisbiogséd) studies
(e.g. Lehtonen, 2001; Aakkula, 1999);

- by running a VATT general equilibrium model — with possibilities to handle e.qg.
taxation of fertilizer input; this option better ensures overalhenoc consistency but
has limitations regarding the levels of detail - both spatially and prodwse wi
compared to the input-output system (see e.g. Lankowski and Ollikainen, 2001; )

- preparation of a baseline economic development based on a referemagosdhat
includes up to date forecasts for economic growth, demographic developments, and
already agreed but still to be implemented policies (e.g. climate polty
enlargement; Baltic Sea co-operation regarding the pollution contrdi)sighificant
impacts on the man made intervention on N- and P-flows (alsoinéaitt 2000;
Honkatukia and Ollikainen, 2001; Perrels, Kemppi and Lehtila, 2001);

- assessing the impacts of selected policy packages targeted at the reduction of man
made N- and P- flows.

A schematic overview of the economic working of the system is shown i figur

Eventually the modelling system should enable us to answer questions iggashge
— effect relations of various policy instruments, the possible ocaogr@npositive and
negative side effects of measures (e.g. other environmentally beregts eff reducing
N- and P- contents, social-economic redistribution effects).

The various model developments require preparations regarding data augllectio
modelling feasiblities, and scenario specification. The latter has startedvemnly
recently. This paper will briefly outline activities regarding data cttée@ and
modelling preparations.
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Abstract

Unsustainable consumption and production patterns are one of the key dricieg for
behind the unsustainable development of the World. The environmental infpact o
household consumption is a matter of regular reporting, did®ed on an economy-
wide analysis with households as a sector of final demand, or on b&tlisebnomics
using consumption statistics.

However, it can be shown that neither SNA based accounting nor househadch®son
provide the proper instruments to assess the environmental impact of household
decision making. An alternative way of assessing the contributibougeholds to the

total environmental pressures is suggested.

For this behalf, an alternative life cycle wide environmental ahpasessment scheme
IS suggested covering the major pressures on the environment caused Ihlbdouse
decision, except for toxicity related effects. It is based on the envirdamspace
concept, measuring energy consumption, material flows and land ustheRatter, a
simple but sufficient ordinal classification scheme is presented.

Using the SNA approach, the main clusters of consumption can be identifiedhand w
combined with the household focussed analysis their influence addectin be
assessed.

The methodology is described in some detail and used to analyse the enviebnmen
relevance of the main clusters of household consumption. Othécatipps of the
methodology are briefly discussed.

Introduction

Redirecting our societies and economies towards sustainability is a task thatbsanno
attributed to any subgroup of society - politicians, business leaders,,NG®sit one
that needs to involve society at large if it is to be mastered effgctideluseholds
through their demand side influence on the economy are potentiallyf dinese major
actors, but as long as they do not act in a coherent manner, they will eef'sleping
giant®. This is why reliable and easily understandable informai® of crucial
importance if the already given environmental awareness of households is te@ l@ecom
relevant driving force in the market.

Any such change in consumption patterns needs to attribute an imporerto rol
consumer behaviour. Whereas economic incentives through green taxes are discussed as
a means to modify consumption patterns based on the prevailing econofietierqes
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by raising the price of environmentally suspicious products, new means of
communication are sought for two reasons. On the one hand, they should enhance
public support for the introduction of the economic incentives, anth@mther hand

they should stimulate the further evolution of household consumpétierns to give
greater emphasis to the environmental impacts of the goods and services consumed.
Whether the reference to an environmental cause is able taatectiveen purchasing’
depends on a number of factors, not least on the communication itself. Inlggrtice

cause given “must strike a sensitive chord, (..) information must bendissted in
relation to this cause and (..) the cause must be related to some precise gonsumpt
elements” (Zaccai 2000).

The environmental impact of household consumption can be decomposatré&®o
determinants (Ropke 2001):

= the level of consumption,
= the composition of consumption, and

= the environmental intensity of goods and services produced for consumption,
including both direct and indirect effects.

According to this decomposition, any analysis should be based on the envi@nmen
intensity of products, and it should capture the level and compositioansumption.
Consequently, the research results presented in this paper both redeidemnttiication

of those areas of consumption, in which private households can make aignific
contributions to environmental sustainability (effects), and how to préws# areas by
means of a transparent and comprehensive set of indicators (reflecting com@wgltio
measuring levels).

Sustainability indicators have long been discussed as a means to beidge thetween
environmental causes and specific elements of consumption. In AgendagterciO
calls for the development of indicators for sustainable development as egigsae-
related guidance for taking and evaluating action. However, to be weffethiese
indicators have to be integrated into a broader communication strategy which
emphasising the relation to the environmental causes and the envirdr(aueshtather,

e.g. health) benefits resulting from making use of the orientgifovided by the
indicators. Such an indicator-based communication strategy can also serve tmeverco
the “three traps” preventing actors from transforming their awareness intadayery
action in eco-social dilemma situations (causing “the tragedy of the commbeasii),
situations when those to invest efforts are separated from the benefiocjanesans of
time, space or social grouping (Reisch, Scherhorn 1999).

The analysis of the environmental impacts of households is focused sunguion
clusters that permit to depict different life spheres of the private holdsé'wo criteria
guided the investigation of the relevance of these clusters:

1. The significance of the consumption cluster: Does it justify-prgrity action
regarding environmental concerns?

2. The potential influence of households: Are households the key actor detgrmin
the environmental impacts originating from a consumption cluster?

Since most current sets of indicators for the environmental impacts uskelnmd
consumption cover eclectically selected and widely differing aspects of the fissiue,
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of all a conception sound basis had to be established (chapter 3). The propos&dresen
is based upon analysis of the linkage between resource consumption as a drieing forc
and the state of current environmental problems. As a result, resource consusnption
identified as a simplified, but reliable presentation of trendsnivironmental burden
generation. In other words, growing resource consumption goes together awihggr
environmental pressures and vice versa, although not necessarily proportionally. T
key resources and relevant consumption clusters identified are (Lakk39, Ropke
2001):

= energy and material consumption, as well as land use, are the basic
resources, and

= construction and housing, food/nutrition and transport (in this peder
consumption clusters which call for high-priority action for @dg
environmental use.

This conception base for indicator selection can be applied to alstiadised
countries. It is possible, however, to adapt the system of indicattie wiversity of
country size, infrastructure, climate, heating etc. by ,tailor-made” irm®atThey
could be developed along the same line of thought (consumption statistiedder
prioritising) used in the study presented here. Some further modifiaaitihe selection
criteria for consumption cluster indicators might be needed for (otm@gbly)
developing countries due to global differences in wealth, preferences, gqimgum
patterns, culture etc.

Environmentally sustainable household consumption: The conceptual

basis

In particular in the industrialised countries there has been an ongsmgelabout the
importance and influence of private households with respect to environmental resource
consumption (see e.g. VROM 1994; Miljoverndepartementet 1995) . However, although
the ‘the unsustainable pattern of conguon and production, particularly in
industrialised countries*had been identified to be “@ajor cause of the continued
degradation of the global environmentUnited Nations 1993), research on the areas in
which households can make a significant contribution to sustainabsumption is still

quite limited.

In order to identify these areas, first the most appropriate kind of acogwystem for

an actor-centred approach (“where can they really make a difference ?*) todiduseh
consumption has to be identified. Any assessment of the environmepadtti of
household consumption if intended to guide consumers must permit to eothpar
goods and services consumed regarding their respective environmental impagt. Doi
this on the basis of their contribution to the most debated enwnatal problems like
climate change, eutrophication etc. necessitates the aggregation of environmental
effects. This is a highly complex process (most advanced in EuroStat hb888)§ on
subjective assessments of relative relevance as much as on sciezdsicrements. For

the average consumer, its components and in particular the weighioig faetded for

the aggregation procedure are all but transparent. Consequently, the usefulness of any
such methodology is limited as regards the everyday use in the shopplhg m
Therefore a transparent and simple, but still directionally safte® of assessing the
environmental impacts based on an evaluation of the current accounting otegiesd
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has to be developed that can be used to identify the relevant aspects of consumer
behaviour.

Frames for accounting

Household consumption is usually defined either based on macro-levelneceno
(households as final users), or on the micro level by donmsé&ace analysis (counting
the equipment of a household and accounting for the in-house consumpénergy
and water). The first frame focuses on private consumption as represenegystém

of national accounts SNA, the second deals with individual consumer dehathin
the household. Consequently, in the first frame all upstream envirtainmapacts are
allocated to the consumer/household, whereas the second one includesahgrdly
upstream analysis.

The methodology of national economic accounting is based on the preatigpods

and services are produced to meet demands of final users: production is nasifl in |
Accordingly, all production efforts, upstream from the final consumpdiad including

the resources consumed as well as the pollution released can be allocatedito speci
end-uses.

The end-use is categorised into private consumption, government consurfipédn
assets and exports. However, the government's demands for goods &eb s450

serve the needs of the population, e.g. the demand for security or education.
Consequently, since publicly produced services are consumed privately, government
consumption could be considered an intermediate with private consanipgdinal
end-use (services going to the business sector do serve private consumption ndirectly
The case is similar for fixed assets: Since they are a necessary preconditio@ fo
production of consumer goods or intermediates, they as well could be attributhe

final purpose of private consumption. Only the exports cannot be ascribed to the inland
population.

As a result, in any national economy 80% or more of the domestic envirament
resource consumption can be allocated to private consumption and its actors, the
households, and with a trade deficit the figure rises above 100%. This approash serv
the purpose of monitoring the entire life-cycle of the consumption ofggaid services

from cradle to grave, but gives no hints as to which actors might beasiaon to
influence the environmentally relevant resource consumption. In thie s@rivate
consumption as defined in the SNA and/or extended according to the argumentatio
above is a “sink category*, not an actors category and will allocate a much higrer sh

of environmental impacts to the households than they will be able velgatifluence

in reality.

The situation is the opposite for the second frame, the domestic sciencachp@ince
accounting for the goods consumed in the households, it is the standardbéses f
educational and consultancy efforts of environment and consumer organisabiens. T
main items accounted for include domestic electricity and water cotisunthe
frequency of electrical appliances ownership and purchases of products with
environmental labels, however without being able to quantify the upstream
environmental impacts. The information is used to develop green consumes,guid
shopping lists and household consumption statistics (see e.g. UBA 1994 )wiyairt

being able to base this advice on a life-cycle wide, full scale environmentarasses
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A further problem arises from the frequent mixture of these two ap@®aalithout
explicitly clarifying which one has been used to establish which aspect of the
environmental relevance of household consumption. As a result, e.g. the average per
capita energy consumption is reported alongside the households’ equipvetmtith a
microwave or other applications (OECD 1998). The environmental relevance of such
reporting remains unclear or at best non-quantifiable.

While the macro reporting approach does not deliver advice to the consumer supporting
her or his day-to-day decision making, the approach of accounting for tiwuse-
consumption cannot bridge the gap between counter and kitchen on the one and the
environment on the other hand. In reality however, householdsocaao, it least to a
certain degree.

Obviously, the real influence of consumers is somewhere between what isdcoyer
the two different measures described, making a new, actor-centred approach necessary.
At first glance it seems plausible to define a third level in between thestablished
ones, reflecting the real influence of consumers. This however turnsoobe t
unworkable, since demand side influence is a moving target. How much imfluenc
consumers have is dependent on a number of factors and differing not avderet
sectors and products/services (e.g. by closeness to the end-user or sulisfitatadbi
consumption clusters (e.g. through different elasticity’s), bot ladéween social groups
according to their life styles, levels of commitment, informatiod purchasing power.
Each of these factors (and many more) is influencing the day-to-day ha&havio
private households.

As it is obviously not possible to define a general accounting framework seéesagent

of consumer influence has to be differentiated according to different consompti
clusters. For the purpose of developing generally applicable sedicdtors, however,
sociological characteristics cannot be taken into account since they tdidfenuch
between regions and societies. Nonetheless on the national levetdfele pmportant
additional information which in particular could be used to derive group specific
guidance to greening household consumption (see e.g. Scherhorn 1991, 1993; Schultz et
al. 1999).

On the macro level, however, the task is to identify the mostoemeentally relevant
consumption clusters and specify the environmental impact of householdriios
accordingly. A precondition for this step, however, is to derive a diefpli but
directionally safe measure of environmental disturbance.

Environmental disturbance and resource consumption

“Based on the idea of a limited system, it makes sense to say that the humanyecono
has a ‘size’ in relation to the natural system, of whictsitipart.” (Répke 2001)
Ultimately, most environmental problems are related to the growthsokize’, and the
following section of this paper is dedicated to demonstrate this fact.

The input based approach

Usually environmental stresses are characterised by the symptoms they cause like
climate change or acidification of freshwater, or by the pressures causing these
symptoms like greenhouse gas emissions and cation immissions. However, siiste the |
of pressing environmental problems is a long one, and since diffeletasoes can act
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in a synergistic way affecting several symptoms (like CFCs causing elchange as

well as ozone depletion), simplification is needed and usually achieved lBgatgn.

This is a scientifically sound procedure as long as the aggregation is based on
comparable physico-chemical effects of the respective substancdsngasuindexes

based on a common unit of measurement like the Ozone Depletion Potential @BP or
Greenhouse Warming Potential GWP (on the methodology see StatisBsritesamt
1997). This level of aggregation, however, still leaves us with a higietyeof
indicators to be taken into account, and any further step of aggregation is based on
subjective value judgements (Spangenberg, Bonniot 1998; EuroStat 1999), likee.g. t
aggregation of ODP and GWP into a single measureless “atmospheric quality index".
Obviously, in this case bottom-up aggregation has reached the limits of niehning
application and must be complemented, e.g. by a top-down analysistarfodnce
factors as a suitable methodology to provide a simplified and moesajeiew.

Furthermore, the end-of-the-pipe environmental protection of treaf@ 80's, putting

the emphasis on measuring and regulating the intentional outpatugbrquality) as

well as the unintentional one (effluents) by command-and-controligmlis reaching

its economic and administrative limits. On the edge of the new millennneny,
approaches are needed, from the level of instruments (contracts and voluntary
agreements - agree-and-control - complementing legislation) tbaie approach to
measurement and regulation itself. With increasing attention gm¢ronly to the
quality of outputs, but to the absolute quantity of throughputs, #ile e€the economy
(Daly 1996) becomes an increasingly important topic, and accordingly nenéat is

paid to the input side (Schmidt-Bleek 1992).

Every human activity needs material as its physical basis, energy toegd ahd a

realm where it takes place, i.e. area. Material flows, energy consumptidanandse

are thus the primary factors of environment use and thus disturbance potentlads o
input side, whereas emissions, toxins and other effluents are the (tabjitimore
prominent) pressures on the output side of the industrial metab@igms, Simonis
1994). Consequently, Répke (2001) states that “we can define the environmental impact
of a specific consumption good as the appropriation of inputs necessary to provide a
unit of that good.

As far as it is possible to characterise (not: measure) environmentaésti®s input
analysis (see chapter 3.2.3), this approach provides a much simpkms of
environmental monitoring than output-focused analysis. Not anlthe number of
substances entering the anthroposphere significantly lowertlibanumber leaving it
(some 200 inorganic materials as compared to several 100,000’s), also yhgatsdr

are much fewer (in Germany about 20,000 as compared to severahsndkits to the
environment, without air, but including water, see (Spangenberg et al. 1999) Obviously
a reduction of input would ceteris paribus reduce hazards and risks on the output side. If
a reduction of input by e.g. a factor 10 is achieved, environmental pressures on the
output side are bound to decrease as long as the total toxicity for humans and the
environment per kg of substance does not increase tenfold over the same time. Give
the current knowledge about the detrimental effects of substadrmesyer, it seems

quite plausible that such an increase in substance-specific riske eanided, although

given the limited predictability of ecosystem sensitivities, on a casady basis still a
serious risk remains. The total, however, should rather decrease siglyifideant
increase. Thus the working hypothesis is that resource flows although not Seitable
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measuringthe environmental pressures are a feasible toochémacterisethem and in
particular their dynamic.

The trend of resource consumption increasingly becoming part of politicatientife
discussions in evaluating and measuring environmental impacts istamipdor
consumers as well. In shifting the focus of concern from the reductionisfiens to
resource consumption, from industrial chimneys towards the sales, phist
development is changing the role households from being a victim of enenbnm
hazards to being co-producer. The growing attribution of environmental rdspiynsi
to households calls for their empowerment as actors, partly by equippingwtbiem
reliable information about the resource intensity of the goods andeseom supply.

Measuring the resource inputs

Measuring energy consumption is a well established procedure, with annual energy
consumption already an indicator in the CSD list (for the methodologgtsisee
UNDPCSD 1996, p. 166-167; UNDESA 1998). Measurement of material flows has
been developed more recently; at the macro level it is measured asn&béalal
requirement TMR (Adriaanse et al. 1997; Schmidt-Bleek et al. 1998; Spangenberg et al
1999). However, intensity of material use is already one of the consuppatienn-
indicators in the CSD system (UNDPCSD 1996, p. 176-178), and TMR has been
included in the list of indicators for measuring changes in consomatid production
patterns (UNDSD 1998, p. 19 - 22). As they are well established in the international
literature, no detailed explanation of energy and material dlocounting is provided in

this paper.

Land use is so far a case less standardised with no quantitative measure inddignation
accepted. (UNDSD 1998, p. 26-28) proposed this indicator hoping for international
agreement on the methodology and data generation, which has not reatkgiat. In

the absence of suitable quantitative measures, here a semi-quantitative) (onéireas

been applied, based on a qualitative hierarchy of use intensitieid-analysis it was
sufficient to define the following four classes of land use, in decreaswigpnmental
quality, which are related to a number of indicators for ecosystenh hedlhe revised
CSD list of indicators (UNDSD 1999b):

= man-made, i.e. built environment, characterised by soil sealed offtleyrsatt,
transport and production infrastructure,

= anthropogenically managed eco-systems with high input levels, like intensive
agriculture, dependant on the hands-on steering of the system dynamics by
humans,

= naturally managed eco-systems with low anthropogenic inputs, likarslse
forestry or fishing, with the management heavily dependent on ergldite
inherent regulation mechanisms and humans restricted to setting some
framework conditions,

= unmanaged eco-systems, like nature reserves and other protected or unused
areas, with limited human influence e.g. by forest dwellers or smalllacatiers
and gatherers.

Given the need to reduce the current level of resource use significantlyofaéactone
order of magnitude has been proposed for industrialised count8esmidt-Bleek
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1994; United Nations General Assembly 1997), it is plausible that all majonspo
decrease resource consumption will have to be used. In other words: a basic assumption
for the further conclusions is that resource use reductions are undertaken consequentl
across the board, thus affecting all sectors and all environmental problems. As soon a
deliberately exemptions are introduced, the two-way correlation of resowwe fl
reduction and environmental pressure relieve would be broken.

Resource use and environmental problems: Causes and symptoms

Characterising environmental pressures and their trends by analysing the ingyt side
its very character cannot not result a quantitative description of the various damages.
However, it indicates which pressures have to be reduced and whrelsponding
changes in consumption clusters are needed in order to minimise (if noheukaptvn
environmental damages and as well minimise or prevent future ones (Eligezrbt al.

1996).

This kind of assessment is call@idectionally securef with decreasing inputs the level
of environmental damages will be decreasing with a high probability (ScBheiel,
Friedrich 1994). The most serious of the current environmental problem$ecan
addressed this way, except for those caused by relatively small flowghbf hctive
substances like dioxins or pseudo-hormones (essentially an impact of the
anthropogenically modified chemical environment on humans, not ofrisuoma the
environment). Politically speaking, such substances must be covered Ithy deh
safety regulations and banned from the sphere of the consumer, rgrtiberefforts to
develop corresponding indicators superficial. This, howevearptgntended to denote
the need for proper information for the other actors like producers and publiciges
(for more details of the reasoning behind the input-pressure kg Lorek,
Spangenberg 2001, Spangenberg, Lorek 2002).

Consumption clusters - where households can make a difference

In order to analyse the life-cycle-wide environmental impact of halge&onsumption
(not to be confused with the influence households have on environrmepéeits), the
national accounts based approach including public services consumptionsendios

Is the most appropriate one. As a next step, the total of household consumptien can
disaggregated into the ten consumption clusters most frequently quotediiardture.
Applied to these clusters, the framework can serve to identify theemaisonmentally
relevant ones by accounting for all resource uses activated by the consurafibom p
regardless of the relative influence of the actors involved. For théusgrrs chosen we
find that together they represent more than 95% of private household resource
consumption on the macro level (BUND/MISEREOR 1996). In alphabetical thvelgr
are:

= clothing

= education/training

= food

= health care

= housing (incl. construction)
= hygiene
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= Jaundry and cleaning
= recreation

= social life

= transport

These clusters will be considered of prior environmental importance as @élds
household decision making if they are both environmentally relerahiaccessible to
significant influences by consumers’ choices. The latter is d&sessed by means of
plausible reasoning, without a detailed sociological or political scienalysis.

Three sectors can be identified which primarily consist of state and iost#Uti
consumption (Reisch, Scherhorn 1999), in which households as custoneisriitad
influence on the frequency of services consumption, and hardly anyh@n
(environmental) quality of service provision:

= health care: hospitals, rehabilitation institutions,...
= education/training: kindergartens, schools and universities,...
= social life: including the police, the military and other public services

Since the resource consumption per unit of service in the sectors is begaerddh of
consumer influence, they will be omitted from the further aislpf priorities for
consumer action, regardless of their undisputed environmental sigogican

When analysing the seven remaining clusters regarding their share iredaurce
consumption, it turns out that the total requirement of

= construction and housing,
= food and
= transport

adds up to nearly 70 % of material extraction, energy consumption and landcise. E
single cluster represents more than 15 % of energy and materiahyuit (in this
calculation, leisure mobility is subsumed in the transport categorytiko, leisure
would emerge as the fourth sector of particular environmental relevance: Reich,
Scherhorn 2000). The remaining four clusters

= hygiene,

= clothing,

= cleaning and

= recreation (without transport)

that can be influenced by households actually consume - if at all measuredilin deta
less than 5 % of resource consumption each. Given the relatively smalirshesource
consumption, the limited although significant influence of housshe@.g. on the
resource intensity of clothing or cleaning agent production, and assuming that a
straightforward reduction of consumption is indeed possible, burt agly to a limited
degree, ten percent reduction of total resource consumption in these four sectors
together seems to be a conservatively estimated maximum potentiaugkitihis is
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not a quantity to be ignored, these sectors are considered as fields of envirdpmental
secondary (maybe not so from a sociological point of view).

The following analysis and indicator development will therefore eotmate on the
three environmentally dominant areas identified @®ority fields of action
construction and housing, food and nutrition, transport and mobility (seeljabl

Table 1: Where household can make a difference

Clothing
Education/T raining
Food

Health care

Construction/Housing
Hygiene

Cleaning

Recreation

Social life

Transport

With this approach, hazardous impacts on humans’ healibed bythe environment
will not be recorded. These include abovecakémicals with human-toxic effectse.
cancerous, teratogenic, mutative, allergic and endocrine disruptor s@sstaut also
eco-toxically doubtful, hardly biodegradable or bio-accumulating taobss, but as
well wide-spread and health relevant disturbances such ag'noise

Whereas the importance of a specific good and service for sustainability isenalgen
only minor, numerous goods and services have a symbolic functiore®esid above

their utility function. Some of them indicate the membershi@ inertain social or
lifestyle group or serve as a symbol of status for the compensatory consumer (8cherhor
1991). The importance for environmental sustainability and the perceived symbolic
value of the products or services consumed need not be matching at all. This lack of
congruence, however, does not reduce the validity and importance of the
communicative function. On this basis, selected goods and services can be singled out
that might serve as ,icon indicators®, which due to their communications and socia
distinguishing function play an important role in sociologieald psychological
consumption analysis, however less in the environmental one.

" As long as goods and services contain such substances, their avoidance is an essential aspect of

health conscious consumer behaviour. The protection of humans against toxic substances is, however,
rather the task of national legislation in order to legally prohibit harmful goods and substances, than
one of individual consumer choices. Thus toxicity concerns are a subject of sustainable production
patterns rather than one of sustainable household consumption.
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Sustainable household consumption: Indicators and actors. The transport

case study

In order to develop conclusive and communicative indicators for householdhese,
three priority fields of action (construction and housing, food amdtion, mobility and
transport) have to be analysed to identify the dominant factors driving cesour
consumption.

Based on the existing (partly quite poor) data, for each priority field/ @dasumption
issues have been identified offering the most significant patefor reducing resource
consumption. These can be characterised by indicator, and the relatine @xte
influence of different actors including private households in the field, dstinay
common sense can be presented by a rough scheme with 0 = little influence, + =
significant influence, and ++ = strong/dominating influence). As “soustitutional

and social arrangements and eco-intelligent infrastructamenwuld habits and steer
behaviour without even touching the value question” (Reisch, Saherh@99),
providers of such infrastructure and social actors are relevant playeestéen into
account in the influence schemes.

This application of the analytical framework introduced in thisepap presented by
Sylvia Lorek in her paper on *“Indicators for environmentally sound hous$ehol
consumption”. Further applications include for instance the analysisthef
environmental impacts of consumption in different income strata, @onation of the
Environmental Kuznets Hypothesis on the micro level.

Discussion

Affluent consumer have a significant influence on the sustdityati consumption and
production patterns, however a non-quantifiable one. The optionshthey and the
behaviour they adopt is bound by the cultural, political and informatsatang they
are part of. It varies with the information they have, attitudes, fashmh social
position.

Furthermore, there is hardly any consumption decision taken by Hmdsevithout
influence of other social and economic actors: the spheres of influenogeatapping,
and between social actors there is a "shared but differentiated responsibilityich as
between countries.

In order to empower consumers to contribute their part to the change of cansumpt
patterns, unambiguous information about priority fields of actions odsitrmportance

— without, the plethora of unranked "to do's" will cause frustrationerathan
motivation and will lead to ignorance and inertia rather than to change.

Sustainable consumption indicators identifying most effective options to reduitgah

resource throughput of our societies can be a tool to motivate consamddnslp them
monitor the effectiveness of their action. It helps focusing onnthet promising

options and helps avoiding fruitless debates on issues of minoo®mental relevance
like fashion, hygiene and cosmetics.

Integrating these indicators with an actor analysis helps structurimggpective policy
fields in a way which makes the role of the actors as obvious as the need foevellti-I
policy integration. Once indicators for other actors were available, thiiain
monitoring could develop into a kind of social control, a traditiomathanism of social
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cohesion currently undermined by the increasing influence of anonymoustimsél
actors. For establishing sustainable consumption and production pdtighas, levels
of transparency and accountability, making all institutions involveldate as good
citizens, would be a significant step forward.
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Abstract

It is widely acknowledged that reversing the trend of ever increasing envintaime
pressure requires changes in consumption patterns to go hand in hdnd wit
technological improvements and population policy. With this ystw@ aim to go
beyond the usual instruments of better information and market pricetamreas they
have not proved sufficiently effective. Instead we develop a framewarkafo
community-based process of understanding problems with existing comsumpt
patterns, developing alternative scenarios and measures for changing @athgo
towards the preferred scenario. For the analysis and group facilitationgutaion of
methods (scenario building, life-cycle assessment, mtdti@i evaluation and
participatory decision processes) is used. Case studies are plannevei@a $K
regions.

Introduction

Duchin and Lange (1994) showed that even with the adoption of clean and efficien
modern technologies throughout the world, emission targets estaldistiexd1992 Rio

de Janeiro UN Conference on Environment and Development (UN@HDnot be

met. In order to meet these targets, changes to lifestyles with less emntahaffects

are necessary, yet the barriers for questioning our consumption patteisubstantial.

The aim of this paper is to develop a conceptual framework of a life-cycle based
analysis of existing consumption patterns of households, the dewibpiralternative
consumption patterns and the design of community-based discussionsessf t
alternatives.

Theoretical framework
The analysis of this study builds on two main elements, namely thegelhold
consumption is socially shaped and that consumption patterns camgecatha

The social shaping of household consumption

Sociologists (e.g. Granovetter 1985) and institutional economists (blod§88) have
argued for a long time that the neo-classical representation of eicobenaviour is a
misrepresentation insofar as it underestimates the role of the forchainfanmal
institutions surrounding consumers. Instead consumers are conceptualisddves fol
(a) they are embedded in institutions, which constrain, but atdge=their behaviour
(Giddens 1984; Hodgson 1988); (b) they are part of social groups from which threy lear
through interaction; and (c) routines and conventions are explicitly accoumted f
(Hodgson 1988; Thevenot 1994).
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These claim were recently supported by laboratory experiments. For example,
experiments about the production of public goods have shown that peepldisess to
contribute increases if the participants have a possibility to lpamd if there is face-
to-face interaction with other participants (Bowles and Gintis 198Br knd Géachter

2000; Ledyard 1995). These experiments have shown that people’s behaviours are
dependent on the institutions within which they operate and on otherejseopl
behaviours. These results are relevant in our context, as consumers adept m
environmentally sound consumption patterns they are contributing orolduction of

a public good. Therefore, we suggest a framework aiming at groups of consumers rather
than individuals.

Also people, who are, as citizens, motivated by their concern for the environvaent,

to contribute to a larger goal. This cannot meaningfully be reducedntettsag -
which serves their individual interests. In the “visioning” iMis creation) phase
alternative scenarios and actions necessary for realization are developedtants as

a loosely defined common interest in minimising household waste andcessse, can
evolve into a norm, as citizens meet, exchange information and discuss their
experiences and possible solutions. Through these discussion®ljanwih§) actions)

the citizens develop shared definitions of what is environmentalgtaisable
behaviour, shared meanings of what is the ‘right’ thing to do, and sharegptions of

their critics (Georg 1999).

Hence, a community-based approach (a) enables actions, which need a collective
consent (i.e. widening possibilities for action), and (b) the community idunsctas
reinforcer (all contributing to a larger goal and through continuackipe, routines can

be changed).

Consumer preferences and democracy

Consumer sovereignty as it is usually assumed in neoclassical econoysichata
preferences are not only given, but also do not change (Stigler and Becker 1977).
Preferences can only change in response to non-rational factors sucleréisiagh\or

other forms of ‘propaganda’ (Norton et al. 1998). With this strong assum@very
(rational) change in behaviour must be initiated within the ecaneysiem. According

to Stigler and Becker (1977), “the great advantage ... of relying only on changes in the
arguments entering household production functions is that all changebaviour are
explained by changes in prices and incomes, precisely the variablesghaaize and

give power to economic analysis” (quoted in Norton et al. 1998). The implicit
assumption of this route is, however, that there cannot be alternative wayisrally
understand or evaluate processes of preference change (Norton et al. 1998).

A consequence of this approach is that valuation is purely subjective. “Bhece
disputing tastes since they are unique to each individual, and to judge swediigibj
feelings is to impose those of the judge upon those being judgedpplied to
consumption this is merely a specific application of a more ggmesdion in which it
iIs contended that it is impossible to assess the outcome of the valuatt@sspr
values. Judgements of value are unique to the beholder” (Hamilton 1987:1545n).

Over recent decades many objections to the neoclassical representatmmsurher
behaviour have been raised. Most commonly accepted is that sometimesvpeaiptio
fulfil needs that they would be better off not to have (e.gsqres addicted to drugs or
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alcohol) (Scitovsky 1976; Stigler and Becker 1977; Elster 1979). Individual desires
thus, may not be consistent with individual self-interest, pdatity not if a longer time
frame is taken into consideration. There are also limits to peopleisldoshge and
information that may make individuals not always judge their wanteatyr(Simon
1961). If there are structural limits to practical rationality concerhitigre events and
consequences of action on remote places, this is crucial when discisstiaigability.

The incompleteness of knowledge does not only stem from ignorance (lack o
information), but also from inherent indeterminacies in social-e@abgrocesses.

The critique concerning addiction and bounded rationality has been onatag into
theory at least in part, for other concerns this have proven uohffreult. “The
preferences of a person are the product not only of biological needs but also of a
socialization process. Therefore, they are determined by, and tend to reflect an
reinforce, existing social relations. This means that a theory whichregqthe
maximum satisfaction of the preferences chosen in a given social coméexbute to
reinforce that social context, and is therefore a theory strongly ddtantea
‘conservative’ sense” (Screpanti and Zamagni 1993). This is a sevargech
particularly for questions related to sustainability. Besides acknowledgengdcial
context (last section) we need to search for possible paths for change.

Instead of assuming individual consumers with given and/or fixed preferences, we start
from the assumption that consumers are to some degree shaped by their social and
environmental context and that their preferences may change over timea(@lthr

Stagl forthcoming; Stagl and O'Hara 2001). Norton et al. (1998) point to therntensio
between individual and social interests in posing the challengirggiguiels it not the
assumption of consumer sovereignty that is undemocratic instead l@éniihg
preferences as a society? They argue that how much influence the individual has and
how much influence is allowed to the public is rather a matter of degage ath
absolute category. The difference in the result between a command-arad-cont
sustainability approach and one where preferences are influenced is that immigne for
people are feeling deprived whereas in the latter they may feel beteardofiroud to
contribute to sustainability.

Case study: Household consumption in UK regions

In the UK governmental regulation and information campaigns waresed as much

as in other countries (e.g. The Netherlands, Germany) to encourage househaip$ to ad
more sustainable consumption patterns. To come in line with other Europedneso
recently the UK government has set itself ambitious goals with regards to theoreduc

of household waste and (to a lesser extent) energy consumption. To reach these goals
households will not only need information about the consequences robéhaiviours,

but additional encouragement to change their behaviours. Therefqpamé assess

the impact of current consumption patterns, develop scenarios with community
representatives in three UK regions (Wales, England and Scotland)atalthe
change in the impacts for these alternative consumption patterns atithtéaci
workshops for communities to decides about actions.
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Data and methods

Building of consumption pattern scenarios

Scenarios are developed in creativity workshops and with stakeholders. Pddiaigan
asked to explore technological as well as social innovations leading to m@aiaadlst
consumption patterns. The workshops are intended to generate a vision offg@ su
patterns that are radically different from the present. An approach which was applied
successfully in a similar context is back-casting, where workshop partxipanasked

to focus on a year in the future (usually several decades ahead) to envisies fiat
constitute shifts to different (more sustainable) development patBe{@nd Vergragt
2002).

The scenarios contain general and localised elements. The former draw on ideas fro
previous projects (e.g. SusHouse) and they pool ideas from the regional works$teops. T
localised elements allow for different ways to implement the envssgjations.

Comparison of impacts of existing consumption patterns with different

scenarios

To compare different development paths or scenarios of consumption pb#tsedson
life-cycle data, we use structural economics, which describes production and
consumption activities inseparable from their social and p&ipal context.

The core of structural economics is the input-output model. The fumdalperpose of

the input-output model is to analyse the interdependence of economic sectors and
therefore it takes the whole life-cycle of a product into account. The @dsrd input-

output models include social institutions (Social Accountingtrigles) and the
environment (environmental accounts).

We use this analytical framework for analysing scenarios aboutat@riconsumption
patterns based on different social and technological assumptionsu&treconomics
provides us therefore with information about the effects of diffecemsumption
patterns on the economy, society and the environment.

In the UK input-output tables are available at a regional level (eadeslvV We will
extend these tables with reference to resource accounts (emissions, resournd use) a
calculate the changes in impacts corresponding to the respective consumptiagasscenar

To compare a discrete number of scenarios and their impacts in arstiluwvay a
multicriteria evaluation tool (e.g. Promethee) is appfied/hile multicriteria evaluation
Is an optimisation method, which provides a ranking of a given euwpftalternatives,
it has also been applied as part of a process of deliberation and sociagléargi De
Marchi, et al. 2000). For this study the entries for the impact matrix areddrom the
structural economic model and the weights are elicited in deliberative workshops.

Deliberation about consumption patterns

The next and final steps are deliberative workshops with consumers. These p®rksho
serve two purposes, namely (a) to inform households about consequentes of
consumption choices, to suggest alternatives and to identify areas where ihdividua

*® Fora comparison between different multicriteria methods see De Montis et al, forthcoming.
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action and collective action on the community level are possible, and (b) we hope to
find out about the attractiveness and acceptability of the alternatives developed.

Next steps

After a series of workshops in different regions of the UK we aim to pravidelkit
for groups in other regions to start their own deliberative workshdesdatabase and
manuals will be provided on the Internet.
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1. Introduction: Eco-labels in Europe
The objective of this paper is to discuss the advantages and limitations @&rdikeds
of eco labels in Europe within the frameworkegblogical modernisatiaon

Within an integrated product policy (IPP) environmental product informasicome
important tool (Rubik & Scholl 2002). In the business to consumer diajagpo-labels
are a central part of “transmitting environmental information” (E&Yal 1998). Other
consumer oriented information channels are test reports and test notefreumer
organisations and test institutions, quantitative product informationsgroducers on
the package or information through internet, personal sales talks and advertising.

Eco-labels include various symbols, schemes, and instituamoalegal arrangements.
We can distinguish between mandatory and voluntary labels in the follomayg
(Rubik & Scholl 2002):

= Mandatory labels like the EU energy label, relevant for houselpgddaaces
and mandatory labels for chemical products

= |SO-type | eco labels, classical third-party labels like the EU-flower(erman
Blue Angel and the Nordic White Swan.

= |SO-type Il eco labels, self-classification by industry or retailers

= |SO-type Il eco labels, quantitative environmental productadatbns (EPD)
= Other relevant labels, including social labels and organic labels

= Other not relevant labels, including recycling symbols like the green dot

The mandatory labels are based upon EU-directives and are valid for chemical
substances and househafapliancesn Europe

The Blue Angel in Germany was the first voluntary ISO-type | label énvibrld,
established in 1978. During the 90ties similar eco-labels were established ynatiearl
EU and EFTA countries (Rubik and Sheer 2002). Most of the labels are tgtiona
based and are run by national eco labelling bodies, with the exception ofhitee W
Swan established by the Nordic Council of Ministers and valid for all the Nordic
countries (Stg in Rubik & Scholl 2002). The labels cover both consumalbletbles

and services, and the main focus is én@ironmentaimpact of the product, in a life
cycle perspective. In most cases the classical eco-labels do not incluskelfiso@here

are usually developed separate national labels for organic food. The caiteria
developed in a multi-stakeholder perspective and the actual label is a positive, well
known symbol.
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The EU-flower covers goods and services within the European Economical Area and
was established by EU directive in 1992. The EU-flower has so far not managed to
function as an effective environmental product information schemeropg&u

A large number of ISO-type Il labels are found in the European markétigstd and
run by the industry or retailers. These self-classifications tiesm @ne-dimensional,
covering only certain aspects of the product, li&eycledpaper productsgphosphate
free detergents. 1SO-type Il labels — Environmental Product DedarédEPD) - are
under development in Europe. Such quantitative data will, howesenore relevant in
a business-to-business communication.

This paper is based upon results from the EU-project DEE#eloping_Hfective and
Efficient Product Information Schemes - Assessing and expanding product
information schemes between voluntary and mandatory approaches. Tée o
developed within the fifth framework work programme Energy, Enviraninand
Sustainable development. The coordinators of the project are IOW frodhelbtai,
Germany, and the partners are ITACA, University of Rome, Italy; Randa Group,
Barcelona, Spain and SIFO, Norwalytt://w3.uniromal.it/degp

The main objective of the DEEP project is to analyse the conditioder which
environmental product information schemes (EPIS) are efficient and edf¢otis:

= to achieve sustainable development;
= to assess previous experience with eco labels in different European countries and

= the relationship of these schemes with business strategiegrdted Product
Policy (IPP) and market conditions;

= to define strategies aimed at linking EPIS with other IPP measures;

= to explore how eco labels can be used for realising sustainable consumptio
patterns, creating green markets, fostering innovation and developmeatnf gr
product and services,

= implementing multi-stakeholder initiatives.

Theresearch process divided into two major steps: First, past experience with EPIS
in Europe - with a special focus on Germany, Norway, Italy, and Spain - areeahalys
by reviewing the state-of-the art in the four countries and performing a numbeseef ca
studies in each country for selected market sectors, including a four country consume
survey (Stg, Strandbakken & Strand 2002). Second, operative and strabg@gisafs

with respect to possible links of EPIS with other IPP twals be elaborated mainly
based on insights gained at workshops with relevant stakeholders.

This paper will focus on three aspects of eco-labels in the European consumer market
First, we will address the importance of consumer knowledge and trust in the labelling
schemes. This will be done before we turn to the main questiomdtrantages and
limitations of eco labels as consumer and environmental political instrum@etsvill
discuss these advantages and limitations along two dimensions:

1. We will compare consumables, durables and services, and asking if various
kinds of labels are more suitable for some products tranthers

2. We will discuss the relation between mandatory and volutdbeys, where we
specially will focus on various kinds of voluntary labels:
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o ISO-type | labels, the “classical’ eco labels like the Bluegéinthe
White Swan and the EU flower

o ISO-Type Il labels, self classifications
0 ISO-type Il labels, numerical EPD (environmental product deadens)

2. Ecological modernisation, eco labels and consumers

Ecological modernisation is a modern social science catchword; much used in
environmental sociology and in the ecological discourse. It has beedeegss the

real perspective guiding the World Commission for Environment and Develtpae
environmental sociology’s break with small low-tech rural i@spas a (political) right

turn for the environmental movement as well as a left turn érsimy. It is a new name

for the current environmental politics in the European Union. At the samet is the
theory behind that change, simultaneously.

We will treat ecological modernisation as a two dimensional phenomeéirsh as a
mainly historical-sociological description of pragmatic changesvironmental policy

in some European countries; secondly as a more pure theoretical approach in
environmental sociology, conceptualising sustainability for indalsteid and rich
societies.

The “modernity” aspect of the concept mainly refers to what Anthony Giddensyusuall
calls “simple modernity”:

‘Modernity’ can be understood as roughlgugvalent to ‘the industrialised
world’, so long as it be recognised that industrialism is not its only institutional
dimension (Giddens 1991, p. 15).

This kind of modernity is correlated with a belief in ratidiga in science and more
generally in (quite) rational actors and planning. In this context it tlesupposes quite
rational consumers. In the ecological modernisation of consumption we expect
consumers to have confidence in experts and in macro actors, having general trust i
systems they often are not able to understand (like airlinestddespnd eco-labelling
bodies.

2.1  New politics

The Word Commission’s report from 1987 introduced, or at least populatised,
concept of sustainable development. This concept actually entailsedhefichneco-
friendly economic growth in idea that would have been plainly absurd to
environmentalists in the seventies, and to environmentalistgpgrating in a seventies
paradigm. The environmental movement might have believed tauld maintain its
position and even regain momentum by focusing on the definitionstdigability, but
in hindsight this was less about definitions than about a changed practicie A
environmental issue was about to move from the periphery and into the, detr
initiative went from social movements and over to social eliresbusiness,
administration and politics.

While sustainable development might be regarded as a “UN’-perspective, with its
concern over third world poverty, fair trade, social rights and bio-diveesitylogical

modernisation should be seen as an “OECD”-perspective, focusing on industrial
processes and pollution prevention (Strandbakken 1999, p. 4). The new politicg and th
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debate about it, seems to have started around 1980, and it got its definitlerbuegkt
as a policy approach in the aftermath of the Brundtland report. What, thelme anain
elements of this approach?

= Most important is the idea that environmental measures might be profaable
not necessarily a financial burden for industry. “Pollution PrevenBays”
(PPP) and “creating win-win-situations” are modern slogansesginy this
view (Spaargaren 1997, p. 12, Weale 1992, p. 31).

= Prior to that, the environmental problems have to seen as sleditds had to
believe that challenges could be effectively met by the presenbrecat
political system. The seventies idea of “revolution or do@rido inflexible to
encourage pragmatic environmental measures.

= Ecological modernisation sort of redefines the relationshipdmivhe state, its
citizens and business; environmental authorities seek cooperatiorseWtttéd)
social movements and the more enlightened actors in industry. Reioigijm
legislation and regulation encourage environmentalists and busines=eko
consensus and step-by-step approaches.

= A more active use of technology, and positive view of its role.

= A gradual recognition of the fact that some of the most important environmental

problems go beyond the limits of the nation state, encouraging intewdatio
agreements and control regimes

This “new politics of pollution”, as Albert Weale (1992) called it, has beere quit
successful in Western Europe. Industry has introduced clean technologywifien

state subsidies, and emissions to water and air has been greatly reduced. Sges exam
of successful change are unleaded gasoline (Russel & Millstone 1995, Thrshe-Ho
2000), phosphate free detergents (Nork-Staehle 1995, Throne-Holst 1999), the ban on
CFCs (Conrad 1995), and - more generally - municipal waste, municipal sewage and

energy efficiency on a broad scale (in appliances, in industry, tiojnés these (and
similar) fields the new politics of pollution that we call ecological moigation has
been very successful.

The limitations of this approach can be summarised as follows:

= There is a difference between reducing poisonous emissions and reducing
emissions of greenhouse gases, because they are more a function of tthe overal

economic activity. So far the policy approaches from ecological moddrasy
failed to address the greenhouse questions effectively.

= This weakness might be generalised. Modern societies do things more

effectively, but they do more and more things.

= The general focus on the problems of rich and developed countries removes

attention from the third world, world economic systems, distribuf@in,trade
etc.

= Ecological modernity has so far mainly been an approach to changing th
production side of the economy. The consumption side has not received the

same amount of attention.
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We will elaborate further on the last point; ecological modatiois and consumption, a
bit further down.

2.2  New theory

Theoretically, “ecological modernisation” stays close to political @conomic reality.
It is mainly describing the broad changes in policy and in meetlgnd trying to
account for the reasons behind these changes. Ecological modernisation thgaiyds
large not very abstract and conceptual.

The theoretical foundations were laid in Germany in the eightiesgevitartin Janicke

and Joseph Huber started to renew the thinking about society and the enviraftenen
observing the development of the German environmental policy. In his wearks,

Janicke strongly advocated state supported ecological modernisation processes, and
therefore also an enlarging of the state’s steering capacity. His viagenicy has been
summarised in this way:

Although ecological modernisation is targdtprimarily at market actors and
the industrial sector, its main bearer should still be the state (Spaargaren 1997,
p. 14).

In his later writings he has more emphasised the new relapsristween civil society
and the state that has come about, partly as a result of environmeniipsohling.

Joseph Huber also discusses the role of the state in promoting ermntahchange,
taking a less optimistic view of state interventions than Janicke. He fears tleat stat
interventions might frustrate the innovation process. His main tiesdreontribution,
however, is his break with the “counter-productivity” or “de-modernisatibebdries of
Gorz, Commoner, Schuhmacher, lllich and others that dominated the envitahme
discourse from the early seventies. The background perspective of thksestls the
Malthus-inspired “limits to growth” perspective of the Club of Rome, anid sbdution

or response usually advocated zero growth, small-scale ruralsitomlasimpler, more
“humane” technology. Spaargaren points to this aspect of Huber’'s work:

Notice the fact that Huber's theory implies a radical break with the
demodernization ideology in the sensatthe calls for a further modernization
of the existing institutions of industrial society (Spaargaren 1997, p. 15).

This might seem quite obvious today, but it was a very brave move eatly eighties.
Another aspect of Huber’s writings that has remained relevant ferhimsilation of the
“two processes” of ecological modernisation; the “ecologizing of the econamiythe
parallel “economizing of the ecology’.

It seems as if Janicke’s and Huber’'s work in the early and middle eightiesoivas n
translated into English, so their contributions had little impadside the German
speaking world. To a large extent it was Maarten Hajer and Albert Weale who
introduced the new concepts to the world beyond Germany, Austria and Switzerland

Albert Weale’sThe new politics of pollutiofrom 1992 compares the reaction to acid
rain in Britain and Germany in the 1980s. In Germany, this challeay&ola kind of
policy renewal and new patters of cooperation between actors, while in Bhieae
was a lack of policy momentum.
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2.3  Ecological modernisation of consumption

As indicated, most literature on ecological modernisation so fardtasded on the
production side of the economy. The perspective is, however, just as relevant for
consumption. We might even say that most of the environmerntatiires directed at
consumption in the last 10-15 years in the rich countries actually presupposes
“‘modern” view of the environmental issues. In the first step, an analysis of
consumption practises under the heading of ecological modernisation willbjyroba
mainly be concerned with more objective and technical aspects of envirohmenta
aspects of consumption and products.

At the most general level, an environmental concern with consumpiggests a
pragmatic and anti-apocalyptical view of the environmental issues. To advocate
incrementalism and small changes in a positive direction foiga larmber of persons
indicate that one believes that it is possible to respond to the cleakeg under
present economic-political conditions, and it also indicates a viewnafoemental
problems as a result of a great number of small and individually insantifacts. This

is a break with some of the more radical environmentalism from the seventies.

Environmental Product Information Schemes, like eco labels, often ar®pedeh a
multi-stakeholder logic; interest groups’ initiatives, state suppoidiness cooperation
etc. Without the aforementioneddefined relationshigpetween the state, its citizens
and business, ecolabelling would not come about in its present formdakday energy
labelling and successful type | labels do not seem very likely under a paliticate
like that of the seventies.

The same should probably be said about collecting and handling of consumer waste.
Some sort of state or municipal overall responsibility is common, byttecation from
households and often also from business is necessary.

Further, a degree of green public procurement often seem to be necessavindpr gi
ecolabelled and organic products enough volume to survive in the market, again
emphasising new relationships between actors.

A corporativistic approach to legislation and control in the field of renmental
consumption brings interest groups together in ad hoc committees and it encourages
compromise. This probably gives *“enlightened” business and “modernised”
environmentalists a market advantage (even if this strategy may bad@fire
environmental organisations accused of corruptibility and sell-out).

As a kind of “modernism”, ecological modernisation of consumption will carry a
positive view of technology, taking science and product development ensethice of
the environment.

In order to develop a successful ecological modernisation of lifestyles and @biasum
practises in the rich parts of the world, parallel to the changes achievegeipéats of

the production sphere, we have to communicate with citizens as custordess an
domestic managers. This means that in the sphere of ecologically medernis
consumption we have to presuppose at least a “rather rational” actor, abkektand
process information, and willing to act on it. Without such an imageeotdnsumer,
eco-labels are meaningless. Producers and retailers communicate with ersngiam
labels administered by third party bodies; that is the logic behirdrbahdatory and
voluntary I1ISO Type | labels, and in such a logic we take for grantedaielled
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products are environmentally better than unlabelled, that consamerconcerned with
the environment in general and that they are interested in expressing ttgésncon
through their buying behaviour. This rationally is, however, lichitesimple symbols.

This again means that for an ecologically modernised consumption, questions of
consumer knowledge of eco-labels and of consumers’ perception of the meaatng of
labels are important. So are questions of what kinds of informationddv@and for
durables, consumables and services, and — more general — what inforseatioes
they tend to trust in environmental matters. These are importastiaus for an
assessment of the ecological modernisation of high-consumihgeraflifestyles. The
consumer trust is important because ordinary consumers are not able totherify
scientific data from the production process of consumer goods. One of the dmss of
paper is to address the crucial question how eco labels should be instisgtha
create consumer trust. Who do consumers trust, EU-commissianalaovernments,
businesses, scientific community or environmental and consumer NGOs?

2.4  Some limitations of ecologically modernised consumption

We regard these attempts at developing ecologically modernised lifestylesitrge,
and as an interesting perspective for the study of eco-labels. There are, rhaiive
some limitations and problems with this approach:

= The pragmatic way solves some kinds of problems better than others. It
generally deals more successfully with matters of consumption pattens
with consumption levels. This dilemma is also present in the race lmetwee
efficiency and economic growth; we get more fuel-efficient cars, laue tare
more cars and each car drives more kilometres.

= The “new responsibility” of environmental organisations might steal ityegr
and independence, and at a later date it might jeopardise their populat.suppor

= It is probablynot truethat pollution prevention always pays, and expectations
that they will might create an image of painless sustainability. We midjht st
have to deal with changes that demand effort, perhaps even sacrifice.

»= Related to the previous point: Ecological modernism as a movémasso far —
for production as well as for consumption — probably gone for the low hanging
fruits In the future we might confront other kinds of fruit.

= The demand for more environmentally friendly consumer productst migik
as a trade barrier for the developing countries, hindering market access and
therefore be an obstacle to sustainable development outside the OECD sountrie

= The modernist approach (Giddens’ “simple modernity”) has a blind spot for
things that go beyond use value and exchange value (price) in consumption.

3. Data and methods

This paper, and the project on which it is based, utilises both segoadd primary

data. In the discussion of the environmental impact of consumptioraveeused life

cycle analysis as a platform and background for the project. Our primary data are a
combination of quantitative and qualitative material. We have carried quantitative
consumer survey in Germany, Italy, Norway and Spain. In additierpridject is built

up around three case studigssue paperepresenting consumablegashing machines
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representing durables amolurist accommodatioms an example of services. In these
case studies, we carried out qualitative interviews with relevant stakeholdergaarthe
countries. The stakeholders were representing producers, distributors, consdmer a
environmental NGOs, governments and eco labelling bodies. Most of thaewr
were personal interviews, but to some degree we use the telephone.

The quantitative consumer survey was carried out by telephone from early to late
summer 2001 in Germany, Norway, Italy and Spain. Each intervietedlas
approximately 20 minutes, and 1000 respondents were interviewed in each country. A
common questionnaire in English was translated into the nationalageguThe
guestionnaire consisted of 21 main questions and some background variables.

The survey focused upon search activity for tissue paper in the past, the next purchase
of a washing machine, and previous and future purchases of holidayracdation.

The questions also covered a wide variety of questions about trustrimation from,

and eco-labels backed by, different agencies. There is also a section that includes
guestions about national and European eco-labels.

Cross-country studies always have their own challenges. Everifta varies
considerably between the countries. How the market-place functions and wdsabkin
environmental information are available in the different countries aaoes
considerably. In the search for common issues and common concepts, rdie mo
complicated and precise issues must be left behind. We have therefore laldedinc
several questions concerning attitudes to explore assumed differences between the
countries. In addition there are the linguistic challenges in compm&ntjcal surveys

in four languages.

All in all the survey results were satisfactory. The questionnaems to have
functioned reasonably well in all four countries. The Gersanvey results have the
fewest missing, and few respondents usedithaot knowoption in the questions. The
Norwegian results were a little less impressive than then@n ones, but still quite
good. One exception was the holiday accommodation question that did nobrfuncti
well for Norway, mostly due to the fact that Norwegian holiday haésvery different
from the other countries. The Italian results had more missimgthleafirst two, but the
results were still satisfactory. There were some more probatinghe Spanish results.
There was substantially more missing than for the other countridacimg the
representativity of the results.

4. General aspects: knowledge and trust in eco-labels

The DEEP project is carried out in four different European countries withda wi
variation in experiences with eco labels. This gives us an opportanisyutly the
importance of consumer knowledge about and trust in the labelling schembs. Bot
consumer knowledge and trust among consumers are important factors in the ecological
modernisation. We all know that the rational economic man is arficHowever, the

model presupposes some rationality among ordinary consumers, oghéneieco
labelling schemes are only a shot in the dark.

4.1  Consumer knowledge
The respondents were asked to name any environmental labels they could
spontaneously think of. Each country reported answers for a common group qf labels
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and then also in addition various national and regional symbolhawéeincluded the
recycling symbols in this overview, event though is it not an ecdslaBs we can see,
there are significant differences among the four countries (table 1 and 2).

Table 1: Three most spontaneously mentioned environmentally related labels including social labels by
country in absolute numbers

Germany Norway Italy Spain
(1021) (1000) (1000) (1004)
Most Blue 578 The 700 | Recycling{14 |Green 194
mentioned Angel Nordic Triangle 13 Dot
Swan
Panda 9
WWW
Albero
Second mosiGreen 553 Recycling| 199 Energy |6 Blue Flag| 39
mentioned Dot symbol label
(Gruiner
Punkt)
Third  most | Recycling| 70 GreerDot | 50 AENOR |27
mentioned symbol WWW DGQA 22
Panda
Debio @ 48
47

Table 2: Number of eco-labels that respondents spontaneously mention

Germany |[Norway Italy Spain
1 label 48,5 % 56,1 % 3,5% 18,1 %
2 labels 29,4 % 16,8 % 0,1 % 4,0 %
3 labels 5,4 % 3,0% 0,0 % 1,3%
4 labels 0,4 % 0,7% 0,0 % 0,2 %
5 labels 0,2 % 0,0% 0,0 % 0,1%
Mentioned no labels|16,2 % 23,4 % 96,4 % 76,3 %

= The Blue Angel and The White Swan is well know among respectively German
and Norwegian consumers

= The recycling symbols are recognised by consumers in Germany, Norway, Spain
and to some degree Italy

= European consumers do not know the EU-flower, only 1% mention the flower

= German and Norwegian consumers mention a large number of eco labels or
similar environmental symbols, while the situation in Spain and Isalyuite
different where more than % did not mention any labels at all.
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4.2  Who do consumer trust as sources for environmental information?

We followed up on this ranking by askingho the respondents trust as a source of
information concerning environmental issues, on a scale from 1 Trust a great deal to 5
Do not trust at all. We found that environmental organisations and tistsen
consistently score the highest, while business and industry score the ilakdgour
countries.

Table 3: Trust in environmental information from different sources ranked by the sum of the two strongest

degrees of trust on the scale from 1 (Trust a great deal) and 5 (Do not trust at all). In percent of those who
answered

Germany Norway Italy Spain
1% Environmente 74 | Scientists 66 |Scientists 61 |Environmente 53
| organisation % | Environmente % % |l organisation %
| organisation 62
%
2" | Scientists 65 Environmente 53 | Scientists 48
% | organisation % %
3¢ | European 26 |Government 36 |European 37 |Media 34
Commission % % |Commission % %
Media
23
%
4 Media 26 |Government 21 |European 25
% |Media %2 |Commission %
1%
5" |Government 19 |European 21 Government 13
% |Commission % %
6" |Business ar 14 |Business ar 17 |Business ar 16 |Business ar 9%
industry % |industry % |industry % |industry

Non-significant differences at 5% are ranked together. Other differences are mostly significant at 1% or
more.

As expected, Government received a higher rate of trust in Norway than ithéne o
countries, as this is a very common result from cross-country stédies. non-EU
member it is also not surprising that the European Commiss®it’fidowest ranking

in Norway.

Spain had a very large number of missing, so the Spanish results areppesentative

for the half of the respondents that answered the question. Given that, we imediate
notice that Consumer and Environmental organisations are ranked first dledsrata
ranked last in all four countries. The results for Germary Morway show a larger
spread in the percentages than for Italy and Spain in the extremegh theuGerman
results do not differentiate between the European Commission, Nagovernment

and producers. Independent body including several stakeholders holds arsekorgl

in Germany, Norway and Spain, and third in Italy. Government hatatively high
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ranking in Norway again with a relatively high percentage; in theerotountries
Government has a percentage in the twenties and a lower ranking. Noticdhadaght
ranking for the European Commission in Italy. Producers have a second+amlasg
in all the countries with percentages in the twenties, a steadglatgely poor result.

We then turned to the more concrete question about trust in ece daloeihistrated by
various institutional arrangements; including European Union,efdowents, NGOSs,
retailers, producers and independent bodies (table 4).

Table 4: Trust in an eco-label administered and guaranteed from these institutions ranked by the sum of the

two strongest degrees of trust on a scale from 1(Trust a great deal) to 5(Do not trust at all)? In percent of
those who answered

Germany Norway Italy Spain
(1021) (1000) (1000) (556-605)

1 Consumer ar 78 |Consumer ar 73 |Consumer ar 53 |Consumer ar 67
Environmental % |Environmente % |Environmente % | Environmente %
organisations | organisation | organisation | organisation

2 |Independent 55 |[Independent 63 |European 44 |Independent 52

body % |body % |Commission % |body %
3¢ European 28 |Government 53 |Independent 36 |European 41
Commission % % | body % |Commission %
Government
Producers 25
%
25
%
4" European 27 |Government 28 |Producers 33
COmIEEEn v Producers o Government o
Producers 28 29
2 % %
%
5th
6" |Retailers 12 |Retailers 18 |Retailers 21 |Retailers 21
% % % %

Consumers in all four countries prefer eco labels administered by consumer or
environmental organisations. Independent bodies have also stippgrt in Germany,
Norway and Spain. The government have again a mush strongeorpasitNorway

than in the other countries, and the European Commission has the strongestibacking
Italy.

The consistent poorer results for retail than for producers, with lorseking for
retailers and quite low percentages, is interesting. Could lack dfafiay with eco-
labels backed by retailers explain part of these results?
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Comparing the results for the two trust questions is not gtpoi$sible, since different
institutions and organisations are used. We still point out, with due catibain,
environmental organisations (together with consumer organisationse irseitond
guestion) do very well in both questions, and that respondents auattduntries seem

to agree upon the relatively low percentages and low rankingddupers and retailers

(or business and industry in the first question). For the Europeamm@sion and
National government the results are less clear with the exception of therkgigrand
percentage for national government in Norway and the same for the European
Commission in Italy.

Consumers in Europe prefer that eco labelling schemes are scientifically hdsa@ a
administrated by environmental and consumer organisation or by independe&d. b
The independence of producers’ and retailers’ interests seems mosgamplout the
independence of governments and European Commission is also a part oltieeipict
most countries.

5. Eco-labels more relevant for some product and product groups than for

others?

Ecolabels are a consumer information tool, and information is only onegs®veral
environmental policy instruments. Two other main instruments egeslation and
regulation on the one hand, taxation and other economic instruametiis other. In the
political climate in Europe, both legislation and taxation are proatic instruments
among governments and business stakeholders. It is therefore easy to turn to
information tools, and various forms of labels are introduced in the consoemiest.

But environmental information will certainly be more relevant andcéffe for some
environmental problems than for others. The large polluting prabie Europe, related

to both water and air, have been addressed mainly by technolayaiions, political
regulation and economic instruments. Still, environmental nmédion to consumers is
important because a sustainable environmental development is dependent eupon th
behaviour of a large number of ordinary consumers.

As mentioned, we carried out case studies within three product categories: tissue paper
(consumables), washing machines (durables), and tourist accommodations (services).
Are eco-labels more relevant and effective for some products categoridsrtbthers?

This question can be addressed in two different ways. We can relatgesi®ig to the
environmental impact of the products in a life cycle perspective, and we can Ibek at t
consumer attitudes and behaviour related to the product categories.

5.1 Tissue paper

For tissue paper, like many other consumables, the main environmepaat iis related

to the production phase. The production of paper is substantially more amtpbet use
phase. This means that the crucial consumer decisions are taken in theashbes,
point of sale. Eco labels — and other environmental product informatiemss — can

be important instruments, and help consumers in their routinised depisioess. For
consumables, simple symbols are crucial. In the everyday shoppirayidagh
consumers ordinary don’t use much time and resources to select one product instead o
another. This is an argument in favour of classical eco labels.
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But how do consumers themselves look at this question? Do they really gmarch
environmental information when they buy tissue paper, and what kintbohation do
they prefer, table 5 and figure 1.?

Table 5: How often do you look for environmental information when you buy tissue paper?

(Always, frequently and sometimes are shown. Only respondents who answered the question are included):

Germany | Norway Italy Spain
Tissue paper

70% 72% 43% 37%

(N=993) [(N=980) [(N=932) |(N=866)

N denotes the number of respondents that the percentages are in relation to.

Figure 1: What forms of information concerning the environmental aspects of tissue paper would you like? In
percent of those who searched.

1

91 %
96 %
92 %
93 %

Eco-label

92 %
Test note

OGermany

B Norway
Test report —_—

69 % O\taly

B Spain

Advertisement 76 %

69 %

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Consumers in our four countries to a large degree search for environmenrtabindn
when they buy tissue paper. This is specially the case inaBgrand Norway. We also
see that eco-labels are the preferred environmental information tdbtauatries, but
also test notes are a popular instruments. Consumers in Norway and Gerossgydo
not look at advertising as an interesting environmental informaltianne|.

This means that eco-labels have a strong potential to function as a sudnsssiment
for consumables in our four countries. It is an easy dectsidake for consumers, the
products are found in most shops and the symbols are understandablestaacaimong
ordinary people. This potential has been realised in Norway @&nchady, and also
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some positive tendencies are found in Italy. The market shares for et-lab
Norway and Germany are relatively high, and the reason for this is alsd fe
positive attitudes among the industry and retailers.

Washing machines

Washing machines, like most durables, are more problematic than cofesibedause

the main environmental impact is found in the use phase. The use phaseshimg wa
process, is probably far more important than the production phasevafsiing
machines, as far as energy is concerned. This means that the simpddsswither in

form of classical eco labels or in the form of the mandatory Eddggnlabel have a
limited effect on the environmental impact of the product. The labels rmdvm
consumers about the environmental impact of the production phase, tues on

the use of energy and water and the washing effect of the machine. They do not,
however, advise consumers on how to reduce the general environmental impact of the
washing process.

To what degree do consumers search for environmental information whebujey
washing machines, and what kind of information do they prefer, table 6ganel #7?

Table 6: How often do you look for environmental information when you buy washing machines? (Always,
frequently and sometimes are shown. Only respondents who answered the question are included)

Germany | Norway Italy Spain

Washing machines
93% 73% 75% 56%

(N=1012) |(N=928) |(N=980) |(N=933)

N denotes the number of respondents that the percentages are in relation to.
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Figure 2

Consumers search for environmental information when they bsfimgamachines, but

they spontaneously do not mention the mandatory energy labels hdyewdre asked

an open question about eco labels. Eco labels and test notes are the preferred
environmental information tools, and consumers in Norwaly@Germany have negative
attitudes towards advertising as far as environmental information are concerned. It is
also worth noting that the internet — so far — is not recognised as aanemsmtal
information tool.

The mandatory energy label function as an environmental infamedol at the point

of sale, even though consumers don’'t mention it as an environmenthl Ifallbe
selection phase, the choice of products is important. The main envir@innepact is,
however, linked to the use phase of the washing machine. If we want to reduce the
environmental information of the washing process, we have to combine eco agyl ener
labels with other environmental instruments.
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Tourist accommodation

The environmental aspects linked to tourist accommodation are multi-dimains

Some of them are mainly related to the production phase, such as suppigrod éwod

and eco-labelling products. Others are more related to the use phase, such as use of
energy and water and linkages to public transport systems. The regjpynsilalso

shared between the owner of the hotels and the user of the accommodation. For
consumers the choice of accommodation is important and you can choaserbe
labelled hotels and ordinary hotel accommodation. In the next phasesé of the
accommodation is crucial. As we see it, tourist accommodation has nareimon on

with washing machines than tissue paper.

It this dualism reflected in consumer search for environmentainiafiton when they
plan their holiday accommodation, and what kind of informatiorthey prefer, table 7
and figure 3?

Table 7: How often do you look for environmental information when you buy holiday accommodation?
(Always, frequently and sometimes are shown (Only respondents who answered the question are included)

Germany | Norway Italy Spain

Holiday
Accommodation 25% 14% 30% 42%

(N=852) | (N=451) |(N=552) [|(N=556)

N denotes the number of respondents that the percentages are in relation to.

Test note 50 %

Eco-label 0

Test report o

Travel brochure

0,
= o h O Germany
% B Norway
Personnel sales talk 9
82 %
74 % O taly

63 % .

Internet % _Sigella
61 %
61 %
51 %
. 0,
Advertisement 224

71%
T

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100 %

Figure 3
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When consumers plan their holiday accommodation, environmentataigtey only a
minor part in the planning process. This is specially the case in Norway where only 14%
look for environmental information when they buy holiday accodations. But also in

the three other countries are the environmental searchers significantlytfeameior
washing machines and tissue paper.

The reasons for these differences can be found along two dimensishsofFall

holiday accommodation is multi-dimensional as far as environinempact is
concerned. The choice of tissue paper is a simple one; holidays and acconma@atio
more complicated. Secondly, washing machines and tissue paper belong to the ordinary
routinised consumption while holidays is something spectaculardst people. There

are other rules and goals in the everyday life than for holidayssirsthlso the case for
environmental questions? We probably do not want to emphasise the environmental
problems of holidays.

Among consumers who look for environmental information related todali
accommodation, the preferred information tools are the same as for washing machines
and tissue paper. Eco labels and test notes are on top of the list in all datnieso
However, they have strong competition from travel brochures. The ré&asihs is the

fact that consumers are very much concerned about the adaption to a landscegpe; this
regarded as the primary environmental aspect of tourist accommodation among
consumers in our four countries, - especially in Spain and Italy.

6. Advantages and limitation of various kinds of eco labels

As we have seen eco-labels are only one environmental instrument, betteediésig
consumables than for durables and services. But there are various kindslaifeds0

and the choice between different choices of schemes is also crucial. As described above
we distinguish between:

Mandatory labels like the EU energy label (household appliances)abaets for
chemical products on the one hand, and voluntary labels on the otherg Ameoungle
of voluntary labels we also distinguish between:

= |SO-type | eco labels, classical second- party labels like the Elflothie
German Blue Angel and the Nordic White Swan.

= |SO-type Il eco labels, self-classification by industry or retailers

= |SO-type Il eco labels, quantitative environmental productadatibns (EPD)
= Other relevant labels, including social labels and organic labels

= Other not relevant labels, including recycling symbols like the green dot

We will first discuss the relation between mandatory and vaityiabels, and continue
with the relation between the voluntary types. At last we bvikfly comment “other
labels”.

6.1 Mandatory labels

Are there reasons to believe that mandatory labels are more suitable éopramucts
or product groups than for others? The strengths of mandatory labesbaous.
Similar rules are applied within the large regions where the scheme ghisssh no
discrimination and no technical barrier is allowed within the reditemdatory labels
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seem to be very effective to deal with one factor (poison, biohazard, danget) onvit
dimension (like energy). Within the European Union we have witnessed the success of
the energy label on electrical household appliances and dangds &b chemical
products

On the other hand, an international regime has to be established thas dédindards
that might not suit all member countries, due to different nationalreslt Mandatory
labels will have to insist on minimum standards, rather thanavagiable technology.
They will probably not stimulate innovation. Further, labels mighttion as a trade
barrier to third party countries, and mandatory labels need someagldgitimacy
among government and businesses.

As we see it, mandatory labels should primarily be developed within sectorshof hig
priority (like the danger warning), for “black products” that we would not like tol labe
“eco-friendly” and for sectors where it is difficult to reach to any kind dbnary
agreements.

Generally, there are problems concerning the control regime of the eneefynlab
Europe, where producers’ and retailers’ self-classification so far has lstematically
biased.

The present political climate in Europe clearly gives preference to volagegements

6.2 ISO-type I labels

The main advantage of ISO-type | labels probably is that they useessypbols; it is
easy to communicate the message to the consumers. In addition, they gaicecbsden
being scientifically based and organised through a third party contrateegiype I-
labels seem to work very well for consumables, providing informadtothe point of
sales. Such labels will typically contain summed up information, wégoert panels
estimate the relative importance of various impacts (pollution, eretog)y presenting
the consumer with the result of a process, but with free public access to cFiheria.
average consumer just has to relate to the symbol. This simple preseatatather
complicated matters seem to have a potential for being met by high letreistdrom
consumers.

Type-l-labels’ main shortcoming might be that they are nationagiomal, so far not a
success on a European level. Further, they obviously work better for speeafy
products than for others, even with a number of national differences.

6.3 ISO-type Il labels

ISO-type Il labels really are a type of advertising. Main problems concernitg suc
labels are that the message is often unclear, labels often one depistviibmension

(no chlorine...), they are at best semi-scientifically based, and ridgyon self-
classification. In the Nordic countries they tend to conflict widh Marketing Control
Acts, prohibiting the use of phrases like “eco friendly” etc. Type Il labélgenerally
have a problematic relation to questions of trust, and - relatbdtte to generally non-
existent control regimes.

Potential environmental advantages of Type ll-labels are first, fibr the least
sophisticatedproducers or retailers, a Type ll-label might be a starting point for a
positive change process, concentrating on doing at least something. This might for
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instance be very relevant for tourist accommodations in the Metiearn. Second, for
leading environmental innovatorssuch labels might highlight their best products,
employing technology that is ahead of competitors and beyond the labellieg.bodi

6.4 ISO-type Il labels

So-called ISO-type Il labels provide numerical informatibeyond the symbols. They
are also known as Environmental Product Declarations (EPD). Sbdgrdo not seem
very relevant for consumers, who would be hard put to make sesselpquantitative
data (how many tons of CO2 is it reasonable to emit during the productohuoidred
tonnes of cement?). It has been described as an instrument naairbysiness-to-
business communication, but for small and medium enterprisesitext interpretation
of the numerical sheets will probably be almost as difficult as thinary consumers.

Development of Type Il labels is a promising step for busjriasisfor consumers, as
well as for small retailers and producers, the information will haeettranslated. For
Type I-labelling of bigger and more complex entities (like hotelsnasliand so on),
EPDs will probably be perfect tools.

6.5 Other labels, some comments

There is a jungle of labels out there: There are a large numbelyolimgdabels, often
without any developed organisation to handle the waste. There are organic foed label
social and ethical labels, all with some environmental interestdditi@n, we meet
country of origin labels, and locally based labels.

In this context they are probably most interesting as examples of the Kuhotgdod-
overload” that modern consumers have to deal with. Most stakeholders call for a
simpler system, with a limited number of labels for consumersldterto.

7. Concluding remarks and discussions

The German and Norwegian example shows that there is a huge potenti@l-tgpéS

labelled consumables in Europe, given that the labelling bodies are calbleild
consumer knowledge and trust, and given that they establish some smopefation

with producers and retailers. Early in the project, we noticed that paint was a huge
success in Germany, much in the same way as eco-labelled detergents were buccessfu
in Norway, while eco-labelled paint was no success at all in Norway (Rubik &ISchol
ed., 2002). We believe that this is mainly explained by industry'sreifteattitudes in

the two cases.

For durables, like the washing machine, it seems as if the mandatory energyatabel h
greatly reduced the relevance of traditional type I-labels, because energyl wsaten

use cover most of the environmental impacts already. The labelling bodies could
obviously distribute eco-labels (swans, angels or flowers) to the enesgy efficient
products (the double A’s), but we have to presuppose that the consumer is able to read
as much himself.

The lack of consumer interest in the environmental aspects of tourist acdations
among Norwegian consumers also shows a kind of limitation for labeé¢se has be
some sort of consumer interest or general focus on the issueabEte have to seen as
dealing with matters that are important.
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Which roles do consumers and consumption play on the ecological modenndatio
Western societies? There are many answers to this question. The techhologica
“optimists” will reduce the important of individual decisions becawesgriological
improvements and innovations are the main answer to the sustainaltéeggsl not
individual behaviour. However, in the race between production and consaompe

can observe that the technological improvements in the productions phase are
counteracted by an increased consumption. In spite of technical improvenit@ins w
iImportant sectors such as cars, household appliances, textiles and hsuskéolicals,
environmental impact of consumption in our societies keeps increasing.

The reason for this is the increasing importance of the use-phase of préduct®st
durables (like washing machines), the main environmental impact is linked to the
energy consumption in the use phase of the products. Even for consumables the use
phase is relevant for many products, because of the importance of the reclyabeg p

(like copy and printing paper). Therefore consumers have a crucial strategic play

in ecological modernisation. On the other hand, the responsibilitysustainable
development cannot be placed on the consumers alone. This responsibslitypenu
shared with all relevant stakeholders such as industry, retailersngwrgs and NGOs.

Individual choices matters. The goals for environmental and consunmey pah only
be reached by well-informed consumers, and we have in this paper shown that eco-
labels can be important tools in the business-to-consumer dialogue:

= In countries with long experiences with eco-labels, these labels arenvelhk
and trusted among consumers

= Even among consumers in countries with newly developed eco-labels the trust in
these labels is reasonable high.

= Consumers in Europe will prefer eco-labelling schemes organised by
independent bodies and consumer- or environmental organisations, and not
schemes developed by retailers and industries. The confidence in hationa
governments and the European Union is higher than the businesses, but
significant lover than NGOs and independent bodies.

= Consumer prefer a wide range of information tools, including test repatts an
test notes, but eco-labels are regarded as an important tool for coresjmabl
durables and services

= The eco-labelling criteria must be scientifically based. The trust imcscies
very high. On the other side the trust in advertisement is low, andsthis
especially the case for Norway compared with Germany, Italy and Spain

Our study has shown that eco-labels have been a substantial success in soms, countrie
for some product groups. The challenges for the future are to expand thegenegper

1) from the successful product groups to other important groups, 2) from guccess
countries to other countries, and from the national to the Europehglabal level.

This can only be possible if we increase our understanding of ttlearmiems behind

the success stories and the failures in the European eco labelling process the last twenty
years.
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Appendix A: Spontaneous mention of eco-labels

Germany Norway Italy Spain
Eco-labels No. % No. % No. % No. %
EU Flower 10 1 17 1,7 4 0,4 12 1,2
Blue Angel 578 56,6 | 2 0,2 2 0,2 4 0,4
White Swan 3 0,3 700 |70 7 0,7 8 0,8
AENOR 27 2,7
DGQC 22 2,2
Blue Flag 7 0,7 2 0,2 39 3,9
EU Energy Label |19 1,9 6 0,6 8 0,8
FSC - Foreg 15 1,5 2 0,2
Stewardship
Council
Oko-Priifzeichen |31 3
DebioDemeter 47 4,7
Legambiente 5 0,5
Gruner Punkt 553 54,2] 50 5 194 19B
Recycling Symbol | 70 6,9 199 19,9 |14 1,4
Other
environmental
labels
Oko Tex Standa]8 0,8
100
TUV Umweltsiegel | 22 2,2
Naturtextil 1 0,1
Oko-test 25 2,4
Other social labels
Fair Trade May4 0,4 6 0,6
Havelar
WWEF — Panda 15 1,5 48 4,8 13 1,3
No answers 151 14,8 | 212 21,2 892 89,7 719 71p
Non-eco labels
CE 26 2,6 8 0,8
Stiftung Warenstes | 47 4.6
GodtNorsk 35 3,5
Gartner 19 1,9
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Abstract

This paper is based on the conviction that one can get a deeper understanding of the
attitude-norm-behaviour relationship in the environmental field aomalysing the
dynamic interaction over time between relevant attitudinal variahhels specific
behaviours of interest. In this paper we present the results oasuamalysis, based on

a panel survey with a random sample of about 2400 Danes interviewed rgetorties

in the period 1998 to 2000, and focusing on buying organic food products.

Summary and conclusions

It is an old discussion within social psychology whetherudlitital variables guide or,
rather, result from behaviour. This study shows that theratls itr both claims and that

one can get a deeper understanding of the attitude-behaviour relationship in the
environmental field by analysing the dynamic interaction over tintedss relevant
attitudinal variables (beliefs and norms in this case) and spbeifiaviours of interest.

Here we have presented the results of such an analysis, basedneh supaey with a

large random sample of Danish consumers interviewed up to three times in tlke peri
1998 to 2000, and focusing on buying organic food products.

Confirmatory factor analysis reveals strong correlations dmtwhe general attitude,
subjective (social) norms, and personal norms towards buying organic Gddtie

three, the personal norm is the strongest predictor of behavioun.this evidence it is
inferred that the overall attitude is dominated by moral normative @rasohs, at

least as far as its relationship with behaviour goes, and that ftbence of the
subjective (social) norm on behaviour is mediated through the pemora (as
suggested by Schwartz, 1977). Structural equation modelling of the cross-sectional
relationship between attitudinal variables and behaviour shawsh# former account

for 80% of the variation in the latter and that approximately 90% oféfiet is
accounted for by the personal norm. The perceived costs (expensiveness) of organic
foods have an additional effect in the expected direction. The influehdbese
determinants is greatly attenuated in a longitudinal analysis, wherbg@aatiour is
included in the analysis, and explained variance increases about 10%.
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The attenuation of other parameter values shows that the stabditytudinal variables

to a substantial degree accounts for the behavioural stability, reflected pgrameter

for past behaviour, as suggested by Ajzen (2002). However, the increase in explained
variance indicates that other variables that account for stability in behare missing

from the analysis. Since the study focuses on everyday products that aréytypica
purchased frequently and in stable surroundings, habit is an obvious candidate.

Based on research on how old habits can be broken and new habits foren in th
environmental field, it is suggested that breaking old habits depends alisted self-
transcendent values being activated and transformed into a specificgberson for

acting in a pro-social way in the situation and forming a new one on whether expected
and experienced consequences of performing the behaviour are rewarding or punishing.
Confirming these hypotheses, the panel analysis reveals that consumaege ¢heir
purchase pattern more towards organic food products the stronger persorsathey

hold for buying organic and the less they perceive organic products as expensive. The
panel analysis also finds significant cross-lagged paths fronbehatiour to the belief

and norm variables. Performing an environmentally friendly bebavsuch as buying
organic food products, seems to reinforce personal norms about dwliobe In
addition, it seems to lead to favourable changes in beliefs about teetpstforming

such behaviour. The latter means that the consumer’s ambivalentdoayiog organic
products is reduced by experience. Hence, it seems that environmentally tdsponsi
behaviour and supporting norms and beliefs interact dynamically in a a@ay tince

set in motion — can result in a virtuous circle.
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Abstract

Chemicals are ubiquitous in our life as they are the ingredients of numkicts we

daily use. Therefore, consumers are constantly exposed to a broad spectrum of
chemicals. Some of these chemicals might be irritants or might hage fwhmful

effects to the human health which are in most cases dose-dependent.

Consumers are not necessarily aware of the presence of chemicals in consumer
products. Therefore, the impact of different use patterns on their exposuaeidus
chemicals might not be evident to them.

Few scientific studies have addressed this problem and exposureedatam@e. The
authors therefore simulate on the basis®deéBRA a scenario-based risk assessment
approach, various use patterns to calculate for a wide product spectrum the resulting
exposure to synthetic fragrance substances. The product spectrum was selected from
various personal care and cosmetic products as well as from cleaning agents and
detergents.

The results of first calculations on the basi©&CD-equations clearly demonstrate the
strong correlations between use behaviour and exposure. Therestablishing such
exposure calculations might influence positively the consumers’ use of prautts
contribute in this way to a more sustainable selection and applicdtmarsmnal care
and cleansing products.
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Introduction

During the last decades thousands of chemicals have been used toeirtipeov
characteristics and efficiencies of manifold consumer products. Todapxapately
100’000 different chemicals are known to be in us®kCD countries, e.g. (Geiss et
al., 1992). Although these chemicals have been constantly releaskdréastill being
released) to the environment, little is known about most of their p@sdfbcts.

Instruments that are used to test the impacts of chemicals do not oalyohealy on
sufficient data bases on the chemicals themselves (physicochpnoipattiesetc), see

e.g. (Ford et al., 2000), but also on data on the actual use amounts of theatheanmic

the consumers’ use of products which contain such chemicals. Whde th
physicochemical properties are available for an increasing number ofceltenainly

little is known about the consumer behaviour (Van Veen et al., 2001 Khewledge

gaps might be explainable: studies investigating consumers and theiroloe hang
time-consuming and expensive; the consumers’ behaviour is highablea reliable
consumer statements are not easily attained; the consumers’ privamthsraactor

that hinders access to consumption data. Only in recent years attempbediaveade

to improve the unsatisfying knowledge situation, e.g. (Ford et al., 1999, Weegels, 1997,
Weegels and Van Veen, 2001). Nevertheless, large knowledge gaps remain and
improvement potential still is high.

In this study the polycyclic musk fragrano®" TN andHHCB are investigated and the
consumer exposure to these substances is calcuetddN and HHCB are important
ingredients in many consumer products like soaps, shampoos, perfudnésiaary
detergents (Ford, 1998) and are released into the aquatic environment via the sewage
after the use of such products. The two investigated synthetic musk fragrances are
persistent and lipophilic (e.g. Rimkus, 1999) and therefore accumulate mesesli
sewage-sludge and in aquatic fauna (e.g. Eschke et al., 1994). In recent yelaase¢he
been also found in human adipose tissue and in mothers’ milkRengus and Wolf,

1996). Some hints for liver tumor initializing effects exist from steidhéth rats (e.g.
Steinberg et al., 1999). These findings caused a controversial discussion om tiie us
the polycyclic musks although no significant effects on the humalthhbave been
recognized so far (e.g. Ford, 1998).

The first goal of this study is to gather reliable information on the upersbnal care

and cleansing products (e.g. use frequencies, use amounts, use times) ted o
products themselves (e.g. fraction of investigated materials in pspduember of
products containing these materials, properties of products). These dae used to
enhance and improve existing models for calculating the consumer expo#uid b

and HHCB. The data have to be presented in a transparent and comprehensive way.
Another goal is the development of a software tool that helps to estimaterisumer
exposure to chemicals contained in personal care and cleansing productsaa Only
restricted set of data should be necessary to provide the input dataddayuihe model

(the used product spectrum, the fraction of the investigated substances in each product,
use frequencies, use amounts, duration of use, consuntedral@rmation).
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Consumer behaviour

While individuals use products in roughly the same way at different times; in
individual changes in the product use are stronger (Weegels, 1997). On the basis of the
former research, Weegels and Van Veen (2001) have demonstrated this lagtityari

in inter-individual product application by investigating the use of-diakhing liquids,

all purpose and toilet cleaning agents, and hair spray in households in hieeldhets.

Other detailed data on the variability of the consumers’ behaviour are scarce.

It is not easy to obtain reliable information on the use of singleuptedOften use
amounts per capita are derived from data on the total consumption or even production
amounts of product groups by dividing these amounts by the total poputd®e.g.

(Van de Plassche and Balk, 1997). Sometimes, even production amounts of pr@ducts ar
not available — even not for the manufacturer associations (personalunaaton

from B. Huber, IKW, 2002) — and assumptions have to be made by using arlesal sa
figures for single products (Van de Plassche and Balk, 1997). The avdgadlen the

use of personal care or cleansing products is often presented as average use amounts,
times, frequencies, and is often based on the information pbvagl manufacturers’
associations, e.g. the American Cosmetic, Toiletry, and Fragrance Assocti&BRA,

1997), or the International Association for Soaps, Detergents andeMante Products

(Van de Plassche and Balk, 1997). Other data are only best estimates baeatife s
studies are missing that could provide useful information (USEPA, 1997) (EU, 1996).
Many data sources come from the United States and therefore are not easily transferable
to European countries (Ford, 1998). Nevertheless, European authorities userijaite si

data in their risk assessments (EU, 1996).

In this study, an additional source is used to obtain data on the consumer ureimavio
Europe. The “Typologie der Winsche Intermedigi\(V)), a market survey agency of

the German Burda-Verlag, Offenburg, performs regular consumer surveys of the
German market for personal care products. Approximately 20°000 German-speaking
consumers are visited each year. These consumers are asked to describe their product
use ésp the use frequencies). To identify special products they may use piettase
shown to them. Consumers are also invited to fill in prepared use diaries to document
their use behaviour in detail. The results of this study are ave#adol can be analyzed
“online” (TdWI, 2002). These data give a reliable impression of use frequencies f
numerous personal care products which are investigated in this study. Aalbyitidre

TdWI data contain the number of affected consumers for different age groups which
might be very important to discriminate between age-related use patteadslition to

the TdWI data, we also refer to a recent diploma thesis especially focusing on the
consumer behaviour during the use of personal care and cleansing products in
Switzerland (Gaukler, 2002).

Calculations with SceBRA

A few exposure models exist that can be used to estimate the consumer exposure. Some
models, e.gCONSEXP{QVan Veen, 1996), are quite sophisticated. Nevertheless, these
models often use standard values to simulate the consumer behaviour efwlelae

not able to illustrate the highly variable behaviour of consanieis also important to

state that the models do not predict how many consumers use products in avesrtain

(Van Veen, 2001).

272



Therefore, we have chosen to simulate the user behaviour using a scenario-based risk
assessment approachcéEBRAthat was introduced to investigate the exposure during
solvent application in Switzerland (Scheringer et al., 2001). This approach makes
possible to illustrate manifold use patterns that might be typa¢aindividual
consumers. It is possible to represent a broad spectrum of different behaamol
product compositions. Different consumer groups can be easily introduced tpngnse

e.g. new figures for body proportions or typical use frequenciateceto certain age
groups.

Daily exposure estimateEquationsla, b; Table 1) are calculated for a first case study
of synthetic fragrance substances (the polycyclic musk fragr#id&dl and HHCB).

We use an equation that was proposed byQR€D to calculate the annual dermal
consumer exposure to chemicals in viscous or liquid products (OECD, 1993):

Equationla: M~wsF*A sin*D prod*F prod*adil,
Equationlb: M=wW*F*M prodtadi, where

Mq= the potential dermal exposure per day (mg/dayy, the weight fraction of the
fragrance in a product (%); F= the use frequency per day'Ydawi~ the area of
affected skin (cf); Dproi= the density of the product (mg/mFurod= the thickness of
product film on the skin (cm);q@& the dilution factor of the used produck{gowate);
Mprod=the average product amount per application (mg/application).

Different forms ofEquationla can be used to validate the outcomes of the preliminary
calculations: instead of product film, density and affected skin area we have used the
actual use amounts of products to obtain comparable exposure dateh€ligsdits are

also presented in Table 1 (in italics).

Total daily amounts that potentially could be in contact with the consusien during

the use of products are presented for the fragrance matdd@dN andHHCB. Some of

the investigated products are used undiluted, but others are used in aquatic dilution

under normal use conditions. In these cases, dilution factors were assumed, i.e. the
product amount was compared to the used water amount. Those values were taken from
literature sources (USEPA, 1997), (Ford, 1998), and are presented in Table 2 among
other parameters appearing in the equations. Three types of products with different

fragrance contents were assumed and classified as low, medium and high fragranced
products. This differentiation was chosen because of the relatiaelgble contents

found in literature and provided by industry.

Preliminary calculations with thé&sceBRAapproach using average (and/or age-
dependent) data sets for use frequencies, product amounts, product compesitions
clearly demonstrate the variability in the consumer exposur@H®N and HHCB
contained in personal care and cleansing products. The exposure depends oarsbnsum
ages and sexes. Female consumers experience clearly higher exposures than eomparabl
male consumers (with the exception of infantile consumers) (Table 1).

The parameters listed in Table 2 and other parameters used for the calkaeatitaken

from various sources. Some should be named here: 1) for product coompositi
(COLIPA, 2000), (Boeck, 2002), (Ford, 1998), (BACIS, 2001), (personal
communication from Wella Switzerland, 2002); 2) for applied amounts (USEPA, 1997),
(Ford, 1998), (Grieshammer et al., 1997), (Weegels and Van Veen, 2001); 3) for water
amounts (USEPA, 1997); 4) for consumer related parameters (USEPA, 1997), Swiss
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Statistical Authority; 5) for data on consumer behaviour (TdWI, 2@Ggukler, 2002),
(Ford, 1998).

Table 1: Calculated dermal exposure (mg/day) per person to the polycyclic musk fragrances AHTN and
HHCB for products with low, medium and high fragrance content. Ten consumer groups and a product
spectrum of 21 personal care and cleansing products are assumed (regular font: (1a); italic font (1b)).

Consumer group | Md low Md medium Md high
Infantile f 6.2 0.5 15.9 1.3 35.1 2.8
Infantile m 6.3 0.5 16.1 1.3 35.6 2.8
Juvenile f 27.5 3.0 77.7 7.5 1629 | 14.0
Juvenile m 19.6 2.1 53.1 5.3 103.5 | 9.2
Twen f 29.0 2.7 83.5 6.8 171.4 | 12.5
Twen m 25.8 2.0 70.8 5.1 135.8 | 8.8
Adult f 29.4 3.1 84.5 7.7 175.0 | 14.3
Adult m 23.2 2.0 65.9 5.1 1279 | 8.8
Aged f 27.5 2.6 80.5 6.6 168.4 | 12.3
Aged m 14.9 1.4 39.6 3.3 75.4 5.3
Average*: 24.6 2.3 69.5 5.9 140.1] 10.6

* Averages without Infantile consumers

Female consumers experience maximum daily exposures to fragrance materias aroun
170mg beginning with juvenile age. The daily exposures for comparable male
consumers are lower and more heterogeneous (between 75mg and 135mg).

If the average per capita exposures are extrapolated to the total population of the
European Union (380 million, Table 3), the total annual use amount of theigavedt
fragrance materials is 3'412t for low and 9’635t for medium exposure. clirent
calculations slightly overestimate actual use amounts that have been estimated to be
approximately 2’100t in 1995 (Van de Plassche and Balk, 1997) and seem to stabilize at
this value (Brandli, 2002).
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Table 2: Specifications on parameters used for preliminary calculations.

Fragrance Fraction Musk fraction| Density Dilution Applied
[%] [%] [mg/cm3] [gProd/gWater]| Amount [g]

Hand soa 1 1 0.05 1020 0.002 1
Hand soa 2 2 0.1 1020 0.002 1
Hand sop 3 5 0.25 1020 0.002 1
Liquid soa 1 1 0.05 1020 0.002 1
Liquid soa 2 2 0.1 1020 0.002 1
Showergel 1 5 0.25 1020 0.00033 10
Showergel 2 6 0.3 1020 0.00033 10
Shanpoo 1 0.2 0.01 1100 0.01 10
Shanpoo 2 0.5 0.025 1100 0.01 10
Shanpoo 3 1 0.05 1100 0.01 10
Conditioner 1 0.2 0.01 1000 0.01 14
Conditioner 2 0.5 0.025 1000 0.01 14
Conditioner 3 1 0.05 1000 0.01 14
Hair gel 1 0.2 0.01 1100 1 3
Hair gel 2 0.5 0.025 1100 1 3
Hair gel 3 1 0.05 1100 1 3
Hair foam 1 0.5 0.025 960 1 2
Hair foam 2 1 0.05 960 1 2
Hair gray 1 0.5 0.025 800 1 5
Hair ray 2 1 0.05 800 1 5
Hair oray 3 2 0.1 800 1 5
Day creme 1 0.5 0.025 980 1 1
Day creme 2 1 0.05 980 1 1
Day creme 3 2 0.1 980 1 1
Night creme 1 0.5 0.025 980 1 1
Night creme 2 1 0.05 980 1 1
Night creme 3 2 0.1 980 1 1
Cleansiig lotion 1 | 0.5 0.025 1400 1 3
Cleansiig lotion 2 | 1 0.05 1400 1 3
Body lotion 1 0.5 0.025 1400 1 10
Body lotion 2 2 0.1 1400 1 10
Body lotion 3 5 0.25 1400 1 10
Hand lotion 1 0.5 0.025 1400 1 0.5
Hand lotion 2 2 0.1 1400 1 0.5
Hand lotion 3 5 0.25 1400 1 0.5
Antipergirant 1 0.5 0.075 1400 1 3
Antipergirant 2 1 0.15 1400 1 3
Perfume 1 5 0.75 1400 1 0.5
Perfume 2 15 2.25 1400 1 0.5
Perfume 3 30 4.5 1400 1 0.5
Bathing oil 1 10 0.5 1400 0.01 18
Detegent 1 0.1 0.005 1065 0.008 80
Detegent 2 0.2 0.01 1065 0.008 80
Detegent 3 0.3 0.015 1065 0.008 80
Detegent 4 0.5 0.025 1065 0.008 80
Detegent 5 1 0.05 1065 0.008 80
Dishwasher 1 0.1 0.005 1300 0.001 5
Dishwasher 2 0.2 0.01 1300 0.001 5
Dishwasher 3 0.3 0.015 1300 0.001 5
Dishwasher 4 0.5 0.025 1300 0.001 5
Dishwasher 5 1 0.05 1300 0.001 5
All purpose | 0.2 0.01 1040 0.003 30
All purpose | 0.5 0.025 1040 0.003 30
All purpose | 1.5 0.075 1040 0.003 30
Toilet cleaner 1 0.2 0.01 1020 0.01 100
Toilet cleaner 2 0.5 0.025 1020 0.01 100
Floor cleaner 1 0.2 0.01 1020 0.01 100
Floor cleaner 2 0.5 0.025 1020 0.01 100
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Exposure calculated with the equation 1b is significantly lower than #ienprary

results: a ten- to twelve-fold decrease of the exposure is observed. These significan
differences may have several origins. TECD approach can be seen as a worst-case
scenario which estimates the product amount on the basis of three pararheters: t
product density, the product film and the affected skin area that is in contact to
product. Overestimations may take place if 1) the product density is irtbprrec
estimated (in this study some product densities are estimated which are probably t
high), 2) the product film on the skin is too thick (the film in thigdgtis assumed to be
0.1mm, probably this assumption is not valid for the whole affectan), sB) the
affected skin area is overestimated (in this study average skin area values are assumed
and exact assumptions on total affected skin areas remain difficult). All theseaumcert
variables seem to demonstrate that the use of the applied product amount nvight del
more stable and reliable data on the exposure. Calculated per capita exposures (1b) are
extrapolated to the total population of the European Union and result inusata
amounts of 324t for low, 823t for medium and 1’475t for high exposures (Table 3)
These figures are clearly below reported total amounsHItN and HHCB annually

used as fragrances in personal care and cleansing products in Europe.

Table 3: Average dermal exposure (mg/day) per person calculated for products with low, medium and high
fragrance content using E quations 1a and 1b. Total annual amounts (t/y) are obtained by extrapolating to a
total European population of 380 million.

Md low Md medium Md high
Average Exposure in mg/day 24.6 69.5 140.1
Total Amount in t/y (density, film) 3412 9635 19426
Average Exposure in mg/day 2.3 5.9 10.6
Total Amount in t/y (product amount) 324 823 1475

Conclusions and Outlook

The SceBRAapproach is useful to illustrate the use of a broad spectrum of personal care
and cleansing products and to calculate the resulting consumer exposure to fragrance
materials that are used in these products. The results of first exposure calculatgns us

a product spectrum of 21 personal care and cleansing products show that the resulting
exposure is age- and sex-dependent and that female consumers experienaaiygher
dermal doses than comparable male consumers. This diffeseagen more evident if
exposures are normalized to the body weights.

Therefore, theSceBRAapproach seems to be appropriate to estimate the consumer
exposure to chemicals used in products. Nevertheless, a lot of work hasdtmdo
before a useful tool can be presented that is applicable in the rislsrasaesof
chemicals:

- The data used in the preliminary calculations have to be evaluated and confirmed;
- Reliable data bases have to be established for each parameter;
- Additional products have to be introducedy( shaving products);
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- Important approaches exist that can be used to estimate the consumer exposure to
chemicals, which have not been investigated yet. The undgrygjnations have to be
tested and results should be comparesiceBRAapproach calculations;

- The variability of consumer behaviour has to be illustrated wghehmiresolution by
applying the data sets provided by /NI study and similar data sources;

- The number of affected consumers has to be completely integrated @to th
calculations; it has to be combined with the number of simulated use scenarios;

- The time-dimension should be introduced and the use time as well atetii®neof
products on the skin should be used in the exposure calculations to teflecttoal
exposure time;

- The uncertainty and parameter sensitivity of exposure calculationsohd t
determined.
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