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The Social Shaping of a Technique
for Environmental Assessment

Eva Heiskanen

This article is about an evolving tech-
nique called environmental life cycle
assessiment (LCA) and about related pro-
grams and practices. Environmental
product life cycle assessment! is a tech-
nique for evaluating the environmental
impacts of products from “cradle-to-
grave”. LCA has been used to compare
the environmental burdens of different
products, for example plastic and paper
bags, or biofuels and fossil fuels. It has
also been used to identify the most im-
portant environmental impacts of a
product, a system or an activity, for ex-
ample in order to identify relevant crite-
ria for environmental labeling or to pri-
oritize environmental policy measures,

LCA has become increasingly popu-
lar both in business management and in
public environmental policy. A profes-
sional community for LCA has emerged
under the auspices of the Society for
Environmental Toxicology and Chemis-
try (SETAC). International ISO standards
for LCA are under development. Fur-

thermore, the general life cycle frame-
work is now frequently integrated into
management and policy concepts such
as ‘integrated life cycle management’,
‘life cycle design’ and ‘total cost assess-
ment.

LCA is one of the many different ap-
proaches to environmental assessment,
which include Environmental Impact
Assessment (EIA) and Risk Assessment,
among others. Each of these approaches
has evolved out of its own historical con-
text, and each has developed relatively
independently of one another. The his-
tories, social roles and development
paths of such methods are interesting
beyond their individual applications,
because they provide a picture of how
society’s understanding of environmen-
tal problems and their solutions has de-
veloped. A close look at LCA from a so-
cial science perspective could also pro-
vide us with some ideas on where this
development is leading.

Many members of the LCA commu-
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nity are sensitive to the social and po-
litical forces that shape the method.
However, .CA has not yet been very sys-
tematically investigated from a social
science perspective (although see
Simmons, 1997). Nor will it be in this ar-
ticle. But I will try out some lines of
thought from the social studies of sci-
ence and technology (STS) tradition, and
see how well they serve to conceptual-
ize my own and others’ practical experi-
ences of the development and diffusion
of LCA.

This article presents a number of
views of the social shaping of LCA, each
from a slightly different perspective. 1
will first look at LCA as a scientific
method and then at LCA as a manage-
ment tool. [ will also look briefly at the
employment of LCA in social controver-
sies, and at the internal politics of LCA. 1
will then present LCA in the light of ac-
tor-network theory, and will argue that
actor-network theory is a relatively solid
representation of LCA that integrates
many of the concerns that other
conceptualizations raise. Finally, I will
reflect on the potential value of these
different views in understanding the so-
cial shaping of knowledge on human-
environment interactions.

LCA as Science

Life cycle assessment (LCA) is currently
defined (see SETAC, 1993) as a process
to evaluate the environmental burdens
associated with a product, process or
activity. The evaluation should encom-
pass all stages in the product life cycle:
the extraction and processing of raw
materials; manufacturing, transporta-
tion and distribution; use, reuse main-
tenance, recycling and final disposal.
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The energy and materials used and
waste released to the environment in all
these stages are identified and quanti-
fied. Furthermore, the impact of those
energy and material uses and releases to
the environment are assessed, and pos-
sibilities for improvements identified.
Current mainstream definitions of

LCA emphasize the scientific aspects of
LCA, and the existence of a standard
method for conducting such studies
(e.g., de Haes et al., 1994, my italics):

- LCA is a comprehensive tool, aiming

at an analysis of all relevant types of

environmental impact during the

whole life- cycle

- LCA is a systems modeling approach,

employing formalized analysis, using

well-developed mathematical tools

- LCAis primarily a quantitative analy-

sis

- LCA is a scientific tool, as objective

and transparent as possible

- LCA must follow a strict procedure to

ensure the quality of the study.

The last point includes the reliability,

accuracy, source of verification and

representativeness of the data and the

sound application of the principles of

LCA methodology.

However, it was not always so. The ori-
gins of LCA-studies are usually located
in the fuel cycle studies and energy
analyses that became popular in the late
1960s and early 1970s. These were
among the first studies that attempted
to evaluate the total energy require-
ments of finished products by analyzing
energy use at each stage in the produc-
tion-consumption chain. Other precur-
sors include mass-balance accounting
in chemical engineering, and input-out-
put analysis in materials balance eco-
nomics (e.g., Kneese et al., 1970; Ayres
1978). It is said that the first actual LCA-
like study was an unpublished study
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conducted by the Midwest Research In-
stitute in 1969 for the Coca Cola com-
pany on the resource and emission pro-
file of alternative soft drink containers
(Assies, 1992).

The first studies were followed by a
number of resource and environmental
profile studies in the US and energy
analyses on packaging and other prod-
ucts in Europe (e.g., Lidgren, 1982).
These studies were based on an analysis
or accounting of the physical inputs and
outputs of industrial processes. The nov-
elty in the life cycle or resource and en-
vironmental profile analyses was the
linking of multiple processes — from raw
materials production to product dis-
posal —and the calculation of system in-
puts and outputs per “functional unit”,
i.e. per one unit of the desired perfor-
mance of the system (i.e., one wash of
laundry, one ton-kilometer of freight,
one m? of space heated). However, com-
parisons on the basis of input-output
data were (and remain) difficult, as dif-
ferent material flows vary greatly in en-
vironmental relevance, and the data are
difficult to interpret.

Largely independently from the
above-mentioned studies, interest in
evaluations called “product-life-analy-
sis” (PLA) and “Eco- balances” devel-
oped especially in German-speaking
countries (see eg., Pedersen &
Christiansen, 1992; Rubik 1995). Prod-
uct-life- analysis was developed by a
German research institute, and attempts
to address social and economic, as well
as environmental aspects (e.g.,
Gsnowski & Rubik, 1987). Qualitative
analyses addressing environmental and
occupational health and safety risks of
products and substances along the
productlife cycle were also initiated (e.g.

Christiansen et al., 1990). The starting-
points and methods used in these stud-
ies varied considerably, and the bound-
aries toward other evaluation tech-
niques (e.g., risk assessment, technology
assessment, environmental impact as-
sessment, materials accounting) were
indistinct.

Until the 1980s, LCA-type studies re-
mained relatively isolated and did not
gain much public attention. A sudden
interest in LCA-activities in the mid-
1980s is attributed to various factors.
Assies (1992) mentions a study by the
Swiss Federal Laboratories for Materials
Testing and Research (EMPA). The study
presented a reasonable method for ag-
gregating various emission using critical
units of air and water, i.e. the necessary
amount of the medium needed to dilute
the emissions below the limits set by
health standards. EMPA also published
a database for packaging materials that
was widely used. Another reason for the
increased interest in LCA was public and
legislative pressure on packaging waste
(Virtanen, 1994). This gave rise to a spurt
of LCA activities on packaging in various
European countries, which was aug-
mented by rising popular interest and
environmentalist pressure on packaging
and various consumer products.

However, criticism toward the meth-
ods used in LCA studies rose. In the US,
this criticism was especially directed at
the environmental claims made by in-
dustry and at the weaknesses of indi-
vidual LCA studies (see, e.g., EAF, 1990).
Some critiques were more of a scientific
nature, and aimed at improving the
methods used in LCA studies
(Christiansen, 1991).

Starting in 1990, the Society of Envi-
ronmental Toxicology and Chemistry
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(SETAC) took the lead in LCA develop-
ment. A very strong motivation for this
effort was to salvage the credibility of
LCA in the face of growing criticism and
cynicism, largely due to conflicting find-
ings of different studies, and claims that
LCA findings are biased in favor of study
sponsors’ products. The lack of a system-
atic, transparent and reproducible
methodology was identified as the key
problem (see e.g., Assies, 1992;
Poremski, 1992).

SETAC started to develop the LCA
methodology by organizing numerous
conferences, workshops and seminars
on LCA methodology and case studies.
These meetings brought together corpo-
rate, state and academic environmental
scientists and engineers, and sought to
forge a consensus on how LCA studies
should be conducted. LCA articles also
began to appear in scientific and profes-
sional journals (e.g. Journal of Cleaner
Production, Resources, Conservation and
Recycling, Journal of Environmental
Management). In 1995, a peer-reviewed
Journal of Life Cycle Assessment was an-
nounced. Thus, the science of life cycle
assessment was born.

SETAC's development of LCA meth-
odology reached one culmination point
in the publication of the SETAC (1993)
Guidelines for Life- Cycle Assessment: A
‘Code of Practice’ outlining a systematic
framework for LCA studies. LCA was di-
vided into the stages of * goal definition
and scoping), ‘inventory analysis, ‘ char-
acterization’ and ‘valuation’. This divi-
sion aimed to make the LCA process
more transparent as to the decisions
made at the various stages (i.e. bound-
aries of the product system, allocation
of inputs and outputs to products). It
also clearly separated the input-output
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analysis (inventory) from the environ-
mental assessment of the various inputs
and outputs, and this, again, from the
subjective valuation of the significance
of the various environmental problems
that they contribute to. Furthermore, the
‘Code of Practice’ included guidelines for
reporting, publication and critical re-
view. SETAC certainly deserves to be
congratulated: largely thanks to its ef-
forts, LCA studies have become more
transparent and systematic and better
documented.

Another result of the ‘scientification’
of LCA is that life cycle assessments have
become increasingly complex and time-
consuming to conduct (e.g. Schaltegger,
1997). Most of the published articles on
LCA (even quite a few in the SETAC case
study symposium reports) focus not on
results, but on different kinds of meth-
odological problems. These include, e.g.,
the difficulty of determining how far
back in the product life cycle it is neces-
sary to extend the study (e.g. Pedersen
Weidema, 1994), and how different
methods for the impact assessment and
valuation of the different environmen-
tal burdens lead to different conclusions
(e.g., REFORSK, 1992). And despite the
great strides in better reporting disci-
pline and better data quality, the meth-
ods used are still widely divergent, and
the findings still tentative and inconclu-
sive (Guinee et al., 1993). Users of LCA
findings frequently illustrate their expe-
rience with the saying: “still confused, but
on a higher level.”

SETAC'’s work has also strongly influ-
enced the international standardization
of LCA, e.g., within the International
Standards Organization’s (ISO) commit-
tee working on standards for environ-
mental management. The ISO standards
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will probably be adopted as European
standards, and will thus carry quitealot
of weight in Europe. LCA is a curious
standardization item, as it is certainly
not a test-method, and unequivocal
procedures or interpretation rules can
simply not be set out. It is part of a new
trend in standards, system standards,
that set out general guidelines for the
development of systems to ‘build in’ and
maintain the quality of a system (cf. the
ISO quality standards series). Thus, the
standardization procedure is moving
LCA out of the domain of scientific
methods, and in to the world of environ-
mental management tools.

LCA as Environmental Management

The view of LCA as a management tool
is not a new one. However, it has gained
momentum over the past five years. To-
day, almost all the - incredibly numer-
ous — textbooks on environmental busi-
ness management include at least one
chapter on LCA. Some even raise the life
cycle perspective to the level of a guid-
ing principle for environmental business
management (Linnanen et al., 1994;
Niskala & Métésaho, 1996). For example,
Richard Welford’s textbook (1995: 12)
presents LCA in the following way2:
Life cycle assessment is an under-used,
under-researched and under- rated
tool of analysis. By forcing us to track a
particular product (or service) from
cradle to grave it forces us to widen our
environmental dimensions. Itis central
to approaches that go beyond tradi-
tional environmental management
techniques and in its purest form it will
begin to evaluate wider ecological im-
pacts and other issues consistent with
the attainment of sustainability.

With this elevating thought in mind, it

is encouraging to look at statistics from
the recent Nordic Environmental Busi-
ness Barometer (Lovio & Kuusisto, 1996).
Almost half of the Finnish large indus-
trial companies in the sample report that
they perform LCAs on their products.
The sample also included a group of
SMEs. Even in this group, one-fifth re-
port that they are conducting LCAs. Fin-
land is no exception: similar findings
have been obtained in the other Nordic
countries, as well as in large corpora-
tions in the rest of Europe, the US and
Japan (Ryding 1994; Karlsson 1995).

Various surveys of what firms are us-
ing or expecting to use LCA for
(Finnveden & Lindfors, 1992; de Raad,
1993; Ryding, 1994) usually report the
following applications:

- product improvement, product
development, product analysis in
general

- strategic decision-making

- marketing, public information

- supplier evaluation

- dealings with authorities,

although the main emphasis varies from
one survey to another. Increasingly,
product and process development are
put forth as the most important appli-
cation.

With this background, I was some-
what surprised at my own and col-
leagues’ findings on the use of LCA in
seven large Finnish firms (Heiskanen et
al. 1995). Only one of the firms, a paints
and coatings manufacturer, had plans
for using their LCA results in product
development. On the basis of life cycle
considerations, product development
was now considering ways to reduce the
use of substances that are not harmful
as such, but cause large environmental
burdens at the production phase (e.g.,
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TiO,). The other firms reported that their
LCA studies had mainly served to verify
their previous conceptions, or that they
conducted LCAs mainly for the purpose
of submitting the data to their clients. No
concrete product or process improve-
ments were directly attributed to LCA
findings. And on the other hand, the case
studies conducted by my colleague with
two manufacturers of electronic appli-
ances reported that they had developed
concrete product improvement guide-
lines in spite of not having conducted
quantitative LCAs.

The findings can be reflected on us-
ing the framework of knowledge utiliza-
tion, originally developed by Weiss
(1979), and elaborated on by many au-
thors, also in the context of environmen-
tal issues (see, e.g., Michaels, 1993). It
seems that the original, simple view of
knowledge utilization, called the knowl-
edge-driven model by Weiss (1979), is
not the most prevalent way of using LCA
studies in environmental management.

Instead, the most frequent kind of
LCA utilization that people we inter-
viewed mentioned was more of a ‘con-
ceptual’ or ‘enlightening’ nature (cf.
Weiss, 1979). People stated that they had
used LCA in “orienting themselves to-
ward environmental problems related to
products” and “viewed things in a new
way”. Especially, the significance of vari-
ous non-process-related and non-point
source issues, such as distribution, were
mentioned. LCA was also reported as
enhancing the importance of quality
management. In addition, the use of LCA
had influenced the firms' supplier rela-
tionships. As suppliers were asked for
L.CA data, they were also indirectly in-
formed that their environmental perfor-
marnce was being monitored. Many in-
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formants also believed that simply col-
lecting the data asked for would be edu-
cating for their suppliers (Heiskanen et
al., 1995).

More generally, there are, of course,
some reports of very concrete, knowl-
edge-driven applications of LCA in prod-
uctdevelopment (e.g., PROMISE, 1994),
An increasing supply of LCA software-
tools and databases are making LCA
studies easier to conduct. PC-based soft-
ware tools bring to the product
developer’s fingertips the whole of the
product life-cycle on a computer screen.
However, the figures gained through the
use of ready-made LCA packages are still
not conclusive: the different packages
hold different data and use varying
methods (e.g., Sweatman, 1996). Fur-
thermore, it has been recently argued
that this kind of LCA use may be mis-
leading: the databases containing aggre-
gated, industry-average data have little
connection with a specific firm’s suppli-
ers’ environmental performance
(Schaltegger, 1997). The uncertainty and
lack of precision of the data used leads
to the situation that the “total error ofan
LCA can easily become larger than the
calculated differences of ecological im-
pacts between products” (Pohl et al.,
1996).

Thus, it seems justified to listen to the
authors who claim that the mast impor-
tant use of LCA in environmental man-
agement is not direct, but diffuse. The
results, themselves, remain contestable
and inconclusive. However, the involve-
ment in LCA provides managers with
new perspectives on their products, and
new forms of co-operation with other
individuals and organizations. The pro-
cess of conducting an LCA studyis more
educational than the result (e.g.



Eva Heiskanen

Baumann, 1995). In an article on LCA
standardization, one of the environmen-
tal managers interviewed (Will Gibson
of Cummins & Barnard, quoted in Busi-
ness and the Environment, 1996: 2) puts

it as follows:

I think it is important to get a (draft
international standard (document out,
because one of the main strengths of
LCA, atleast initially, is as a pedagogic
vehicle. The LCA process should bring
to the table the various disciplines
within the company (accountants, en-
gineers, designers, environmental
managers, top management) and really
begin the process of integrating envi-
ronmental costs into the fabric of busi-
ness

The first two, ‘mainstream’, con-
ceptualizations of LCA, ‘LCA as a science’
and ‘LCA as a management tool’ would
seem at first sight well matched. Itis easy
to argue that management, especially
environmental management, should be
based on sound scientific principles. Yet
there are conflicts between these two
roles, these two faces of LCA.

The determined attempt to ‘scientify’
LCA has aimed at legitimizing its prac-
tice and results through the authority of
science. At the same time, the attempt
to construct a universal, de-
contextualized methodology has emp-
tied the technique of much of its local
meaning and usefulness in decision-
making (Schaltegger, 1996;
Groenewegen, 1997). The ‘standard
methodology’ and ‘industry average
data’ produce figures that informative,
but extremely abstract for a manager in
a specific context. Because it has been
believed that the appeal to science
would provide legitimacy, local stake
holders have been largely ignored. An
extreme case is the atternpt to construct

universal ‘valuation methods’, i.e. tech-
niques that assign weights to different
environmental problems irrespectively
of the decision-maker’s location, context
or own values.

According to the ‘received view’, sci- -
ence aims at universality, reproducibil-
ity and transparency. Findings should be
based on comprehensive, reliable data;
the work should be carried out by
trained experts, and the value of research
should be evaluated by the scientific
community. New findings should con-
tinually correct earlier ones (e.g.
Webster, 1991). However, the most valu-
able contributions that LCA seems to
have made to environmental manage-
ment to date seem totally unrelated,
even contrary, to the scientific aspects of
LCA. It is very educational for a firm's
staff to collect environmental data in
their own firm and from suppliers, and
to search for solutions together with
managetrs from other functions. It is a
progressive step for product designers to
consider what happens to products
when they are disposed of, and try to
prevent waste. The process of LCA is ob-
viously enlightening and insightful. On
the other hand, the original problem for
which LCA was developed, and eventu-
ally, the scientific community involved
- of finding robust and incontestable
solutions to environmental problems -
remains unsolved.

LCA in the Employment of Public
Controversies

One of the original expectations of LCA
was that it would help to solve public
controversies about products (e.g. de
Oude, 1992). Controversy management
has also been one of the most visible
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corporate applications of LCA. Here, the
consequences have often been success-
ful (from the point of view of the initia-
tor). However, the main consequence of
the use of LCAs in controversies has not
been the arrival at a generally accepted
solution (cf., e.g., Nelkin, 1979; Wynne,
1982). Rather, LCA has been used to re-
define the debate by setting it in a new
technical or political context.

There are numerous examples of
cases of LCA in the employment of envi-
ronmental controversies about sub-
stances and products. Products such as
disposable packaging and diapers, plas-
tics, paper based on primary fibers and
chemicals, such as phosphates, have
been defended against bans, environ-
mental taxes, recycling quotas and pub-
licloss of image in general. Increasingly,
LCA is also called to the aid when envi-
ronmental policy runs into unsolvable
controversies. In the following, two ex-
amples of this role of LCA are recounted:
the European phosphate controversy
and the Finnish beverage packaging
case.

The Phosphate Controversy

Phosphates in detergents have been the
subject of environmental debate since
the 1970s. The debate culminated in the
late 1980s in bans on phosphates in
laundry detergents in some European
countries. The market also reacted to the
intensification of the debate, which cor-
responded with the growing public
awareness and green consumerism at
that time. Very swiftly, phosphate-use in
detergents decreased. Finally, environ-
mental labeling criteria, such as those of
the Nordic Environmental Labeling
Scheme, were established and gained
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influence, and criteria for the EU-wide
Ecolabel came under preparation. The
first (1992) Nordic environmental label-
ing criteria for laundry detergents pre-
cluded the use of phosphates. Phos-
phate manufacturers were naturally not
enthusiastic about these developments,
as they were swiftly losing one line of
business. Many kinds of arguments were
employed in countering criticism to-
ward phosphates. Among them, and in-
creasingly importantly, comparative life
cycle analyses of phosphates and alter-
native builders were used.

The Phosphate Report conducted by
Landbank Environmental Research and
Consultancy and commissioned by
Albright &Wilson, Ltd is one example of
this use of LCA. The objective of the
study (Landbank, 1993) is stated as fol-
lows:

It is a received truth that the use of
phosphates as a builder in detergent
formulations is damaging to the envi-
renment and that the damage caused
by nutrient enrichment of the water en-
vironment - the phenomenon known
as eutrophication - can be avoided by
replacing phosphates with other com-
pounds, notably zeolite A and its co-
builder, polycarboxylic acid or PCA.
This study has been undertaken to test
the truth of the proposition that phos-
phate-free powders are “greener”, or
friendlier to the environment, than

those containing phosphates when as-
sessed over their complete life cycles.

The authors of The Phosphate Report
compiled life cycle inventory data on the
environmental loadings of two builder
systems, sodium tripolyphosphate
(STPP) and zeolite-A as well as of the co-
builder PCA (polycarboxylic acid). Fur-
thermore, they conducted a washing test
determining that varying amounts of the
co-builder PCA are required to reach the



Eva Heiskanen

same soil removal performance, so a
larger amount of PCA was need for the
zeolite- A product. Impact assessment of
the inventory data was carried out us-
ing a Delphi-panel of British scientists.
As a result, weights were attached to the
inventory parameters. Thus, a single
score for the impact of both builder sys-
tems was obtained. The score for STPP
was 107, while zeolite A/PCA scored at
110.

It was concluded that, when equiva-
lence of performance is taken into ac-
count, there is no real difference be-
tween the environmental impacts of the
two competing builder systems. In the
improvement analysis, three issues were
identified to be significant: (1) the dis-
charge of phosphogypsum waste from
the phosphoric acid plantin Morocco (2)
CO,-emissions from energy use
throughout the life cycle and (3) the con-
tribution made by detergent phosphates
in waste waters to eutrophication in
fresh waters. The report recommended
a program for the recycling of
phosphogypsum waste, a program of
energy conservation and increased re-
newable energy use in the manufacture
of STPP and the recovery and reuse of
phosphate from waste waters by the
means of new phosphate-stripping
technologies.

The report was followed by a number
of national studies, including the Nordic
Phosphate Study, with Nordic data and
experts. In the end, the defense was suc-
cessful, atleast in one sense, Phosphates
were returned to grace by allowing a
small amount of phosphates in the for-
mulation of the revised (1995) Nordic
environmental labeling criteria for de-
tergents, as well as in the criteria for the
EU Ecolabel.

The Finnish National Beverage
Packaging LCA

European national beverage packaging
studies (e.g., Sundstrém, 1990; Pommer
& Suhr, 1993; BMU, 1993; Mélkki et al.,
1995) are another example of the use of
LCAs in environmental controversies.
The studies have their history in a long-
standing debate and legislative history
on beverage packaging in Europe. Many
European countries have tried to com-
bat the increasing amount of one-way
beverage packaging, and ensuing waste,
in many different ways. For example, in
Finland, there has been a variable ex-
cise on beverages discouraging the use
of disposable packaging. As a result, re-
fillable packaging have held a major
share of the beer and soft-drinks mar-
ket.

In the early 1990s, the retail trade and
the metal packaging industry started to
protest against this system. It was con-
sidered animpediment to increased im-
port of beer, and storage of returned
bottles was considered an extra cost to
the trade. It was suggested that the tax
be removed from aluminum cans, for
which a recycling system could conse-
quently be developed. It was pointed out
that in Sweden, the recycling of alumi-
num cans was well instituted with con-
tinually growing return rates. On the
other side, environmentalists and the
breweries spoke up for the existing, well
functioning refillable bottle system. This
discussion coincided with Finland's EU
membership, including harmonization
of product excises, break-up of the state
alcohol monopoly and the adoption of
the EU Packaging and packaging waste
directive, so the Ministry of Environ-
ment had a lot on their hands.
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As in many other European countries,
a public policy LCA on beverage pack-
aging was initiated. The study was com-
missioned to the Energy Unit of the na-
tional Technical Research Centre, VIT'T, in
co-operation with the Association of
Packaging Technology and Research. All
the relevant industries as well as the
Ministry of Environment were involved
in the steering group of the study. Fur-
thermore, a ‘scientific follow-up group’
including representatives of environ-
mental research and interest was insti-
tuted for the study. The study took a year
and a half, and was very comprehensive
and thorough, including both inventory
and impact analysis, as well as the dem-
onstration of valuation of the impacts
using seven different methods. The
study did notresult in a clear conclusion
on the relative environmental merit of

the systems:
There is hardly a clear winner in the
comparison between different packag-
ing options ... the differences are usu-
ally relatively small and alternative
from one emission category to another
(Mélkki et al., 1995: 54).

This did not impede the different in-
volved parties from drawing conclu-
sions. The press-release of the Finnish
Federation of Brewing and Soft-Drinks
Industry was titled: “Refillable packages
are a good alternative”, while the Federa-
tion of Finnish Trade and Commerce
headlined its press release with: “The
beverage can is a good alternative”. In
spite of these somewhat differing inter-
pretations, a decision was finally
reached. The problem was reformulated
so as to compare the aluminum can, not
with the refillable bottle, but with one-
way bottles for imported beer. Here, the
recyclable aluminum can was consid-
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ered environmentally superior, and the
packaging surcharge on cans was low-
ered, on the provision that a recycling
system with adequate recovery rates is
instituted.

Although the results of the study
probably did not manage to change
anyone’s opinion, the study clearly
served as such a momentous trial that it
emptied everyone’s ammunition re-
serves. Lindblom & Cohen (1985) have
aptly described this type of use of re-
search as an arbiter or judge. Often, po-
litical decision- making finds itself
bogged down by fundamental disagree-
ment on the status of the problem, i.e.,
conflicting interpretations and repre-
sentations of the problem and of its fac-
tual basis. New research evidence is un-
able to convince the disagreeing parties.
However, they may sometimes agree on
the decision to allow research to serve
as a judge: “let the one with the best
numbers win.” Science is used as the flip
of a coin may be used to solve a disagree-
ment.

The national European beverage
packaging LCAs are one example of the
political employment of LCA. Here, sci-
ence is used to resolve a conflict accord-
ing to a given set of rules. However, even
the beverage packaging example does
not prove that the authority of science
is strong enough to solve disputes. Al-
though LCA as science managed to serve
as a judge in the beverage packaging
case, the judge was not trusted to work
alone. The fact that a sizable steering
group and a ‘scientific advisory group’
(more of an interest group, actually)
were instituted — and held altogether
about thirty meetings — is one example
of how closely the judge was watched,
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The Inherent Politics of LCA

While the previous chapter looked at the
external politics that LCA can be em-
ployed for, I would like to maintain that
there are politics embedded in the
method itself. Winner (1985) is one pro-
tagonist of an approach called the “poli-
tics of technology”, which illustrates
how technologies can embody - and as
physical artifacts, perpetrate — specific
forms of social relations. As an example,
he presents the design of bridges in Long
Island, New York, which were designed
to prevent low-income, black people us-
ing public transit from visiting the is-
land. He also maintains that there are in-
herently political technologies that re-
quire the creation and maintenance of
a particular set of social relations, such
as the organizational forms required by
railways.

One of the ‘politics’ of LCA that pro-
vides much food for thought is how LCA
affects the way we view responsibility for
environmental problems. For example,
Jamison (1992:149) has depicted the
current global market economy as a
place in which responsibility for envi-
ronmental problems is so diffused
among the different actors that: “Today,
we face the possibility that the global
environment may be destroyed, yet no
one will be responsible”. Life cycle think-
ing could be seen as an antidote for this
diffusion of responsibility, as it shows the
different actors the indirect conse-
quences of their actions. Product design-
ers learn that their choice of raw mate-
rials influences the environmental bur-
dens of mining operations in South
America as well as the ernissions from
landfills a hundred years from now. Con-
sumers learn that their product choices

have an impact on energy use in agricul-
ture, industry and distribution.

The chain of responsible actors may
turn out to be surprisingly long. For ex-
ample, Essunger & Tell (1991) list 28 dif-
ferent actor groups that influence the
environmental burdens of construction
materials. These actors include everyone
from the materials’ producers and their
chemical engineers, through janitors
and residents to waste management op-
erators and municipal authorities. This
view of the product life cycle emphasizes
the internal control of each actor group,
co- operation among actors at each life
cycle stage and the importance of con-
tinuity between the different stages. Fol-
lowing this line of thought, life cycle
thinking has given rise to many co-op-
erative and holistic concepts such as “life
cycle management” (e.g., Hass and
Groenewegen, 1996), “environmental
co-makership” (Cramer & Schot, 1993),
“integrated life cycle management”
{Pesso, 1994) and “joint responsibility”
(EAP, 1992), among others.

Thus, LCA seems to have a good mis-
sion. It tells us that we all are responsible.
The basic life cycle model - starting with
raw materials extraction and linking it
with production, distribution, con-
sumption and disposal - is intuitively
simple and insightful (e.g., Figure 1). It
is now frequently used in educational
material, where itis used to teach people
a more responsible attitude toward con-
sumption and the use of products.

Yet the simplified model, however intui-
tive and insightful, is a construct that
does not exist as such in the ‘real world’.
In reality, there is seldom a clear begin-
ning or end to a product’s life cycle. To
extract coal, you need steel, and to make
steel, you need coal. And there certainly
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Figure 1.The simplified, pedagogical life cycle model

(Finnish Ministry of Environment, 1995).

Energy

Raw material

Untreated
raw
material

are no clear-cut boundaries between
one product and another. Most indus-
trial processes produce more than one
type of product, products are not distrib-
uted individually, and there certainly
isn’'t one separate landfill for each prod-
uct. This leads to one of the central prob-
lems of life cycle assessment studies: the
allocation of environmental burdens to
products. Thousands of pages of LCAlit-
erature address this issue, to which there
is no simple solution. How should re-
source use and emissions be divided
between co-products: at the refinery, in
distribution, at the landfill? How are the
environmental burdens of primary ma-
terials production (e.g., aluminum) di-
vided between primary and secondary
(i.e. recycled) materials?

Often, the issue of allocation is dis-
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cussed as a technical question within the
LCA community, but an increasing num-
ber of authors are also addressing its so-
cial implications (Heijungs, 1994;
Frischknecht, 1994; van Engelenburg &
Nieuwelaar, 1994). One striking example
is the extraction of precious metals. Two
products are produced, the precious
metal and stone and gravel for road con-
struction. If the environmental burdens
of this process are allocated on a mass
basis, an overwhelmingly large share of
the environmental burden goes to the
gravel, making, e.g., gold or platinum
very clean products (e.g., Maillerfer,
1996). Thus, decisions made in the LCA
process may influence our views of what
environmental burdens different prod-
ucts (and people) are responsible for.
LCA studies have also - at least until
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very recently — been fairly selective in
allocating responsibility to different life
cycle stages. Until very recently, LCA
comparisons of energy production alter-
natives have disregarded the environ-
mental burdens of construction, main-
tenance and disposal of the production
facilities (Miettinen et al., 1995). The
mining industry is one of the largest
sources of environmental pollution and
disruption in many countries, but the
environmental burdens of mining are
very often omitted on the basis of lack-
ing data (e.g., Ayres, 1994). Other fre-
quent blind spots in LCA studies include
impacts on biodiversity, incidental emis-
sions and spills, as well as emissions
from landfills (e.g., Heikura, 1993). These
issues are often discussed in the ‘goal
definition and scoping’ section of LCA
studies (which very few people read).
The resulting environmental loadings do
not appear in the ‘results’ section of LCA
studies — which are, notwithstanding,
seen as comprehensive representations
of the environmental impacts of prod-
ucts.

Users also easily forget that, in LCA
studies, the chain of responsibility for
environmental impacts is constructed
through material and energeticlinks. For
example, a window-frame made of
tropical wood is responsible for the en-
vironmental impacts of the processes
that deliver materials of energy for the
production, distribution, use or disposal
of the window-frame (Guinee, 1992).
One could envisage other kinds of links
to the window-frame, as well. Felling the
trees requires aroad. The road opens up
the forest for homesteaders, who cut
more trees and clear more forest for
farmland, which in turn leads to erosion.
But such links are not part of the stan-

dard LCA methodology (see, e.g,
Heikura, 1993).

Although the life cycle framework
looks simple, it is still extremely com-
plex, and often leads to inconclusive re-
sults. Depending on the location, on the
boundary and allocation choices and on
the valuation of different environmen-
tal problems, we get very different re-
sults. On the basis of such findings, it is
difficult to present any clear prescrip-
tions for action - in fact, the findings of-
ten challenge existing prescriptions,
such as “prefer renewable energy
sources” or“ reduce, reuse, recycle”. LCA
results are often so inconclusive and
conflicting that it is impossible to say -
if youlook at more than one study - that
any single line of action, e.g., the recy-
cling of glass containers, is always good
for the environment (see, e.g., Boustead,
1989; Vertanen, 1993). Thus, LCA has
contributed to the general trend of
relativization of environmental issues
and their solutions (cf. Yearley, 1991,
Cholakov, 1994; Welford, 1997). From
clear-cut black and white issues, we have
shifted to a world that is shades of gray.
It is increasingly difficult to classify ma-
terials, activities or products as environ-
mentally harmful or environmentally
clean.

Some aspects of this process may well
serve to increase people’s sense of re-
sponsibility. Nowadays, the environ-
mental impact of a yogurt jar or of a uni-
versity are taken as perfectly legitimate
environmental issues. Pollution is not
only due to heavy industries ‘out there',
but to everyday decisions of ordinary
citizens. In other aspects, the blurring of
environmental issues and their solutions
may also lead to less feeling of responsi-
bility. LCA has managed to contribute to
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that, as well. By distributing responsibil-
ity, it also allows responsibility to be
shifted — sometimes long enough for it
to dissolve and disappear. It is easy to
locate the most significant environmen-
tal burdens at someone else’s doorstep.
For example, LCA studies on packaging
often emphasize the environmental im-
pact of transportation (e.g., Boustead,
1989). When we turn our attention to
road-traffic, we learn that it already
bears its external costs (Velhonoja,
1996). So, are we in the best of possible
worlds?

As the politics of LCA are self-contra-
dictory, it is difficult to envisage them
simply as the result of the interests of one
group or another. Actually, some aspects
seem to be due to accidents. LCA has its
background in chemical engineering
and materials accounting. As the appli-
cation of LCA has extended, their way of
- unconsciously —construing environ-
mental responsibility has remained em-
bedded, and been transported far be-
yond the factory gates or the boundaries
of energy analysis. Thus, CO, emissions
and a firm’s responsibility for its suppli-
ers are highlighted in LCA studies, while
impacts on biodiversity, orinvestors’ re-
sponsibilities for how their money is
used, are downplayed.

It seems to be fairly easy to find examples
that demonstrate the socially con-
structed and political nature of LCA use.
And if we believe what proponents of the
“strong program” in STS studies are say-
ing (e.g. Bloor, 1979), it seems that these
elements cannot be exorcised from LCA,
whatever efforts are made. Relativist ap-
proaches to science studies suggest that
the project of scientific reform of LCA
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that SETAC is running will not succeed
in solving all the problems in LCA. The
record of current controversies in other
environmental contexts points in the
same direction (e.g., Salter 1988; Yearley,
1991; Viliverronen, 1996).

A number of people in the LCA and
environmental management field are, in
fact, currently suggesting that stake
holders should be more closely involved
in the planning and supervision of LCA
studies (Welford, 1995) and that stake
holder concerns should be addressed to
a greater extent (Annema, 1992; Doig &
Ellison, 1995). This is easy to argue for
in the case of studies serving public
policy. But there is no reason to limit the
argument to public studies. Actually,
there are even stronger reasons for indi-
vidual firms to involve stake holders in
their LCAs. [tisn't even necessary to draw
on moral or ethical arguments in this
context. The more a company is seen as
a profit-maximizer, the more important
the stake holders are. Environmental
pressures on a firm come from stake
holders, e.g., authorities, consumers or
environmentalists. The firm’s solutions
to environmental problems should be of
the kind that stake holders accept them,
preferably so that consumers are so im-
pressed by them that they are prepared
to pay extra for the improved products.

Although the social constructivist per-
spective of LCA use in controversies
seems to provide a useful lesson for LCA
practitioners and environmental man-
agers, the findings are relatively old hat
for science and technology studies. I
think the analysis of the internal politics
of LCA is more interesting from the point
of view of understanding the social
shaping of environmental assessment
methods. Here, we have not one com-
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prehensive interest (i.e., e.g., ‘industry
interests’) but multiple, local, very par-
tial interests - and maybe sometimes
even just accidents — which continually
shape the way we view human interac-
tion with the environment. And there is
no one direction in which LCA is taking
us: some aspects extend our sense of re-
sponsibility, while others limit it. Many
scholars speak of the path-dependence
of the development of technologies
(Arthur, 1989; David, 1989), and the de-
velopment of LCA seems to be a case in
point.

Another aspect that a look at the ‘ex-
ternal’ and the ‘internal’ politics of LCA
reveals is the crucial role of problem for-
mulation. The ‘solutions’ that LCA ar-
rives at are not solutions in the tradi-
tional, rational-decision-making sense.
Rather, they are reformulations of the
problem, involving new combinations of
actors and objects that are considered
relevant. These reformulations are, of
course, continually open to new refor-
mulations. Thus, critique of the narrow
scope of LCA, in a similar vein as pre-
sented in the previous chapter, has been
recently voiced by environmental NGOs
and some ‘green business’ representa-
tives. For example, the lack of consider-
ation for ethical issues in LCA, such as
animal or worker welfare, has been chal-
lenged (Simmons, 1997). Thus, the
‘peace’ won through the use of a scien-
tifically authoritative method such as
LCA is continually an uneasy one.

LCA as an Actor-Network

On the basis of the previous examples, a
number of issues seem to congeal that
are relevant for the future of LCA, per-
haps of environmental assessment in

general. Obviously, the truths, solutions
and insights that LCA produces are so-
cially constructed. But they are con-
structed in a rather complex way. Mere
reference to interests is insufficient (be-
sides, interests are social constructs,
too). The internal politics of LCA have
their own role in the development, and
these internal politics are self-contradic-
tory, involving both environmentally
“progressive” and “reactionary” ele-
ments. Many actors are involved - e.g.,
industry, environmental scientists, regu-
lators and environmental organizations
—but the development of LCA cannot be
accounted for in terms of their power
games. Both a simple, “in science we
trust” realism, and a strong form of so-
cial constructivism seem too monolithic
to account for the real-life experience.

One approach thatlooks promising in
this context is actor-network theory,
most visibly promoted by Latour (1987;
1988; 1993) and Callon (1987). This per-
spective takes a critical stance on both
socially deterministic and technologi-
cally deterministic explanations. It goes
as far as to claim that technology and
society are inextricably interwoven, and
have been so since the dawn of civiliza-
tion (Latour, 1993).

Latour (1993: 4) illustrates this view of
the relationship between technology
and society with the use of an example
concerning the debate on the free sale
of guns in the US. The debate is very
similar to the previous discussion on
LCA (no offense meant to LCA by the
analogy). “Guns kill people”, say those
who try to control the free sale of guns.
“Peaple kill people, not guns”, say the
members of the National Rifle Associa-
tion. In the first type of account - to use
Latour’s very fluent words — “each arti-
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fact projects a script that can take a grip
of any passer-by and force him to playa
role in its story”. In the NRA version, in
contrast “the gun is such a neutral car-
rier of will that it adds nothing to the ac-
tion, playing the same role as an electri-
cal conductor, goodness or wickedness
flowing through it effortlessly”. Latour
attempts to split this difference by ex-
ploring the different meanings of tech-
nological mediation.

The first meaning of technological
mediation, according to Latour, is (1)
goal translation. While technologies sel-
dom totally determine the goals of hu-
man beings (e.g., suddenly make trigger-
happy gunmen out of pacifists), tech-
nologies translate goals. In the gun ex-
ample, and undefined desire to hurt be-
comes a more defined aim to shoot. And
human users translate the goals and ca-
pabilities of technologies, making tech-
nologies-in-use different, much more
potent, than technologies-by-them-
selves. Each person who uses the tech-
nology increases its power and shifts its
domain of application (see Latour,
1988). In the LCA case, this first type of
mediation could be illustrated by a case
in which the general aim to improve the
environmental profile of paper products
- which could mean many things - is
translated into the aim of reducing CO,-
emissions along the whole (physical)
product life cycle (see, e.g., Virtanen &
Ingman, 1993; Kédrn4, 1993). Or the spe-
cific goal of reducing phosphates in de-
tergents is replaced with the more gen-
eral goal of improving the life cycle en-
vironmental performance of washing
powders. And LCA is transformed, as it
becomes —a little - more of a technique
for pulp and paper industry or phos-
phate studies.
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When a person takes into use a tech-
nology, this produces anew agent made
by a fusion of the two. This is Latour’s
second definition of mediation: (2} com-
position: “the prime mover of the action
becomes a new distributed and nested
series of practices whose sum might be
made, but only if we respect the medi-
ating role of all the actants in the list”
(Latour, 1993: 8). The new agent born
through the co-operation of humans
and technologies has capabilities be-
yond the sum of its constituent compo-
nents. A human being, when part of such
a network, is authorized by the others.
Thus a person without an LCA, express-
ing a view on how environmental prob-
lems should be solved, is just expressing
an opinion. When part of the LCA-com-
munity, consisting of people, databases,
software tools and publications, the view
expressed is much more than an opin-
ion, it is a fact.

This brings us to Latour’s third mean-
ing of mediation, (3) reversible black-
boxing. This form of mediation refers to
the whole process in which individual
components, such as humans and tech-
nologies, are first combined, then form
a new goal, making the technology into
a obligatory passage point for this goal.
Subsequently, the components are
aligned, the whole item is black-boxed,
and finally punctualized. This sounds
complex, but Latour’s example is simple:
the slide projector. It has become an (al-
most) obligatory part of alecture, as the
goal of speaking has been turned into
the goal of presenting (speaking + show-
ing). Competent lecturers know how to
use the slide-projector, and the mechan-
ics of the projector are so much of a black
box that they are considered totally ir-
relevant to the lecture itself. Only when
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the projector breaks down, we go back-
wards along this sequence - sometimes
far enough to give up the goal of present-
ing, and revert to speaking, if the projec-
tor cannot be repaired or replaced.

Needless to say, this is what is happen-
ing with LCA all the time. Users of LCA
are trying to close the black box and use
the technique as part of their larger pro-
gram of action: product design, environ-
mental policy or political lobbying. If
someone is not happy with what they are
doing, they may try to open the black
box, ask things like “why are impacts on
biodiversity excluded, why is only the
physical life cycle considered, what is the
reliability of your data?”

Latour’s fourth category of mediation
is called (4) delegation. It refers to the use
of techniques and artifacts as actors rep-
resenting humans. Latour’s exampleis a
road bumper, a ‘sleeping policeman’ that
forces reckless drivers to slow down.
Latour presents this as exemplifying the
claim that technology is not only lan-
guage, but matter: “nonhumans act too,
and displace goals”. I don’t know if LCA
can be considered as being ‘inscribed in
matter, but the examples presented in
sections titled “LCA as an environmen-
tal management tool” and “LCA and
controversies” certainly are illustrations
of some kind of a delegation. In supplier
relations, LCA serves as the buyer’s aide,
delving into the specific emissions of
suppliers and reminding them that their
environmental performance is continu-
ally being scrutinized. In public policy,
it serves as the judge of how various
kinds of packaging should be taxed, or
of whether we should ban PVC.

From the perspective of actor-net-
work theory, we could describe LCA as a
nascent actor-network. Developers of

LCA have taken bits and pieces, such as
‘mass-balance’, ‘process analysis’ and
‘environmental science’ and put them
together into a method that spans time
and space (cf. Latour, 1987: '‘immutable
and combinable mobiles’). Using LCA,
a product designer can, by clicking some
icons on his computer, see how a new
design for a coffee-percolator would af-
fect the global climate. Or the phosphate
industry can summon new arguments,
from far beyond the local fresh waters,
and bring them to bear on the local de-
bate on phosphates in detergents.

To make the method credible, a sci-
entific, universal and reproducible pro-
cess for conducting LCA is needed. This
is the black box that the LCA community
is attempting to close. At the same time,
the LCA community has expanded:
chemical engineers and energy analysts
have been joined by environmental con-
sultants, technical research institutes
with specialized LCA departments, and
by environmental scientists, corporate
environmental managers and environ-
mental authorities. Besides the commu-
nity of LCA practitioners, the actor-net-
work currently encompasses LCA users,
such as third-party systems for environ-
mental labeling, product designers, poli-
ticians, and environmental educators.

In spite of the success of the network-
building up until this stage, the black box
of LCA refuses to stay closed (cf. Callon,
1986). Critics are continually opening it
and trying to push in things like
biodiversity, working conditions, envi-
ronmental burdens of mining opera-
tions or animal welfare. And the incon-
clusive findings (which are all the more
cautious the more intricate the LCA
methodology gets), themselves, keep the
lid of the black box continually half off.
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Undaunted by the gaping condition of
the LCA black box, many people have
been happily enrolled as LCA users, be-
cause LCA has managed to translate
their - very different — interests into its
own language. Corporate engineering
specialists are happy, because they find
a language for environmental debates
which they consider rational and busi-
nesslike. A number of other industry rep-
resentatives are happy, because LCA can
be used to defend their products against
environmental attacks. Environmental
authorities are happy, because they see
in LCA a way to involve business and the
general public in environmental im-
provement, and in taking a broader re-
sponsibility for their actions.

However, for the final breakthrough,
a much broader network needs to be
enrolled. The network of LCA is far from
being as complete as the network cre-
ated by Pasteur in the Pasteurization of
France (Latour, 1988). One missing link
are consumers, the people who are sup-
posed to buy the environmentally im-
proved products and make environmen-
tal improvement profitable. LCA-based
improvements are often invisible in the
final product (e.g., the use of cleaner
energy sources in production), and en-
vironmental aspects are thus credence
characteristics of products. The buying
public has become somewhat wary of
environmental claims, even scientific
ones (see e.g. Niva, et al. 1996). Environ-
mental labeling, i.e., representing the
environmental improvements on the
product in the form of symbols of text,
is becoming part of the LCA network, but
the path is slow and conflict-ridden (see
e.g., Heiskanen et al., 1995, Simmons,
1997).

To complete the LCA network of
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power, actors and knowledge, work also
remains to be done inre-embedding the
disembedded knowledge that it pro-
duces (Schaltegger, 1996; Groenewegen,
1997). Producing knowledge requires the
distancing of oneself from the object to
be known, the creation of many orders
of abstractions, each abstraction sub-
tracting a large number of the details
that make up the real-life context of the
phenomenon. While much is gained,
something is lost. For environmental
management, while the process of con-
ducting an LCA study is rewarding and
educative, the ‘truths’ that it produces
are of little use. The translation back
from the universal to thelocalis as large
a problem as the translation from the
local to the universal (Latour, 1987: 247-
257; 1988). In the development of LCA,
this problem remains largely unad-
dressed, as yet.

Actor-network theory’s solution to the
re-embedding problem is the creation of
asocial organization that corresponds to
the universal model to be applied (e.g.,
creating conditions on the farm that cor-
respond to Pasteur’s laboratory). This is
exactly what is being attempted in the
LCA case in programs titled ‘product
chain management’, ‘integrated life
cycle management’, etc. Some members
of the LCA community have believed
that such networks would emerge natu-
rally as a by-product of life cycle think-
ing (e.g. Pesso, 1994), but in practice, it
seems that quite a lot of active network-
building is needed (Groenewegen et al.,
1996; Groenewegen, 1997; Heiskanen et
al., 1997).

LCA in public controversies attempts
to solve problems by reformulating
them, by translating the goals into new
ones, However, because the black box
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remains ajar, many people are needed
to sit on it to keep it even temporarily
closed. These people are the stake holder
panels, the Delphi panels of eminent
scientists, the industry steering groups
and the environmentalist critics. Some-
- times their weight is enough to keep the
lid on for long enough to reach a solu-
tion that is in the study initiator’s inter-
ests (as in the phosphate case). At other
times, relevant actors keep jumping off
thelid, e.g., environmentalists decide to
boycott a discussion forum on LCA use
in eco-labeling (see Simmons, 1997).
Thus, yet again, actor-network theory
points to the need to extend and consoli-
date the network of actors. However, in
the case of actor-network theory, this
means more than political maneuvering
orincreased citizen access to LCA, as the
actor-network consists of natural and
man- made objects, as well as human
beings. Besides “taming” the environ-
mentalists and the business managers,
the LCA community would also have to
“tame” the mines and the forests, the
factories and the shops that are the non-
human actors in the product life cycle.

Concluding Reflections

In the previous account, | have tried to
sketch some — by no means all - aspects
of the social shaping of an environmen-
tal assessment method called LCA. It
seems that social factors influence the
content and interpretations of LCA, but
LCA also influences our world-views and
social and economic practices. To sim-
ply portray LCA as a science or as a man-
agement tool that is used to identify en-
vironmental priorities is naive. Even the
managerial uses of LCA vary, and extend
far beyond the rational model of deci-

sion making. LCA may be used as a con-
ceptual framework or as a way of com-
municating between different organiza-
tions or organizational units. [t may also
be used tactically, to deflect criticism or
to close debates.

The other extreme, to portray LCA
only as a new battleground of economic
and political interests seems a bit para-
noiac. Many current accounts of the so-
cial construction of science, technology
and professional practices show that the
interests that shape these knowledge
systems are often local and multiple
(Bijker et al., 1987). No single actor {or
conflict) is able to determine the out-
come, which is shaped also by the unin-
tended consequences of action and by
practical constraints (see, e.g. Leskinen,
1994). Thus, we could conclude that the
development of .CA, too, is open-ended.

Actor-network theory seems to be a
framework that manages to integrate
quite a few of the observations rising
from the various other perspectives. It is
not a causal theory, and thus no final
causes or consequences can be pointed
out. However, actor-network theory al-
lows for a relatively consistent descrip-
tion of what is happening in the LCA
case. This description gives rise to some
thoughts on the role of environmental
science and environmental assessment
techniques in environmental manage-
ment and policy:

1. The issue of local versus universal
knowledge seems is highlighted in the
case of LCA. LCA emphasizes the fact
that locally made decisions have
broader, regional and global impacts.
Thus, some form of knowledge transfor-
mation, combination and transfer is re-
quired. This is one rationale for LCA the
science. Yet practical experiences of LCA
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in management show thatlocal and spe-
cific aspects of LCA are more relevant for
management than the abstract, univer-
sal methods. The process of re-embed-
ding and re-contextualizing the
disembedded, abstract knowledge pro-
duced by LCA is as large a task as the
original abstraction and disembedding.
“Think globally, act locally” is not as easy
as it sounds.

2. The socially constructed nature of
knowledge about the environment is
easy to demonstrate. Social
constructivism presents a good argu-
ment in favor of more public involve-
ment in environmental decision-mak-
ing. But this is a two-edged sword: tak-
ing a very relativist approach to science
in environmental issues does away with
the specific features of environmental
problems and reduces them to a run-of-
the-mill of political conflict. Science is
the basis of our awareness of environ-
mental problems such as global warm-
ing, acidification and ozone depletion.
If science is totally reduced to politics,
the legitimacy of any claims about the
environment is lost. Thus, public partici-
pation is not the panacea to all problems
in environmental decision-making: a
more intricate understanding of the spe-
cifics of the social shaping of environ-
mental knowledge is needed.

3. A mere reference to interests is in-
sufficient to account for the develop-
ment and use of LCA. It seemns that ac-
tor-network theory is applicable in this
case: interests are not irrelevant, but they
are transformed by the technique used.
The development of techniques for en-
vironmental assessment- at least of LCA
- are path-dependent. The only way to
see where they are goingis to “follow the
actors, wherever they go” (Latour, 1987).
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In the case of LCA, the actor-network is
still incomplete. To fully implement the
improvements that LCA helps to iden-
tify, the social organization translating
the LCA model into practice is lacking.
Thus, experiments in “product chain
management” and “value chain collabo-
ration” are worth following, as are envi-
ronmental labeling and extended pro-
ducer responsibility. They are not
merely new organizational forms. They
are also embodiments of a new way of
conceptualizing human-environmental
interactions.
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Notes

1. In this context, the term life cycle refers to
the physical life cycle of a product from
raw materials to waste (not to the tempo-
ral life cycle of a product generation, as in
economics or marketing).

2.To be fair and accurate, the quotation that
I picked out continues with the following
reservation: “However, in its most narrow
form LCA may be used to mislead an al-
ready sceptical audience and therefore we
need carefully to establish the scope and
boundaries of any analysis.”
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