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Abstract 

Life-Cycle  Assessment:  A Tool  for  Environ  mental  Management 

Andrew Higgins 

December 1996 

Prepared in partial fulfillment of thé requirements of thé M.E.Des. (Environmental Science)

Degree in thé Faculty of Environmental Design, The University of Calgary.


Superviser: Dr. Dixon Thompson


This project assesses thé use of life-cycle assessment (LCA) within environmental 
management, and makes recommendations for improvements to thé methodology for LCA. 
This was done through a literature review, an analysis of LCA méthodologies, a critical review 
of an LCA report, and interviews with researchers and practitioners. 

LCA is both a methodology and a conceptual framework for assessing thé environmental 
impacts of products, and identifying ways of reducing those impacts. LCA is one component 
of Product and Technology Assessment, which is a set of techniques and approaches for 
assessing a broad range of impacts of products and technologies. 

This research identified five distinct groups that use LCA information: product designers and 
product manufacturers; financial stakeholders; customers; environmental groups; and 
regulators. Six reasons for why companies undertake LCA activities were described: to 
identify product and manufacturing improvements; to demonstrate product stewardship; to 
validate marketing claims; to respond to customer demands; to influence regulatory 
initiatives; and to meet thé requirements of ISO 14000. Five barriers to thé use of LCA are 
cost, lack of reproducibility and credibility, lack of data, methodological shortcomings of LCA, 
and thé isolation of LCA activities within narrow disciplines of an organization. Two types of 
LCAs were identified: product-improvement LCAs, and comparative LCAs. 

As a methodology, LCA is characterized by four phases: thé initiation phase, thé inventory 
phase, thé impact assessment phase, and thé improvement assessment phase. 
Recommendations were developed to: (1) streamline thé impact assessment phase of 
product-improvement LCAs by using existing corporate or government environmental 
commitments; (2) strengthen thé initiation phase of comparative LCAs by implementing a 
multi-stakeholder scoping exercise; (3) incorporate thé assessment of difficult-to-quantify 
factors within LCA through thé use of a screening list and screening criteria; (4) incorporate 
sélect qualitative factors into LCA to better characterize thé product-use phase of thé life-
cycle. 

Keywords: life-cycle assessment, environmental management, product stewardship, impact 
assessment, design-for-environment. 
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ChapteM:  Introduction 

This Master's Degree Project (MDP) addresses means for assessing and reducing thé 
environmental impacts of products. Within thé context of this MDP, thé term 
'products' is used to refer to mass-produced consumer goods. However, thé ideas 

presented hère hâve a général application to material products of ail types. 

Why should we be concerned about thé environmental impacts of products? After ail, 
thé impacts of one or a few products are apparently insignificant. While it is thé case 

that most individuel products hâve only very slight impacts, thé cumulative effects of 

millions of products can be significant. However, it is difficult to make thé connection 
between thé multitude of products we encounter in our daily lives, and thé 

environmental effects that we see around us. 

Historically, regulatory attention and resources hâve focussed on fixing environmental 
mistakes after they happen. Examples of this are thé régulation of chemicals after 

they are found to hâve had an adverse environmental impact, and remédiai actions 

aimed at mitigating thé impacts of large projects after they occur (e.g., thé clean-up of 
contaminated industrial sites). Thèse approaches hâve proven to be costly, and are 

neither preventative nor do they attempt to détermine thé root causes of thé problems 

at hand. 

From thèse expériences of regulating activities in a reactive or trial-and-error basis, 

we hâve made improvements in thé way that we manage thé environmental impact of 

our activities. We now use more preventative, forward-looking approaches. For 
instance, large projects are typically subject to environmental impact assessments 

(ElAs) in order to identify anticipated impacts and recommend mitigative measures 
that can be incorporated into thé planning or design stages, rather than undertaking 

corrective measures after impacts hâve occurred (Sadler 1996). Also, stratégies of 

pollution prévention and waste minimization are increasingly becoming thé preferred 

approaches for both regulatory agencies and industry (Fava 1993). Furthermore, 
there is an increasing emphasis on thé development of environmental management 

Systems to ensure that thé necessary processes and structures are in place to 

achieve thé desired environmental goals (United Nations Environment Program 
1995). 



Life-cycle assessment (LCA) has thé ability to draw together thé approaches of both 
EIA and pollution prévention at thé product level. While more detailed définitions will 

be presented in Chapter 3, LCA can be simply thought of as a method for assessing 
thé environmental impacts of a product or service over its entire life-cycle, and 

identifying opportunités for reducing thèse impacts (CSA 1994). The life-cycle of a 
product is made up of resource extraction, product manufacture, product use, and 

disposai, and includes intermediate transportation steps (Fava et al. 1991). 

Life-cycle assessment is one component of product and technology assessment 

(PATA). While a more complète définition of PATA will be given in thé following 
chapter, PATA can be simply defined as a collection of techniques for assessing thé 
impacts of products and technologies (Thompson 1994a). Thèse may include health 

and safety impacts, environmental impacts, and social impacts. The focus of LCA 

within PATA is to assess thé environmental impacts of products. Other types of 
assessments within PATA include product safety assessments, and technology 

assessments. It is important to note that no single assessment technique within PATA 

will typically assess ail potential types of impacts (e.g., environmental, social, and 
health and safety). A combination of assessment techniques is therefore required to 
fully assess potential impacts. 

Objectives 

This MDP will focus on thé methodology for LCA, and identify means for making LCA 

a more effective tool for environmental management. The spécifie objectives of this 
MDP are to: 

1.	 présent a philosophical basis for assessing thé impacts of products and 
technologies; 

2.	 présent a général définition of Product and Technology Assessment (PATA), and 

thé rôle that LCA plays within PATA; 

3.	 provide a detailed description and comparison of current méthodologies for LCA; 
4.	 identify reasons why LCA is done; 

5.	 critically reviewthe Tetra Pak LCA done in 1991 and identify methodological 

improvements made since that time; 
6.	 propose improvements to existing méthodologies and standards; 



7.	 identify barriers to thé use of LCA and ways of overcoming thèse barriers; and 

8.	 identify areas for further research. 

Methodology 

The following research methods were used to meet thé study objectives outlined 

above: 

•	 a literature review; 

•	 an analysis of five LCA méthodologies; 

•	 a critical review of one LCA report; and 

•	 interviews with practitioners and researchers in thé field of LCA. 

Literature Review 

The goals of thé literature review were to: 

•	 détermine thé basis for LCA within Product and Technology Assessment (PATA); 

•	 identify reasons why LCA is done; 

•	 describe and compare thé LCA méthodologies in current usage; 

•	 identify areas of current methodological research; 

•	 understand thé connections between LCA and other environmental management 

tools; 

•	 identify examples where LCA has been used to achieve effective environmental 

management; and 
•	 détermine thé extent of LCA use and identify barriers to LCA use. 

An initial search of thé literature was done at thé McKimmie Library at thé University 

of Calgary, using thé Dobis catalogue System. The Dobis System was searched for 

'life cycle assessment,' 'technology' and 'technology - philosophy.' This was 

supplemented with a search of thé engineering database (COMPENDEX) on CD

ROM. The key words searched on CD-ROM were 'life cycle analysis,' 'life cycle 

assessment,' 'design for thé environment,' and 'life cycle product design.' In général, 

thé library holdings were well developed on thé subjects of technology, and thé 

philosophy of technology. Library holdings on LCA were much more limited. No 

références were found in thé Dobis System, but there were a number of références in 
COMPENDEX to journal articles and conférence proceedings. 



To supplément this library search, additional information sources were contacted. 

Thèse included professional agencies (Society of Environmental Toxicology and 

Chemistry (SETAC)), and government bodies (Environment Canada and thé U.S. 

Environmental Protection Agency). The LCA Handbook (SPOLD 1993) published by 

thé Society for thé Promotion of LCA Development (SPOLD) provided a number of 

important European références. Publications were also obtained directly from thé 

Nordic Council of Ministers and thé Netherlands Ministry of Housing, Spatial Planning, 

and Environment. 

A variety of other papers were provided by Dixon Thompson from his collection. He 

also provided a copy of thé Canadian Standards Association (CSA) Z760-94 standard 

on LCA (CSA 1994), and thé Tetra Pak LCA report (Deloitte and Touche 1991) 

reviewed in Chapter 5. ISO 14000 documents were obtained from thé Standards 

Council of Canada. 

The literature review was used to meet Objectives 1 and 2, and, in part, to meet 

Objectives 3,4,5, and 7. 

Analysis of LCA Méthodologies 

The following five LCA méthodologies were reviewed in détail: 

• thé Society of Environmental Toxicology and Chemistry (SETAC) methodology; 

• thé Environmental Protection Agency (EPA) methodology; 

• thé Canadian Standards Association (CSA) standard Z760-94; 

• thé International Standards Organization (ISO) 14000 LCA standards; and 

• thé Nordic Council LCA methodology. 

The purpose of thé review was to gain a familiarity with thé méthodologies, to identify 

différences between them, and to highlight areas of current interest and development 

within thèse méthodologies. This review included a brief study of thé history of thé 
development of LCA. Comparisons between thé méthodologies were done by taking 

a product (a low-density polyethylene shopping bag) and doing conceptual LCAs of 

that product using each of thé five méthodologies. A conceptual LCA means thé 

product was taken through thé LCA process, but no data were actually gathered. An 

actual LCA was not done because thé effort required to gather thé necessary data 



was beyond thé scope of this MDP. This conceptual LCA was believed to be 

sufficient to identify différences and similarities between thé LCA méthodologies. 

The analysis of thèse LCA méthodologies was used, in part, to meet Objectives 3, 6, 

7, and 8. 

Critical Review of Tetra Pak LCA Report 

The Tetra Pak LCA was reviewed both to demonstrate thé type and amount of data 

that is required to conduct an LCA, and to show thé early development of thé LCA 

process. The methodology used in thé Tetra Pak report was also compared to current 

méthodologies in order to identify methodological improvements that hâve been 

implemented since thé Tetra Pak LCA was done in 1991. This critical review was 

done with a view to identifying further improvements to thé LCA methodology. This 

included reviewing thé work of Lundholm and Sundstrom (1985) on which thé 

methodology for thé Tetra Pak study was based. The methodological improvements 

made since 1991 were identified by comparing that study to how thé same study 

would be done today. 

This critical review was used to in part meet Objectives 5 through 8. 

Interviews with Practitioners and Researchers 

Interviews with practitioners and researchers were done to gain a better 

understanding of current issues in thé field of LCA. Interviews were conducted by 

téléphone and were unstructured and informai. In each case, thé interviewer was 

trying to gain information on a certain topic, but thé interview was allowed to develop 
so as to gain an understanding of broader issues related to that topic. Thèse 

interviews were not a key component of thé methodology, but instead were used to 

supplément information obtained through thé other research methods. 

The interviews with practitioners and researchers were used to in part meet 

Objectives 4 and 6. 



Limitations  of  thé Research 

Three factors limited this research. Firstly, some of thé literature was inaccessible 

because it was in languages other than English. This was not believed to be a major 
limitation based on thé assumption that thé principal findings will find their way into a 

number of languages, including English. The second limitation was that thé 

suggested methodological improvements are based largely on an évolution of thé 

existing méthodologies. This approach largely precludes more fundamental 

modifications to thé existing LCA méthodologies. It assumes that there are sound 

principles underlying thé existing méthodologies, and that thèse méthodologies only 

require certain improvements. The third limitation was that it was not possible to 
obtain a more up-to-date LCA than thé Tetra Pak study of 1991. This was because 

there was an unwillingness among companies contacted to share up-to-date LCAs 

because of reasons of confidentiality. Nonetheless, thé review of thé Tetra Pak study 

was believed to be effective for its rôle within this project. 

Document  Overview 

This chapter has given a very brief introduction to thé topic and has presented thé 
goals and research methods of this MDP. In Chapter Two,a broad philosophical 

basis for product and technology assessment is presented, with a focus on technology 

assessment. Chapter Three provides background material on LCA, including 

définitions, a description of thé history of LCA and of reasons why companies conduct 

LCAs, and a discussion of thé barriers to thé use of LCA. The current state of 

implementation of LCA, and thé rôle of LCA in an environmental management 

Systems are also presented. Chapter Four gives a detailed description of LCA 

méthodologies, with comparisons between méthodologies where relevant. In Chapter 

Five, thé Tetra Pak LCA is critically reviewed, and methodological developments 

made since this time are identified. Chapter Six identifies improvements to thé LCA 

methodology, based on thé literature review and thé critical analysis of thé Tetra Pak 
study. The conclusions and recommendations of thé MDP are presented in Chapter 

Seven. 



Chapter  2: Product  and Technology  Assessment 

Introduction 

Products and technologies affect our societies and our natural environnent in many 

différent ways. While some of thèse impacts are easily predictable and identifiable, 

others may be unanticipated and more subtle. Because of thé potential for thèse 

unanticipated impacts, Systems hâve been set up to assess thé impacts of products 

and technologies. This chapter will describe such Systems. Specifically, thé goals of 

this chapter are to: 

•	 give a working définition of Product and Technology Assessment (PATA); 

•	 describe thé relationship between Product Assessment and Technology 

Assessment; 

•	 présent a philosophical basis for conducting PATA; 

•	 provide a brief history for thé development of Technology Assessment (TA); and 

•	 identify methods for conducting TA. 

Product  and Technology  Assessment 

PATA has been defined as "a systematic assessment of products and technologies 

with respect to health, safety, and environmental impacts for designers and regulators 

that covers thé entire life cycle" (Thompson 1994a). PATA is a combination of two 

related, but separate, types of assessments: product assessments and technology 

assessments. Product assessments (specifically, product life-cycle assessments) are 

thé focus of this Master's Degree Project. However, in building a philosophical basis 

for PATA, this chapter will focus primarily on technology assessment (TA) because 

there is a better developed body of theory in this area than for product assessment. It 

is expected that there will be learnings from thé practice of TA that can be used to 

improve thé practice of life-cycle assessment. Thèse improvements will be presented 

in Chapter 6. 

Product assessments and technology assessments are related because new or 

altered technologies manifest themselves as products. However, a new technology 

isn't simply another product~it represents a new or différent way of doing something. 

For instance, thé first compact dise (CD) players were products which represented a 



new technology and a new product. In this case, thé new technology was thé laser 

dise technology. Improvements might be made to thé product (e.g., a portable CD 
player, or a five-disc exchanger), but thé underlying technology remains unchanged. 

Obviously, though, there is a grey area in determining when an existing technology 

has been sufficiently altered to represent a new technology. 

As described in more détail later in this chapter, technology assessment is thé term 
for a broad and integrative type of assessment that was begun in thé early 1970s, and 

used to assess thé impacts of new or proposed technologies (e.g., thé supersonic 

transport plane) (Porter 1995). There is a good argument to be made that a 

technology cannot hâve impacts on its own, Le., independent of thé product that is thé 

articulation of that technology (Walker 1996a). For this reason, it may be bénéficiai to 

conceptualize PATA as consisting of two tiers. The first tier (product assessment) is a 

more narrow, disciplinary approach. Examples of this first tier of product assessment 

would be safety assessments or environmental assessments such as LCA. The 

second tier (technology assessment) is a broader, more integrative approach that may 

include components of first tier assessments, but has thé focus of broader social 

impacts. 

Is it meaningful to make a distinction between thèse two tiers (i.e., between product 

assessment and technology assessment)? I argue that it is, for two reasons. Firstly, 

as described above, there may be large différences in thé extent to which new 

products are a manifestation of a new or modified technology. This in turn has 
implications for assessment. For example, thé first automobiles represented both a 

new technology (thé internai combustion engine), and a new product. This was thé 

case of a new technology giving rise to a new product, which in turn represented a 

new means for accomplishing an existing task (e.g., transporting oneself from one 

place to another). Because this new technology met a basic need and was widely 

adopted, it had major impacts of a wide scope. This example contrasts with thé new 

technology of fuel injection for thé internai combustion engine. While a new 

technology and a new product, fuel injection did not hâve a major or noticeable impact 

on thé nature of thé automobile as a product—thé function of thé automobile was not 

substantially changed, nor were its impacts on thé user. However, fuel injection was 

likely subject to a first tier assessment, perhaps to détermine its effect on fuel 

efficiency and émissions, or its safety. This is perhaps a simplified example in that, 

8




with thé benefit of hindsight, thé scale of thé impacts of thé two technologies is readily 

apparent. However, this example highlights that new or substantially new 

technologies might be better suited to a broader, second tier, assessment than would 

be new products that do not incorporate new technologies. Minor changes in thé 

technology may be subject to one or more types of first tier assessment. The 

différence between thé two will be thé level of interaction with, and significance to, thé 
user. 

The second reason why it is meaningful to make a distinction between thèse two tiers 

of PATA is because thé terminology of Product and Technology Assessment is a 

workable compromise that préserves thé original terminology of technology 

assessment, while reflecting thé subséquent évolution of various types of product 

assessments. As stated above, much of thé focus of this chapter is on Technology 
Assessment, because there is a better developed body of literature for Technology 

Assessment than for Product Assessment. 

Do new products and technologies need to be assessed? In earlier times, such 

assessments were left to thé free market, under thé adage, 'let thé buyer beware' 

(Braun 1995). However, expérience has shown that "[t]he market alone cannot 

protect thé consumer, as it forms its judgements but slowly and retrospectively, and 
thé cost of learning about a product's quality orfitness for purpose by individuel 

consumers would be very high" (Braun 1995:125). Furthermore, having individuels 

trying to do their own assessments is problematic because many of today's products 
and technologies are too complexto be readily assessed by individual consumers 

(Braun 1995). Hence many would agrée that some sort of assessment is required, 

even if limited only to determining that thé product does not represent a physical 

danger to thé user. This type of assessment is required by law on many products 

(e.g., pharmaceutical agents, aircraft, food additives and automobiles) (Thompson 

1996). Many companies perform product safety assessments so as to limit their 

potential liability when selling thé product (e.g., baby cribs and carseats), and may 
also use thé results of product safety assessments to market their products 

(Thompson 1994a). An example of thé latter would be Volvo, which advertises thé 

safety of its cars in crashes and thé design modifications it has made to make its cars 

safer. 



Beyond product safety assessments, there appears to be little widespread 

assessment of thé impacts of products and technologies. There are some exceptions 

to this. As discussed in this Master's Degree Project, thé assessment of thé 

environmental impacts of products is becoming an area of increasing interest. On a 

larger scale, environmental impact assessments (ElAs) hâve been used in some 

jurisdictions for more than 20 years to détermine thé environmental impacts of certain 

large projects (e.g., pulp mills, mines, and hydroelectric dams) (Ross 1994). While 

thé original focus of ElAs has been thé impacts on thé biophysical environment, 

socio-économie impact assessments (SIAs) are often being included with thé ElAs 

(Ross 1994). Others propose that impact assessments be done on thé next logical 

level: thé policies that promote a spécifie type of development (e.g., Bridgewater 
1991). 

Clearly safety is one area where we are generally not prepared to let market forces 

and trial-and-error learning détermine which products and technologies are 

acceptable. The question is, are there broader, more compelling reasons to conduct 

product and technology assessments? 

The Case for  Technology  Assessment 

Technology assessment has been defined as "...thé systematic study of thé effects on 

society, that may occur when a technology is introduced, extended, or modified, with 

emphasis on thé impacts that are unintended, indirect, or delayed" (Coates 1976 in 

Porter 1995:136). Another définition makes explicit thé effects that TA is attempting to 

assess: "[tjechnology assessment is thé activity of describing, analysing and 

forecasting thé likely effects of a technological change on ail sphères of society, be it 

social, économie, environmental or any other" (Braun 1995:129). Note that TA 

attempts to assess ail effects, both positive and négative. 

As a society, what basis do we hâve for requiring thèse assessments? Are we 

justified in asking what thé anticipated impacts are from a proposed technology? Is 

thé technology inévitable and our rôle limited to adapting as best we can to its 

introduction, or can we use our knowledge of anticipated impacts to shape thé course 

of technological development? To adequately address thèse questions, a discussion 

of technology and its rôle in society is in order. 
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Technology has been defined by Galbraith as "...thé systematic application of 

scientific or other organized knowledge to practical tasks" (1978:12). Other authors 

expand this définition to take into account thé cultural and organizational aspects of 
technology. For example, Leiss (1990) distinguishes between "techniques," and 

"technologies." He defines techniques as "...solutions to practical or theoretical 

problems arising out of thé environmental factors that impinge upon organisms" (Leiss 
1990:29). Technologies are "...techniques that attain général significance in 

particular societies or historical epochs..." (Leiss 1990:30). This définition of 

technology makes clear thé rôle of society in determining which techniques will be 

selected as having a général value and applicability to thé society. Thus "[t]he 

prédominant social patterns détermine what kinds of techniques will be valued and 

whether thé privileged techniques will remain relatively unchanged or will be 

continually refined and developed" (Leiss 1990:30). 

From thèse définitions of technology corne two sides of thé debate about thé morality 

of technology. One school believes that technology is ethically neutral, "...essentially 

amoral, a thing apartfrom values, an instrument which can be used for good or ill" 

(Buchanan 1965 in Pacey 1983:66). This belief is based on our perceptions about 

thé scientific study thatforms thé basis for technological developments (Schell 1982). 

We are believed to be fundamentally curious about thé world in which we live, and 

this curiosity manifests itself in a variety of modes and fields of inquiry. One of thé 

most prévalent of thèse has been thé Western tradition of scientific inquiry (Schell 

1982). From this scientific inquiry cornes knowledge and understanding about thé 

physical world around us (Schell 1982). Because of thé nature of thé inquiry, we are 

unable to predict beforehand what this knowledge will be, and are thus unable to 

predict how it will be used (Schell 1982). As Schell (1982) notes, once this knowledge 

is with us, it cannot be eliminated because we as a species don't know how to 

consciously forget knowledge. 

A short form of this argument would be that from scientific progress cornes a 

continuous stream of new knowledge, which créâtes new technological possibilities. 

Since thé nature of thèse technological developments can't be known a priori, there is 

no point in trying to direct this technological development. Nor should we try, since 

technology is ethically neutral-it is thé use to which a technology is put, not thé 

technology itself, that détermines its morality. As for harmful, unanticipated effects, 
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"[f]or every technological problem...there is an appropriate technological solution" 

(Thompson 1991:13). Technology will save us as it always has, so we should allow it 

to progress unfettered. 

The opposing school does not believe that technological development is autonomous, 

but that it happens because of human direction. As Forty (1986:182) writes, 

"[t]echnological innovations do not happen of their own accord: they occur only when 

somebody sees that there is advantage to be gained from them, and they are applied 

only when it is in somebody's interest to do so." In thé same way that our consumer 

desires in part reflect both our social environment and thé product choices available 

(Winner 1977:127), so "[t]he scientist's choice of research subjects is inevitably 

influenced by technological requirements, both through material pressures and also 

via a climate of opinion about what topics are worth pursuing" (Pacey 1983:70). 

Scientific inquiry is a social endeavour and inevitably cannot be completely objective 

(Winner 1977). Thus if thé underlying scientific inquiry is at least in part being 

steered by our values and décisions, so too is thé knowledge coming from thé inquiry. 

The technology that flows from this scientific knowledge thus necessarily reflects our 

values and beliefs (Winner 1977). 

Other authors are in agreement on this point. Cramer and Zegveld write "[t]he 

development of technology is not an autonomous process: it is greatly influenced by 

thé social context within which it takes place" (1991:452). They characterize 

technological development as a trial-and-error process where a variety of innovations 

are tested, with thé most promising being chosen for further development. It is in this 

sélection phase that thé économie variables and institutional factors of society 
influence whether further development occurs. Thompson (1991) writes that some 

would argue that technologies are ethically neutral because they only provide us with 

more efficient means to reach a desired end, rather than affecting thé end itself. 

However, thé ends are inevitably built into thé design of thé object--in comparing thé 

ethical neutrality of a hammer and a handgun, Thompson (1991:38) writes "[a] 

carpenter's hammer is designed to drive nails, not to kill your neighbor-that is what 

hand guns are for." 

One of thé most obvious examples of how society affects technological development 

is in thé rôle of government in selecting and promoting technologies. Governments 
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actively promote certain technologies on thé grounds of économie growth or national 
security. One example of thé latter has been thé rôle of government in thé 

development of nuclear technology, initially for military application and then 

subsequently as an energy source (Thompson 1996). Government involvement 

reaches its apex in cases where thé technological development takes on symbolic 

overtones for thé whole society. An example of this was thé compétition between thé 

US and Soviet Union in thé race for space. Hère thé competing technological 

development represented two competing nations and two competing idéologies and 

économie Systems. 

The other, perhaps obvious, justification for technology assessment is that thé 

technology shapes our society. This is true regardless of whether one views 

technology as being autonomous and ethically neutral, or directed and value-laden. 

Technologies are not just tools we use to assist an activity, but are "...powerful forces 
acting to reshape that activity and its meaning" (Winner 1986:6). Technologies hâve 

thé power to shape how we perceive our world and our interactions with others 

(Winner 1986). The following example is illustrative: 

Picture two men traveling in thé same direction along a street on a peaceful, 

sunny day, one of them afoot and thé other driving an automobile. The 

pedestrian has a certain flexibility of movement: he can pause to look in a 

shop window, speak to passersby, and reach out to pick a flower from a 

sidewalk garden. The driver, although he has thé potential to move much 

faster, is constrained by thé enclosed space of thé automobile, thé physical 

dimensions of thé highway, and thé rules of thé road. Mis realm is spatially 

structured by his intended destination, by a periphery of more-or-less irrelevant 

objects (scènes for occasional side glanées), and by more important objects of 

various kinds-moving and parked cars, bicycles, pedestrians, street signs, 

etc., that stand in his way. Since thé first rule of good driving is to avoid hitting 

things, thé immédiate environment of thé motorist becomes a field of obstacles 

(Winner 1986:8). 

Why is technology assessment needed now, when as a society we hâve already 

successfully developed and managed numerous technologies without thé use of TA? 

For instance, railways, automobiles, télévision, and téléphones were ail implemented 
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without TA. One reason is that thé implementation of thèse technologies was not 

done without disruptions along thé way. One purpose of TA, then, is to help 

anticipate and avoid or mitigate thèse négative impacts (La Porte 1993). Addressing 

such issues early in thé technological development cycle is important because 

opportunities for effecting change become more limited as one moves through thé 

cycle (Coates and Jain 1995). Another argument in support of TA is that both society 

and technology hâve grown in scale and complexity. Thus thé magnitude of négative 

impacts can now be greater than was formerly possible (La Porte 1993). A third 

reason is that society does not hâve thé unquestioning faith in technology that it had 

earlier this century. We hâve learned that technology is not uniformly bénéficiai, and 

that thé costs and benefits of technological change are not evenly shared (Leiss 

1990). TA thus offers a more objective view of technology than would be available 

from proponents of a given technology. A fourth argument for TA is that thé rate of 

technological change is now much faster than was previously thé case (Thompson 

1996). Thus in earlier periods when technologies were being adopted more slowly, 

there was time to learn about thé effects of a new technology and to modify thé 

technology where désirable. To a large degree then, we hâve lost this luxury of being 

able to learn through a slow adoption of, and adaptation to, a new technology. TA is 

therefore a tool to help manage technological impacts at thé rates of change seen in 
today's society. 

We thus hâve our justification for conducting technology assessments. Technological 

development implicitly reflects conscious choices by some segments of society as to 

what our society should be like. As citizens, we hâve thé right to participate in 

choices about thé nature of our society. To some extent, then, technology 

assessment provides a process and forum for such a discussion. In other words, TA 

can help us to détermine if thé technology at hand helps us to achieve thé society we 

désire. In some cases, technology assessment should allow us to say "No, this 

technology is not consistent with our goals as a society. It should be modified or 

disallowed." While thé technical complexities often discourage lay people from 

entering into thé debate, most of thé fundamental choices about technologies involve 

questions about basic human and social values (Thompson 1991). 
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The History  of  Technology  Assessment 

This section will focus on thé development of technology assessment. The history of 

life-cycle assessment will be described in Chapter 3. 

The concept of technology assessment is generally held to hâve begun in thé United 

States in thé late 1960s (Braun 1995). Two of thé major factors contributing to its 

development were an increasing awareness of thé rôle and impacts of technology, 

and thé trend towards more public participation in decision-making (Bridgewater 

1991). From thé point of view of political decision-makers, there was a need for 

objective information on increasingly complex technological issues (Bridgewater 

1991). As a resuit of thèse forces, TA was institutionalized in thé U.S. as thé Office of 

Technology Assessment (OTA), formed in 1972 as a branch of thé U.S. Congress 

(Porter 1995). The rôle of thé OTA is to provide an analysis of thé predicted impacts 

of a new technology, and feed this information into thé political decision-making 

process. As Bridgewater (1991) notes, a key aspect of this rôle is to communicate thé 

findings to politicians who typically hâve no formai training in science or technology. 

The OTA's work continues to this day, and there is good évidence that it has been 

successful in meeting its goals (La Porte 1993). While there was a brief flourish of 

research and teaching of TA in thé 1970s, this research and teaching base has 

subsequently declined (Porter 1995). 

In Canada, there is no government body established for thé purpose of technology 

assessment, as is thé case with thé OTA in thé U.S. (Bridgewater 1991). Rather, thé 

function of TA is done through a variety of government bodies, consistent with their 

spécifie rôles (Bridgewater 1991). This could include reports from Royal 

Commissions (such as thé one on reproductive technologies) and from regulatory 

agencies such as thé National Energy Board (Bridgewater 1991). 

In Europe, thé development of TA has been uneven, reflecting différent social views 

on thé rôle and régulation of technology, and thé différent political structures within 

which décisions about technologies are made (Coenen and Rader 1995). The 

European Commission is considering setting up a European Technology Assessment 

Network, and there are offices for TA in five European nations, and in thé European 

parliament (Coenen and Rader 1995). 
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The private sector also does TA, but with a focus that is différent from that of thé 

public sector. Bridgewater (1991) présents an extensive comparison of thé two. To 

summarize, private-sector TA is, not surprisingly, centered on thé corporation, and 

attempts to assess thé impacts on thé corporation that a technology might hâve 

(Bridgewater 1991). This is done to support corporate decision-making and stratégie 

planning, and to avoid future liabilities (Bridgewater 1991). Typically, public 

involvement in private-sector TA is limited and thé findings are proprietary 

(Bridgewater 1991). In contrast, public-sector TA is more participative and is directed 

towards providing objective support on spécifie technological issues (Bridgewater 

1991). It is thus more issue-based and has less of a stratégie planning function than 

does private-sector TA. 

To conclude, technology assessment was conceived in thé late 1960s and 
implemented in thé early 1970s. It originated in thé U.S. government and has 

subsequently spread to European governments and thé private sector. While TA has 

a low profile, it is generally meeting its objective of providing information to decision-

makers on thé impacts of technology. 

Methods  for  Technology  Assessment 

How can technology assessment be done? The methods for TA reflect both thé 

spécifie problem under study, and thé social System under which it is being 

conducted. Thus in a démocratie society, it is necessary to hâve inputfrom those who 

will be directly affected by thé proposed technology (La Porte 1993). Indeed, because 
décisions about thé significance of impacts are subjective, it is critical to hâve a 

transparent process so that ail may see thé underlying value judgements that 

détermine what is considered to be important in thé study (La Porte 1993). While 

complète objectivity is therefore impossible, having a diversity of views will help to 

bring a measure of objectivity of thé findings (La Porte 1993). Within thèse bounds, 

thé following model for TA has been proposed by Coates and Jain (1995:54). Porter 

et al. (1980) hâve putforth a similar model. 

Steps in Technology Assessment 

1. détermine thé reasons for thé proposed technology 

2. describe thé proposed technology 
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3.	 describe alternatives to thé proposed technology 

4.	 describe thé current state of society and any applicable forecasts or trends 
5.	 identify affected parties and stakeholders 

6.	 based on thé state of society and thé proposed technology, identify potential 

impacts in conjunction with affected parties 
7.	 evaluate thèse potential impacts to détermine significant impacts 

8.	 identify thé responsibilities, authority, and limitations of relevant décision makers 

9.	 identify policy options and outcomes 

10.	 communicate conclusions to décision makers 

Achieving thé above would typically be done through stakeholder meetings, key-

informant interviews, and literature reviews (La Porte 1993). Other methods include 

trend extrapolation, scénarios, qualitative and quantitative modelling, checklists, and 
matrices (Porter 1995). However, as La Porte notes, "...there are a variety of ways of 

doing technology assessments, but one dictum that underlies them ail is Thou shalt 

go out and talk to people'" (1993:22). Braun (1995) emphasizes that TA should be 

thought of as a process or a discussion, rather than a one-time task. This reflects thé 

continually changing nature of both technology and society. Because TA involves 

dialogues between people about their values with respect to technology, it offers a 

way to shape and direct that development (Braun 1995). 

At thé heart of TA is an attempt to look into thé future-an attempt to both see what thé 

future might be, and how we might shape it (Braun 1995). Forecasting of this type 

has three limitations: (1) our understanding of factors that shape thé forecast; (2) our 

biases and personal views; and (3) thé nature of forecasting itself, which tends to 

assume that thé future will follow thé patterns of thé past (Simon 1980). 

The values of a society are key to both how thé assessment is done, and thé results 

that will corne out of it. A key part of describing thé current state of society is 

identifying thé goals and values of thé society. For example, in Canada, thèse can be 

simplified to 'peace, order and good government' (Elder 1994). This contrasts with 

thé American idéal of 'life, liberty, and thé pursuit of happiness.' As a generalization, 

Canadian society is more willing to accept more restrictions on individual freedoms for 

thé common good than is thé American society (Thompson 1996). How thé values of 

thèse two différent societies are reflected in thé assessment and régulation of 
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technology is apparent in thé case of handguns. In thé US, handguns are readily 

available and thé right to carry guns is protected under thé US Constitution. This is 

consistent with thé American emphasis on individual freedoms. In contrast, handguns 

in Canada are much more heavily regulated. This is consistent with thé Canadian 

value System, which more readily accepts constraints on an individual's rights when 
such constraints are in thé common good. Handgun régulation is différent again in 

countries like Japan and thé UK. Thus, when faced with thé same technology, 

countries that are at similar stages of économie and technological development 

choose very différent means of assessing and regulating thèse technologies 

(Thompson 1996). Thèse choices are based on thé country's social and political 

values. 

Because of limited time and resources with which to undertake an assessment, it is 

important to conduct a screening stage at thé beginning of an assessment (Thompson 

1996). This screening stage will identify those assessments on which to focus thé 

limited resources that are available (Thompson 1996). In such a screening stage, one 

can use thé concept that thé risk of thé impact equals thé magnitude of thé impact 

multiplied by thé probability of thé impact occurring (Thompson 1996). A matrix based 
on this concept is shown in Table 2.1. 

low probability of impact high probability of impact 
low-magnitude impact lowrisk: moderate risk: 

no further assessment required further assessment required 
high-magnitude impact moderate risk: 

further assessment required 
high risk: 
no further assessment required 

Table 2.1: Generalized risk matrix, showing thé risk as a product of magnitude of impact and 
probability of impact. 

If thé screening-level assessment shows a high probability of a large-scale impact, 

then thé proposed activity could be judged unacceptable without further assessment. 

The case of a low probability of a small-scale impact would similarly need no further 

assessment. If thé screening indicated a small probability of a large-scale impact, 

then further assessment would be required. An example of such a case would be thé 

technology for nuclear power. In this case, one would further assesses both thé 

potential impact and thé probability of its occurrence. The fourth case is thé one of a 

high probability of a small-scale impact. An example of this case is an oil or gas well 

in Alberta. Although there is a high probability of a low-magnitude impact, some 
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further assessment is required to ensure that there are not site-specific factors that 

could cause impacts to be of a high magnitude. Although an oil or gas well and 
associated production could best be described as an activity, rather than a product or 
technology, thé example is illustrative nonetheless. In thé more général case, further 

assessment can help to find ways to further reduce thé magnitude of thé impacts. 

When taken cumulatively, a small improvement can hâve a significant réduction in 

overall impacts. 

While this concept of risk is generally applicable, it is of more value in screening thé 
environmental or safety impacts of a new technology than in screening thé social 

impacts. This is because thé environmental and safety impacts of a new technology 

are typically more direct and are évident from our understanding our physical 

environment. Social impacts tend to be much more indirect and their effects are 

mediated by our social structures (Porter 1995). For this reason, it is much more 

difficult to estimate either thé probability of an effect, or thé magnitude of an effect. 

An illustrative example is a hypothetical screening assessment of thé télévision. 

Based on our knowledge of thé materials that go into a télévision, and thé energy it 

uses, we would be able to do at least a screening assessment of thé direct 

environmental impacts of its introduction into our society. Similarly, based on our 

knowledge of physiology and electromagnetic radiation, we would be able to do at 

least a screening level assessment of its safety for thé viewer. However, thé social 

impacts are less direct. Porter (1995) gives an example of how télévision caused 

people to stay at home more, causing less interaction with others in thé community, 
which in turn causes both an aliénation from thé community and increased family 

tension. Predicting such third and fourth order effects at a screening level is very 

difficult, because thé behaviours of thé individuels in a society adapt in response to 
thé new technology. 

Criticisms  of TA 

A number of criticisms hâve been voiced about TA. One criticism is that thé 

assessments do not give enough considération to alternatives to thé proposed 

technology (Coenen and Rader 1995). Such alternatives could be other competing 

technologies, or even System changes that would eliminate thé need for thé proposed 

technology. A related criticism is that thé anticipated demand for thé proposed 

19




technology is not adequately questioned (Coenen and Rader 1995). This in part 

likely reflects our free-market System in which we assume thé proponent has studied 

thé demand for thé proposed technology, and determined that sufficient demand 

exists. A third criticism is that TA puts an unnecessary burden on those who are 

developing technologies (Braun 1995). Others counter-argue that, as in thé case of 

some environmental régulations, TA can be economically positive by changing 

mindsets and bringing attention to areas where easy efficiencies can be had (Braun 

1995). There is little public debate about thé cost of TA, so it may be that society 

implicitly or unknowingly agrées to pay thèse costs in exchange for safer and better 

products and technologies than would otherwise be thé case. The fourth criticism is 

that TA is futile because of its reliance on trying to predict thé future (Bridgewater 

1991). Even thé proponents of TA recognize thé difficultés of trying to predict thé 

impacts of a new technology. However, few endeavours start in a full, polished form. 

As thé expérience with EIA shows, one necessarily expects there will be learning and 

improvement period for TA (Thompson 1996). 

Conclusions 

Product and technology assessment (PATA) is a term for a collection of Systems and 

techniques that allow us to assess thé impacts of products and technologies. PATA 

can be thought of as consisting of two tiers: 1) Product Assessment; and 2) 

Technology Assessment. Because thé development of products and technologies is 

directed by society and in turn changes society, we hâve a right to participate in thé 

choices made about thèse developments. Product and technology assessments can 

be one way of achieving this participation, either directly, or through government 

regulators. 

The concept of TA was developed in thé late 1960s, and implemented in thé early 

1970s. Product assessments hâve developed separately from technology 

assessments. The remainder of this Master's Degree Project will discuss thé 
development, practice, and improvement of one type of product assessment, namely, 

life-cycle assessment. 
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Chapter  3: Life-Cycle  Assessment 

Définitions 
There are a number of différent définitions of life-cycle assessment (LCA). Simply 

put, LCA is a way of determining thé environmental impact of a product or service 

throughout its life-cycle, and identifying opportunities to reduce thèse impacts (Curran 

1993). The SETAC (Society of Environmental Toxicology and Chemistry) 

methodology (Fava et al. 1991:1) defines life-cycle assessment as: 

...an objective process to evaluate thé environmental burdens associated with 

a product, process, or activity by identifying and quantifying energy and 

material usage and environmental releases, to assess thé impact of those 

energy and material uses and releases on thé environment, and to evaluate 

and implement opportunities to effect environmental improvements. The 

assessment includes thé entire life cycle of thé product, process, or activity, 

encompassing extracting and processing raw materials; manufacturing, 

transportation, and distribution; use/re-use/maintenance; recycling; and final 

disposai. 

The US Environmental Protection Agency (US EPA) borrows heavily from thé work of 

SETAC and defines LCA as "[a] concept and a methodology to evaluate thé 

environmental effects of a product or activity holistically, by analyzing thé entire life 

cycle of a particular product, process, or activity. The life-cycle assessment consists 

of three complementary components—inventory, impact, and improvement—and an 

integrative procédure known as scoping" (Vigon et al. 1993: 99). 

The Canadian Standards Association's (CSA) guideline on life-cycle assessment 

(Guideline Z760-94) is largely based on thé work of SETAC and thé EPA and defines 

LCA in a similar way to thé EPA (CSA 1994). One différence is that thé CSA refers to 

thé scoping component as thé initiation component. 

It is important to realize that LCA, as it is being practiced and discussed, is most 

clearly thought of as being a model for a way of thinking about thé environmental 

impacts of products throughout their life-cycles (Fava 1993). 
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Life-cycle assessment is on a continuum, as shown in Figure 3.1. 

Life-cycle 
Ecobalance review Streamlined LCA 

FullLCA 

Figure 3.1: Life-cycle assessment continuum (from Curran 1995). 

At one end of thé continuum is thé theoretical or 'fuir life-cycle assessment (Curran 

1995). This représenta thé conceptual goal of being able to fully quantify both thé 

environmental loadings and thé environmental impacts of a product. In practical 

terms, this is not possible. At thé other end of thé continuum is life-cycle thinking. 

This is a way of very generally identifying thé types of loadings and impacts of a 

product through its life-cycle. The US EPA calls this thé "life cycle concept" and 

defines it as "...thé holistic approach to evaluating thé environmental impacts of a 

product System from cradle to grave" (1993: 6). Even this level of détail is valuable 

because it can promote holistic thinking in product design and avoid design 

modifications that give thé appearance of reducing environmental burdens while only 

shifting them to other parts of thé product life-cycle. In thé middle of thé continuum 

are partial LCAs that are variously called life-cycle reviews, streamlined LCAs, 

resource and environmental profiles, cradle-to-grave analyses, ecobalances, and 

ecoprofiles (SPOLD 1993). Regardless of thé level of détail, ail of thèse life-cycle 

methods must include at least a qualitative évaluation of ail stages of thé life-cycle 

(Favaetal. 1991). 

There is typically an increase in both difficulty and cost as one moves to thé right of 

thé continuum. While thé LCAs at thé right of thé continuum give thé most 

comprehensive picture of environmental impact, ail of thé LCA tools shown above can 

be of value. For instance, a life-cycle review could be used to identify thé stages of a 

product's life-cycle involving thé use of ozone-depleting substances, with thé goal of 

reducing or eliminating thé use of thèse substances. Similarly, such a review might 

identify one stage in thé life cycle where thé environmental impacts are 
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disproportionately high. Further LCA activities could then be done on this stage of thé 

life cycle to identify potential improvements. 

History  of LCA 

LCA work is generally considered to hâve begun in thé 1960s, with initial work 

focussing on thé energy requirements for thé production of certain chemicals (Fava et 

al. 1991). The first life-cycle assessment of a product is widely believed to hâve been 

a life-cycle study of a number of différent beverage containers (Hunt et al. 1992). 

This work was sponsored by The Coca-Cola Company and was conducted by 

Midwest Research Institute (MRI) in thé US in about 1969 (Hunt et al. 1992). The 

work consisted of an inventory of thé quantities of natural resources that were 

consumed in production, and an inventory of thé quantities of effluents--the effects of 

thèse burdens on human health and thé environnent were not quantified (Hunt et al. 

1992). The work of thé MRI became known as Resource and Environmental Profile 

Analysis (REPA), and became quite popular, with approximately 15 REPAs being 

done over thé period 1970 -1975 (Curran 1993). Other work in this period was 

carried out in thé UK and Sweden (SPOLD 1993). In large part, thé interest in REPA 

work in this period was due to high-profile concerns about scarcity and depletion of 

natural resources, including non-renewable energy (Fava et al. 1991). Thèse 

concerns were based both on modelling that indicated impending resource shortages 

(e.g., Meadows et al. 1972), and thé oil shortages in this period (Fava et al. 1991). 

After 1975, interest in REPAs faded, largely because of thé cost and complexity of thé 

REPA work, an end to thé energy crisis, and a shift in public concern away from 

issues of resource use and instead moving to hazardous waste and contaminated 

sites (Curran 1993 and Hunt et al. 1992). Nonetheless, a low level of activity in 

REPAs and LCA continued between 1975 and 1988 (Curran 1993). In 1988, thé 

growing public concern about solid waste caused a greatly renewed interest in REPA 

and LCA, with LCA becoming thé prédominant name for this type of analysis (Hunt et 

al. 1992). In Europe, thèse public concerns were reinforced by régulations from thé 

European Commission that required thé monitoring of raw material consumption, 

energy consumption, and solid waste génération for thé life-cycle of liquid food 

containers (Fava et al. 1991). As well, consumers became more interested in 

recycling options, and wanted information on thé environmental impacts of products 
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they bought. Among regulators, there was a récognition that thé focus on laws and 

régulations dealing with only one environmental médium (e.g., air or water) might just 

shift pollution from one médium to another (e.g., from water to solid waste) without 

reducing thé amount of pollution (Bast et al. 1995). In thé US, this meant an 

increased emphasis on pollution prévention and a more holistic view of thé fate of 

pollutants (Fava 1993). 

Forfurther information on LCA development in this period, thé reader is referred to 

Bisson and Bérubé (1993), who reviewed a total of thirty LCA or REPA studies 

performed between 1974 and 1991. Although thé reviewof thé individual studies is 

somewhat superficial, thé review does give an overview of LCA activity over thé 
period studied. Their review also discusses some methodological issues that are 

addressed in more détail in Vigon et al. (1993) and Fava et al. (1991). 

A strong interest in LCA has continued in thé 1990s. A detailed methodology has 

been developed by SETAC through thé following workshops and their publications: 

Workshop  date Workshop  subject  Report  Date 

August 1990 ATechnical Framework for Life-Cycle Assessments January 1991 

February 1992 A Conceptual Framework for Life-cycle Impact Assessment March 1993 

October 1992 Life-Cycle Assessment Data Quality: A conceptual June 1994 

Framework 

March and April 1993 Guidelines for Life-Cycle Assessment: A "Code of Practice" August 1993 

This methodology has been incorporated by thé US EPA and thé CSA in their work on 

LCA. 

Extensive work has been carried out in Europe as well. For instance, thé Nordic 

Council of Ministers has developed an LCA methodology, and LCA is prominent in 

product policy formulation in thé Netherlands. As well, an industry association called 

thé Society for thé Promotion of LCA Development (SPOLD) has formed "...to support 

thé constructive use of LCA methodology by business, government and thé public as 

a guide towards environmental sustainability through enhanced resource efficiency, 

science and technology" (SPOLD 1993:2). 
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Users  of LCA 

The development and application of LCA has been driven by five distinct groups: 

•	 Product designers and product manufacturers who use LCAs to evaluate thé 

environmental performance of products and to identify ways of improving this 

performance (Fava et al. 1991); 

•	 shareholders, financiers, and insurers who seek to préserve shareholder value by 

controlling environmental liabilities, improving production processes, and (in some 

cases) capturing market share based on thé company's environmental 

performance; 

•	 customers who demand information on thé environmental performance of a 
product and thé producer's stewardship of that product; 

•	 environmental groups, which also use LCAs as a source of information on thé 

environmental performance of products (Thompson 1994); and 

•	 regulators who enact and enforce régulations in response to public concerns about 

thé environment or in order to meet international commitments related to 

environmental performance (Thompson 1994a). 

Thèse driving forces are reflected in thé reasons why companies do LCA. 

Why do  companies  do LCAs? 

To identify product and manufacturing improvements 

As discussed in détail in Chapter 4, an LCA includes inventories of thé inputs of 

materials and energy, and of thé outputs of waste materials. Even by doing only thé 

inventory component of an LCA, companies better understand their production 

processes and may be able to identify cost-effective improvements (Fava et al. 1991). 

For a company that is trying to reduce thé environmental impact of a certain product, 

thé LCA can be used to identify those portions of thé product life-cycle that hâve thé 

biggest impacts. Improvements can then be targetted at those high-impact portions of 

thé life-cycle. For example, by doing a life-cycle inventory of thé energy consumption 

of laundry détergent, Procter and Gamble learned that 80 - 90% of thé total energy 

consumption was in heating thé water with which to wash thé clothes (Anonymous 

1993). The company was then able to target its efforts to develop an effective cold-
water détergent (Anonymous 1993). Without this knowledge, Procter and Gamble 

might hâve targetted improvements only to its manufacturing and distribution Systems, 
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thereby missing thé potential to affect thé part of thé life-cycle with thé greatest 

energy consumption (thé heating of thé wash water). 

In a similar manner, Canfor Forest Products in British Columbia analyzed thé life-

cycle of its pulp and lumber production from harvesting through to reforestation 

(Bradley 1996). Canfor learned that thé largest impact of its activities was thé energy 

usage associated with production and transportation (Bradley 1996). This information 

could then be used by thé company to make thé most cost-effective environmental 

improvements to its production processes. 

To demonstrate product stewardship 

In its simplest terms, product stewardship means managing thé impacts of a product 

through its entire life-cycle (Bast 1994). Hewlett-Packard (HP) defines product 

stewardship as "...a philosophy and practice of designing products and their 

associated accessories and processes to prevent and/or minimize adverse health, 

safety and ecological impacts throughout their life cycle" (Bast 1994: 31). In thé 

Canadian Code of Preferred Packaging Practices, thé Canadian Council of Ministers 

of thé Environment (CCME) defines product stewardship as a concept "...in which 

industries assume responsibility for their products and packaging from 'cradle to 

grave' and in which consumers support thèse initiatives" (CCME 1990: 3). 

In HP's case, product stewardship represents moving away from focusing solely on 

narrow environmental compliance measures at their manufacturing facilities towards 

considering thé environmental performance throughout thé product life cycle (Bast 

1994). This also means broadening thé responsibilities for environmental 

performance to include designers, purchasers, and product managers (Bast 1994). 

This change in thinking was done both in realization that many of thé environmental 

impacts of their products occur outside of thé manufacturing facilities, and as a 

stratégie move in thé face of regulatory and market-based initiatives (Bast 1994). 

Regulatory pressures for product stewardship are increasing in a number of countries. 

For example, in addition to enacting législation to require manufacturers to take back 

product packaging, Germany now has législation that would require manufacturers to 

take back products that are returned by consumers at thé end of thé product's useful 
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life (Schliessner 1994). Through its stratégie planning, HP has determined that it is 

only a matter of time before there is a more widespread implementation of this type of 

législation (Bast 1994). For that reason HP is developing product stewardship 
programs. 

In Canada, thé CCME issued The National Packaging Protocol that requires 

industries to perform a streamlined life-cycle review (in accordance with government 

guidelines) of their packaging (CCME 1990). The purpose of thé Protocol is to reduce 

by 50% thé amount of packaging sent for disposai (compared to 1988 figures), and it 

is using product stewardship as one means of achieving this (CCME 1990). While thé 

program is voluntary, one policy of thé protocol states that "[régulations will be 

implemented as necessary to achieve compliance with thèse policies" (CCME 1990: 
21). The message to industry is clear: cooperate in showing responsibility for 

product stewardship, or face régulations. 

The Netherlands is also incorporating product stewardship into its national 

environmental policy. The cornerstone of thé Dutch product policy is that ail market 

actors hâve access to information on thé environmental impacts of products (Ministry 

of Housing, Spatial Planning, and thé Environment (MHSPE) 1994). This will be 

accomplished by passing this information along thé product chain, in thé form of 

product labels or dossiers that provide information on thé products' environmental 

impacts (MHSPE). The expectation is that such information will reflect "...ail thé 

environmental considérations relating to a product in each phase of its life cycle ('from 

thé cradle to thé grave')" (MHSPE 1994: 5). This policy will be implemented through 

self-régulation, with a governmental review of thé progress in 1997 (MHSPE 1994). If 

progress is not deemed to be satisfactory, thé government will, as a last resort, make 

thé provision of such product information a statutory requirement (MHSPE 1994). In a 

similarfashion to thé programs in Germany and Canada, this product policy provides 

strong incentives for companies to begin product stewardship programs. 

In addition to traditional regulatory approaches, there are also market-based 

programs that provide incentives for product stewardship. An example of a market-

based initiative that is promoting product stewardship is thé US EPA's "Energy Star" 

program for printers and computers (Bast 1994). By meeting thé energy efficiency 

requirements for thé use of thé product, a company can use thé "Energy Star" in 
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marketing its product (Bast 1994). This is a particular type of eco-labelling program 

that conveys to purchasers that thé product meets a certain energy efficiency 

standard. The compétitive advantage of designing products to meet thé "Energy Star" 

criteria became apparent in 1993, when Président Clinton issued an executive order 

that required US fédéral agencies to purchase only those computers and printers that 

were certified by thé "Energy Star" program (Bast 1994). 

To summarize, there are both market and regulatory forces that encourage companies 

to implement product stewardship programs. A product stewardship program is 

conceptually similar to LCA, and LCA can be used to provide some of thé quantitative 

information that would be required to properly manage a product through its life cycle. 
The move to product stewardship is therefore an important driving force for LCA. 

To validate "green marketing" claims 

"Green marketing" can be thought of as emphasizing thé environmental features of a 

product in its marketing. Environmental labelling programs hâve been developed in a 

number of countries in order to provide consumers with information on thé 

environmental performance of thé products they use (Mulligan 1994). An ecolabelling 
program can also provide some measure of régulation of environmental labelling by 

allowing consumers to separate independently verified claims of environmental 

performance, from vague and unsupported claims (e.g., 'environmentally friendly'). 

Examples of environmental labelling programs (also called ecolabelling) are thé 

Environmental Choice program in Canada, thé Blue Angel program in Germany, and 

thé Green Seal program in thé USA (Mulligan 1994). The US Environmental 

Protection Agericy (EPA) recognizes three types of third-party ecolabelling programs 

(USEPA1993): 

•	 Seal of approval programs identify individual products or services that hâve less 

environmental impact than comparable products or services. A seal of approval is 

then shown on thé product to indicate its reduced environmental impact. An 
example of such a program is thé Environmental Choice program in Canada. 

•	 Single-attribute certification programs are used to show "...that an independent 
third party has validated a particular environmental claim made by a manufacturer" 

(US EPA 1993:1). 
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•	 Product environmental information labelling provides information about a number 

of aspects of a product's environmental performance, but does not offer 

comparisons with other similar products. 

LCA is an obvious tool to use in identifying a product's environmental burdens, and 

making comparisons with other similar products. Indeed, a study by thé US EPA 

concluded that thé life cycle concept is used by most of thé environmental labelling 

programs it studied (US EPA 1993). For example, thé Environmental Choice Program 

in Canada uses what it calls a life cycle review, which is a mostly qualitative review of 

thé major environmental impacts of thé each of thé stages of thé product life cycle (US 

EPA 1993, Environment Canada n.d.). However, few programs are using even a part 

of thé formai SETAC methodology for quantitative LCA (US EPA 1993). This is 

believed to be due to thé cost of such LCAs, and thé methodological difficultés of 

doing an LCA on a product class, rather than an individual product (US EPA 1993). 

There has been considérable debate about thé use of LCA in environmental labelling 

programs (SETAC 1993). This debate recognizes thé market impact that eco

labelling programs can hâve, and thereby thé responsibility that LCA practitioners 

hâve in providing such information. In its Code of Practice, SETAC includes a section 

on thé use of LCA in eco-labelling programs and for claims about thé environmental 

impacts of products. SETAC includes thé following guidelines: 

•	 Claims such as biodegradability or recyclability need not (or cannot) be evaluated 

through LCA. 

•	 Claims about a product's overall impact would hâve to include both thé inventory 
and impact assessment phases of thé LCA methodology. 

•	 Results should be fully, not selectively, reported (Consoli et al. 1993). 

Nonetheless, thé LCA methodology is influencing thé development of environmental 

labelling programs. For example, thé European Community (EC) has issued an Eco-

Label Régulation (No. 880/92) that states "[t]he spécifie ecological criteria for each 
product group shall be established using a 'cradle-to-grave' approach..." where 

'cradle-to-grave' is defined in thé régulation to be "thé life cycle of a product from 

manufacturing, including thé choice of raw materials, distribution, consumption and 

use, to disposai after use" (Council of European Communities in US EPA 1993:9). 
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Similarly, thé ISO 14000 standard on environmental labelling is expected to 

recommend that thé criteria for labelling programs be reflective of scientific 

information on thé life cycle of thé product (US EPA 1993). 

To conclude, environmental performance may be one factor in thé marketing of a 

product. In this regard, LCA can be used in eco-labelling programs to provide 

customers with environmental information on thé product and to help differentiate thé 

product from its competitors. 

In response to customer demands 

As companies institute environmental programs within their own opérations, it 

becomes natural for them to begin to question thé environmental impacts of their 

suppliers. This is comparable to companies demanding more input into their 

suppliers' production processes, and certification in programs like ISO 9000, to 
ensure better quality management in their suppliers. Similarly, companies will be 

going up their supply chain to improve environmental performance of their suppliers in 

order to achieve overall improvements in thé environmental impacts of their products. 

LCA can be used by suppliers to respond to such questions by their customers. One 

example of this is Scott Paper in thé UK. In its corporate environmental policy 

statement, it committed "to understanding thé life-cycle impacts of its products ... and 

incorporating environmental performance standards in its supplier sélection process" 

(SPOLD 1993:10). One measure that Scott developed was thé number of kilograms 

of CÛ2 emitted per tonne of pulp produced. This measure varied by a factor of 17 

between their différent suppliers (a reflection of both différent energy efficiencies and 

différent energy sources) (SPOLD 1993). From this and four other measures of 

environmental performance, Scott calculated an eco-point score for each supplier. 

From this, two suppliers were dropped by Scott because of a low eco-point score 

(SPOLD 1993). 

In a similar example, Canfor's review of thé environmental impacts of its production of 

pulp was at least partly in response to questions from Scott Paper in thé UK about thé 

environmental impacts of Scott's pulp suppliers (Bradley 1996). 
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Hewlett-Packard (HP) also incorporâtes environmental performance into thé criteria 

by which it sélects and retains suppliers (Maxie 1994). The environmental criteria 

include whether thé supplier has a policy committing it to environmental improvement, 
a plan to measure and track this improvement, and whether thé supplier has 

eliminated thé use of ozone-depleting substances (Maxie 1994). 

Thèse two examples clearly indicate that suppliers may be required by customers to 

use LCA methods to evaluate thé environmental performance of their products. Poor 

environmental performance can mean thé loss of business. A proactive step for a 

producer would be to use LCA to identify areas for product improvements, implement 

thèse improvements, and use this improved environmental performance to its 

compétitive advantage. 

To influence regulatory initiatives 

The information generated by LCA can be brought into thé policy formulation process 

and therefore used to influence a variety of policy initiatives. Thèse policy initiatives 

include new régulations, voluntary government programs (e.g., thé National 

Packaging Protocol), or voluntary industry programs (e.g., Climate Change Voluntary 

Challenge and Registry Program). For instance, an LCA that compares disposable 

diapers with re-usable diapers could be used to help avert a proposed ban on 

disposable diapers in a landfill. In this case, thé LCA would likely show that both 

types of diapers hâve numerous environmental impacts beyond that of their solid 

wastes. Thèse data would then make both decision-makers and thé public realize 

that a narrowfocus on reducing one particular impact (génération of solid waste) may 

in fact increase thé overall environmental impact (because of thé energy and water 

use associated with laundering cloth diapers). 

In another example, in 1993 thé French government commissioned an LCA study of a 

draft of thé European Directive on Packaging and Packaging Waste (Besnainou and 

Goybet 1995). Specifically, thé study was of thé environmental effects of thé 

proposed requirement to recycle 54% of total packaging waste within 10 years 

(Besnainou and Goybet 1995). The study showed that for recycling cardboard as 

compared to virgin cardboard, water effluents are reduced while air émissions are 

increased (Figure 3.2) (Besnainou and Goybet 1995). 
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Figure 3.2: Relationship between water effluents and air émissions for recycling cardboard at différent 
rates of recycling (from Besnainou and Goybet 1995) 

More importantly, at high rates of recycling, there is a dramatic increase in air 

émissions because of thé increasing amount of transportation needed to gather thé 

cardboard for recycling (Besnainou and Goybet 1995). The French government used 

thèse results to argue successfully against thé high recycling targets that were in thé 

draft Directive (Besnainou and Goybet 1995). 

As discussed earlier, thé use of LCA also demonstrates product stewardship which 

itself may make regulators more willing to accept self-régulation through, for example, 

industry codes of practice. 

To meet thé requirements of ISO 14000 

In response to thé development of a growing number of national environmental 

standards, thé International Standards Organization in 1991 started an advisory group 

to détermine whether a set of international environmental standards were needed, 
and if so, to recommend a process for their development (Cascio 1993). The hope 

was that ISO could build on thé success of its ISO 9000 séries (Total Quality 

Management) and develop a set of comparable environmental standards that would 
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either harmonize or pre-empt thé growing number of national environmental standards 

(Cascio 1993). The advisory group (thé Stratégie Advisory Group on Environment, or 

SAGE) formed a total of six subgroups, one of which was thé Life-Cycle Analysis 
subgroup (Cascio 1994). In 1992, SAGE recommended to ISO that a Technical 

Committee be formed to develop a set of international environmental standards 

(Cascio 1994). That committee (TC 207) has six subcommittees that are developing 
thé following standards, referred to as thé ISO 14000 séries (ASTM 1995): 

ISO 14000 Guide to Environmental Management Principles-Systems and 
Supporting Techniques. 

ISO 14001 Environmental Management Systems-Spécification with Guidance for 

Use 

ISO 14010 Guidelines for Environmental Auditing-General Principles of 
Environmental Auditing 

ISO 14011/1 Guidelines for Environmental Auditing-Audit Procédures-Part I: 

Auditing of Environmental Management Systems 

ISO 14012 Guidelines for Environmental Auditing-Qualification Criteria for 

Environmental Auditor 

ISO 14040 Life-Cycle Assessment—General Principles and Practices 

ISO 14041 Life-Cycle Assessment-lnventory Analysis 

The standards go through a number of stages of balloting by member standards 

organizations; thé final standards are expected to be published in thé fall of 1996 
(Crittenden 1996). 

To become certified under ISO 14000, companies will need to be audited by 

indépendant certified auditors to confirm that their opérations are complying with thé 
ISO 14000 standards. Thèse companies will then become registered with thé ISO. 

Based on thé expérience with ISO 9000, it is reasonable to expect that some 
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