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Governments, companies, non-govemmental organizations and citizens are becoming

increasingly interested in the life cycle assessment (LCA) of products. This method of

environmental analysis, which assess~s the environmental impact of products throughout

their entire life cycle--from the 'cradle to the grave'-is now coming of age. The number

of applications for LCA is also growing: it is now being used in the improvement of both

products and processes, in setting criteria for ecolabelling, and in decision making about

purchasing. LCA is thus becoming in~reasingly important in the development of cleaner

production. This is why UNEP'S Cleaner Production Programme is helping to advance the

concept of LCA and promoting its dissemination.

Part I of this publication is based on a

report prepared by Reinout Heijungs,

Gjalt Huppes and Helias A. Udo de Haes

of the Centre of Environmental Science

(CML) at the University of Leiden in the

Netherlands. Part II is based on a report

prepared by Nico van den Berg (CML),

Chris Dutilh (Unilever) and Gjalt Huppes

(CML) as part of the Netherlands

National Reuse of Waste Research

Programme (NOH). NOH is managed

and coordinated by the Agency for

Energy and the Environment (NOVEM)

and the National Institute of Public

Health and Environmental Protection

(RIVM) in the Netherlands. Sybren de

Hoo was the Project Manager.

This report is in two parts. The first, Ufe Cycle Assessment: what it is, is concerned with the

concept of LCA. how it is currently practised and how it is expected to develop. It also

places LCA in the broader perspective of other tools for environmental analysis such as

environmental impact assessment, risk analysis and technology assessment.

The second part of the volume, Ufe (.yde Assessment how to use it, examines the several

steps involved in making an LCA in a simplified but systematic manner. It illustrates the

problems involved and the kind of rJsults that can be produced by working through a real

LCA that has been used to assess tht environmental impact of different low fat spreads.

Many people and organizations have helped prepare and review this publication which is a

remarkable example of cooperation between a United Nations agency, universities,

consulting agencies and private enter r rise. UNEP is grateful to all those who have been

involved.

The Editorial Board for the production

of this publication was Jacqueline Aloisi

de Larderel, Sybren de Hoo and John I

Kryger of UNEP/IE. Thanks are due to

David Russell (Dow Europe), Ken Geis~r

of the University of Massachussetts,

David Pounder (CP Consultant in the

United Kingdom) and Sven-Olof Ryding

(Federation of Swedish Industries) for

their inputs, advice and comments.

LCA will play an increasingly impo t role as a tool to support the decision-making

process in governments, companies nd non-governmental organizations. The information

it provides will also be of assistance 0 individual consumers. Many international bodies,

national governments, universities, c nsultancy agencies and private companies now

acknowledge both the usefulness of CA and the need for further development of the

technique. We hope that this report will help to promote the application of LCA in the

development of an increasingly sustainable society.

Robin Clarke edited the text and

prepared the page layout and diagrams.
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The main characteristics of
life cycle assessment

Life cycle assessment (LCA) is the process

of evaluating the effects that a product has

on the environment over the entire period

of its life cycle. The technique differs from

other environmental tools in a number of

significant ways:

Most tools that support environmental

decision making deal with one type of

object only: environmental impact

assessment deals with new facilities, risk

assessment with assessing the impacts of

pollutants from a specific installation. The

object of LCA is also singular: the

environmental consequences of a product

or, more generally. of the function which

the product is designed to perform.

Chapter 5 deals with other tools for

environmental analysis.

Life cycle assessment is a

decision support tool supplyinJ;

information on the

environmental effeas of

products. It furnishes

information on the
.:. it can be used to study the

environmental impact of either a

product or of the function a product is

designed to perform;

.:. it provides objective data which are not

dependent on any ideology; and

.:. it is much more complex than other

environmental tools.

.:. first, by identifying and quantifying the

environmental loads involved-the

energy and raw materials used, and the

emissions and wastes consequently

released;
.:. secondly, by assessing and evaluating the

potential environmental impacts of these

loads; and

.:. thirdly, by assessing the opportunities

available to bring about environmental

improvements.

An LCA is made in three stages:

environmental effects of all

the stages of a product's life

cycle. This information can be

used by governments and by

companies as well as by

NGOs and individual

consumers when making

decisions related to products.

Ecolabelling, product and

process improvements, and

purchasing decisions, for

example, can all be supported'

by life cycle assessment

The analysis takes into account the entire

life cycle of the product or function,

covering all the processes required:

extraction and processing; manufacture,

transport and distribution; use, reuse and

maintenance; recycling; and final disposal.

LCA is a tool that supports environmental

decision making. It does not replace other

tools but rather provides additional

information for a specific application.

The main applications of LCA

LCA provides information about the

environmental impacts associated with a

product's life cycle. This information,

together with information about other

aspects such as costs, convenience and

.3

Nevertheless, LCA is a much more

complex process than other techniques

since it is a 'cradle to the grave' analysis

which reviews the environmental effects of

all aspects of the product under

investigation. It is concerned with the use

of scarce resources as well as with the

release of hazardous substances, for

example. It includes effects which

contribute to global problems, such as

global warming, as well as to more local

ones such as toxic emissions.

Finally, LCA sets out to provide objective

answers. There is no ideology behind LCA

of the kind that, for example, 'plastics are

bad because they are unnatural'. The aim of

LCA is to suggest more sustainable forms

of production and consumption. It uses a

scientific approach in which the

quantification of effects plays a dominant

role.



LIFE CYCLE ASSESSMENT: WHAT IT IS

consumer safety, can be used in making

decisions with environmental consequences:

decisions about how to develop, improve

and produce products; how to develop

government policies affecting both

manufacturers and consumers; and how

non-governmental organizations (NGOs)

such as environmental pressure groups and

trade unions can produce environmentally-

sensitive guidelines.

.:. purchasing decisions; and

.:. development of life styles.

Improving communications about the

environmental impact of products is one of

the main applications of LCA. Disputes on

environmental impacts often arise within

companies, governments and NGOs when

these impacts are assessed on an intuitivE!

basis. As a result of its scientific and

quantitative nature, LCA can act as a

communicative bridge between the partiE!S

involved.

Some of the main applications of LCA are

in:

.:. communications about the

environmental aspects of products;

.:. product and process improvement;

.:. product and process design;

.:. development of business strategies.

including investment plans;

.:. setting ecolabelling criteria;

.:. developing product policies;

.:. developing policy strategies;

The history and future of LCA

The energy crisis of the 1 970s and the

publication of Um;ts to Growth had a major

influence on general environmental

awareness. One of the results was a

detailed system for analysing the energy

required to manufacture individual

products. LCA was developed in parallel to

this process, and was influenced by it. LCA

ENVIRONMENTAL BENEFITS

reduction in use of materials

improvement in fuel efficiency

>IO~,
5-IO~,

ECONOMIC BENEFITS

reduced production costs -IO~;

In its first environmentally-oriented product development projeCt, a

manufacturer of kitchen appliances undertook an LCA of a gas

cooker. One of the assumptions was that the enamelled surface of

the product would have a major environmental impact. To find out

which aspects of the product could be environmentally improved. a

basic LCA was performed first. The LCA showed that the enamel

did not make an important contribution to the total environmental

impact of the product. According to the LCA, important

improvements could be achieved by improving the gas jets and thus

the fuel efficiency of the cooker. The testing and licensing of this

improvement is now underway. An additional outcome of the

redesign of the cooker was an reduction in material use.

4



WHAT IS UFE CYCLE ASSESSMENT?

extended the analysis to include not only

the depletion of energy resources but that

of other resources as well. and to include

the impacts of emissions and waste

generation.

the Promotion of Life Cycle Development

(SPOLD).

ISO, the International Standards

Organization, is also working to establish a

uniform framework, uniform methods and

procedures, and a uniform terminology.Interest in LCA has increased since the

I 980s. since when there have been two

major changes: first, methods have been

developed for quantifying product impacts

on different categories of environmental

problems (such as global warming and

resource depletion); secondly. LCA studies

have started to become more widely

available for public use.

'Today, knowledge of how to

carry out an LCA is improving

rapidly. The value of the

technique is being increasingly

recognized and it is now bein~~

used for strategic decision

making and for designing

environmental policies.'

A confusing situation arose towards the end

of the I 980s when environmental reports

on similar products often contained

conflicting results because they were based

on different methods. data and terminology.

It soon became clear that there was a need

for standardization in environmental

reporting. This resulted in several

international workshops. in several projects

on LCA methodology. and in the first

international formulation of a Code of

Practice for LCA. The latter took place

under the umbrella of the Society of

Environmental Toxicology and Chemistry

(SET AC) which has become the main forum

for the scientific discussion on LCA.

Today. knowledge of how to carry out an

lCA is improving rapidly. The value of the

technique is being increasingly recognized

and it is now being used for strategic

decision making and for designing

environmental policies. UNEP is promoting

the implementation of lCA through its

Cleaner Production Programme. A number

of firms have jointly set up the Society for

5
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There are three reasons for using LCA:

.:. because it is product oriented;

.:. because it is integrative; and

.:. because it is scientific and quantitative.

LCA is product oriented

Environmental policies on substances and

processes-particularly those that are

produced in bulk and those that are toxic-

have so far been formulated mainly to

reduce emissions of hazardous substances.

But mapping out a path towards a more

sustainable society requires detailed

information on the environmental

consequences of proposed activities and

changes. Several tools are available to

provide this information but each has

limited applicability. LCA, which focuses on

products, covers an area which cannot be

covered by risk assessment, environmental

impact assessment or other non-integrative

tools. LCA thus has a unique role to play in

furthering sustainable development.

SUBSTITUTING ELECTRIC CARS

for cars powered by diesel or petrol

reduces emissions where the car is being

used. usually in urban areas. but

increases the need for electricity

production elsewhere. and may consume

more energy overall. LCA could be used

to investigate the conditions under which

a change to electric cars would be

environmentally attractive.

DIFFERENT TECHNOLOGIES

usually use different materials and

produce different emissions. Choosing

between these technologies can be

difficult. For example. are aluminium or

PVC window frames more

environmentally sound? Aluminium

production results in emissions of

acidifying sulphur and nitrogen oxides

whereas the production of PVC results

in toxic dichloroethane emissions. LCA

could be used to decide which

alternative is more attractive

environmentally.

Products are extremely important

constituents of industrial society. All

economic activities depend on the use and

consumption of products and services.

Products are the axis around which

industrial activity turns. Furthermore. many

people are involved in making policies about

products. and these policies are an

important means of making economic

activities more sustainable.

OTHER LOCATIONS can become

the victim of problem shifting when

chemical waste is exported from one

country to another. LCA could be used

to investigate the conditions under which

the storage of chemical waste causes

minima! environmental damage.

.:. problem shifting from one stage of the

life cycle to another;

.:. problem shifting from one sort of

problem to another; and

.:. problem shifting from one location to

another.
lCA is integrative

LCA has been defined as a tool for

environmental analysis which integrates all

the environmental problems produced

during the entire life cycle of a product or

function. wherever the problems occur (an

As the examples on this page show,

attempts to minimize environmental

impacts often result in a mixture of

different kinds of problem shifting.

Embarking on a more intensive production

7

,e~~~,,-

LCA can focus on either a product, such as

a match, or a function, such as the lighting

of a gas stove). This integrative approach

avoids substituting one set of environmental

problems for a different set of problems, as

often occurs when attempts are made to

tackle environmental issues. For instance,

the amount of waste generated can often

be reduced by making a product easier to

dismantle and thus recycle. However, this

may require a more material-intensive

production process. In other words, one

set of solutions may induce new problems

at other locations and at other stages of the

life cycle. These must also be taken into

account. It is the net effect of decisions that

should be the basis for long-term planning.

How can problem shifting of this kind be

avoided? The present trend is to avoid

problem shifting by using cleaner

production techniques. This involves

optimizing recycling opportunities, choosing

materials carefully and limiting the amounts

of materials used. Several analytical tools

exist to help in this process, and others are

being developed. One of these instruments

is LCA, which can be used to prevent three

common forms of problem shifting:
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process to make a product more simple to

recycle is a good example of problem

shifting in all three dimensions: problems at

the 'grave' end are shifted to problems at

the 'cradle' end, the 'cradle' and 'grave'

locations are not usually the same (they

may even be in different countries) and the

environmental problems encountered at

each end usually differ as well.

quantitative tool. It is designed to provide

the most objective information possible to

support the decision-making process. Clther

types of arguments-economic. social and

political-enter the discussion when

decision makers use the overall inform.Ltion

furnished by LCA to analyse the issues at

stake.

The main reasons for using the best
One type of problem shifting not shown up objective tool in environmental decisiorl

by LCA is the shifting of problems from one making are that:

product to other products. This can occur

when contaminated materials are recycled .:. intuition is not enough;

into other products; if contaminated .:. it can act as a bridge between partie);

organic wastes from households, for .:. it can improve efficiency;

example, are recycled through agriculture, .:. it gives reproducible answers; and

contaminated foods may be produced later .:. it enhances credibility.

in the chain. The box on the right provides

a further example of this kind of problem The examples of problem shifting already

shifting. described illustrate the importance of an

integrative view of the environmental

impacts of a product. They also

demonstrate the complexity of the problem

LCA is scientific and quantitative

LCA relies on scientific data and is a

>IO~~
-95~~

50-70 litres

ENVIRONMENTAL BENEFITS

weight reduction

reduction of ecotoxicity

reduction in fuel consumption

In the automobile industry, the environmental impact of items such as

engines, car bumpers and paints has long been a matter of concern. In

a project to demonstrate environment-friendly design, one

manufacturer chose a dashboard as a product to improve. A

dashboard fulfils many functions, resulting in different requirements for

different parts of the dashboard. To make a thorough analysis of the

product, a basic LCA was performed on several improvement options.

Apart from some expected reductions in material use, the numbers of

material used and improvements in the recyclability of materials, the

most remarkable outcome was that improvement of the ventilation

system could result in less use of the fan and a reduction in fuel use of

some 50 litres during the life cycle of the vehicle.

ECONOMIC BENEFITS

Cost reduction for the consumer because of improved fuel

efficiency.

~
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and stress the need for a science-based.

quantitative tool. Only by quantifying the

different impacts of a product during the

different stages of its life cycle at different

locations does it become possible to reach

an overall assessment.

required must be made in good faith and,

for the sake of efficiency. the best possible

choice must be made in producing the

relevant information.

The fact that opinions change implies that

environmental preferences may also differ

from year to year. This not only lowers the

level of efficiency of the measures taken but

also endangers the credibility of the

environmental issues to both consumers

and manufacturers. LCA can help shift

environmental arguments from mere

personal opinions to more objective facts-

although a normative element remains

unavoidable and essential in any evaluation.

Since the environmental consequences of

decisions are so complex, ill-founded

opinions often dominate discussions. This

gives rise to communication problems

betWeen the different parties involved such

as companies, governments and NGOs.

LCA can act as a neutral tool to provide

information for use as input to discussions

betWeen these stakeholders.

The ash that results from the cleaning of

flue gases in coal-fired power stations

and incinerators of household waste

contains high levels of toxic heavy

metals. Recycling this ash as a useful

additive in cement is economically

attractive but the heavy metals are not

fully bound in the cement. Currently, the

LCA of, for example, a rechargeable

nickel-cadmium battery cannot include

the leaching of heavy metals from

building materials or from the reuse of

those building materials in road building.

Another type of environmental analysis,

such as substance flow analysis, might be

a more appropriate way of addressing

this type of problem shifting.

Environmental issues are becoming

increasingly important in all kinds of

decision making. A balanced decision-

particularly one concerned with long-term

strategy-requires objective information

about the facts involved and their

consequences. The large investments

9



data, especially if the LCA has been

requested by an organization that does not

operate in the commercial sector, or if the

data concerned relates to other companies.

What is needed to make an LCA?

The preparation of an LCA requires time,

skill and money. It also requires a

methodology, a great deal of data, and

software to manipulate the data.

Methodology

A methodology is essentially a set of rules

specifying the data that need to be gathered

the calculations that must be made, and

guidelines on how to interpret the results.

Many reports have been made and

workshops organized on how to draw up a

precise and operational methodology for

making LCAs. Although there is still some

controversy over how to do this, views on

the main methodological issues involved are

now converging.

Data demand

LCA requires many, many data. A typical

life cycle involves several hundred

processes: the extraction of copper ore,

the production of steel, the transport of

chlorine, the manufacture of packaging

materials, re-shipping, use and maintenance

of the final product, cleaning prior to reuse,

collection and melting aluminium for

recycling, polythene incineration, and so on.
All these processes need to be specified. In

turn, each process specification involves

dozens, perhaps hundreds of items such as

the consumption of electricity, the demand

for styrene, the amount of material

produced, HCFC emissions into the

atmosphere and the generation of waste.

Making an LCA takes time,

money and expertise, and

requires a methodology, data

and software. The

methodology and software are

now being rapidly improved,

and more reliable data are

becoming available. As a

result, LCAs are becoming

easier to carry out. A unified

framework for LCA is also

important for

communicational and

educational purposes.

If the LCA has been requested by a

commercial enterprise, it is usually not too

difficult to obtain data on that company's

processes. In other cases, however, it may

be extremely difficult to obtain the right

ts;

.:. they are faster than user-developed

spreadsheets and have lower memory

requirements;
.:. they can handle more processes than

spreadsheets;
.:. they can be connected to LCA databases

II
~I

It would obviously be a great help if

standard databases were developed which

contained data on general processes. There

is a need for this kind of background data.

for example. on the generation of

electricity. on different modes of transport

and on the production of raw materials. If

such data were available. the only data

problem remaining would be the

production of company-specific product

data and data relating to less common

processes such as the production of

television tubes or paints. Another solution

to the data problem is to develop 'fast

methods' which provide rough estimates

which are nevertheless sufficiently accurate

to make an overall assessment.

Software
Is dedicated software really needed? An

LCA practitioner has to deal with

thousands of figures in every study he or

she makes. Inevitably. computer programs

can handle these data faster. more

conveniently and with better quality

assurance than human operators. While

much can be achieved with spreadsheets.

today's tendency is to use dedicated LCA

programs because:

.:. they are easier to use than spreadsheel
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The framework for life cycle assessment
KEY

DETAILED STEPS

PROPOSED IN

THIS

PUBLICATION

Inventory analysisGoal definition
and scope

SETAC LCA
framework2.

CONSTRUCTING THE
PROCESS FLOW CHARTI.

GOAL DEFINITION

AND SCOPE

~

3.
COLLECTING

THE DATA

Impact assessment

4.
DEFINING THE

SYSTEM BOUNDARIES

6.
CLASSIFICATION AND

CHARACTERIZATION

~

5.
PROCESSING
THE DATA

7.
VALUATION

~

I. Goal definition and scope

The product(s) to be assessed are defined, a functional basis for

comparison is chosen and the required level of detail is defined.

6-7. Impact assessment

The effects of the resource use and emissions generated are grouped

and quantified into a limited number of impact categories which may

then be weighted for importance.

2-5. Inventory analysis
The energy and raw materials used. and emissions to the

atmosphere. water and land are quantified for each process and then

combined in the process flow chart.

8. Improvement assessment

The results are reported in the most informative way possible and

the need and opportunities to reduce the impact of the product(s)

on the environment are systematically evaluated.

more easily and transparently; The LCA framework

.:. they incorporate several more advanced All LCA procedures are structured

features. such as looped netWorks of according to a framework. One of the main

processes and means of investigating achievements in LCA has been the

improvement options; and development by the international scientific

.:. they can be designed to conform with an community of a uniform and widely

LCA protocol. accepted framework comprising the four

main boxes shown in colour in the

illustration above and described in the box

below it. This framework is important

12



HOW IS AN LCA MADEr

because it facilitates communication and is

essential for the users of LCAs. for those

who commission LCAs and for the further

development of the technique. SET AC has

been mainly responsible for the

coordination and harmonization of

international LCA activities. including the

development of a Code of Practice which is

essentially the current framework for LCA.

This framework comprises four main

components which specify the logical

structure of LCA and hence indicate the

main procedures that are to be followed.

The first component is to define the goal

and the scope of the study. The second

component is called the inventory analysis

(which is further broken down into four

distinct steps in this document). The third

component is impact assessment, which

involves two steps (though some experts

count classification. characterization and

valuation as separate steps). The final

component is the improvement assessment,

which comprises the reporting of theI results and their systematic evaluation for

environmental improvement.

'It is important to know what

level of sophistication should be

associated with a certain type

of application. In product

design, for instance, results

must be correct on average,

that is most of the time; in

ecolabelling, they must almost
always be correct '

The principles that underlie these

components. and the steps that they

comprise. are described in more detail in

the sections that follow. Part II of this

publication gives practical guidance on how

to carry out the individual steps. using a

case history as a practical example.

Goal definition and scope

The first component of the LCA framework

involves drawing up a specification of the

study, including an exact formulation of

what is to be investigated and how the

investigation is to be carried out. Special

procedures for quality assurance may also

be specified. The potential applications of

the LCA determine the technical goals that

are to be met. These in turn define the

scope of the study.

LCA can be used for a number of different

goals. Some of the main ones, in order of

In an LCA. a distinction can be made

between the mainly empirical part of the

Study. where data determine the outcome

(the inventory analysis and the first stages

of the impact assessment). and the

normative part (the last stage of the impact

121

assessment). Improvement assessment has

an analytical component (based on facts)

and a design component (based on the

subjective weighting of the different aspects,

including non-environmental aspects such as

costs and ergonomics).

An LCA is an iterative process, in that the

assessment is repeated several times, each

time in more detail. First, a superficial analysis

is made using approximate data; this results

in a 'quick-and-dirty' assessment. Although

such an analysis is sometimes all that is

required, more often this first assessment is

used to highlight the points on which to focus

to obtain an improved assessment. This

improved result can, in turn, be used as the

basis for an even more detailed study. This

process of identifying the areas where more

detailed information is required is referred to

as screening. It is important to know what

level of sophistication should be associated

with a certain type of application. In product

design, for instance, results must be correct

on average, that is most of the time; in

ecolabelling, they must almost always be

correct.
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increasing complexity, are: Product improvement is a somewhat more

sophisticated goal and it may requirE~ a

more quantitative check of experience-

based design rules.

.:. to make a strengths and weaknesses

analysis;
.:. product improvement; and

.:. product comparison. The comparison of very dissimilar products

is the most complex technical goal which

requires a full knowledge of the product

systems involved, especially if the results

are to be used externally, for example in

making purchasing decisions.

An example of each of of these goals in

relation to refrigerators is described in the

box below.

A strengths and weaknesses analysis is often

performed in a more or less qualitative

way: an intuitive knowledge of problematic

aspects of a product's life cycle can provide

recommendations about how to change the

manufacturing process for the product or

concepts for new products. LCA can form

the basis of a more scientifically sound

analysis.

relative importance of the different environmental effects involve,j

would have to be assessed. A full quantification would be required

only for those parts of the life cycle that might be changed. Thus the

scope of the LCA broadens but not to the maximum-a differenc:e

analysis suffices.

I. A strengths and weaknesses analysis

This would require some insight into the main factors related to

environmental effects. A simple LCA, with a limited scope, would

show that the main environmental effects were resource use during

production, electricity consumption during about a decade of use,

and the release of ozone-depleting chemicals on disposal. An

assessment of different refrigerators would need to consider their

composition and electricity requirements. One might be well

insulated, requiring much insulating material (a weakness) but having

a low electricity consumption (a strength), and involve high emissions

of ozone-depleting chemicals on disposal (a weakness).

3. Product comparison
When designing a new refrigerator from scratch, all the

characteristics of the product are variable. One might then have to

compare gas-fuelled to electricity-driven types; metal bodies to

plastic ones; plant-based insulation materials with inorganic and oil-

based ones; and long- and short-life products. A full scope LCA is

required in this case, though for some sub-questions, such as tho!;e

on optimal wall thickness, only a difference analysis might be

required.

2. Product improvement
This would require a knowledge of. for instance. the effect of a small

change in the thickness of the insulation on energy consumption. The

14

These technical goals may support different

applications of LCA, including process

improvement. design and ecolabelling. The

goal of the study determines the level of

detail and the procedures to be folloy(ed

when performing the study. If it is intE~nded

to use LCA results externally. in

ecolabelling for instance. a meticulous study

plus independent quality assurance is (ailed



unit would be: 'drinking one cup of coffee'

or 'one year of hot beverage consumption

of an employee'. Alternatively, one might

need to compare different kitchen paints.

An example of one functional unit is 'having

a 10m2 wall well painted for 30 years'.

for. To generate recommendations for the

redesign of a product or for other product

improvements, the study would have to

include an improvement assessment. If the

objective is to make a comparison between

similar product types, the analysis of

identical elements of the life cycle could be

omitted. This type of analysis is usually

called a 'difference analysis'. The analysis of

improvement options is usually restricted

to such an analysis.

The subject of the study can be defined by

accurately describing the product or

products to be assessed. In product

improvement, one product is taken as a

reference against which to compare the
The scope of an LCA is related to the level improved options. In setting ecolabelling

of sophistication required for the goal of criteria, all products with a certain market

the study. Is the LCA simply a rough share should be included in the analysis, and

analysis in order to discriminate between also those that might be interesting!
'really good' and 'really bad' alternatives, or environmentally. The precise definition of

ed is it a detailed analysis needed to produce the functional unit also limits the

slightly cleaner alternatives by reviewing alternatives that might be relevant. Indoor
Udy small design steps? As indicated above, the paints are not relevant when assessing

led answers to these questions have major outdoor wall paints, but they are relevant

consequences for the details of the study, when comparing wall paints in general.
for data requirements, and for the reliability

I of the study. The choice of scope also has a In transport, for example, the functional

i major effect on the duration and costs of unit could be 1000 km of private road

the study. transport by car for a small family. A

comparison could then be made between~ .'-~ ,-. several four-person motor cars, those

driven by combustion engines as well as

electric cars. The alternatives of transport

.j by bus, by motorcycle and by two-seater

sports cars can be excluded.

'It would be nonsensical to

compare a disposable paper

cup with a china cup, given

that the life span of the two

differs by a factor of at least

100. Instead, the function of

the two alternatives, such as

drinking one cup of coffee,

could be compared. The

function to be compared is

referred to as the functional
.,

unit.

To compare product alternatives, a suitable

comparison criterion is needed. The most

basic characteristic is the function that the

product is to fulfil. It would be nonsensica'

to compare a disposable paper cup with a

china cup, given that the life span of the

two differs by a factor of at least 100. Inventory analysis

Instead, the function of the two alternatives, The inventory analysis specifies the

such as drinking one cup of coffee, could be processes required in the manufacture, use

compared. The function to be compared is and eventual disposal of a product. These

..~ referred to as the functional unit. processes constitute the life cycle of that

II product. Each process requires an input and
Suppose a firm has to decide on the type of produces an output. These inputs and

II drinking containers to be used in its outputs are defined as either economic,

.I cafeteria. Relevant options for the functional such as goods and services. or
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Process flow chart for low fat spread production

I MINERAL OIL EXTRACTION I

~ -
I MILK PRO'DUCTION 1I PlASTIC MANUFACTURING I

,
I PACKAGING PRODUCTION I I'NGREDe.n '..~ I

,
HANDLING DISCARDED

SPREAD AND PACKAGING

environmental. such as resource use and

emissions.

with the extraction of raw materials and

energy from the environment. They

proceed through the stages of production

and consumption. And they end with

disposal, when the product may be

transported to a municipal waste trea1:ment

plant where it is dismantled. Parts of the

product may then recovered for recycling

and other parts are incinerated. Thus

disposal also involves several processes

which require materials, energy and

services.

Constructing the process flow chart

The first task in the inventory analysis is to

specify all the processes involved in the

product life cycle in the form of a process

flow chart. It takes many economic

processes to produce a product-steel.

dye. electricity and capital goods. for

example. These materials and services are

the product of processes which. in turn.

require other materials and services, and

these too are the products of other

processes. Ultimately. all processes start

Ultimately. all material inputs from the

environment are transformed by economic
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processes and re-enter the environment as

emissions to water, air and the land.

Recycling causes materials to participate in

an increasing number of product systems,

and as recycling becomes more common

complete 'cradle to grave' LCAs become

more and more complicated. Consider, for

example, a large nickel-cadmium battery,

produced from virgin cadmium, that will last

for at least 2S years in hospital and military

applications. Almost all the cadmium is then

recycled. The recycling rate of the

secondary cadmium can also be very high,

especially if the rechargeable batteries used

by private consumers are collected and

recycled. It may thus take many centuries

before a substantial part of the original

cadmium reaches a final destination in the

environment.

A typical, though simple, process flow chart

is shown on the left. As the LCA proceeds,

the steps involved will be analysed in

increasing detail.

'Economic processes, as

opposed to environmental

processes, are operated

actively, for social and

economic reasons, while

environmental processes, even

if they are influenced by

human activities, are not

organized for their role in

consumption and production.'

Collecting the data

The second step in the inventory analysis is

to collect data on each process. The data

that are required are quantified values for

the inputs to and the outputs from each

individual process. These data are obtained.

for example. from the scientific literature.

from published data files used by LCA

practitioners. from industry and from

government records. Collecting the data for

an LCA is the most time consuming and

perhaps the most difficult of all LCA

activities.

Defining the system boundaries

Once the flow chart is made and data have

been collected on the inputs and outputs of

I";'

each process, the critical processes in the

product life cycle will become clearer. The

next step, therefore, is to define the

product system more carefully by

constructing boundaries to it. Processes

that fall outside these boundaries can then

be ignored, and the LCA study can be

reduced to a more manageable size (see

also pages 58/59).

Defining the system boundaries often

entails subtle decisions that will substantially

influence the outcomes of studies. The

three basic types of boundary are:

.:. the boundary separating the product

system from the environment;

.:. the boundary separating the product

system studied from other product

systems; and

.:. the boundary between processes taken

into account and those not taken into

account in the product system.

The boundary between the product system

and the environment is clear in most cases.

Economic processes, as opposed to

environmental processes, are operated

actively, for social and economic reasons,

while environmental processes, even if they

are influenced by human activities, are not

organized for their role in consumption and

production. For example, fish from the sea

are taken from the environment while fish

from a farm pond originate from a

production process.

The boundary betWeen different product

systems is not always clear, particularly

when economic processes are designed to

have more than one function. Some ways of

dealing with multiple processes of this type
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are described in the box below.

The last type of boundary is a practical one.

It is impossible to specify all the processes

involved in the functioning of a product.

The transport of milk to the shop requires

a truck. which was built from steel. which in

turn was produced from iron ore which

was transported in ships that were made of

iron-and so on and so on. Somewhere.

one has to stop adding processes to the

process flow chart, preferably at a point

where adding further processes does not

change the outcomes of the analysis.

Processing the dota

In the final stage of the inventory analysis.

the inputs to and the outputs from each

process must be adjusted. by applying

scaling factors. to the values that relate to

one functional unit. Aggregation of all data.

e

and reliable as possible; transition to

qualitative statements too early on wl:>uld

make this impossible. However, not a.ll the

relevant aspects can be quantified. Orle

example is the erosion that results from

mining activities. While it may not be possible

to quantify this. it should not be ignored.

Some processes have more than one useful function. The process in

which chlorine, caustic soda and hydrogen are produced, for

example, is a multiple one. The resources used and the emissions

produ~ed in this process are due to the production of all three

products. If only one product is to be investigated, then a decision

has to be made as to which inputs and outputs should be specifically

attributed to chlorine, which to caustic soda and which to hydrogen.

outputs to multiple processes. Allocation is often based on the

physical property that best reflects the socio-economic reality of

each product. In combined waste handling. for example. one

emission can often be traced to a specific element in the waste A

common approach for recycling is to follow the waste prOCeSSE!S

until the value of the waste becomes positive. With many wastes.

such as glass and building materials. this happens after collection and

separation. Further process strings then belong to the next product

system.Similar problems arise during waste handling. for example in

household waste incineration and land fill, in which many different

products are disposed of simultaneously, and in recycling. where a

waste flow is partially transformed into a useful product (such as the

ash from electricity production and the energy from the incineration

of plastic wastes).

However, many problems can arise. For example, most airlines

transport passengers and freight in the same planes. On the ba~is of

mass, most of the inputs would be allocated to the freight, while on

the basis on sales value, most inputs would be allocated to the

passengers. The allocation of energy consumption and emissions

betWeen passengers and freight is therefore problematic.Many ways have been suggested for allocating specific inputs and

18

through addition, then results in a so-called

inventory table. This inventory tablE~ will

contain no economic inputs or outputs as

they will all have been translated im:o

environmental inputs and outputs. F:or

example. the amount of electricity rleeded

to melt the steel for the manufacture of

shipping containers for a certain product

will be translated into resource extraction

figures and emission figures.

LCA, especially the inventory analysis.

examines thousands of figures. This is

necessary in order to make LCA as c,bjectiv,
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The inventory analysis is the main component

of an LCA. It calls for the most data and

takes up most of the time and expenditure

involved. Most disputes about the reliability

and validity of LCAs focus on the

assumptions made in the inventory analysis,

which is the most conceptually advanced

component in an LCA. The data on

eXtractions and emissions in extensive

inventories can become so enormous that a

direct interpretation becomes impossible.

Inventories which include several hundred

different emissions are now becoming quite

common. For such inventories, a separate

impact assessment becomes essential.

ttive

Classification

In the classification, all environmental

'stressors' (resources used as inputs and

emissions vented to the environment) are

classified according to the kind of

Isible

Note: eoch intervention can contribute to

several types of problem: NO x emissions, for

example, have an effect on human health, on

acidification and on global warming.

I'~

Impact assessment

Impact assessment is the component in which

the results of the inventory analysis are

interpreted in terms of the impacts they have

on the environment. These environmental

effects then have to be compared. in order

to reach an overall assessment of the

products investigated. According to the

SET AC Code of Practice. impact assessment

consists of three distinct steps:

.:. classification;

.:. characterization (including

normalization); and

.:. valuation.
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environmental problem to which they In the characterization, contributions to

contribute. The categories of environmental each environmental problem are qluantified.

problem which are usually used are: Several environmental models are ;available

for this purpose. These models provide so-

.:. resource depletion; called equivalency factors which indicate

.:. energy depletion; how much a substance contributes to a

.:. global warming; problem compared to a reference

.:. photochemical oxidation; substance. For global warming, for example,

.:. soil and lake acidification; the reference substance is CO2. The global

.:. human toxicity; warming effect of methane is then

.:. aquatic ecotoxicity; expressed in terms of the equivalerlt

.:. terrestrial ecotoxicity; amount of CO2 that would have th,e same

.:. nutrification; and global warming effect. The value is II,

.:. ozone depletion. meaning that I kg of methane has the same

global warming effect as I I kg of CCJ2.

Ideally, the models for equivalency factors

should include the 'fate' of the subs1:ance,

indicating the duration of its potentially

harmful availability and a measure 01' the

harm it may do. Models for charactE~rization

are still being developed, as are the means

of dealing with locational differences. A

Each intervention can contribute to several

types of problem: NOx emissions, for

example. have an effect on human health,

on acidification and on global warming.

Classification, unlike characterization. is a

purely qualitative step.

Charaaerizatian

environmental
problem

quantified
contribution

normalized
(years)

normalized
(seconds)

-

3.10-7 years

5.10-8 years

8. 1 0-5 years

7.10-7 years

2.10-8 years

9.41>

1.53

2522.83

22.08

0.6;1

8 300 kg

210 000 kg CO2 equivalent

1.5 kg CFC-II equivalent

7 300 kg 5°2 equivalent

I 200 kg body weight

resource depletion

global warming

ozone depletion

acidification

human toxicity
--

Normalization involves relating the quantified contribution to the size of the global

problem, from all sources, over one year. In this example, the normalized ozone

depletion score is more than three orders of magnitude larger than the normalize,j

global warming score and roughly two orders of magnitude larger than any of the other

scores. If the relative importance of the different problems does not differ that mLlch,

the ozone depletion score is the most important.

20
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sulphur dioxide emission which causes the

deposition of sulphuric acid on the open

sea. for example. does not do much harm

there. in contrast to one that results in the

deposition of sulphuric acid on mountain

lakes. Furthermore. some types of

emissions begin to be harmful only above a

certain concentration, which may vary from

region to region. However, for global

problems such as global warming and ozone

layer depletion. it is not useful to make

regional differentiations.

The characterization results in a list of

figures called the impact profile which

specifies the quantified contribution of the

functional unit to each environmental

problem. The figures themselves are not

easy to compare since they are usually

presented in different units. A

normalization step is therefore then made

as a means of overcoming this problem and

of preparing for the next step (the

valuation). The normalization step identifies

the size of the contribution to the problem

in terms of the size of the total problem

created in one year. Thus if a process

emits I tonne of a pollutant. and the global

emission of the same pollutant from all

sources is I million tonnes a year, the

impact of the process on this problem is

equivalent to one-millionth of a year (10-6

years or, in more easily understood units,

32 seconds).

In the transport of natural gas through

pipe lines. small leaks occur at pumping:

stations. It is possible to recompress this

methane but this requires energy. whicn

is delivered by burning methane. About

half of the leaked methane is required

for recompression. resulting in an

emission of about 14 kg CO2 for each 110

kg of methane that is recompressed. The

global warming potential of methane is

II times that of CO2 per unit weight.

Without recompression. the emission of

10 kg methane leads to a global warmin,g

score of 10 x II or 110 kg CO2

equivalent. With recompression. there is

an emission of 14 kg CO2, Thus

recompression is extremely attractive

from the point of view of preventing

global warming. Whether it is attractive

from the point of view of resource

depletion is another matter.

The outcome of this normalization

procedure for each environmental problem

is the normalized impact profile. Comparing

the scores for each problem type then

shows which environmental problems are

seriously affected and which are not.

However, the figures do not provide a

:! I

measure of the relative importance of the

different problem types. An example of a

normalized profile is shown in the box

opposite.

Valuation

The last step of the impact assessment is

the valuation. It involves the overall

comparison of the environmental problems

to which each product contributes. This

comparison may. for example. be made by a

panel of experts. However. many LCA

applications require that the final result

consists of a single figure. or environmental

index. which allows different products or

options for reducing environmental impacts

to be directly compared. The means used

to arrive at a single environmental index is

to weight each environmental problem in

terms of its importance. The weights used.

of course. are subjective. Once the scores

for each environmental problem have been

multiplied by their appropriate weighting

factor. all the scores can be added together

to provide an overall environmental index.

The problem raised by the subjectivity of

the weighting system can be simply stated.

If a decision has to be made on whether to

add a flue gas desulphurization system to an

electricity plant, the decision can be

reduced. environmentally. to a choice

betWeen emitting either CO2 or S02'

Which is more important-global warming

or acid rain1 The answer is not so much a

matter of science but more of opinion.

The fact that this is so demonstrates that it

is wise to make a clear distinction between

characterization and valuation. The former

is designed to incorporate scientific or

empirical knowledge on environmental
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effects. while the latter focuses on

preferences and social values.

Reporting and
improvement assessment

The ultimate aim of an LCA is to achieve

environmental improvement through

cleaner production and cleaner

consumption, thus contributing to

sustainable development. The results of an

LCA are reported in such a way as to

contribute to this goal. Some examples of

how results are reported are given in Part II

(step 8, page 76).

The results of the study are then used to

make an improvement assessment. This

starts with an analysis of the products to be

investigated, and indicates the origin of their

contributions to environmental problems.

The results of the analysis thus indicate the

most important areas in which

improvements may be made.

In the packaging industry, minimizing the

materials used is an important means of

product improvement. In the vacuum

packaging of ground coffee, for example,

some manufacturers have succeeded in

reducing the weight of packaging by a

factor of three in a decade. Technically, it

may be possible to reduce the weight of

packaging further, given the materials

available today. However, the failure rate

of the packaging would then increase.

This would not only mean a loss of some

packaging material, but also the loss of

the more valuable coffee, with all the

environmental effects already invested in

it. Thus at a certain point further

reductions in packaging weight could

result in negative environmental benefits.

This analysis may indicate major links that

could impede improvement. such as a

process in which zinc and copper are

combined making these metals impossible

to recycle. These diagnostic elements can

then be transformed into guidelines for

improving the investigated product. These

guidelines lead directly to the formulation

of improvement options. This step also

involves an assessment of economic.

ergonomic and other aspects of the

product. since it makes little sense to

introduce environmental improvements

which result in expensive products which

fail to function properly.

Part II of this publication is part of this

educational process in that it provides

guidelines for those planning to carry out

their own LCAs.
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LCA is usually restricted to a difference

analysis. The LCA is made to highlil~ht the

side-effects of improvement option:;, in

order to avoid problem shifting. By

repeating this process several times, a

product system can be improved and

optimized.

What expertise is required?

Even if the methodology has been worked

out in great detail, and all the steps I:herein

have been fully computerized, a full L.CA is

best carried out by experts. The main LCA

practitioners are currently members of

specialized departments in larger

companies, specialized consultancy agencies

and university scientists. Thus educational

programmes are needed if LCA is to be

carried out on a larger scale, and such

programmes are being developed by ~;ET AC

and a number of universities, includin!: the

Helsinki-based University-Enterprise

Training Partnership in Environmental

Engineering Education.



However. one of the organizations just

mentioned can make such an LCA and it can

then distribute the results to relevant users.

How can quality be assured?

LCAs can have many effects on production

and consumption patterns. As a result,

many different stakeholders-manufacturers

and their competitors, governments and

NGOs-often have a great interest in the

results of LCAs. Basic quality assurance is

therefore essential if people are not to be

misled. Poor quality LCAs usually result

from: r ~,-~- .

.:. a Code of Conduct.

.:. the use of unqualified staff;

.:. ill-defined questions. and insufficient or

poor quality data;

Several studies have provided a sound

scientific basis for conducting LCAs, though

A project in the Netherlands included an LCA for a man's shirt. The

retailer that partcipated in this project was interested in developing

an environmental-friendly range of shirts. The main questions asked

were: which phase in the life cycle of a shirt produces the most

pollution; and which kind of textile fibre--natural or synthetic-is

environmentally preferable? The assessment of the environmental

impacts of the shorts included production (cotton growing. spinning

and weaving. dying and finishing). use (washing. drying and ironing)

and disposal (reuse. recycling, composting and incinerating).

are preferable. These produce shirts that are easier to dry and to

iron, further reducing energy consumption.

For other kinds of clothing. environmental improvements may lie

elsewhere. For example. a winter jacket contains much more

material and will be washed. dried and ironed much less often than a

shirt. In this case. environmental improvements should be

concentrated on the materials used.

The results of the LCA showed that most of the environmental

impact of the life cycle of a shirt is caused by the use phase and by

its transport to the retail outlet by air. In addition. For example.

washing the shirt at 60 .C instead of 40 .C uses twice as much

energy. Proper washing instructions can therefore reduce the

environmental impact. Because of the high impact of the use phase.

synthetic or mixed textile fibres (for example. cotton and polyester)

-10%

>20%

ENVIRONMENTAL BENEFITS

reduction in energy use

reduction in use of detergents

ECONOMIC BENEFITS

consumers reduce energy costs by 10% and detergent costs by 20%
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.:. selection of a biased LCA practitioner as

a 'hired gun'; and

.:. lack of scientific knowledge preventing

the production of reliable answers to

the questions that needed answering.

There are several ways in which quality can

be safeguarded. including the use of:

.:. better defined methodologies;

.:. harmonization and standardization of

methodologies;
.:. sensitivity analyses;

.:. a Deer review svst~m: and
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further work is required. Making LCAs of

increasingly complex products, of course,

requires increasing levels of methodological

sophistication.

It is important to distinguish between the

development of a practical rule and the

development of a basic methodological

solution. Practical rules, that can be

formulated at short notice, may help to

formulate answers in specific studies. A

basic methodological solution to a problem

may take much longer. Even when found, its

operationalization may require more work

than can be spent in the course of one

study. The allocation problem for

multifunctional products is an example.

However, in the long run, basic solutions

will improve the efficiency of LCA, as the

rules that are produced will apply to the

same type of problem in all cases.

of reliability and validity of LCA results (see

also page 74).

!

The first version of SETAC's Code of

Practice provides a coordinated technical

framework, defines terminology and sets

out rules that can be used in practice.

Further standardization is in progress, both

by SET AC and by ISO.

fA system of peer review, in

which studies are checked by

independent experts, can help

avoid (or rectify) ...problems.

It will also enhance the

credibility of the study. Peer

reviews are traditionally held

after a study has been

completed, but the possibility

of intensive interactive peer

reviews is also promising.'

Experts agree that a sensitivity analysis is

one of the essential ingredients of an LCA.

There are two major types of sensitivity

analysis. The first is connected with data: it

is concerned with the influence and

propagation of uncertainties in not fully

reliable data. The second is about choices:

given that decisions must be made (on

allocation rules. for instance. or system

boundaries). the reasonableness of these

choices and their effects on the final results

must be validated. Sensitivity analysis is now

the main means for establishing the degree
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Even when performed in accordan.:e with

the Code of Practice, there is still no

assurance that an LCA will be performed

correctly. Data may be obsolete,

assumptions may differ, and calculat:ions can

contain errors. A system of peer review, in

which studies are checked by indepl~ndent

experts, can help avoid (or rectify) t:hese

problems. It will also enhance the credibility

of the study. Peer reviews are traditionally

held after a study has been completE~d, but

the possibility of intensive interactivE~ peer

reviews is also promising.

The final tool to guarantee quality as~iurancE

relates to the ethical responsibility of the

practitioners involved. The results of an

LCA should never be abused; they should



'. is used by at least four types of

primary user:

However, times are changing. and the

notion of chain responsibility is beginning to

playa central role in industry. Increasingly.

the manufacturer of a product is held

responsible not only for its manufacturing

operations but also for the uses to which

the product is put and the way in which it

is disposed of. This chain responsibility has

in some instances been formalized as an

obligation to take back the used product

(cars and refrigerators, for example) and its

packaging (the 'dual system', which has been

introduced in Germany). This responsibility

also extends to the upstream processes of

a product, that is all processes required in

its production. If producers are to take this

responsibility seriously, they must know all

the facts and act accordingly.

.:. industry and other commercial

enterprises;
.:. national governments and local, national

and inter-governmental regulative

bodies;

.:. NGOs, such as consumer organizations

and environmental groups; and

.:. consumers, including governments as

consumers.

, An LCA may be carried out for operational

reasons, as in the assessment of individual

products, or for strategic reasons, as in the

assessment of different policy scenarios,

waste management strategies or design

concepts. LCAs may also be either for

, internal or external use-an important Companies therefore need LCA to
I

i distinction since the scope required of an discharge their chain responsibilities. They

internal study is very different from that also have more mundane interests in LCA.

required of an external study. Companies Liability law, for example, provides an

that use LCA to help design or improve incentive for understanding the entire life

j their products, or to develop general cycle of a product. Less directly, companies

marketing strategies, rarely make the are now also anxious to improve their

results available for external use; they are environmental performance because this

not reported in technical papers, used in can often lower the cost of entering a new

advertising or incorporated in ecolabelling market, increase turnover, facilitate the

criteria. When LCA is used for external hiring of personnel and strengthen morale.

purposes, more care is needed in selecting Finally, in public discussions on the

the data and the methodology than is the environmental effects of their operations,

case for internal LCAs. companies need a tool with which to

communicate the facts, both in discussions

Why industries use LCA with environmental organizations and with

Most companies are directly responsible for governments.

only a small part of a product's life cycle. A

paper manufacturer, for example, Some upstream production companies, such

COntributes only a small part to the life as producers of raw materials, avoid

cycle of canned food and he, like many publicity about their operations and hence

other manufacturers, could argue that his argue that they need not become involved

role is too small to warrant the use of LCA. in LCA. However, they do become

LCAs can be used by

governments, companies,

NGOs and consumers.

Governments currently use

LCA for developing product-

oriented policies. However,

there is great potential for the

application of LCA at a more

strategic level. The same

applies to the use of LCA by

commercial enterprises, which

use the technique mainly for

product development In due

course, LCA could develop into

a powerful tool for strategic

decision-making.
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indirectly involved when the purchasers of

their goods request environmental

information in order to fulfil their chain

responsibility.

Industrial applications of LCA

betWeen product improvement and ,jesign

is not always clear cut. In product dE!sign.

there is a high degree of freedom to choose

between different product concepts.

components and materials. However, at the

design stage. little is known about the

product and how it will function. let alone

about its life cycle. One of the challenges

for LCA is to develop the tools and

working methods needed to supply produa

designers with the information they rleed

about product life cycle.

.:. product improvement;

.:. product design;

.:. formulation of company policy;

.:. product information;

.:. use in negotiations; and

.:. formulation of marketing strategies.

Product improvement

Many larger companies have an

environment department which is

responsible for producing LCAs on

company products, to indicate their weak

and strong points. The motivation for this

work is invariably product improvement.

Even if the LCA is undertaken to compare

products or alternative production systems,

a search for improvement options is usually

made as well.

Oil and gas producers in the Netherlands

reduce their environmental impacts

according to a covenant with the Dutch

government which is regularly

renegotiated. When analysing options for

environmental improvements with one

common LCA tool, the producers found

that the relative costs of reducing several

types of environmental impacts differed

markedly between companies. Instead of

reducing all emissions by all the

companies at the same rate, the

producers therefore decided to allow

some companies to specialize in reducing

one type of emission and other

companies to reduce other types. In this

way, the producers achieved their overall

emission reductions more cheaply than

they would have done using a flat rate

reduction scheme.

,-- Companies need to supply information in a

number different forms. Governments. for

example. may ask for the publication of a

product file which provides LCA-type

information on the product. Companies

may also ask their suppliers for LCA-type

information on the materials they pur(:hase.

And companies can also use the results of

an LCA for promotional purposes.

Whereas companies publish little on

product improvement externally. they do

produce extensive documentation for

internal use. These companies are

interested in environmental improvement

but keep most of the relevant information

confidential.

Produa design

An LCA is often used in the design of Use in negotiotions

fundamentally new products. New products Information received about products can

are often developed from old ones. and the lead companies to ask their suppliers to

improvement of existing products can lead make cleaner products. Negotiations n'1ay

to fundamental changes. so the boundary also be needed between companies and
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The main applications of LCA in industry

are:

Formulation of company policy

A more strategic application of LCA is in

the formulation of company policies such as

a general strategy for waste handling Dr for

choosing betWeen different materials. These

strategies can be derived from a series of

LCAs on individual products. Howeve,r.

LCA can also be used to make explicit

studies of company strategies. The

application (or non-use) of certain

promising (or potentially problematic)

materials is an example of this.

Product infnrmntion
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governments when, for example, companies economic and the environmental reality of a

need to show proof of their environmental product.

efforts or when they ask for compensation

in relation to environmental legislation. The main government applications of LCA

Companies can even use LCA to illustrate are:

to the authorities that their current or

proposed activities are better or more .:. ecolabelling;

efficient than those required or proposed .:. deposit-refund schemes;

by the authorities. .:. subsidies and taxation; and

.:. general policies.

at the

'oduct !

,~A I
Formulation of marketing strategies

Another possible application of LCA is in

advertising or, more generally, in the design

of overall marketing strategies based on

environmental performance. There is a

tendency, however, to refrain from using

LCA for such purposes.

Ecolabelling

Ecolabelling is the granting of a 'seal of

approval' for environmentally-clean

products. In many countries the LCA of

several representative products in a

product group is used to set ecolabelling

criteria. There are still differences,

however, in the ways in which countries

use LCA for this purpose. International

attempts are being made, by the European

Union, for example, to harmonize both the

methodology and the criteria used in

ecolabelling. In many countries, ecolabelling

Government applications of LCA

Governments have a responsibility to help

develop LCA because of LCA's potential

uses in achieving sustainable forms of

development. LCA is one of the few tools

that deals adequately with both the

made by insulating the hot water tank. A remarkable outcome of the

LCA was the fact that reducing the servicing of the machines from a

daily basis to a weekly one by enlarging the ingredient reservoirs

provided considerable environmental benefits.

ENVIRONMENTAL BENEFITS

reduction in material use

substantial reduction in energy use

>10%

An LCA was made of a fully automatic hot drink machine, dispensing

coffee, tea and hot chocolate. The LCA showed that:

.:- the material input for ingredients turned out to be ten times as

large as the material input for the machine itself;

.:. energy consumption was high for the production and transport of

the ingredients, and for the use and servicing of the machine;

70 per cent of the energy used in the use phase was for

maintaining the machine in a stand-by condition; and

the major waste and emission streams also came from the use

and servicing phase.

Apart from a substantial reduction in the use of materials and use of

environmentally friendlier materials, a substantial improvement was

ECONOMIC BENEFITS

possible important reductions in servicing costs for the producer

which could be passed on to users.

2'~



LIFE CYCLE ASSESSMENT: WI-IAT IT 1\

transition towards a more sustainable

society. Although they are often unabfe to

influence decisions directly. in contrast to

commercial enterprises. governments and

consumers. they are able to mobilize large

groups of citizens (and to influence their

decisions); their indirect role may therefore

be very important. The most important

NGOs in this respect are:

is not a public activity but a private. non-

profit one.

Should plastic waste be recycled? When

comparing different ways of treating

household plastic waste. preliminary LCA

results indicate that separate collection

and recycling has no obvious advantages

compared to mechanical separation after

collection and recycling. The back-to-

feedstock option does not seem very

attractive either. The most promising

options are where efficient use is made

of the energy content. This result, if

further corroborated. would have

obvious implications for household waste

management.

.:. environmental groups;

.:. consumer organizations;

.:. trade unions; and

.:. trade organizations.

Deposit-refund systems

Deposits may be demanded for certain

products in order to close materials cycles.

thus making it more expensive to create

waste. This system can be used as an

instrument for optimizing the use of an

existing product or for inducing the

development of new products. The system

can be introduced for any product,

including packaging and individual materials.

and can be extended to hazardous

substances. This kind of application is

generally based on a qualitative LCA.

Subsidies and taxation

A shift in the market share of certain

products can be achieved by market-

oriented instruments, for example. a tax on

energy consumption. Both the purchase and

the production of cleaner products can be

stimulated through subsidies such as low-

interest government loans for

manufacturing investment. Decisions about

how to introduce such subsidies are often

based on qualitative rather than quantitative

LCAs.

General policies

Finally. governments can use LCA to help

develop general policy strategies. They can.

for example, use LCA to investigate which

fuels are best used for the production of

electricity, whether non-returnable

packaging should be banned or whether

bulk transport is best made by ship, train or

raod.

How NGOs use LCA

NGOs are a major influence in the
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Not all NGOs have a positive attitude

towards LCA. Its usefulness is sometimes

questioned and there is some concern that

LCA may be misused. and may even CrE!ate

options for manipulation.

The main applications of LCA by NGO!;

are:

.:. supplying consumer information;

.:. supporting public discussions; and

.:. influencing enterprises and governments.

Supplying consumer information

Individual consumers or members of

consumer organizations can use LCA as a

source of information about, for exampl,~.

the best choice of a product, the

environmental aspects of certain materials

and the environmental efforts of specific

companies. Several environmental

consumer guides have been published in
I

recent years. and these are increasingly !

based on the results of LCAs. One main I

application has not yet been fully develop,ed:

the use of LCA in comparative product

information by consumer organizations.

Consumer tests already include



environmental information but they are not

normally based on a full. quantified LCA.

considerations, price and environmental

considerations. Market research shows that

consumers do care about the environment

and are willing to change their behaviour as

a result of the environmental information

they receive. The broad public acceptance

of the separate collection of different forms

of household waste in cities in developed

countries is an indication of this. The way

the market can change when consumers are

given new environmental information as

part of a marketing strategy is shown by the

adoption of the new biological washing

powders.

Supporting public discussions

Environmental pressure groups can

underpin their activities with data from

LCAs. The objective may be to get cleaner

products. cleaner processes or to abolish

the use of certain materials by exerting

pressure on either manufacturers or

governments. Trade organizations often

help organize discussions to reach some

sort of consensus. If that consensus is well

founded. it will be more stable over time

and will better contribute to sustainable

development. However, consumers often lack

trustWorthy and comparable environmental

information. This information could be

provided by LCA.

Influencing enterprises and governments

Bringing LCA results into public debate can

help stimulate governments and enterprises

to change their policies to keep in line with

other governments or enterprises that have

taken the environmental lead over specific

issues.

Problems caused by LCA

Three of the major problems in using LCA

have to do with time:

Consumer applications of LCA

Consumers have a central role to play in

LCA. They are the motor that keeps the

economy going. It is consumer purchasing

decisions that create markets for

environmentally-friendlier products. that
make environmental design profitable and

that allow for long-term investments in

environmentally-attractive technologies.
And. because consumers have the power of

their Vote. it is their care for the

environment and for the future that makes

government implement sustainable policies.

'The purchasing decisions

made by consumers are

influenced by many factors,

including functionality, fashion,

social considerations, price and'

environmental considerations.

Market research shows that

consumers do care about the

environment and are willing to

change their behaviour as a

result of the environmental

information they receive. The

broad public acceptance of

the separate collection of

different forms of household

waste in cities in developed

countries is an indication of

this.'

The purchasing decisions made by

consumers are influenced by many factorsincluding 

functionality, fashion, social

31

.:. LCAs can take so long to perform that

they delay action;

.:. an LCA made one year may contradict

the results of an LCA made another

year; and

.:. an LCA may hinder technological

improvements which later turn out to

be environmental improvements as well.

The current complexity of LCA means that

a long and careful study must be made

before a public LCA can be produced,

especially since stakeholders with opposed

views will, if they can, justify their views by

criticizing the way an LCA is made. This is

not a characteristic of LCA in particular but

applies to all techniques of environmental

analysis.
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{Although LCA often stimulates

the development of cleaner

products, companies can also

claim that, since an LCA

shows that {product A is best'

or an ecolabel has been

awarded for a product, further

innovation is not needed. One

solution to this problem is to

restrict the validity of an

ecolabel, say to a three-year

period. Consideration can also

be given to extending the

principle of an exPiry date to

other LCA applications.'

Although discussions sometimes seem to

indicate otherwise, both producers and

consumers want cleaner, sustainable

products, other things being equal.

Producers are nearly always willing to

investigate the possibilities of changing their

production methods. But because changes

are costly and tie resources up for a long

time--sometimes decades--companies

need unequivocal evidence that proposed

modifications will indeed result in

environmental improvements. Few

companies can afford to invest in

'presumed' cleaner machinery which next

year turns out to have been the wrong

choice. This partly explains why companies

have such a widespread interest in rational,

scientific instruments such as LCA.

Nevertheless, it also explains why practical

decisions are postponed. LCA is still not

sufficiently advanced to allow decisions to

be made with absolute confidence.

Scepticism and common sense are needed

in addition to careful analysis.

Traditionally, governments have introduced

regulations on emissions to water, air and

land as a result of partial assessments made

by separate government departments.

Because LCA can be used to investigate

many different choices and many different

problems at the same time, its use requires

adjustments in government procedures.

This takes time. Furthermore, governments

intending to use LCA have to assess the

relative importance of different

environmental problems and have to decide

how to trade environmental effects against

economic effects while taking Into account

the other social and political consequences

of regulations and legislation. Of course,

governments are also under pressure to act

32

quickly-inevitably on the basis ot

insufficient or unreliable data.

The need to act quickly explains wh)'

governments often prefer 'fast methods'. It

may be claimed, for example, that an LCA

is not needed because valid guidelines are

already available. But although designers'

intuition and experience has led to the

formulation of numerous guidelines for

cleaner production, these generally lack a

scientific basis. Their validity can be t'~sted

only by making an LCA. SET AC has

recently set up a Working Group on fast

methods. In due course, quality asseS~iment

in LCA may be so improved that relal:ively

simple studies can be used to support

decisions.

Although LCA often stimulates the

development of cleaner products,

companies can also claim that, since an LCA

shows that 'product A is best' or an

ecolabel has been awarded for a product.

further innovation is not needed. One

solution to this problem is to restrict 1:he

validity of an ecolabel, say to a three-y,~ar

period. Consideration can also be given to

extending the principle of an expiry dal:e to

other LCA applications.

A related problem concerns durable (Iong-

cycle) products. LCAs normally confirm the

traditional view that longer-lasting productS

are environmentally and economically

superior to those that have a short life

span. However, this is not always the case. i

New refrigerators, for instance, consume!

considerably less electricity than older oneS-

Some people therefore claim that it is

preferable, on both economic and

environmental grounds, to purchase a neVi i
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refrigerator every five years. Does it then

really make sense to buy a solid. long-lasting

refrigerator? This question can be answered

only by making guesses about the efficiency

of future cooling techniques-an

extrapolation which introduces

uncertainties.

,ds', ~
;

LCAj!
arel ~s'l

r .
t

cka;
,

i!Sted

Even the best analytical tools, supported by

perfect software and data, can lead to

wrong results if:

.:. the wrong questions are asked;

.:. the wrong data are entered; or

.:. the analysis is faulty.
fast

~ment

l~tively
The only solution to lack of quality in the

analysis is careful definition of the goals and

scope of the study and choosing the right

people to carry out the work, according to

LCA;

The producers of electronic equipment are gradually addressing the

the environmental impacts of their entire product range. Much

attention is given to television sets because their material and energy

Use is comparatively high. A basic LCA shows that the major part of

a TV's environmental impact is caused by energy consumption in the

use phase. Remarkably, up to 60 per cent of the total energy

consumed is used when the set is in the stand-by mode. It follows

that the introduction of an alternative, non-energy consuming stand-

by system can result in important environmental benefits. Important

improvements can also be made in materia! use reduction through

substitution and using re-usable plastics and glass. Printed circuit

boards are a relatively small part of the system but because of the

environmentally-harmful metals used in them they can have an

important environmental impact. Research is being carried out to

make the materials used in printed circuit boards re-usable.

ENVIRONMENTAL IMPROVEMENTS
reduction in energy use ~25%

ECONOMIC BENEFITS

reduction in user costs
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a well-formulated code of conduct and with

extensive use of peer reviews. Nor can

even the best analytic tool predict the

future. So an analysis that is valid for the

present may not be valid for later dates.
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'In the last analysis, it is clear

that the future needs of both

industrialized and

lCA in industrializing countries life span of goods may also be longer than

industrializing countries are

very similar: both need

production processes that

consume less raw material

and are less polluting. LCA

should be of real assistance in

identifying such processes,

many of which already exist-

in both industrialized and in

industrializing countries. There

is a need, however, to improve

the exchange of information

on these technologies, making

them better known and more

easily accessible worldwide.'
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and those in economic transition

LCA is a tool that supports the decision-

making process. It has been designed in

developed countries. without regard to the

socio-economic context of the study. It may

therefore be more difficult to use LCA in

industrializing countries and those in

economic transition than in developed

countries. In addition. LCA may produce

disappointing resultS for non-Western

countries and the application of LCA in

industrialized countries can result in market

disadvantages for less industrialized

countries.

An LCA requires extensive data on

industrial processes and consumer

behaviour. One of the problems in making

an LCA is that it is difficult to obtain

reliable data. This problem is even more

critical in industrializing countries and those

in economic transition. The industrialized

countries now have a long history of

environmental legislation-legislation that

often forces manufacturers to collect data

on emissions and impacts. There are

therefore more sources of data in

industrialized countries. and these sources

are often more reliable and up-to-date. The

data themselves may also be more reliable

and up-to-date than in industrializing

countries. some of which suffer from

shortages of skilled manpower and efficient

data-processing techniques.

In industrializing countries there is often a

substantial discrepancy betWeen official data

and actual figures. The official recycling rate.

for instance. is often very low. whereas in

fact it may well be much higher than in

industrialized countries. The actual average

the official technical life span. Car tyres, for

instance, are used for longer in

industrializing countries than producers

consider normal and after their life as tyres

they may be used to make shoes. It is

difficult to obtain precise data on the!;e and

similar matters.

One of the most important reasons to

carry out LCA is to lessen the

environmental impact of a company's

products. LCA often leads to a valuable

overview of the 'bottlenecks' to

environmental improvements, some 01'

which can be resolved simply and che.,ply.

However, more major improvements I:>ften

necessitate investments in cleaner facilities.

The advanced technologies required,

forming a substantial part of the production

cost, are often available only in developed

countries. This limits the economic

feasibility of such improvements in

industrializing countries, and increases ,the

economic gap between the rich and thE!

poor.

LCA application can also result in problems

connected with international agreemem:s on

free trade. Countries might import less of

certain products or materials as a

consequence of LCA information. The

provision of information cannot in itself

constitute a trade barrier. However, more

binding public policies-such as granting

subsidies, imposing taxes or even bannirlg

products-based on 'foreign' environme,ntal

effects might pose problems in this respect.

These are measures that could give rise to

serious disputes about world trade

agreements.
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Fortunately. LCA also offers opportunities

to industrializing countries and those in

economic transition. Since their socio-

economic structure often differs

considerably from that of developed

countries. favourable conditions for cleaner

products may already exist in that energy

and modern equipment is expensive there

in comparison with labour yet there are

often higher levels of craftsmanship.

In the last analysis, it is clear that the future

needs of both industrialized and

industrializing countries are very similar:

both need production processes that

consume less raw material and are less

polluting. LCA should be of real assistance

in identifying such processes, many of which

already exist-in both industrialized and in

industrializing countries. There is a need.

however, to improve the exchange of

information on these technologies, making

them better known and more easily

accessible worldwide.

~
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There are many types of environmental

analysis, and this chapter deals with only a

few of those used in the context of policy

decisions: A typical activity that might be subjected to

an EIA is the construction of a chemical

.:. LCA (for products and functions); plant at a certain location, producing

.:. environmental impact assessment (for polyethylene and other plastics. An EIA

new activities); would cover not only the effects of the

.:. risk assessment (for hazardous chemicals plant's emissions resulting from a specified

and activities such as the operation of level of production but also (and more

industrial plants); indirectly) the nuisance caused by increased

.:. substance flow assessment (for traffic to and from the location. This does

substances); not mean that EIA relates to the life cycle

.:. technology assessment (for new of polyethylene. Which of the emissions are

technologies); and to be allocated to polyethylene and which

.:. environmental auditing (for firms and to other plastics is not investigated in EIA.

business units). Nor are questions such as how the

pigments for polyethylene are produced or

what happens to polyethylene waste or

products after their disposal.

is used as an aid to public decision making on

larger projects, both public and private.

LCA is not the only tool for

environmental analysis nor is it

necessarily the best one; each

tool serves its own specific

purpose and has its own

domain of valid applications.

These domains may, however,

be interconnected and may

even overlap. Discussing

related tools for environmental

analysis helps define the role

ofLCA.
In some countries. some of these tools

have been integrated into legislation.

Environmental impact assessments. for

example. are required of developments in

many countries. and involve an analytical

and a procedural element. The procedural

element specifies a time schedule for

participation and the possibility of appeal.

This chapter. however. discusses only the

analytical element of these tools. Nor does

it discuss the economic. social and ethical

implications which use of these tools

sometimes implies. However. a section on

non-environmental analyses is included at

the end of the chapter. Interpreted more widely. RA deals with the

probability of any adverse effect. In otherEn . I .
vlronmenta Impact assessment words. regular as well as accidental

Environmental impact assessment (EIA. not emissions can be the subject of RA. Some

to be confused with the environmental forms of RA are concerned with risks for

IlTIpaCt assessment which is the third human beings or even ecosystems at a

colTlponent in LCA) identifies the particular location. For instance. a risk may

environmental effects of one economic be caused by concentrations of toxic

aCtivity. usually at one specific location. and at chemicals in the air or on the land. This

One one point in time only (unlike LCA). EIA form of analysis is not directly related to

Risk assessment

The most specific type of risk assessment

(RA) analyses the low probability of highly

undesirable effects such as the melt-down

of nuclear plants and explosions in chemical

installations. This type of analysis is

characterized by a probabilistic approach.

The post-Seveso Directive of the European

Union is concerned with this type of risk

assessment.

3i'
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one economic activity. Mostly, however,

RAs are concerned with the risks involved

at a specific site, at a specific time, and due

to specific causes.

In principle, the impact of potential

accidents are often included in EIAs. They

might also be incorporated in LCA. To do

this, however, poses serious methodological

problems. Does it make sense to add the

regular emissions of an economic process

to the accidental ones, multiplied by a

probability factor1 Can the standard 'site-

specific' methodology of RA be

accommodated in LCA1 The answers to

these and similar questions require further

research. Incorporating site-specific RA in

LCA, on a regular basis, would not only

require methodological adaptations but

would also increase the work involved in

the LCA inventory analysis.

it is smaller than the environmental impact of milk transportation

and storage.

Partly as a result of these studies. a new kind of milk packaging was

developed that combines the advantages of both: a square

polycarbonate bottle. which will be introduced in a deposit system.

The bottle is only slightly larger and heavier than the paperboard

alternative but can be reused and recycled.

ENVIRONMENTAL BENEFITS

In the Netherlands, for example, the waste from I 300 million

disposable packages a year would be eliminated.

ECONOMIC BENEFITS

Efficient transportation and storage. with lower packaging costs.

Much research has been done over the past decade on the

environmental impact of packaging and the means of reducing this

impact. In some European countries people used to use glass milk

bottles with a deposit system. During the I 970s, the dairy industry

shifted to paperboard milk packaging which could be thrown away

when empty. Over the past few years, people have tended to shift

back to the glass bottle, presuming that the environmental impact of

reusable glass was smaller than the impact of disposable packaging.

LCA shows that glass bottles and paperboard or plastic disposable

containers have very different environmental impacts but the overall

difference betWeen them is small:

.:. glass can be reused or recycled but the transportation and

cleaning costs, both in economic and in environmental terms, are

higher; and

-:. the environmental impact of disposable packaging is important but
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Substance flow analysis

Substance flow analysis (SFA), physical input-

output analysis and materials balance

methods form a set of related tools for

analysis in which the flows and accumulat:iom

of a substance (both within the economic

and the environmental system) are studiE~d.

Substances cover elements (such as

nitrogen). chemical compounds (such as

nitrogen compounds). groups of similar

compounds (such as nitrates) and mixtur,es

of compounds (such as those contained in

wood). Some substances, for example

cadmium, are economically useful and hence

an SFA and a materials balance analysis may

overlap. The evaluation of emissions and

environmental flows and stocks, and their

associated environmental effects. as

developed in LCA. can also be part of SFI~.

This makes sense especially if groups and

mixtures of compounds are ana lysed. SF.A.
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and related tools may be carried out for

flows and stocks worldwide but are usually

limited to a specific geographical unit such as

a country. Usually, the flows, stocks and

accumulations are given per year, in contrast

to LCA where flows are recorded whenever

they occur. An example is the flows and

accumulations (and dispersals) of organic

chlorine compounds in the United States in

1990.

The SFA is first of all a book-keeping

method, recording the inputs and outputs

of a substance to and from processes in the

economic and environmental system. Given

the law of mass conservation, the book-

keeping procedure can detect leaks and

accumulations. The ratios betWeen different

inflows and outflows can be used to

forecast where environmental problems will

occur and what the effects of developments

will be. An example is the use of cadmium,

where currently more than half of the

inflow is accumulating, as in rechargeable

batteries. In the near future, this

accumulated cadmium will begin to appear

in waste flows.

'The ratios between different

inflows and outflows can be

used to forecast where

environmental problems will

occur and what the effects of

developments will be. An

example is the use of

cadmium, where currently

more than half of the inf7ow is

1

accumulating, as in

rechargeable batteries. In the

near future, this accumulated

cadmium will begin to appear

in waste flows.'
SFA and LCA are both forms of life cycle

analysis: SFA covers the life cycle of the

substance investigated. while LCA covers

the life cycle of a product. In SFA. the

extraction or production of the substance.

its applications. its use and its reuse in

products. and its emissions are all taken

into account, but only within the

geographical area studied. Hence. in SFA

the life cycle of a substance may start when

it is imported and end when it is exported;

in LCA. by contrast, there are no

geographical boundaries.

'I

The environmental audit (EA) is a tool

which can include both analytical and

procedural parts. It has been standardized.

first in the United Kingdom in BS-7750 and

later in the ISO-9000 series. All

environment-related standards will be

brought together in the ISO-I 4000 series.

Environmental audits may be used:

.:. to establish that the operations of

industrial facilities comply with a

standard;
.:. for larger transactions such as the

purchase of a facility or land;
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Technology assessment

Technology assessment (T A) is usually

defined as the assessment of the impacts of

the introduction of new technologies,

either individual ones or complex

technological systems. The term 'impacts'

covers a broad spectrum: it includes

economic effects, such as those on income

and employment, environmental effects,

ethical aspects, and in principle anything

else considered relevant. Here we discuss

only environmental effects.

When new technologies replace older ones.

LCA may be used to assess the

environmental impacts. The unit of

comparison is the same amount of product

(or function) formerly produced with the

old technology. LCA then becomes part of

T A. When new technologies produce new

products, as was the case with air transport

and information technology. there is no

realistic unit of comparison. LCA cannot be

used, and T A is used to make an absolute

assessment.

The environmental audit
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.:. for general environmental management

in companies; and

.:. for cleaner production audits. which

focus on opportunities for cleaner

products and processes

In all applications. some environmental

performance measure is required. either

focusing on procedures or on the

physical/environmental aspects of the firm's

operations.

similar to the financial audits normally

performed by accountants, where the

cumulative costs of all goods and services

used as inputs are related to the proceeds

resulting from all the goods and services

produced as outputs. The environmental

audit thus takes on the characteristics of an

LCA. The cradle part of EA is very similar

to the cost analysis in LCA, which also

takes into account all 'upstream' economic

processes required for the input. The

'grave' or downstream part is different,

however. The financial analysis includes only

proceeds, excluding processes such as

waste processing, which would be includE~d

in LCA.

The relationships between
environmental tools

The objects and characteristics of the

different tools are summarized in the table

below. Which tool should be used depends

on the type of decision required. If the

choice is one between product alternativ.!s

or the improvement of product systems. it

If the environmental assessment is

restricted to the installations of the one

firm audited, and includes specific sites

within the firm, EA then resembles EIA,

since that tool also deals with the impacts

of a certain facility on a well-defined site.

The similarity is even closer if the audit is

not only used to assess past performance

but also to assess the environmental

attractiveness of future plans.

The choice can also be made to include

'cradle' and 'grave' aspects in the EA. The

analytical parts of EAs are in this sense

tool object economic

processes
geographic
limitations

temporal
limitations

unlimited

specific time

specific time

user-defined

LCA product/function

EIA facility

RA plant

SFA substance

full process chain

non-chain process

non-chain process

all processes
in region

partial chain!
full chain

non-chain!
partial chain

TA technology unlimited

EA company user-defined
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unlimited

specific location

specific location

specific area

unlimited

specific locations!
partly unlimited
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The United Nations convention on the

prohibition of the development,

production, stockbuilding and use of

chemical weapons, and on their

destruction, was adopted in Paris in

1993. It requires all parties to destroy

their stocks. Some facilities for

destruction already exist but new

facilities will have to be built on a large

scale. First, one might use T A to select

the major types of technologies for

chemical weapon destruction. Next, RA

and EIA could be used to indicate the

best locations for different activities.

Finally, LCA. combined with RA. could

be used to optimize the total system

design.

can be based on the information gained production. cannot be avoided but can only

from an LCA. If the decision relates to the be controlled. From that perspective,

selection of a location for an industrial relatively concentrated applications of

plant, EIA would be the most appropriate. If cadmium. as in nickel-cadmium batteries,

it is for investigating the low probability allow for easy collection and storage of the

risks of a certain plant. or options for it, cadmium waste from discarded batteries. In

then RA would be the proper instrument. this sense. the use of cadmium in nickel-

Some of the major problems caused by cadmium batteries is environmentally

economic activities as a whole can be attractive.

established by using SFA. When

investigating plant operations, EA is the The relationship between LCA and EIA can

appropriate tool, and T A is used to assess be confusing. In principle. LCA is simply the

the consequences of introducing new aggregation of the EIAs for all processes in

technologies in general. the product system. However, there are a

number of reasons which make it

impossible to incorporate EIA in LCA.

only

A mixture of tools is often used (see

example on the right). Moreover. more

than one type of instrument can be

deployed for some types of related

decisions. A manufacturer that wishes to

make a new product will use LCA to

choose the most ecologically-sound design;

it might also elect to use SFA if it is

anticipated that a certain substance will be a

major influence. Having decided on the

main lines of the design. EIA will be used to

help decide where to build the plant.

it

.:. LCA cannot include all the detailed

spatial information on the sensitivity of

local ecosystems to factors such as local

wind speed because a typical LCA

covers several hundred different

processes, many of which cannot be

localized. Oil used in electricity

production, for example, is purchased on

the world market. Hence, in practice. it

is derived from a mix of all the oil

production installations in the world.

.:. Emissions during a life cycle occur at

different times over a long period. In

most cases, there will be a long time

span, often decades, betWeen processes

starting in the 'cradle' and those ending

in the 'grave'.

.:. The production volume of a facility is

irrelevant in LCA. A large plant will

naturally be more polluting but it can be

just as clean or even cleaner per unit of

product. As the central object of LCA is

a functional unit of product, the actual

level of pollution is not dealt with in

LCAs as it is in an EIA.

The fact that more than one tool is available

for obtaining environmental information

means that diverging and even conflicting

results can be obtained. For example, an

LCA of batteries will point up the negative

effects of rechargeable nickel-cadmium

batteries as compared to lithium or

hydrogen types, due to cadmium emissions

from the discarded nickel-cadmium batteries.

This could result in a recommendation to

Stop using nickel-cadmium batteries on

environmental grounds. An SFA of cadmium,

however, would indicate that the production

of cadmium, an inevitable by-product of zinc
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.:. employment;

.:. other social impacts;

.:. consumer safety; and

.:. functionality.

.:. If all the relevant information could be

gathered. evaluating the many hundreds

of different types of effects at the

different locations would be a task of

incredible complexity.

It is therefore clear that LCA cannot

predict actual environmental impactS. It can

only specify the contributions made by

different products or functions to potential

impacts.

Non-environmental aspects

Decision making involves factors other than

environmental ones, notably socio-

economic issues. These issues can be

analysed in combination with environmental

ones using a tool such as cost-benefit

analysis (CBA). Developed originally in a

purely economic context, CBA can be

designed to take into account aspectS which

are not reflected in market prices such as:

.:. costs;

.:. income;

dip process. The LCA made it clear that the environmental costs 01'

the new process were only a fraction of the those of the other thrl~e

practices. The production costs are also lower than the currently

used conservation method.

Wood preservation is a very polluting process, involving substantial

emissions of toxic metals and other chemicals to water. Recently, a

new process has been developed which transforms softwoods, such

as poplar, spruce and eucalyptus, into a product with hardwood

qualities. The proces involves 'cooking and baking' the wood so that

the compound responsible for softwood's non-durability

(hemicellulose) is made to react with lignin to form a water-resistant

resin. An LCA was performed on the economic and environmental

benefits of this new approach for a number of applications such as

the production of window frames and garden furniture. could be

very clearly demonstrated.

ENVIRONMENTAL BENEFITS

Environmental costs reduced by 90 per cent.

ECONOMIC BENEFITS

Production costs reduced.
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Some environmentally-attractive produc:ts

are more expensive than those they

replace. For the producer, the extra

marketing potential. and the other

advantages of environmentally-friendly

products. then have to outweigh the ex1tra

costs. The consumer has to weigh the

slightly higher price of the product against

its environmental advantages.

Shifts in sales that result from

environmental factors may have both

micro- and macro-economic effects-for

example. on income and employment.

Smaller resource requirements. for

example, imply a lower primary production,

in industries that perhaps are already in

decline. adding to unemployment. Other

social impacts include inadequate proted:ion



of employees or child labour. Another

factor. important in agriculture and in the

cosmetics industry. is animal welfare.

The health and safety of workers and

consumers are sometimes taken into

account in an environmental assessment. If

they are not, this may require a separate

assessment. Awarding ecolabels, for

InStance, involves more aspects than

environmental ones (if a product is non-

functional or unsafe it will be an unlikely

candidate for an ecolabel).

analysis. The different analyses are designed

to help improve the decision-making

process. The actual decision itself remains

the responsibility of the person or

authority in question. In order to arrive at

the most informed decision. this authority

may use experts to furnish further

information. Environmental analyses thus

form a single group in a series of decision-

support tools. The figure above shows how

environmental analyses relate to other

issues.

While such aspects are important, clear

distinctions must be made betWeen

environmental analysis and other kinds of
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: The second part of this publication provides stage. Usually, however, it is useful to carry
I

the basic instructions required to conduct out the impact assessment, which is split

an LCA. It has been set up in the form of into two parts (Steps 6 and 7).

steps which can be read separately. You will

55 discover that the LCA process is an In Step 6, instructions are given on how to

iterative one, where you move continuously translate the list of environmental

forwards and backwards between steps. interventions of the entire life cycle of the

product into a table with scores on
As the final chapter of Part I of this environmental problems. This step is called

publication makes clear, the first real step is the classification and characterization, and

to decide whether or not LCA is the right the description given here follows the CML

tool to use for any particular study. In what Guide. A basic substance list that might be

follows we have assumed that this analysis used is included.

has already been made, and that the

decision has been taken to use LCA. Step 7 describes how to evaluate the

results of the classification and

characterization, so that conclusions can be

drawn from the information generated.

68

73
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The structure of Part II is as follows.

Step I explains how to formulate the goal

and scope of the study. The results will give Step 8. the last step. describes how to

a general picture of the characteristics of report the results of the LCA and how to

the LCA. make an improvement assessment.

The next four steps, jointly called the

inventory analysis, entail most of the work

involved in making an LCA.

Step 2 gives guidelines and detailed

examples on how to construct a flow chart

of the study. Step 3 describes how to

define the system boundaries. Step 4

describes how to collect the required data.

Step 5 describes how to process the data.

The result of the inventory analysis is a list

of emissions and extractions for all the

processes involved in the manufacture.

functioning and disposal of the product

during its entire life cycle.

After reading this publication. you may want

to do a more comprehensive LCA. More

advanced documents are available for this

purpose.
.:. The Centre for Environmental Science of

Leiden University. the Netherlands. has

developed a method of gathering and

processing all the environmental data on

a product's life cycle (Heijungs et al.

1992). This document is referred to as

the CML Guide.

.:. The Society of Environmental

Toxicology and Chemistry (SETAC) has

held a workshop on LCA. which

produced a Code of Practice (Consoli et

al. 1993).

SOmetimes the results of an LCA are so

clear that you can stop after the inventory
This document follows the rules set out in

the SET AC Code or Practice.
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The first important step in carrying out an

LCA is goal definition. It is worthwhile

spending extra time defining clearly all

relevant aspects. as this will help to direct The initiator and the target group

efforts on the main issues. It is important to know who has initiated

the study and for whom it is meant. It is.

In this step. both the subject and the scope for instance. important to specify whether a

of the LCA are defined according to the study is meant for internal use only or

intended purpose of the study. In fact, the whether the results will be made public

goal definition provides information on how through government, consumer

to organize the study. The initial goal can organizations or marketing. Studies meant

be defined quite quickly. As the study for external target groups usually need

progresses, and more insights are gained. more elaboration and more extensive

the goal definition can be revised and evidence than internal studies.

refined.

.:. do you simply want information on your

product?

Example I:

matches and cigarette lighting

We produce matches and want to

quantify the environmental impact of this

product. The subject under study can be

defined as: 'one match' or 'I kg of

matches'. We should also indicate how

to include packaging materials such as

boxes, plastic covers and pallets. The

subject of the study would therefore be

better defined as 'one pallet of packed

matches'.The subject of the study

The subject to be studied must be carefully

specified. This specification should answer

questions relating to which product, what

amount of it, during which time span and

which function! Where appropriate. items

such as packaging materials and consumer

behaviour should also be described.

Approach

The following issues need to be defined: If it is intended to compare the function

of matches with the function of lighters,

it is important to define the function

which is shared by both products-

lighting cigarettes. This helps define the

functional unit of the study: 'the lighting

of 1000 cigarettes'.

.:. the purpose of the LCA (what do we

want to know);

.:. the initiator and the target group (for

whom are the results intended);

.:. the subject of the study (which product

or function is to be studied); and

.:. the scope of the study (what level of

detail and reliability are required).

.:. do you want to compare products or do

you want to relate your product to a

standard. as in ecolabelling;

.:. are you planning to make environmental

improvements to an existing product or

are you going to design a completely

new product;

.:. do you want to answer strategic

questions which relate to the place of

your company in the market; or

The purpose of the LCA

At this stAlge. you should answer the

following questions:

Example II: comparison of paints

We want to compare two different kinds

of paint: water-based paint versus paint

based on organic solvent. The relevant

parameters include: the amount of paint

needed to cover the object; the

expected lifetime of the paint cover;

ways of removing the paint; and

maintenance. We therefore define the

functional unit as 'one square metre of

painted surface over 20 years'.

49

LCAs are often carried out only on the

manufacturing part of a single product. In

such cases, any amount can be chosen.

However, it is best to choose a large unit,

such as one tonne or one pallet, because

this will make the numbers easier to handle.

When comparing different products, a

description of the function of these

products should be added so that

equivalent products and amounts are

compared. In the SET AC Code of Practice

and the CML Guide this description is

known as 'the functional unit'.

You should now define the subject of your

study. bearing in mind that a proper

description of product and quantity,

without any other information, is only
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sufficient when studying one single product

or when improvements relate only to the

production phase. When comparing

products with the same function, a

definition of this function is necessary.

Subsequently, you need to identify the

consequences of such a definition for the

product description.

allows. Therefore. in this section. you

should specify the level of detail requirl2d.

for instance. over space and over time.

The questions to be answered include:

The scope of the study

You should identify what level of detail is

required for the application of the results.

remembering that the results of this study

can never be more accurate than your input

Throughout the second half of this publication. an example will be

used which compares four different low fat spreads. The goal

definition is as follows.

The products are assumed to spread equally which means that they

can be compared on a weight basis. leaving bread out of the

analysis. At this point, these assumptions are flagged. so that the,y

be checked afterwards for their possible impact on the final reslJlts.

Purpose

An LCA is to be carried out to identify the differences between

four different low fat spreads, areas with major environmental

impacts and the most efficient improvement options.

Scope of the study

As this is the first time an LCA has been carried out on these

products. no restrictions are imposed at this stage. All data sources

could be useful. because we do not know of any major changes in

the manufacture of the raw materials or the products in the pa!;t

decade. Therefore even old handbooks can be used. We expec1:

the results to be generally valid. At this stage. we decide to

consider packaging materials as waste which appears during the

consumption of the spread. We will not consider any emissions to

surface water or the sewerage system.

Initiator and target group

The study is an internal exercise, carried out by Van den Bergh

Nederland, a manufacturer of spreads. The study has been initiated

by the Development Manager in order to identify improvement

options, the results of which are to be discussed with the

Marketing Department.

Subject of the study

The functional unit is defined as 'I kg of packed spread'. As a first

approximation, all spreads are considered to have the same

physical characteristics. Differences in the behaviour of the

consumers of the four products will be ignored.

Quality of the data

At this stage it is not apparent whether a clear distinction can t;,e

made betWeen all four spreads. However, because the produc~' are

very similar, data need to be as detailed as possible.
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.:. has the product changed much over the

past decades;
.:. has the method of production chan!:ed

substantially; and

.:. does the method of production varJ'

from country to country.

The outcome of such considerations will

affect the kind of sources you consult for
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information: can you look for generic data

or do you need to find very specific

information?

choices between alternatives and to

reach generalizations) and detailed

enough to allow relevant differences to

be identified.

In practice. it is recommended that initially

you spend relatively little time formulating

the scope when you start a new LCA. The

experience gained in gathering information

will force you to reconsider and adjust the

scope formulation as the study progresses.

'I Results

The result of this step is a text which

describes the subject and organization of

the study. All choices that have been made

should be clearly specified.

How to proceed

When the goal definition has been

completed, continue the study by making

the inventory analysis. This means drawing

up a process flow chart (step 2), collecting

data (step 3), defining the system

boundaries (step 4) and processing the data

(step 5), steps which should be executed

iteratively. As the inventory analysis is

made, you may wish to go back and modify

the goal definition.

(Do not spend too much time

dealing with uncertainties-

flag them for later attention,

or try to cover entire ranges

by choosing best and worst

cases which will also provide

some indication of the

sensitivities involved in the

study.'

Suggestions and precautions

.:. You should try to clarify such questions

as 'What exactly do I want to know and

why. in what way will the depth of the

study influence the outcome. and which

function is to be chosen for

comparisons?'.
.:. Return from time to time to the goal

definition when executing other steps in

the LCA and adjust where necessary.

.:. Do not spend too much time dealing

with uncertainties-flag them for later

attention. or try to cover entire ranges

by choosing best and worst cases which

will also provide some indication of the

sensitivities involved in the study.

.:. At this stage. it is convenient to consider

several functional units. because the

same initial data can often answer

different questions.

.:. The goal definition is meant to give an

overview of the premises of the study-

when there is no overview at the first

stage. try to formulate ideas briefly and

roughly. and then adjust them

afterwards. if necessary.

.:. When defining or re-defining the subject

of the study. it is important to

remember that the functional unit

should be both large enough to

simplify calculations (in order to make

SI



is usually the product formulation and the

manufacturing process on the one hand,

and information on the consumption (the

use) and the waste stage on the other. The

ingredients and processing steps for thE!

product should be screened: what are they

composed of, how are they made and

which services are delivered?

The inventory analysis forms the core of

LCA and is the most time-consuming

activity. It is split here into four steps:

constructing the process flow chart,

collecting the data. defining the system

boundaries and. finally, processing the data.

These steps describe the gathering and

processing of the environmental

interventions which appear during the life

cycle of a product or service.

'The inventory analysis forms

the core of LCA and is the

This step introduces the first part:

constructing the process flow chart. It is

recommended that all steps dealing with

the inventory analysis be read before work

is begun on any of them because

constructing the flow chart is an iterative

process which you may have to repeat

several times.

Approach

.:. Start the process flow chart with the

manufacturing process of the main

product;

.:. add the previous and following stages

(resources. components, consumption

and waste);

.:. combine processes or subdivide them

where appropriate; and

.:. flag unfamiliar processes.

most time-consuming activity.

It is split here into four steps:

the process flow chart,

collecting the data,

constructing the system

boundaries and, finally,

processing the data. These

steps describe the gathering

and processing of the

environmental interventions

which appear during the life

cycle of a product or service.'

The process flow chart is a qualitative.

graphical representation of all relevant

processes involved in the life cycle of the

system studied. It is composed of a

sequence of processes (represented by

boxes). linked by material flows

(represented by arrows). It is

recommended that this convention be used

consistently. The main goal of the process

flow chart is to create an overview: you

should focus on the most relevant

processes and environmental interventions

rather than striving for 100 per cent

coverage. Depending on your goal

definition. you will either need a

comprehensive flow chart with relatively

little detail or a limited flow chart which

focuses on a few processes in much more

detail.

Starting point

The starting point for a process flow chart
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Starting the process flow chart

Think of the manufacturing process of )'our

own product first. Put this in the centrE~ of

your process flow chart and identify

relevant processing steps and major

material flows.

Add the previous and following stages

The complete life cycle of the product has

to be included. Therefore extend the

process flow chart with the processes

which appear before and after the

manufacture of the product. The previous

stages will include the extraction.

manufacturing and processing of raw

materials and components. The following

stages will include the use of the product by

consumers as well as the recycling and

processing of all wastes. Sometimes.

especially when a product has more th:ln

one function. it is necessary to choose

which application is to be followed. A



THE PROCESS FLOW CHART

A process flow chart for low fat spread is

shown on the left. The main raw materials are

oils and fats, milk components and packaging

materials. No detail is shown in any of the

process blocks.

I Process flow chart for low fat spread production

I PlANT CULTIVATION I

PlASTIC MANUFACTURING

,
MILK PRODUCTION

,
~ACKAGING ~RODUCTION I

,
INGREDIENTS PRODUCTION

Packaging production (coloured area, top left)

occurs in the first three boxes. Spread

production occurs in the coloured area in the

centre. The bottom two boxes show consumer

behaviour and waste processing.,
The arrows represent transport processes,

either internal, within a factory, or external,

between sites., ,
I FAT SPREAD PACKAGING I

Data for these boxes will be gathered from

suppliers. If~uppliers cannat provide the data,

it will be necessary to let the suppliers specify

the underlying steps and to obtain further data

from handbooks or other literature.

~

,

~

process flow chart should also indicate

where by-products are generated and

where recycling loops appear.

on those steps that generate the largest

environmental impacts. Early on in an LCA

it may be difficult to identify these steps but

this will become simpler as the study

progresses. Depending on your goal

definition, you will either need a

comprehensive flow chart with relatively

little detail or a limited flow chart which

focuses on a few processes in much more

detail.

Combine processes or subdivisions

A number of boxes can usually be

combined into one or two boxes so that

that they can be more easily handled. You

can, for instance, integrate all the

transactions of one company into a single

box. You will discover that the complexity

of a process flow chart largely depends on

the way in which data can be obtained.

Keep in mind that you should concentrate

Flag unfamiliar processes
Flag those processes that are unfamiliar to

you and for which no information can be
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obtained. Make a note or mark the process

in your process flow chart.

(Depending on your goal

definition, you will either need

Suggestions and precautions

.:. In this initial stage. you should try to

obtain a broad view without going into

detail.

.:. The flow chart is only a mode! of reality.

and you may therefore draw it up as you

wish-for instance. it could help to

arrange your flow chart so that it

matches your information sources.

a comprehensive flow chart

with relatively little detail or a

limited flow chart which

focuses on a few processes in

much more detail.'

Results

The outcome of this step is a graphical

representation of the subject under study.

In principle. a process flow chart should

start at the extraction of materials from the

environment, either by a mining step or by

agriculture. and include any other inputs

involved. A flow chart ends up with

emissions and waste. In between. all

processes involving material upgrading and

material use should be shown.

How to proceed

After constructing an initial process flow

chart, you may start to collect data (see

step 3). During this collection phase, you

may discover that some process steps need

to be detailed further because no general

information can be obtained. However, you

should remember to concentrate on those

steps that are suspected of contributing

most to the environmental impacts.

For further reading

For further reading you are directed to

section 2. I. of the CML Guide: 'Drawing up

the process tree'.

Iii' 
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This step explains which data need to be

collected and provides practical guidance on

how to collect them.

The collection of data is time consuming

because data are required on many

processes and many items in each process,

and because the appropriate data are often

not readily available. Other parties will

need to be involved, most of whom will

have only a limited interest in the LCA--or

who may even feel threatened by the

study. Considerable effort should be made

to inform these parties of the purpose of

the study and of the way in which the

results will be handled. Honesty and

candour usually produce the best results

here.

literature. Sources of information include:

You should ask for information on physical

mass flows or services. in relation to both

the inputs of the processes as well as

emissions. defined by their names and

expressed in sensible units.

.:. standard documents;

.:. environmental statistics;

.:. environmental licences;

.:. technical encyclopedias;

.:. internal information on processes in

your own company;

.:. manufacturers' associations. which may

have generic information or literature;

The starting point:

what data are needed?

Each box in the flow chart (see previous

section) represents a particular process or

cluster of processes. For each process. or

cluster. you need to collect information on

two types of input and output flows:

environmental and economic. The box on

the right gives examples of these.

Inflow Outflow

Economic raw materials (such as steel)

services (such as transport)

energy inputs (such as electricity)

final or semi-final products

by-products and waste

emissions to air and water

(such as CO2 and BOD) and

solid waste dumped

Environmental mined or grown raw materials

(such as energy carriers. plant

materials and water)

Approach

.:. Choose or design a questionnaire/data

information sheet;

.:. collect the data; and

.:. check the gathered data for

consistency.

55

The questionnaire/data information sheet

Much information is gathered at the data

collection stage. You need to store all this

information in a systematic way. so that you

can easily retrieve it and trace its origin. A

standard information sheet. such as the one

shown overleaf. may facilitate this job.

Collecting the data

Relevant data can be found in many places

but some creative thinking will be needed

to identify the simplest approach.

Remember that consultation with others

always takes time, especially when they

have no or only a limited interest in

collaboration.

Some of the data can be found in the



.:. actual or potential suppliers (you are

advised to contact these sources

through the purchasing department);

.:. LCAs conducted elsewhere or published

databases. such as the Buwal Reports

(Habersatter 1991) and ETH data

(Frischknecht 1993).

A number of information sources are

available on the processes related to the

manufacture of low fat spreads. The

manufacturing data should be obtained

from the company concerned, Van den

Bergh. Information on vegetable oil

milling and processing is available from

Unilever, Van den Bergh's mother

company. If this were not the case, a

literature search would have to be made.

Information about the agricultural

processes involved can be obtained from

government consultants.

Checking the data

As soon as new information is received. it

is important to check whether the data are

complete and whether they correspond

with data from other sources.

One way of checking data is to draw up

simple balance sheets for each process.

considering the fact that the total input of a

process should equal the total output,

including emissions and waste. These

balance sheets may be based on product

mass or on a specific element, such as

carbon. You will discover that these

balances are never 100 per cent correct

but they do provide some indication of

where and how deviations arise.

should bear in mind that most suppliers

are unfamiliar with LCA and may ea!;ily

misinterpret your questions.
-:- Always remember that the reliability of

the final result will depend on the

quality of the data. It makes no SenSE! to

get accurate figures for minor effect! if

major contributions can only be

estimated.

-:- Unfamiliar substances may come to light

in the collection stage. Flag these, as you

earlier flagged unfamiliar processes.

-:- It is important to pay attention to the

generation of waste because this will be

processed later on. If data about the

waste treatment processes are not

available, you should quantify the

amount of waste and record the way in

which it is being processed.

-:- To avoid mistakes it is recommended

that calculations are always made with

the same unit such as 'kg emission per

tonne of product', using exponential

notation such as 3.5-10-6 or 3.5E-O.6 kg.

Information on minor ingredients

can be requested from suppliers but

these enquiries may not be very

productive because such suppliers are

often not familiar with the type of

information required. On packaging, the

Buwal database (Habersatter 199 I )

should be consulted. Finally, for

information regarding the behaviour of

consumers, the Internal Marketing

Department should be consulted.

Results

The execution of this step results in a SEt

of data sheets, and growing insight into the

availability of information.

~

How to proceed

When sufficient data are available you can

continue either by specifying the

boundaries in step 4, or by processing Ute

data as in step 5.

Model (or a standard environmental data sheet

is shown on the right

Suggestions and precautions

.:. Save time by planning: Start collecting

data as soon as possible because this

takes most of the time. is the biggest

single job in LCA and depends on the

cooperation of other parties.

.:. It is useful to make estimates before

collecting data because this can provide

a feeling for the figures involved and

may enable you to identify missing data.

.:. Do not ask for too much information as

this could delay or even prevent a

response. The table on page 69 lists the

main substances on which information

should be requested.

.:. When formulating questionnaires. you

S6



~~~

-" ~
".~ 1-.",..d!J

" ~: '":~I~~!! ~ ."':/:' f~c "";1 ..I"':tf 'q ""I i;:f ~ " ,~ ~.; i ""~~ ~

57

THE DATA "," ~~~.~"



This step deals with the specification of the

system boundaries. Having created the

process flow chart and begun collecting data,

you now have some insight into the critical

processes that must be included and into the

availability of data. This insight, together with

the goal definition, will allow you to define

the system boundaries, and hence the limits

of your LCA.

.:. Sometimes you will have to attribul:e the

environmental impacts of a process to

two or more products. For instanoe,

cattle farming produces both milk and

meat. An LCA for either of these

products would have to allocate a

proportion of the environmental impacts

of cattle breeding to each product. This

allocation can be made on the basis, for

example, of mass, commercial ValUE! or

energy content. It is carried out by

adding up the masses (in the case of

mass allocation) of the different

products, and allocating a proportion-

calculated on the basis of mass--of the

environmental impact to each product.

.:. A similar situation exists with regard to

the production of reusable waste: in the

production of metal parts, for example,

scrap metal is generated which is rE!used

as a raw material for the production of

iron. The commercial value of scrap is

slightly positive so that you may CUI: the

flow chart off at the point where tl-,e

reusable waste appears. In this case, the

producer of the reusable waste (thl~

scrap) will be held responsible only for

the environmental impacts that appear

during his process, and not for tho!,e

that occur afterwards if the scrap i!:

further processed. Where the ValUE! of

processed waste is substantial compared

to total revenue, an allocation should be

performed, as described above. In this

case the reusable waste is a co-product.

Starting point

You need the preliminary results of the

three preceding steps: goal definition.

process flow chart and the data collected.

You can then determine which parts need

either less or further detail.

Approach

.:. Define the boundary between the

system and the environment.

.:. Define the boundary between the

system under study and other related

systems, and then allocate the various

effects if necessary.

.:. Define the boundary between relevant

and irrelevant processes.
(As a first approximation,

concentrate on those Boundary between the system

and the environment

An LCA deals with the environmental

impacts of a product during its entire life

cycle. This environmental load comprises all

extractions from and all emissions into the

environment which arise during the life of

the product. Each LCA should therefore

specify these extractions and emissions.

Ii

processes which represent

most of the cash flow or

added value and on those

processes dealing with

chemicals, such as chlorine or

mercury, known to have major

environmental impacts.'

Boundary between relevant

and irrelevant processes

You have to decide how far to extend )'our

study. What should be included and what

not? This is determined partly by the scope

of the study and partly by pragmatic

Boundary between the system under study

and other related systems

Many processes generate several different

products as a result of co-production,

recycling or waste processing.
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The process flow chart of fat spreads

(page 53) starts with an agricultural stage

in which fertilizers. insecticides and

herbicides are used. The impact on the

environment of the manufacture of these

materials is assumed to be negligible

compared to the impact caused by their

use.

considerations. In other words, you will have

to choose which processes need to be

considered. Too much detail costs time and

does not usually greatly affect the outcome.

For instance, the production of capital goods

such as machines or buildings used for

manufacture may be ignored because the

environmental impacts of these processes are

often relatively small compared to the

impacts made by the life cycle of the product.

You may also find yourself going round in

circles if the study goes into too much

detail. For instance, the production of

electricity requires steel, but in the

production of steel electricity is needed. Results

The result of this step is a completed

The choice between relevant and irrelevant process flow chart in which you indicate,

processes should also be determined by the with arguments, which parts are to be

goal definition. Some general rules, based included in the study and which parts are to

on previous experience, are given below. be excluded. The result will include:

function, you are advised to use both

methods of calculation to see whether

they produce major differences. If they

do, flag this for later attention.

.:. It is often not possible to obtain a

complete set of data because specific

information on processes or substances

is missing. In waste processing by

incineration and landfill, for example,

emission data may be unknown, or

difficult to allocate to the wastes being

processed. Flag these processes as a

point of concern and make estimates of

their relative influences. Fat spreads contain oils and fats,

obtained from oil seeds. It is assumed

that, in almost all cases, the

environmental impacts of the entire

agricultural stage should be allocated to

the vegetable oil. However, the market

value of the protein in soy beans is high

so in this case the environmental impacts

will be allocated between the oil and

protein fractions.

Non-fat ingredients, except milk protein,

will be excluded due to lack of

information. It is assumed that this

limitation will not seriously affect the

outcome of the study, because of the

low concentration of these components.

.:. a description of how the boundary

between the environment and the

system studied has been set up. and

which emissions and extractions will be

taken into account;

.:. a description of how the boundary with

other related systems has been defined

in cases of co-production. recycling and

waste processing. and the reasons for

excluding certain processes;

.:. a list of the processes for which data are

lacking and which are expected to have

major influences.

In the consumption phase. only packaging

waste and non-consumed materia! will be

included. Human consumption is

excluded because it is considered to

have little environmental impact. For

packaging. all those aspects are included

which are dealt with in the Buwal

database (Habersatter 1991).

All the assumptions mentioned here

need to be flagged and evaluated later.

How to proceed

After completion of this step. the collection

of data can be continued. When the process

boundaries are described and sufficient data

have been collected. you may continue with

the next step. the processing of data.

Suggestions and precautions

.:. Check the flags made in previous steps.

You should also register and rejustify all

your decisions.

.:. Transport and packaging should always

be included.

.:. The production of capital goods used in

manufacture can usually be ignored,

especially if their contributions are

similar for the systems compared.

.:. As a first approximation, concentrate on

those processes which represent most

of the cash flow or added value and on

those processes dealing with chemicals,

such as chlorine or mercury, known to

have major environmental impacts.

.:. Allocation is usually carried out

according to mass or commercial value.

When dealing with a process which

produces more than one product or

S9



In this step you will learn how to process

the data collected earlier in such a way that

calculations can be carried out.

The first step will be to transform all data

into a convenient form. The calculations

that follow can initially be done with a

calculator or spreadsheet program but you

may prefer to use a dedicated computer

program at a later stage (a list of available

programs is included at the end of this

publication). In this document, however, we

assume that you do not have a computer

program.

Starting point

Data processing usually starts when the

data gathered give a reasonable coverage of

the system under study.

Results

The result of this step is the inventory table

for the system studied: a list of

environmental interventions.

Approach
.:. Transform the collected data into a

convenient form.

.:. Calculate the specific amounts of the

components used in your system.

.:. Add up the environmental impacts for

the system, thus creating an inventory

table.

Transforming the data

Ideally, you should now have information

on the nature and quantity of the

environmental impact of each process step.

If this is not the case, you should at least

collect data for each step on the amount of

energy and raw materials used and the by-

products generated. Try to get information

about the waste: its nature, volume and

how it is processed. All data should be

entered on a standard form such as that

shown on page 57.

'If the purpose of the LCA is

to compare two or more

products, or investigate a

product improvement process,

then evaluations can usually

be made on the basis of the

inventory table. However, if

there are major differences in

the various impact

parameters, or if you want to

relate the environmental

interventions to environmental

problems, you should continue

to the next step (classification

and characterization).'
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Calculate the specific amounts of all

components used in your system

Now that you have a proper set of data

sheets, allocated where necessary, you can

begin the calculations. First, for every

process (every data sheet), you have to

calculate the relative environmental impact

of the system under study.

Add up the environmental impacts

of the system

After quantifying all the relevant processes,

you gather the amounts per substance, add

them up and enter them in the 'inventory

table'. For instance. all emissions of CO2

are identified for the whole system. added

up and entered in the inventory table as

'y kg CO; emitted by the system as a

whole. It is recommended that all emissions

are entered in the same table.

How to proceed

If the purpose of the LCA is to compare

two or more products. or investigate a

product improvement process. then

evaluations can usually be made on the

basis of the inventory table. However. if

there are major differences in the various

impact parameters. or if you want to relate

the environmental interventions to

environmental problems. you should

continue to the next step (classification and

characterization).
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Process flow chart for the production of soy bean oil

,

i FERTILIZER !

l__- ~~- ~ -~ -~~~~~~- 1

,, ,
i INSECTICIDE AND i

l_--~~-~~~~~~~-~-~~~~-~~-~_~___lThe next six pages are devoted to a case

study of how to make an inventory

table--in this case, for the production

soy bean oil. ~...

~

, i HEXANE

l ~~-~-~-~~~~~.
~

!
J

I '
SOy BEAN Oil

PRODUCTION

The process flow chart for the

production of soy bean oil is shown on

the right. This is a detail from the flow

chart on page 53. While making the

system boundaries. it was decided to

ignore contributions from the items in

boxes with a dotted outline--the

production of fertilizer. insecticides.

herbicides and the solvent hexane. and

bean oil use and waste processing. These

were estimated to be of minor

importance and for the time being fall

outside the system boundary. Note that

this assumption has to be checked at the

evaluation stage.

1
i

SOy BEAN OIL USE ii ,, !
!- "

"

,
,
,

L
Environmental data sheets are then

constructed for the boxes that fall within , ' 1

l- = ~ -~~ -~ -~ :~~::: ~ -~- j

~

KEY

, 

", ,! 
PROCESSES THAT FALL OUTSIDE i

! THE SYSTEM BOUNDARY !

FLOWS OF PRODUCTS,

MATERIALS AND ENERGY..
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ENVIRONMENTAL DATA SHEET

DATA SOURCE: Buwall99l. Oekobi/anz van Packstoffen. Buwal. Bern.
~

DATE: 22 March /993

INPUTS (data per tonne of of main product) OUTPUTS (data per tonne of main product)

RAW MATE

Extracted (rom

natural gas

kg/tonne MAIN PRODUCTS

steam, I tonne

68.4
SOLID WASTE TO BE PROCESSED

industrial waste
kgitonne

0.24
ENERGY

natural gas

GJ/tonne
3.45 kgi'tonne

16:t

O.M

:t.O

0.5

0.14

0.0012

TRANSPORT SERVICES (means. load. distance) tonne.km/tonne

ENVIRONMENTAL OUTPUTS

EMISSIONS TO AIR

CO2

CO

hydrocarbons

NOx

S02

particles

EMISSIONS TO WATER

oilOTHER INPUTS ./tonne 0.0025

PROCESS: transport by road ENVIRONMENTAL DATA SHEET

DATE: /5 Apri//993DATA SOURCE: various reports from die Dutch Centre for Statistics (Centraal Bureau voor de Statistiek).
~- ~--~~-~~

INPUTS (data per tonne of of main product) OUTPUTS (data per tonne of main product)

kg! 15 tonne.km MAIN PRODUCTS

performance of a loaded IS-tonne lorry over I km of road

RAW MATERIALS

Extraaed from the environment

diesel fuel 0.205 -~

kg! 15 tonne.kIn

Gj/15 tonne.kIn

0.00857
ENERGY

diesel fuel 0.81

0'.002

0.0013

0.012

0.00088

(1.0008

ENVIRONMENTAL OUTPUTS

EMISSIONS TO AIR

CO2

CO

hydrocarbons

NOx

S02
liquid particles in air

./tonneOTHER INPUTS

~

RIALSthe 

environment
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soy bean

production

(per tonne)

0.58

electricity
production

(per kWh)

steom

production

! (per tonne)
I~ t 3.45

transport I bean ai/

by road I produaion
j

(~e~::~~~-+-!~5tonneS)
0.0086 11 :;;ENERGY RESOURCES (GJ) 0.0091

45.3

0.01

0.0046

0.071

0.32
0.015

162.0

0.04
2.0
0.5
0.14

0.0012

0.625
0.000029

0.000053
0.000012
0.000078

0.000025
--

0.81

0.002

0.0013
0.012

0.00088

0.0008

EMISSIONS TO AIR (kg)

CO2
CO

hydrocarbons

NOx

S02
particles
liquid particles in air

~~-~~---

EMISSIONS TO WATER (kg)

nitrogen

phosphates
potassium oxide

calcium oxide

magnesium oxide

insecticides

herbicides

oil

hexane

99.0

28.0

56.0
21.0

17.0

12.0
1.65

-

0.0025
3.0

SOLID WASTE (kg)

high risk

industrial

1.7-10-6
7.0010-7

- -
0.24

- -

;:,:!:!!it~;!\.
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environmental problems considered: the,

table on the facing page shows the

contribution made to these environmentalproblems 

by a number of commonsubstances.

~The 

following list shows how the

contribution to each environmental

problem is measured:

.:. abiotic depletion potential (ADP. measured

relative to global supplies);

.:. energy depletion potential (EDP. or enE!rgy

content, measured as MJ/kg or MJ/m3);

.:. global warming potential (GWP. measIJlred

relative to the effect of I kg COV;

.:. photochemical oxidant formation (POCIP.

measured relative to the effect of I I<:g

ethylene);

~

Abiotic depletion
The extraction of non-renewable raw materials such as ores.

Energy depletion
The extraction of non-renewable energy sources. In the CML Guide

this is included in abiotic depletion.

Human toxicity
Exposure to toxic substances-through air, water or the soil,

especially via the food chain--causes human health problems.

Ecotoxicity, aquatic and terrestrial
Flora and fauna can be damaged by toxic substances. Ecotoxicity is

~I;II

6. CLASSIFICATION AND

CHARACTE RIZA TIO N

Impact assessment is a tool for relating the

outcome of an inventory analysis to

environmental problems. The inventory

analysis usually generates a long list of
According to SETAC nomenclature. substances which may be difficult to

these parts of the impact assessment are interpret, especially when comparing

called classification and characterization: products. In addition, different substances

classification specifies the choice of produce quite different forms of

environmental problems considered, and environmental impact, and this further

characterization quantifies the complicates the interpretation.

environmental impacts of the substances

involved in the study. In this document, Classification specifies which environmental

classification and characterization are problems are to be included in the analysis.

considered jointly. The CML Guide does The set of environmental problems used in

not distinguish between classification and this document is listed in the box below.

characterization, and talks only of Characterization is the process by which

classification. the impacts of the substances considered in

the LCA are quantified in terms of the

~:;it;~~:_"'-~~~
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'The rrst step is to identify

those environmental problems

that are relevant for your

study. You are advised to

include al/ problems in cases

where no specirc restrictions

have been formulated in the

goal dernition.'

.:. acidification potential (AP. measured

relative to the effect of I kg 502);

.:. human toxicity potential (HT. measured as

the human body weight that would be

exposed to the toxicologically acceptable

limit by I kg of the substance); note that

in the CML Guide human toxicity is

defined separately for emissions to air.

water and land but here only one

approximate score is used for human

toxicity;

.:. ecotoxicity, aquatic (ECA, volume of water

that would be polluted to a critical level

by I kg of substance);

.:. ecotoxicity, terrestrial (ECT. weight of soil

that would be polluted to a critical level

by I kg of substance);

.:. nutrification potential (NP. measured

relative to the effect of I kg phosphate);

and

.:. ozone depletion potential (ODP, measured

relative to the effect of I kg CFC-II).

Classification and characterization thus

produces a list containing up to 10 figures

for each substance, instead of hundreds of

specific emissions. A more comprehensive

survey of environmental problems can be

found in the CML Guide, chapter 3.

In this step you will learn how to perform

the conversion by hand, using a reduced list

of equivalency factors. Obviously, you may

prefer to do this process with the help of a

computer program such as a spreadsheet.

Starting point
To execute a classification and

characterization. you need the inventory

table prepared earlier in the LCA and a

substance classification list. Initially. it is

recommended that you use the list of most
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common substances shown in the table on

the previous page. This table includes a

value for each substance which provides

you with a means of estimating that

substance's impact on each environment:al

problem. A more extensive list can be

found in the CML Guide.

Approach

The first step is to identify those

environmental problems that are relevant

for your study. You are advised to inclul1e

all problems in cases where no specific

restrictions have been formulated in the

goal definition. Solid waste is often treated

separately, for example when data on W:lste

processing are lacking.

You now multiply the values of each of the

impact parameters in the inventory tablE' by

the values given in the table on the previous

page. This is the characterization step.

(Note that one substance may score under

several problems simultaneously.) You then

add up the rows in order to derive the

total score for each environmental

problem. If relevant, add a description 01'

the qualitative environmental aspects of

your study. A complete case study for die

classification and characterization for

I tonne of soy bean oil is shown on the

opposite page.



ClASSlFICA nON AND CHARACTERIZATION

The table above shows the characterization for I tonne of soy bean

oil. Four steps are involved in the preparation of the classification

and characterization. First, the totals for each substance from the

inventory table are repeated. Secondly. the equivalency factors for

these substances are given. Thirdly. the substance amounts are

multiplied by the equivalency factors. Finally. the results of this

multiplication are added up to provide totals.

These results are then normalized in the table overleaf.
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Normalization (optional)

The scores for each environmental problem

can be normalized in a number of differE~nt

ways in order to relate them to a

reference. In this way. it is possible to

relate the environmental impacts of the

product under study to global emissions

and extractions. This can be done. for

instance. by dividing the score for global

warming potential by the annual rate of

global warming. The same can be done f,:>r

other scores. Global figures for the

common environmental problems are gi',en

in the table on the left. The table below left

shows the results of a normalization for

I tonne of soy bean oil. Note that much the

largest environmental impact is on

nutrification potential as a result of the

nitrogenous fertilizers using in growing the

soy beans.Classification and characterization

followed by normalization for bean oil

normalized score

(00'0"12)

unitscore

0

16.8

6.6

254.0

4.7

52-520

0.22-2.2

0

1995.0

0

0

3.95

250.0

0.95

1.34

30-300

200-2000

0

149.0

0

-

GJ

kg

kg

kg

kg
m3

kg

kg

kg

Results

The result of the classification and

characterization is a table in which up to

ten relevant environmental problems may

be represented. describing the

environmental profile of your functional

unit in absolute and normalized figures.

Where relevant, a description of the

qualitative environmental aspects of your

study is added.

abiotic depletion

energy depletion

global warming

photochemical oxidant forming

! acidification

human toxicity *

aquatic ecotoxicity *

terrestrial ecotoxicity

nutrification

ozone depletion

How to proceed

The result of this step is a series of

numbers that relate the functional unit to

common environmental problems. Whell

comparing products it is possible to

compare the scores per environmental

problem. which together form the

environmental profile.

* scores are not accurate
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Classification and characterization provides

an environmental profile of a product

which consists of a set of scores on

environmental problems in absolute figures.

The normalization step relates these scores

to the local or global situation. In some

cases, however, you may prefer to end up

with a single index instead of a series of

figures which are difficult to compare. This

is particularly the case when two or more

products have very different environmental

profiles, or when it is required to relate a

specific product to a standard. However,

simplification introduces the risk of losing

sight of the underlying assumptions and

information, and you will therefore have to

explore the soundness of the conclusions.

This step provides some tools to help you

convert an environmental profile into one

index, and to evaluate the reliability of the

result.

.:. weight the environmental problems;

.:. convert the environmental profile into

an environmental index;

.:. check the soundness of the outcome;

and

.:. arrange for peer review.

Weighting the environmental problems

Every environmental problem is weighted

according to the relative seriousness of that

problem. Several methods are available for

weighting. The CML Guide provides technical

requirements for weighting factors. Well

known sets of weighting factors include the

EPS system (Steen 1993, p. 34-53), Ecopoints

(Braunschweig 1993, p. 146) and the NSAEL

factors (Kortman 1994). Recently, a distance-

to-target method has been developed on

behalf of the Dutch Ministry of Housing,

Spatial Planning and the Environment in which

the environmental levels of durability are

used as a standard. The choice of weighting

factors is largely a subjective one. No

consensus has yet been reached on a

preferred approach.

Once individual weighting

fadors for each environmental

problem have been identified,

the mathematical procedure

for valuation is similar to that

for charaderization: the score

for each environmental

problem is multiplied by its

weighting factor.

If you design your own set of weighting

factors. you may use a multi-criteria

analysis. The principle behind multi-criteria

analysis is to develop a set of weighting

factors by asking a reference group to

indicate their preferences. Such groups may

consist of experts. but also of politicians or

key managers in a company. When

choosing the participantS. it is important to

check back with the goal definition because

the reference group should be similar to

the target group of the study.

Starting point

The basis for a valuation is the

environmental profile for the function

under study. Each environmental problem

is then weighted so that the scores for

each problem can be added up. Weighting

factors usually differ from country to

country, or even within countries, due to

differences in local conditions. Political

views also affect the weighting process, as a

result, for example, of the different

opinions held about the relative importance

of local problems, such as nutrification or

acidification, compared to global issues

such as global warming or ozone depletion.

Approach

Four steps are involved in the evaluation A simple method of establishing

preferences is to ask for a priority ranking

of environmental problems. by providing
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paired choices-for example, global

warming against human toxicity, global

warming against acidification, and human

toxicity against acidification. A slightly more

quantitative approach would be to ask for

scores on a semi-quantitative scale, for

example from ---to + + +.

Converting the environmentol profile

into an environmental index

Now multiply the scores on the

environmental problems by their respective

weighting factors. When that is done, add

the resulting figures together in order to

obtain the environmental index.

If only a few problems are

dominant in the environmental

profile, you can concentrate

on these in the weighting

process, ignoring other

problems.
In order to get a feel for the sensitivity of

the outcome, it is often useful to try

different sets of weighting factors. In the

example opposite, we show how results

change depending on which of two different

sets of weighting factors is used.

Checking the soundness

of the outcome

Further analysis needs to be performed to

check on reliability. For instance, a

sensitivity analysis can be used to identify

the consequences of uncertainties in the

data. It is worthwhile estimating the range

of uncertainty for the main process data.

A mathematical method of calculating the

effects of these uncertainties has been

developed in the CML Guide, section 4.2. A

practical way of performing this analysis is

to construct best and worst case scenarios.

Find out whether different scenarios

fundamentally affect your final conclusions.

Arranging the peer review

LCA studies are often complex. You are

therefore advised to have your study
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reviewed by experts. These experts should

review assumptions and conclusions to see

if they are sufficiently clear and whether

you have followed the right approach.

SET AC suggests that each LCA study

should include an official peer review,

produced by an independent third part)I.

Such a review will enhance the credibility of

the outcome.
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The example on the left ranks four

different fats using two different ways of

weighting the normalized scores. The

table on the left show the normalized

scores for all four fats. The profile for fat

A, soy bean oil, was calculated in the

previous step and the profiles for the

other fats have been calculated

elsewhere.

The second table shows the two sets of

weighting fa.'tors. The first simply treats

all problems as of equal importance. As

the total has to equal 1.0. and there are

seven environmental problems. each

weighting factor equals 1/7, or about

0.143. The second set of weighting

factors was derived within Unilever

during the execution of the LCA.

The result of this LCA for spreads shows

that nutrification is the most important

environmental problem. A further study

on fertilizer use would indicate how

sensitive soy bean growth is to fertilizer

use, and would provide some

indication of reliability and improvement

options.

For peer review, colleagues from the

University of Leiden were asked to

comment on the approach. One of their

main comments was that more

information was needed on the

environmental impacts of using both

pesticides and herbicides in the

agriculture stage.
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The final step is to report the LCA results

and make an improvement assessment.

to identify areas of possible improvement. It

should be remembered that LCA does not

cure environmental problems but helps

decision makers identify those areas which

have the highest improvement potential.

The simplest way of identifying promisin:g

areas of improvement is to use the results

as presented on the facing page. You can

then start to select improvement options,

for which an environmental profile should

also be made. You can then compare

different improvement options. The main

questions to be answered include: which

processes or stages have improvement

potential and which alternatives offer the

best scope~ Examples of this approach can

be found in Brezet et al. 1994, Crul 1994,

Mazijn and Ter Riele 1994.

Starting point

At this stage you should consult your goal

definition, in order to check both the

purpose and the target group of the study.

In some cases, you will want to publish the

outcome of the study. In other cases, you

will use the results as a basis for an

improvement analysis.

'r 0 improve the system

studied, you need to identify

areas of possible

improvement It should be

remembered that LCA does
Approach

Two steps are involved in this final section

of the study:

.:. structuring the results; and

.:. performing the improvement

assessment.

not cure environmental

problems but helps decision

makers identify those areas

which have the highest

improvement potential.'

Structuring the results

LCA is used to evaluate the environmental

impact of a product or service during its

entire life cycle. In order to maximize the

value of the study. the results should be

reported in an effective way. Some people

may want to present the absolute numbers

in tables but, in general. graphs and pie

charts are more informative.

Suggestions and precautions

.:. Try to formulate what it is that is

important to know in performing

improvement analysis. Do you want to

find out which process is dominant, ,or

do you want to identify the main

substances. Note that the way the

results are structured may depend c,n

the way your process flow chart was

constructed.

.:. Keep in mind that the reliability of the

outcome depends on the reliability of

the data used. It is possible to identify

what effect the reliability of the dat2l has

on the result by performing a sensitivity

analysis. The idea is to find out how

small changes in the data influence the

final results. The main question is to

what extent do the results depend on

the data used! Such a sensitivity analysis

may highlight which data need further

elaboration.

The previous page showed a bar chart in

which the total environmental index for

each of four products was subdivided by

environmental problem. You may also want

to subdivide the index by stage of the life

cycle or by process. An alternative is to

present the results in terms of the

normalized scores for each substance

involved. These possibilities are illustrated

in the figures on the facing page.

Performing the improvement analysis

To improve the system studied. you need
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ORGANIZATIONS

International Organization for

Standardization (ISO)

tel: +41 227490 III

fax: +41 22 7333 430

~

Europe:
tel: +3227727281

fax: + 32 2 770 5386

North America:

tel: + I 904 469 9777

fax: + I 904 469 9778

This section contains selected sources of

information on:

Technical Committee TC207-

Environmental Management

tel: +14167474103

fax: +14167472473

Society for the Promotion of Life Cycle

Development (SPOLD)

tel: +32 2 772 8377

fax: +32 2 772 5386

.:. organizations;

.:. journals;

.:. software tools;

.:. data;

.:. LCA publications; and

.:. related UNEP publications.Subcommittee SC5-LCA

tel: +49214307 1571

fax: +49 214 305 0661 United Nations Environment Programme

(UNEP). Industry and Environment

tel: +33 144371450

fax: +33 144371474

Society of Environmental Toxicology and

Chemistry (SET AC)

tel: +44 1865 3 10366

fax: +44 1865 310898

JOURNALS

Environmental Science and

Pol/ution Research International

Ecomed Publishers

tel: +498191 125469

fax: +498191 125429

journal of LCA

Ecomed Publishers

tel: +49 8191 125469

fax: +49 8191 125429Environmental Toxicology and Chemistry

Pergamon: Elsevier Science Inc., 660 White

Plains Road. Tarrytown, NY 10591-5153,

United States

Industry and Environment Review

United Nations Environment Programme

tel: +33 1 44 37 1450

fax: +33 I 44 37 14 74journal of Cleaner Production

Butterworth-Heinemann Ltd

DATA

Boustead, I., and Hancock, G. F. (1989).

EEC Directive 85/339, UK Data 1986, a

report for INCPEN. Open University, Milton

Keynes.

Boustead. I. (1993). Eco-profiles of the

European Plastics Industry: ii, Olefin feedstock

sources; iii, Polyethylene and polypropylene; iv,

Polystyrene; v, Co-product allocation in chlorine
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plants. vi, Polyvinyl chloride. PWMI, Brussels.

Frischknecht, R.. Hofstetter, P., Knoepfel, I.

Walder, E., Dones, R.. and Zollinger, E.

(1993). Oko;nventare {ur Energ;esysteme:

Grund/agen {ur den ok%gischen Verg/eich van

Energiesystemen und den Einbezug van

Energiesystemen in Okobi/anzen {ur die

Schweiz. O. Auf/age (Eco-inventories for

energy systems: foundations for the

ecological comparisons of energy systems

and the use of energy systems in

ecobalances in Switzerland). Bundesamt fUr

Energiewirtschaft, Bern.

Habersatter, K. (1991). Okobi/anzen van

Pockstoffen. BUW AL, Bern.

EcoPro 1.2. EMPA. St. Gallen. Switzer!land.

EkoTool, Soil and Water, Finland.

EMIS. Carbotech AG. Basel, Switzerland.

SOFTWARE TOOLS

The following list is based on Pederson

Weidema 1993. SPOLD 1993 and

Siegenthaler. C. P.. Noppeney. C.. and

Pagliari. F. (1995). fine Obe~icht der PC-

Programme zur Erstel/ung van Produkt- und

Betriebsiikobilanzen (Survey of PC

Programmes for Making Product and Firm

Ecobalances). aBU. Switzerland.

EPS (Environmenul Priority Strategies).

Swedish Environmenul Research Inst.itute.

Goteborg. Sweden.

Boustead Model. Boustead. United

Kingdom. GaBi, PE-Product Engineering, Dettirlgen.

Germany.

CUMPAN, University Hohenheim,

Stuttgart, Germany. Gabi-Basis. IKP. University of Stuttgart,

Germany.

DESC. Decision Model for Environmental

Strategies of Corporations. Institute for

Applied Environmental Economics (TME).

the Netherlands.

GemislT emis, bko-institut, Darmstidt,

Germany.

HERAKLIT. Fraunhofer Institute. MUnchen.

Germany.Eco-Assessor. Pira International.

Leatherhead/Surrey. United Kingdom.

ECONTROL, Okoscience, ZUrich,

Switzerland.

IDEA. International Institute for Applied

System Analysis (IIASA. Austria) and

Environmental Research Centre 01: Finland.

ECOPACK 2000. MBC. Kreuzlingen.

Switzerland.

KCL-ECO. The Finnish Pulp and F'aper

Research Institute. KCL. Anssi Karna.

Finland.
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FURTHER INFORMAnON

LCAIT -LCA Inventory, Chalmers

Industriteknik, Goteborg. Sweden.

Simbox, EAWAG, Dlibendorf, Germany.

Simapro 3.0 Analyst, Pre Consultants.

Amersfoort, the Netherlands.Ufeway, PLA Educational Tool, Technical

University of Denmark and Visionik, Denmark.

Simapro 3.0 Designer. Pre Consultants,

Amersfoort, the Netherlands.LMS-U I-BP, LMS, Leoben, Austria.

Oko-Pack, LSS Lahyani Software Solutions,

Zug, Switzerland. Simatool, Centre of Environmental Science

(CML). Leiden University, the Netherlands.

Oko-Base II, Migros, Switzerland.

Sundstrom-model, Miljobalans, AB, Sweden.

PEMS. Pira International. leatherhead.

Surrey. United Kingdom. TEMIS/GEMIS, Gesamtemissions-Model

Integrierter Systeme. Okoinstitut

Darmstadt, Germany.PIA, Computer program for product

improvement analysis, BMI, TME, Unilever,

the Netherlands. TEA (Tools for Ecological Analysis).

Ecobilan. France.

PIUSSoecos/UC, PSI AG, Velbert, Germany.

Umberto. IFU. Hamburg. Germany.

Procter & Gamble, Procter & Gamble's

Technical Centre, Belgium. Umberto Professional. IFU. Hamburg.

Germany.
REGIS for Windows, Sinum, St Gallen,

Switzerland. Umcon, PARTICIP GmbH, Wehingen,

Germany.

REPAQ, Franklin Associates, Prairie Village,

United States.

LCA PUBLICATIONS

Ahbe, S., Braunschweig, A. and MUller-

Wenk, R. (1990). Methodik (ur Oekobilanzen

auf der Basis okologischer Optimierung

(Methodology for LCA based on Ecological

Optimization). BUWAL, Bern.

Procter & Gamble, Brussels.

Anonymous (1990). Ufe Cycle Assessment,

workshop report. SET AC. Brussels.

Anonymous (1992). Product Ufe Cycle

Assessment principles and methodology.

Nord, Copenhagen/Stockholm.

Anonymous (1990). Ufe Cycle Analysis for

Packaging Environmental Assessment,

Proceedings of the Specialized Workshop,

Leuven. Belgium, September 24-25, 1990. Anonymous (1994). Ufe Cycle Assessment:
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environmental technology. CSA. Ontario. Impact Assessment SETAC. Pensacola.

Anonymous (1994). Proposal of a Standard

Methodology for Ufe Cyde Analysis for Packaging.

interim report, March 1994. VUB. Brussels.

Anonymous (1995). An Overview of the Ufe

Cyde Approach to Product/process

Environmental Analysis and Management,

Environmental Monograph Series. Paris.

Guinee, j.B., Data for the Normalization Stet)

within Ufe Cycle Assessment of Products.

CML, Leiden, CML paper no. 14.

Braunschweig, A. and R. Miiller-Wenk

(1993). Okobi!anzen (lir Unternehmungen: Eine

Wegleiting (lir die Praxis. Haupt, Bern,

Stuttgart and Vienna. Habersatter, K. (1991). Okobi/anz van

Packstoffen. Buwal, Bern.

Brezet, H. et al. (1994). Handleiding voor

milieugerichte produktontwikkeling. In Dutch,

the Hague.

Boustead, I. (1992). Eco-balance: methodology

for commodity thermoplastics. PWMI, Brussels.

Consoli, F., Allen, D., Boustead, I., Fava, J.,

Franklin, W., Jensen, A. A., de Oude, N.,

Parrish, R., Perriman, R., Postlethwaite, D.,

Quay, B., Seguin, J. and Vigon, B. (1993).

Guidelines for Ufe Cycle Assessment: a 'Code of

Practice', Edition I. SET AC, Brussels and

Pensacola.

Keoleian, G. A. and Menerey, D. (1993). Ufe

Cycle Design Guidance Manual: environmental

requirements and the product system. EPA,

Cincinatti.

Crul. M. R. M. (1994). Milieugerichte produkt-

ontwikkeling in de praktijk, ervaringen, belem-

meringen en oplossingen. NOTA. the Hague.

Fava, J. A., Denison, R., Jones, B., Curran,

M. A., Vigon, B., Selke, S. and Barnum. J.

(eds.) (1991). A Technical Framework for Ufe

Cycle Assessment. SET AC, Washington.

Fava, J. A., Consoli, F., Denison, R.,

Dickson, K., Mohin, T. and Vigon. B. (eds.)

(1992). A Conceptual Framework for Ufe Cycle
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Frischknecht, R. et al. (1993). Environmental

Ufe Cycle Inventories for Energy Systems, an

environmental database for the inclusion of

energy systems comparison for Swiss condition~;.

Laboratorium fUr Energiesysteme. ETH

ZUrich/PSI Villingen. available in German and

in English.

Heijungs, R., Guinee, J. B., Huppes, G.,

Lankreijer, R. M., Udo de Haes, H. A.,

Wegener Sleeswijk, A., Ansems, A. M. r1.,

Eggels, P. G., van Duin, R. and de Goede, H.

P. (1992). Environmental Life Cycle

Assessment of Products: i, Guide; ii,

Backgrounds. CML, Leiden.

Huppes, G. and Schneider, F. (eds.) (1~'94).

Proceedings of the European Workshop an

Allocation in LCA. CML, Leiden.

Kortman, J. G. M., Lindeijer. E. W., Sa., H.,

and Sprengers. M. (1994). Towards a single

indicator for emissions, an exercise in

aggregating environmental effects. Interl'aculty

Department of Environmental Scienc'~.

University of Amsterdam, Amsterdarn/Delft.

lUbkert, B., Virtanen, Y.. MUhlbergE,r. M.,



Ingman,j.. Vallance. B., and Alber, S. (1991).

Ufe Cycle Analysis: idea, an international

database for ecoprofile analysis, a tool for

decision makers, working paper. IIASA,

Laxenburg.

SPOLD (1993). LCA Source Book, a European

business guide to life cycle assessment. SPOLD.

Brussels. and Sustainability. London.

Lindfors, L-.G., Christiansen, K., Hoffman, L.,

Vortanen, Y., juntilla, V., Hansen, O. j.,

R0nning, A., Ekvall, T. and Finnveden, G.

(1995). Nordic Guidelines on Ufe-Cycle

Assessment. Nord, Copenhagen.

Steen, B., and Ryding, 5.-0. (1993). The EPS

Enviro-accounting Method: an application of

environmental accounting principles for

evaluation and valuation of environmental

impact in product design.

Avfallforskningsradet AFR. Stockholm.

Mazijn, B. Van tekentafel tot afvalberg, LCA, fen

instrument voor ecodesign, eco-label en eco-tax

(From design to waste disposal, LCA, an

instrument for ecodesign, ecolabeling and

eco-taxation). Monografjeen Stichting

Leefmilieu nr. 32, Pelckmans.

Pedersen, Weidema B. (ed.) (1993).

Environmental Assessment of Products: a

textbook on life cycle assessment UETP-EEE,

Helsinki.

Yigon, B. W.. Tolle, D. A.. Cornaby, W..

Latham, H. C.. Harrison, C. L.. Boguski. T.

L., Hunt, R. G.. and Sellers, J. D. (1992).

Product Ufe Cycle Assessment: inventory

guidelines and principles. EPA. Cincinatti.

Ryding. S.-O. (1994). International

Experiences of Environmentally-sound Product

Development Based on Ufe Cycle Assessment

(LCA). Avfallforskningsr~det AFR.

Stockholm.

RELATED UNEP PUBLICATIONS

Cleaner Production Worldwide, volumes / and

/1 (1993 and 1995). UNEP IE, Paris.

April-September 1995, UNEP IE, Paris.

Environmentol Economics Series, Environment

and Economics Unit, UNEP, Nairobi.

Company Environmental Reporting (Technical

Report Series No. 24, 1994). UNEP IE, Paris. Government Strategies and Policies for Cleaner

Production (1994). UNEP IE. Paris.

Environmental Management Tools. Industry

and Environment, Vol. 18. Nos 2-3,
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T er Riele, H., and A. Zweers (1994). Ec()-

design: acht voorbeelden (Ecodesign: eight

examples). Rathenau Institute, the Hague, the

Netherlands.

Udo de Haes, H. A., Bensahel, J.-F., Clift, R.,

Fussier, C. R., Griesshammer, R. and jensen,

A. A. (1994). Guidelines for the Application of

Ufe Cycle Analysis in the EU Ecolabe/ling

Programme, second report. European
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of mass, carbon content or energy content.

Often the balance is found not to be

correct, for instance because of data

insufficiencies. Balancing can be a very

instructive technique.

A

abiotic depletion

The use of abiotic resources faster than

they are created. This lowers global

supplies and may lead to scarcity.

abiotic resource

Abiotic resources are usually non-

renewable in the short term. Ores are

examples of abiotic resources.

acidification

Environment41 problem produced by

pollution. Acidification potential is defined

as the amount of S02 (in kg) that would

cause the same acidification as I kg of the

substance emitted.

C
chain management

A form of environmental management

directed at entire systems of processes

instead of at individual processes or those

at one site. It aims at improved

sustainability of economic activities by

closing substance cycles. minimizing waste.

and preventing emissions and waste.

allocation

Step in LCA in which it is determined how

environmental interventions of a multiple

process will be distributed over the various

process functions.

characterization

Step in impact assessment in which the

environmental interventions or stressors of

a product system are aggregated into a

limited number of environmental problems.

characterization factor-see

equivalency factorallocation rule

The basis on which an allocation is made-

such as mass, commercial value or energy classification

content. Step of impact assessment in which the

environmental interventions or stressors of

aquatic ecotoxicity a product system are qualitatively

Environmental problem caused by pollution. regrouped according to a number of

Aquatic ecotoxicity is defined as the volume environmental problems.

of water (in m3) which would be polluted

to a critical level by I kg of the substance

concerned.

collection of data

Part of the inventory analysis: finding out

the economic and environmental numbers

per individual process. The use of a proper

B questionnaire is recommended.

balancing, balance sheet

A possible way of checking collected data is co-production (multi-output process)

to compare input totals with output totals. Production of more than one marketable

This can, for instance, be done on the basis output of a process.
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D
depletion

Depletion is the result of the extraction of

resources from the environment faster than

they can be created. Depletion can be

subdivided into abiotic depletion and energy

depletion.

difference analysis

An LCA which concentrates on the

differences between given product

alternatives.

environmental flow
Flow from the environment to a process or

vice versa.

environmental index

Parameter representing the harmfulness of

a product to the environment, obtained by

quantitative weighting of environmental

problems during the valuation.

E
ecolabel

Official award granted to a number of

product alternatives in a product group

conforming to the environmental criteria as

set for that group. usually on the basis of an

LCA.

economic flow

The flow from one economic process to

another. consisting of goods. materials.

services. energy. waste. etc.

environmental intervention

Physical interaction betWeen a system

studied and the environment, defined in

terms of the extraction of resources,

substance emissions to air, water or land,

space occupied by waste and plant,

disturbance, etc.
economic process

Deliberate activity, creating a financial or

utility value for those performing it.
environmental LCA

Part of a broader LCA in which only

environmental consequences are

considered.effect score

Number representing the contribution of a

process. group of processes or system

studied to a given environmental effect.

environmental problem

Environmental problems, caused by

resource depletion and pollution, which are

scored during impact assessment. The main

environment problems used in LCA are

abiotic depletion, energy depletion. human,

toxicity. ecotoxicity (aquatic and

terrestrial), acidification, nutrification. ozone

depletion, global warming and

emission

Discharge of entities (such as chemicals,

heat, noise and radiation) to the

environment from the system studied.
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energy depletion
A form of abiotic depletion, in which energy

supplies are used up faster than they are

created. thus reducing global supplies. This

may lead to scarcity.

environmental effect
The consequence of an environmental

intervention on the environment.
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photochemical oxidant formation. amount of CO2 (in kg) that would cause

global warming equivalent to I kg of the

substance emitted. Mostly caused by the

emission of CO2' as a result of the burning

of fuels, and by emission of CH4o

equivalency factor

Factor used in characterization which

expresses the contribution of a single

stressor to a specific environmental

problem as a ratio to the contribution of a

standard stressor (for example, the global

warming potential of methane as a ratio to

that of CO2).

goal definition

Element of an LCA in which the functional

unit is specified and the product studied is

delineated.

environmental profile

List of quantified contributions to the

environmental problems.

H
human toxicity

Environmental problem caused by pollution.

Human toxicity is defined as the weight of

human body (in kg) that would be exposed

to the toxicologically acceptable limit by

I kg of the substance concerned.

extraction

Use of materials or resources obtained

directly from the environment by an

economic process.

F
final waste impact assessment

Solid waste which will not undergo further Element of an LCA in which the

processing. as in landfill. contribution made by the environmental

interventions to environmental problems is

functional unit determined through model-based

Specification of the unit size of a product or calculations. using equivalency factors. A

system. on the basis of which subsequent valuation step is also performed.

environmental scores are calculated.

G
goal definition and scope

First components of an LCA in which the

goal and the subject, including the functional

unit, are specified. and in which the scope

necessary for the application is established.

global warming (greenhouse effect)

Environmental problem caused by pollution.

Global warming potential is defined as the

8;'

improvement analysis
Element of an LCA, carried out if the

assessment is undertaken for product

improvement. Improvement analysis

provides starting points for the redesign of

the product and processes concerned.

improvement assessment

Final component of an LCA in which the

opportunities for improvement are

identified and investigated on the basis of

the previous LCA analysis and a knowledge
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waste with a positive

waste processing and

multiple processes.

of process engineering and design.

inventory analysis
Element of an LCA in which an objective

analysis is made of the environmental
interventions associated with a process or N

function. normalization
Sub-step in characterization in which the

inventory table quantified contributions to impact

List of entities added to and taken from the categories are related to the total

environment through economic actions magnitude of these impacts as created in a

which are directly related to the system year by all activities in the world (or

studied and which have a potential effect on possibly by those in a smaller area). The

the environment. resulting figures are called the normalized

effect scores.

L
life cycle
The combination of processes needed by a

product or function. Life cycle stages

include production, use and processing after

disposal, including processing the wastes

generated by these stages.

M
main flows
All flows to and from an economic process

which are the goal of the process and to

which allocations are made. These flows are

economic flows with a positive value.

multi-criteria analysis
Method by which a formal or informal

procedure can be applied to the weighting

of the effect scores in a life cycle

assessment.
ozone depletion
Environmental problem caused by pollution.

Ozone depletion potential is defined as the

amount of CFC-II (in kg) that would cause

ozone depletion equivalent to I kg of die

substance emitted.

multi-output process
A process which produces more than one

commercially valuable product (a good or a

service, including a material, energy and
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value). Co-production,
recycling are all

normalized environmental profile
Environmental profile consisting of the

normalized effect scores.

nutrification
Environmental problem caused by pollution.

Nutrification potential is defined as the

amount of PO43- (in kg) that would cause,

nutrification equivalent to I kg of the

L -_:_-.1SUDSl;an~e elllll.l.eu.

0
overall life cycle assessment

Study of one or more aspects of a product

process in which the complete life cycle of

the study object is considered and which

covers a range of aspects such as the

environment, costs and safety.
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P in the same or in another system.

peer review

Independent and external review of an LCA resource

to establish the validity and reliability of the Material extracted from the environment to

results and to enhance the quality and be used in a process.

credibility of the LCA.

product system S

All the economic processes which screening

constitute the life cycle of a product, The process of selecting key issues from an

including the process delivering the function LCA for more detailed investigation in a

being analysed. subsequent LCA.

photochemical oxidant formation

Environmental problem caused by pollution.

The photochemical oxidant formation

potential is defined as the amount of

ethylene (in kg) that would cause oxidant

formation equivalent to that caused by I kg

of the substance emitted.

system boundaries

Part of the inventory analysis: the definition

of borders betWeen one system and

another.

process data sheet

Record sheet on which process data are

entered for subsequent processing.

system studied

Set of processes and flow of goods or

services which contribute to the life cycle

of a product or function. The system

studied covers the complete life cycle.

process flow chart

Part of the inventory analysis: graphical

representation of the interconnected

economic processes which make up the life

cycle of a product.

processing of data

Part of the inventory analysis: calculating

the different amounts of products and

environmental interventions caused by the

functional unit.

T
terrestrial ecotoxicity
Environmental problem caused by pollution.

Terrestrial ecotoxicity is defined as the

weight of polluted soil (in kg) that would

polluted to a critical level by the emission

of I kg of the substance concerned.
R
recycling
To collect and/or process waste from a

system that results in a useful application
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sensitivity analysis

Analysis to determine the sensitivity of the

outcome of a calculation to small changes in

the assumptions or to variations in the

range within which the assumptions are

assumed to be valid. This includes changes

in the process data.
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V
valuation

Part of the impact assessment the scores

for the different environmental problems

are weighted and added up, thus creating a

single number called the environmental

index. This index can then be used to

compare product alternatives.

W
waste

Materials without any positive commercial

value created by an economic process.

(Sometimes a by-product with a low value

or one which makes only a small

contribution to the total revenue is also

considered as waste.) A distinction can be

made between waste which is processed in

the economic system with resulting

emissions, and final waste. which is

introduced into the environment.
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An attempt has since been made to add

environmental parameters to the linear

programming exercise in which the cost

optimization for different blends is

carried out. Environmental improvement

is possible but, by definition, the

alternatives are more expensive because

blends are currently optimized on the

basis of cost. Interestingly. it was found

that some environmentally-improved

formulations had a poorer health

performance which resulted, for

example, from differing levels of mono-

and poly-unsaturated fatty acids. This

shows how difficult it is to optimize

complex products by simply changing
one parameter.

The Centre of Environmentai Science (CMl) is an interfaculty department of leiden

University. the oldest university in the Netherlands. CMl is divided into four sections

dealing with Substances and p..oducts. Ecosystems and Environmental Quality.

Environment and Development, and Education. The centre has a scientific staff of 40

people.

Discussions have now been begun with

the buying department to see in which

ways trading conditions for commodity

products such as vegetable oils can be

altered to include environmental

elements. This turns out to be a complex

issue which will take time to progress.
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