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PREFACE TO THE ENGLISH EDITION

This is a translation of the original report in Dutch, dated October 1992. Only obvious printing errors
have been corrected; new developments have not been included. This preface gives an overview of
some developments in the state-of-the-art of LCA since the conception of the original report.

The Society of Environmental Chemistry and Toxicology (SETAC) is the current leading international
organization in the coordination of the methodological development of life cycle assessment. In April
1993, an expert workshop was held in Sesimbra, Portugal, with the aim of establishing an
internationally agreed Code of Practice. This included the definition of a technical framework for LCA
consisting of components (as in Figure 0.1) and a uniform terminology.

The framework and terminology developed in this report differ slightly from that provisionally
developed by SETAC. To avoid confusion we have provided an overview of the main differences here.
This is followed by a comparison of the framework and terminology used in this report and that in
the Code of Practice.

The framework in this report consists of five components. The draft Code of Practice consists of
four components. The main difference concerns the components classification and evaluation in the
present report. These are part of the impact assessment in the SETAC framework. Classification as used
in this report is subdivided into classification and characterization in the Code of Practice, where the
former denotes the labeling of inputs and outputs according to the effect categories they contribute to,
and the latter amounts to the weighting and aggregation into scores for these effect categories. The
similarities and the differences between the two approaches are summarized in the table below.

Code of Practice Sesimbra — April 1993 Guide + Backgrounds LcA — October 1992
goal definition and scoping  goal definition
inventory analysis inventory analysis
classification
impact assessment { characterization
valuation  evaluation

} classification

improvement assessment improvement analysis

In this study the term impact has been avoided. Interventions indicate human interference in the
environment, e.g. resource extraction and emissions (environmental releases). Effects indicate the
resulting environmental problems, e.g. resource depletion and acidification. Further differences in
terminology are minor.

iii



FOREWORD

The Netherlands National Environmental Policy Plan Plus (NEPP-plus) proposes to accelerate targeted
product policy measures. According to the plan this acceleration “is dictated by the need to manage
the waste chain as a whole. This covers not only the effects at the waste stage, but also emissions and
diffusion of substances.” It continues as follows: “Viewed against the background of integrated chain
management, it goes without saying that product policy extends over the whole life cycle of a product.
Good product policy is not only important to producers. Naturally it also benefits consumers.”

The acceleration of the product policy measures has now been implemented in several places in the
Netherlands. The concept that good product policy is based on an approach in which the entire life
cycle of a product is assessed in relation to all aspects of the environment has been highly significant
in gaining broad acceptance in society. The reason for this is that everyone considers it undesirable
for environmental effects to be shifted to other stages in the life cycle or other aspects of the
environment.

Life cycle assessment is not just an instrument to support the product policy; it is also a philosophy.
Consumers in the shops will become aware that there is such a thing as a “life cycle”; a highly
polluting process may have been used to manufacture an apparently “environmentally-friendly” (e.g.
biodegradable) product. A life cycle assessment provides information about such hidden aspects., As
a result the chain concept may become widely accepted.

The method described in this manual for the environmental assessment of product life cycles can |

be used to implement a product policy as referred to in the NEPP-plus. The method can also be used
as a tool for ecological product development and improvement in industry, as a regulatory instrument

for government and as an instrument to inform consumers. Hence both the Netherlands Ministry of

Environment (VROM) and the Ministry of Economic Affairs have contributed to the funding of this
study which was carried out as part of the National Reuse of Waste Research Programme (NoH). It
is expected that both the public and private sectors, environmental and consumer organizations will
be able to use the results of this method in the next few years.

The ultimate aim of the environmental policy is to bring about sustainable development. The NEPP-
plus contains the following statement: “The objective of not leaving environmental problems to be
solved by future generations can only be achieved if our present patterns of production and
consumption are altered. This requires a departure from the existing trend in our behaviour.” This
means that the outcome of an environmental life cycle assessment can never legitimize our
consumption. There are no environmentally-friendly products, some products however, are more
environmentally-friendly than others.
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SUMMARY

This chapter provides a summary which can be used in the implementation of environmental life cycle
assessments for product studies. It includes a short document guide which explains the structure and
relationship of the various parts of this report and a guidelines section which lists all the guidelines.

Document guide

The report comprises two integral volumes. Both volumes are entitled Environmental Product Life
Cycle Assessment. Their subtitles, however, are different: one volume is the Guide while the other
volume is the Backgrounds document. The target groups for these documents and the relationships
between them are described below.

Guide

The guide describes a method which can be used to carry out an environmental assessment of the life
cycle of one or more products. Hence, it is largely aimed at those who actually undertake
environmental product assessments. These are likely to be consulting engineers, scientific institutes
and departments of large companies.

Backgrounds

This document discusses the reasoning behind the method described in the guide. The reasons for
certain choices are explained and compared to methods used elsewhere. This volume is largely aimed
at scientists in research institutes.

The guide (i.e. this volume) which is intended for the implementation of life cycle assessments, is
divided into three sections:

® the summary which includes all guidelines;

@ the report itself;

® the appendices.

The guidelines section gives a concise description of the method, concentrating purely on the
procedures. It is clear from the structure that these are guidelines to assist those carrying out an
environmental life cycle assessment. Initially, or if in any doubt, a researcher will need more than
these guidelines. The number of each step in the summary corresponds with the section numbers and
explanations in the document. The report itself explains terms, identifies parallels between actions
described in the guide and gives examples. It also gives references to the backgrounds document. The
appendices contain information essential to carry out a life cycle assessment but which does not belong
in a summary guide.
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Guidelines

This section combines the guidelines for all stages. It cannot be used without practical experience of
life cycle assessments. For further information about the guidelines you are referred to the
corresponding section of the guide, the backgrounds document and the list of terms on page 91.

Component 1 - goal definition

(2]

........... STEP 1.1 - DETERMINING THE APPLICATION .............
The type of application is determined; examples include:

— information about existing products;

— innovation of existing products or prototypes;

— legislation affecting product policies;

— assessing policy strategies through the use of scenarios;

The application depends on the choice of target group or groups:

— consumers;

— producers;

— government bodies;

List those concerned:

— those undertaking the study;

— the client and the funding body;

— the steering committee;

— those providing (and possibly verifying) the information required;
Such a full explanation will not be required if the LcA is only to be used internally e.g. to optimise
a design.

....... STEP 1.2 - DETERMINING THE DEPTH OF THE STUDY .........
A complete LCA should first be considered: covering all processes and environmental effects and
at least the following components: goal definition, inventory analysis, classification and evaluation.
At this stage it would not be sensible to omit any elements, this can only be done once an inventory
analysis has provided sufficient information to justify this.

Identical elements may be excluded when products are being compared. However, this can only
be done after defining the process tree in step 2.1.

When improving a product it may well be feasible to make recommendations for a redesign at the
inventory analysis level. However, the new design will have to undergo a complete LCA to assess
any shift to other environmental effects.

In all cases reliability and validity will have to be assessed (step 4.2).

........ STEP 1.3 - DEFINING THE SUBJECT OF THE STUDY ..........
Select a functional unit which is clearly defined in detail and covers an activity to the greatest
possible extent.

Provide an accurate specification of the products being assessed. The extent to which the
information is representative (in time and space) and the functional properties are particularly
important.

Indicate any product alternatives which meet the specifications fully or almost fully that were not
included in the assessment, and the reasons for this.

Component 2 - inventory analysis

........... STEP 2.1 - DRAWING UP THE PROCESS TREE .............
A process tree is drawn up for each alternative under consideration, i.e. the processes which form
part of the product life cycles are determined. The process tree is best laid out as a diagram, often
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with a summary process tree and separate trees for individual parts of the summary process tree.

® The extraction of raw materials from the environment is considered as the start of the life cycle.

®m Although waste processing is considered as the end of the life cycle it is treated as an economic
process which affects the environment through the consumption of raw materials, emissions and
in other ways. Similarly, waste treatment steps carried out before a substance is introduced into the
environment are included as part of the product system.

® The process tree is made up of economic processes.

= Economic processes have at least one economic output - goods (materials, components, products,
etc.) or services (transport, energy, waste processing, etc.) - which forms the goal of the process.

®m Each economic output of a process is the economic input of another process, with the exception
of the service provided by the overall product system which is related to the functional unit.

® There is no need to extend the process tree by following the processes related to associated
products and their production or the useful application of residual and waste materials.

= If the life cycle includes open loop recycling extraction and production are fully allocated to the
primary application. Collection and upgrading are fully allocated to the secondary application while
waste processing is only allocated to the last application in the cascade.

® This allocation system for open loop recycling will result in some of the consequences being shifted
elsewhere. In some situations this shift may well be undesirable. In this event the reuse will not
be interpreted as recycling in the LcA. The initial proposal for those situations in which there is
no open loop recycling but where the rest of the life cycle has to be followed is as follows:
— reuse of incinerator flue gas scrubbing residue;
— reuse of incinerator fly ash;
— application of combustible waste obtained from different, highly varied combustible waste

fractions as RDF;

— reuse of sewage sludge.

® Reuse which is considered to be open loop recycling must be identified.

®  All branches of the process tree must be extended to include processes whose inputs are auxiliary
environmental sources or whose outputs are emissions, unless they end in processes which are not
considered in detail (i.e. indicated as p.m. processes).

® When drawing up a process tree the processes which have been excluded should be clearly
indicated, where possible with a semi-quantitative estimate of the significance of these processes.

.............. STEP '2.2'= ENTERING THE PROCESS DATA ... .. ... 0.0 ..

® The data for all processes is collected and presented as shown in Table A.1. This includes both the
input from and the output into other economic processes: the use and production of goods,
materials, energy, services and waste to be processed. Other data includes flows to and from the
environment in terms of raw materials, space use, and emissions of substances, noise, heat, etc.

® The nature and quality of the process data will be specified for each process. Data whose quality
or representativeness does not match the general standard may have to be identified separately.

® Some processes have non-quantifiable aspects. These should also be included; the format makes
special provision for them.

® Preferably, the long-term marginal process data should be collected. In many cases this data will
be similar to the average process data during normal operations.

® Whenever possible numerical process data should be specified in sI units.

® Space use is a process parameter which requires a special conversion. It is expressed as a
relationship between the area of the plant, its annual production and the consumption of a product
or material. For a material whose quantity is expressed in kg this could be calculated as follows:

space use(m2-yr) = material use(kg) X area(m’) (1)
" e k) annual production(kg-yr)

Thus space use is expressed in m*s or m*yr.
® Noise is treated similarly:
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4.10“[0 (Paz) b4 lo.u‘.i' pressure level (dB)/10 (2)
annual production (kg-yr™)

noise (Pa*-yr) = material use(kg) <
The unit is Pa®s or Pa*yr.

......... STEP 2.3 - APPLICATION OF THE ALLOCATION RULES .........

® Allocations are made to outputs with a positive economic value (or, where there is no external
market, which have a useful application). The other flows (flows to and from the environment,
economic inputs and economic outputs of zero or negative value) are the items which are allocated.

® Whenever possible the causal links should be determined first in an analysis. In this way part of
the allocation problem may be neatly solved.

® The remaining allocation problems are solved by overall apportioned allocation.

® If the outputs to which the allocations are made have different units the allocation has to be made
on the basis of economic value.

® For co-production allocation is generally made to the relevant physical unit. Normally this will be
the unit in which the outputs, to which the allocation is made, are expressed. Generally, this will
be mass, although area is not unusual.

® If the economic values of the outputs differ greatly for each physical unit, the allocation is made
on the basis of economic value.

m If the allocation key could be open to dispute, it is advisable to use two or more variations of the
allocation and consider the difference between the results as a measure of the reliability (see step
4.2).

............ STEP 2.4 - CREATING THE INVENTORY TABLE ............

® The quantitative occurrence of all processes in the process tree can be determined by drawing up
mass and energy balances for each economic input: the sum of all occurrences in each process must
be zero for each economic unit, with the exception of the process producing the functional unit.

® Thereafter the inventory table for the functional unit can be determined by calculating, for each
environmental intervention, the sum of all the occurrences of these interventions.

® Additionally, all unquantified interventions for each process are combined and included in the
inventory table of the functional unit.

® When a number of products are being compared and a conclusion can clearly be drawn by
comparing the inventory tables, the classification and evaluation steps will not have to be carried
out. However, the reliability and sensitivity of the result (step 4.2) will need to be determined.

Component 3 - classification

............ STEP 3.1 - SELECTION OF THE PROBLEM TYPES ...........

® The provisional classification system is shown in Table 3.1. It indicates the environmental effects
under consideration and which are to be used in step 3.2.

® If necessary, a different set may be chosen provided the reasons for this are given.

....... STEP 3.2 - DEFINITION OF THE CLASSIFICATION FACTORS .......

® The depletion of abiotic raw materials is assessed by comparing the nett quantity used of each raw
material with the reserves (Table B.1 on page 65) of that raw material. This produces a
dimensionless expression:

ial
abiotic depletion =} material use,(kg)
T reserves,(kg)

(€)

® The depletion of biotic raw materials is assessed by comparing the nett quantity used of each raw
material with its reserves and its reserves/production-ratio. These two together provide a biotic
depletion factor (BDF; Table B.2 on page 65). The result is an expression in yr™:

biotic depletion(yr~) = Y BDF, (kg yr™) X material use,(kg) “@
i

® For some substances which contribute to the enhancement of the greenhouse effect parameters have
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been developed in the form of a global warming potential (Gwp; see Table B.3 on page 66). These
parameters can be used to express the potential direct” contribution to the greenhouse effect in a
single effect score. The GWP is a relative parameter which uses CO, as a reference’: the extent to
which a mass unit of a given substance can absorb infrared radiation compared with a mass unit
of CO,. In this way atmospheric emissions (in kg) can be converted to CO, emissions (in kg) with
an equivalent greenhouse effect:

greenhouse effect(kg) = Y GWP, X emission, to the air(kg) (5)

For some substances which contribute to the depletion of the ozone layer parameters have been
developed in the form of an ozone depletion potential (opP; see Table B.4 on page 67). These
parameters can be used to express the potential contribution which these substances make to the
depletion of the ozone layer in a single effect score. The oDP is a relative parameter which uses
Ccrc-11 as a reference: the steady state ozone depletion per mass unit of gas emitted to the
atmosphere per year is calculated relative to that of a mass unit of cFc-11. In this way atmospheric
emissions (in kg) can be converted to CFc-11 emissions (in kg) resulting in an equivalent depletion
of the ozone layer:

ozone depletion(kg) = Y ODP, x emission, to the air(kg) 6)
i

Human toxicity is assessed by relating the emissions* to the tolerable daily intake (TDI), the
acceptable daily intake (AD1), the tolerable concentration in air (tcL), the air quality guidelines,
the maximum tolerable risk level (MTR) or the C-value for soil based on human toxicology
considerations. This is data from toxicological experiments about the maximum daily intake or
concentration which is considered acceptable. A conversion is made so that emissions to water, the
atmosphere and soil can be combined in an acceptable way. This results in the definition of human
toxicological classification factors which depend on the substance and the environmental medium
concerned (see Table B.5 on page 68): for the atmosphere (HcA), for water (HCcw) and for soil
(Hcs). The unit of the effect score is kg: the part of the body weight in kg exposed to the
toxicologically acceptable limit. This is calculated as follows:

human toxicity(kg) = Y HCA,(kgkg™) X emission, to the air(kg) +
i

HCW, (kg kg ™) X emission, to water (kg) + ™
HCS, (kg kg ™) X emission, to the soil (kg)

The assessment of substances with an ecotoxic effect on species in the ecosystem is based on
maximum tolerable concentrations (MTCs) determined according to the EPA-method. This results
in the definition of two groups of ecotoxicological classification factors: one for aquatic ecosystems

(Eca) and one for terrestrial ecosystems (ECT); see Table B.6 on page 77. The unit of aquatic
ecotoxicity is m® polluted water:

aquatic ecotoxicity(m3) = E ECA,(m*mg™") X emission, to water(mg) 8)

and for terrestrial ecosystems, it is kg polluted soil:
terrestrial ecotoxicity(kg) = Y ECT,(kg'mg) X emission, to the soil(mg) ©9)
i

Photochemical ozone creation potential parameters (PocP; see Table B.7 on page 83) have been

The indirect contribution is included as a qualitative aspect, see §3.3.1.

In addition to CO, another reference gas which is commonly used is CFC-12. As CFC-11 is also used occasionally the term
GWP should be used with some caution.

In the context of this study it was proposed that the properties of toxic substances in the environment be included in the
assessment. This has already been done with some other effect scores; for GWP for example, the degradation of the substance
in the environment has also been considered. For human toxicity this results in the definition of a human toxicity potential
(HTP) and a reference substance. However, HTP has not yet been implemented.
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developed” for some substances' which contribute to the formation of photochemical oxidants.
These values can be used to express the potential contribution made by these substances to this
problem as a single effect score. The POCP is a relative measure which uses ethylene (C;H,) as a

reference: the extent to which a mass unit of a substance forms oxidants compared with a mass unit
of ethylene. In this way atmospheric emissions (in kg) can be converted to ethylene emissions (in
kg) with equivalent oxidant formation:

oxidant formation(kg) = Y POCP, X emission, to the air(kg) (10)
i

The contribution to acidification made by various forms of intervention in the environment can be
determined by weighting with acidification potentials (AP; see Table B.8 on page 86) which are a
measure of the propensity to release H* compared with sulfur dioxide (SO,). Atmospheric
emissions (in kg) are converted, using the AP, to sulfur dioxide emissions (in kg) resulting in
equivalent acidification:
acidification(kg) = Y AP, X emission, to the air(kg) (11)
i

The contribution to nutrification made by various forms of intervention in the environment can be
determined by weighting with nutrification potentials (Np; see Table B.9 on page 87) which are a
measure of the capacity to form biomass, compared with phosphate (PO; ). Emissions to the
atmosphere, water or soil (in kg) are converted, using the NP, to an equivalent phosphate emission
(in kg) in terms of nutrification:

nutrification(kg) = Y NP, X emission, (kg) (12)
i

Until the consequences of waste heat have been sufficiently determined, the release of heat, as a
form of environmental intervention, can only be taken directly from the inventory analysis and
aggregated. Only waste heat emissions into water are included:

aquatic heat(MJ) = energy-emissions,,(MJ) (13)

The odour threshold values in air (oTV; see Table B.10 on page 87) which have been determined
for the most important substances can be used to assess odours. Atmospheric emissions are
converted to the volume of air polluted up to the odour threshold:

emission, to the air(kg)

malodourous air(m®) = (14)
2 OTV, (kg m™)
To assess noise, sound production data from the inventory a;glysis are aggregated:
noise(Pa*s) = sound(Pa®s) (15)

As the exhaustive effects of space use are inextricably bound up with displacement effects, they are
combined in a single effect score. A maximum of ten forms of intervention of this nature are
collected during the inventory. At present categories I, Il and I are considered “natural” and
categories Iv and v as “unnatural”. Thus the ten forms of intervention are combined in a single
effect score with the unit m*s:

As the use of the POCP for this purpose is disputed, a further indication could be obtained by adding the quantities of vOC
and NO, without further weighting; see step 4.2.

No POCP has yet been defined for nitrogen oxides hence the quantity of NO, emitted is included separately as a “flag“, see
§3.3.1.
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damage (m*s) = space use,_,,(m?s)+
space use,_,,(m?s) +
space use, ., (m*s) +
space use,_,(m*s) +
space usey . (m?s)+
space use,, . (m?s)

(16)

® In the inventory analysis processes hazards were determined as the number of fatalities directly
attributable to an accident. This parameter is included in the classification without further
weighting:

victims = number of victims (7)

......... STEP 3.3 - CREATING THE ENVIRONMENTAL PROFILE .........

® The standard classification model (possibly amended or extended) is applied to the quantitative part
of the inventory table.

® Forms of intervention which may contribute to more than one effect (CFC emissions for example
contribute to the greenhouse effect as well as to ozone depletion) are included more than once.

® The qualitative aspects of the inventory table appear as a qualitative part of the environmental
profile, wherever possible in the form of effects.

® [t is preferable not to use graphs at this stage as they may give the wrong impression or depend
solely on the choice of scale used in the graphs.

® Caution is advised when discussing the environmental profile, otherwise the classification could
include an implicit evaluation.

® When products are being compared it may happen that all effect scores and all qualitative aspects
point in the same direction. In such an event there will be no need to take steps 3.4 and 4.1.
However, the reliability and validity will have to be considered; see step 4.2.

......... STEP 3.4 - NORMALIZATION OF THE EFFECT SCORES .........

® To make the effect scores of the environmental profile more meaningful they can be normalized
by relating them to the magnitude of the problem in a given period. For this purpose the same
classification model should be used as that used to draw up the environmental profile; the
difference being that the magnitude of the environmental intervention in one year, for example, is
used as the input data rather than the magnitude of the environmental intervention of a single
functional unit. This results in a normalized environmental profile, comprising a number of
normalized effect scores all with the unit yr. For an effect score expressed in kg this results in:

normalized effect score(yr) = —&0ect score(kg) (18)
annual volume (kg<yr™)

® Although these normalized effect scores have the same unit they should never be added to each
other in the classification.

® While information about the global magnitude of the effect scores is not available, the magnitude
in e.g. the Netherlands alone will have to be used.

® Ag it will continue for some time to be difficult to obtain all the required information for the
normalization this step will often have to be dispensed with.

Component 4 - evaluation

....... STEP 4.1 - EVALUATION OF THE ENVIRONMENTAL PROFILE .......

® There are two methods for the evaluation of environmental profiles: quantitative and qualitative
multi-criteria analyses. Quantitative multi-criteria analysis is preferable as it provides greater
transparency but at present it is only used to a limited extent, if at all.

® As the evaluation will, for the time being, mostly be undertaken through qualitative multi-criteria
analysis, the highest possible level of transparency should be aimed for. Hence, the reasons for
preferring one product alternative over another will have to be specified in discussion.
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...... STEP 4.2 - EVALUATION OF THE VALIDITY AND RELIABILITY ......

® The functional unit may be formulated differently in the goal definition. For example, in a
comparison of plastic coffee cups and porcelain cups, the calculations could be performed for cups
with and without saucers.

® During the inventory analysis the exact definition of the system boundary in step 2.1 should not
be relevant, so the inclusion of capital goods, for example, should not change the conclusion.

® In step 2.2 - when the process data are collected - there are generally some uncertainties included
in the data. The aim is to provide a clear presentation by using the format and by estimating the
quality of the data. However, the data will often be obtained from indefinite sources. In this step
the estimate of the quality of individual process data, which in step 2.2 was converted to an
estimate of the reliability of the complete data set, is extended to provide an estimate of the
reliability of the inventory table or the environmental profile.

® The allocation rules used will also affect the outcome. Wherever possible it may be useful to assess
the influence of alternative allocation rules.

® Soundly-based scientific knowledge about the effects of emissions, etc. is used for the classification.
In practice, there is often a problem in that substances are released for which there is no
information available about their harmful effects. In such cases a value may be determined by
analogy with related substances. Alternatively, the magnitude of the harmful effect may be
determined at which the conclusion of the study changes, after which the acceptability of this value
can be discussed.

® This method can also be used in the evaluation of the weighting factors. By determining the
magnitude of the weighting factors at which the conclusion changes, the sensitivity of the results
to these factors can be assessed.

® For some of the process data there are estimates of its uncertainty in the form of margins, e.g.
1242. The range of the data is also known for some classification factors. The backgrounds
document discusses a method requiring extensive calculations to determine the effects of these
uncertainties on the inventory table, the environmental profile and the environmental index.

® A method of determining the influence of marginal changes in the process data has been developed
for the improvement analysis (step 5.2). This method provides information about changes in the
inventory table, environmental profile or environmental index as a function of such changes in the
process data. However, this method can also be used to investigate which process data must be
most accurately defined because a marginal change could have such a major impact.

® In view of the reliability analysis, it is better to estimate an unknown data item than to omit it. The
reliability analysis may well show that the item is of minor importance but the insignificance of the
actual value of the item can then be demonstrated even more clearly.

Component 5§ - improvement analysis

................. STER O] HOMINANCE "ANALYSIS™ .., o otnie smmise ais

® The “true origin™ of the environmental interventions or effects is determined in the dominance
analysis which makes it possible to take a considered approach to solving a problem.

® During a dominance analysis it is useful to provide an overview in the form of a matrix of all
process data based on their occurrence. This matrix approach is developed in the backgrounds
document. It is illustrated in the example with this step.

.................. STEP ST WERGINAL RKNKEVEEY W™ 00 20 INEFNITY ..

® In theory marginal analysis is a powerful tool in determining the options for product improvement.
The method has yet to prove itself in practice. It is a new development which has still to be applied
and assessed. The approach is described in detail in the backgrounds document.

¥ An effective method of handling the large quantity of numbers is to make a list in which the
calculated numbers are listed in order of decreasing magnitude (in absolute terms).

® There is a close link with the reliability analysis in step 4.2: process data in which small changes
may have major consequences are also process data which have to be calculated extremely
accurately. Hence marginal analysis should also be used carefully.



CHAPTER 0

INTRODUCTION

This chapter describes the contents of this guide, its target group and structure. It provides an
introduction to the report itself.

0.1 Orientation

First we will describe some terms®. This guide describes the implementation of a product assessment.
This is limited to the potential effect on the environment of the functioning of a given product. The
assessment is not restricted to any particular stage in the life of a product: the entire life cycle is
considered, from production and use to disposal. Hence the term environmental product life cycle
assessment, which is abbreviated as LcA™. An environmental life cycle assessment, possibly together
with the results of other analyses e.g. an economic analysis, may result in an application. LCA
applications include product information, product innovation and government regulation. Information
provides support when a choice has to be made between alternative products, innovation might include
the development of more environmentally-friendly products and regulation might include awarding
approvals (ecolabelling). When used like this an environmental life cycle assessment can be employed
as an instrument to support policy making.

This report describes a method for environmental life cycle assessment. The method is described
in general terms in §0.2. Chapters 1 to 5 serve as a practical guide and give guidelines for carrying
out an LCA. The guidelines in the summary (page 2) list all the guidelines.

When determining the target groups addressed by the method there is a difference with the policy
target groups in the Netherlands NEPP* (National Environmental Policy Plan) as the policy officials
are now one of the target groups. There are four main target groups:

® those implementing LCAs, i.e. large companies, consulting engineers and consumer

organisations,

® yusers of the results of LCAs, i.e. consumers, the public and private sectors and other

organizations;

® policy officials, for product policy in the widest sense of the word (including environmental

approvals, waste policy and innovation policy);

® companies and designers, for design decisions.

The guide described in this section is only intended for those implementing LcAs. The aim was to find
a compromise between brevity and completeness: everything required to implement an LCA is included
in this guide. The reasons behind the choice of methods are included in the backgrounds document.

A short list of definitions is included in Appendix C.1.

LCA has slowly developed from an instrument for analysis into one for asscssment. This explains the the confusion on the
meaning of the abbreviation: is it life cycle analysis or life cycle assessment?

¥ A list of abbreviations is included in Appendix C.2.
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None of the practical studies currently available fulfils all the requirements of this method. Thus
the method does not reflect current practice, but rather the desired situation. Given the present,
limited, level of development of the methods and the lack of complete basic data practical studies are

unlikely to meet all the desired requirements in the near future. However, it is possible to indicate the
extent to which they meet certain requirements, the methodological status and quality of each step, as
well as the quality of the data in these steps. Hence the method is provisional and requires further
development, possibly through international cooperation. For this reason the most recent developments
should form the basis of each study and the method used as well as its date should be specified.

The wide variety of product assessments created in the past was one of the reasons for the
development of this method. Variety is undesirable for all target groups: trade and industry (the
private sector), consumers and the public sector. Decisions about investment, procurement, creating
the right conditions and the provision of information are not taken on a clear basis. The method
presented here aims to provide uniform guidelines for the implementation of an LCA. As progress is
made practical studies will continue to be faced with problems and disagreements. A code of conduct
will have to be created to deal with the remaining problems.

0.2 Structure

The following elements are included in the method:

® components;

® steps.
The components are built up into a logical structure which is developed in more detail in each of the
steps. The components will be discussed within this structure. The detailed development of the
components, as well as their steps, is included in Chapters 1 through 5, i.e. one component per
chapter. Each step is discussed in a separate subsection.

0.2.1 Structure in components : “
An environmental life cycle assessment is made up of five components which together form a
comprehensive structure. These components are:

® goal definition (page 17);

® inventory analysis (page 25);

® classification (page 41);

® evyaluation (page 51);

® improvement analysis (page 57).

The concept behind these components will be explained here. The precise nature of the components
will be described later. The logical progression of these five components is illustrated in the bold
frame in Figure 0.1.

The assessment of a product is concerned with more than just environmental aspects. Financial,
social and functional aspects may also be relevant. These other aspects are beyond the scope of this
report. The figure shows the position of environmental life cycle assessment compared with other
forms of analysis. Applying the results of an environmental life cycle assessment, possibly in
combination with other analyses, also lies beyond the scope of providing a description of a method
for environmental life cycle assessment.

Each component of an environmental life cycle assessment provides a result which can be used on
its own. Hence there is an outward arrow from each component in Figure 0.1. The results of the
various components are known as environmental indicators. An environmental indicator is a number
which provides information about the properties of the product concerned with respect to the
environment. The environmental indicators will be included as part of the discussion of the relevance
of the components. There are many potential environmental indicators. However not all of them are
equally useful or practical. Some of these environmental indicators will be examined in this report.
There is some interdependence between the environmental indicators as the outcome of the various
components. Environmental indicators should only be used at the same level to obtain useful
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FIGURE 0.1. An LcA comprises the components goal definition, inventory analysis, classification,
evaluation and improvement analysis and, with an assessment on other aspects, leads to an application.

information about the properties of a given product.

Component 1 - goal definition
The LcA begins with a definition of the goal. The actual goal of the LcA in question is determined.
This includes a consideration of the type of decision required for a potential application. The actual
application however is beyond the scope of the Lca. The depth of the study will also be determined
at this time. Finally, the object of the study is accurately defined. The goal definition produces a fairly
accurate specification of the product or products to be investigated. It will also specify the time and
place covered by the Lca, and for which the processes should be representative. At this stage the core
criterion in the comparison of the relevant product variations or the product is also determined as a
Sunctional unit. The choice of the numerical value is irrelevant: there is no difference, other than in
scale, between 1 kilometre or 1000 kilometres by car.

The goal definition produces an overview of the product properties of the products concerned. This
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includes both the properties determined by the researcher, such as the spatial representativeness and
functional unit, as well as properties resulting from the choices made e.g.: life span, nature of the
repairs and their frequency (or extent to which repairs are possible) as well as the recyclability of the
various waste flows (or the extent to which they can be recycled). The goal definition mostly requires
technical, economic and social scientific expertise: i.e. selecting alternatives which can usefully be
compared in view of the desired application.

Component 2 - inventory analysis

The second component includes an inventory analysis of environmental interventions during the entire
product life cycle. An environmental intervention is a change in the environment directly caused by
human activity. Environmental interventions are measurable physical parameters (inputs and outputs)
such as the extraction of raw materials, substance emissions and noise production associated with the
products concerned. As they are measurable and directly attributable to the product, environmental
interventions can hardly be disputed, except that certain subjective methodological choices were made.
These will be discussed later.

The inventory analysis results in a list of all environmental interventions associated with the
product, or rather with the fulfilment of the product’s function. This list is known as the inventory
table’. In addition to the inventory table the inventory analysis may also produce some aggregated
parameters. Examples include the total quantity of waste produced and the total energy consumption.
The inventory analysis requires an understanding of system theory and process engineering.

Component 3 - classification
This component includes the classification and modelling of environmental interventions on the basis
of their potential environmental effects. Here environmental effect means a consequence of the
environmental interventions due to processes (often of a highly complex nature) in the environment.
Examples of environmental effects include the enhanced greenhouse effect, depletion of the ozone
layer, acidification and damage to ecosystems. Often environmental effects cannot be attributed
unambiguously to specific interventions. The link between environmental interventions and
environmental effects is described with models. For example there is a model linking emissions of a
given substance to the depletion of the ozone layer. Two choices will have to be made in the models:
the effects to be modelled and how they will be projected. Both the behaviour of substances in the
environment and the potential effects on a receptor are included in the classification.

The classification produces a list of all environmental effects in which the product plays a part,
either itself or in the fulfilment of its function. This list is known as the environmental profile’. An
understanding of environmental science is vital to be able to compile the classification.

Component 4 - evaluation
During the evaluation an overall assessment of the product is made based on its potential
environmental effects. A single, uniform, parameter is often required when comparing the
environmental profiles of two products as in many cases an unweighted comparison will not lead to
a clear conclusion. Thi