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Abstract

There are currently severa methods available and in use for vauation (weighting) within the framework
of Life Cycle Assessment. In case studies they often produce different results. The aim of this paper isto
critically review presently available and operational methods in order to see if any of them can be
recommended for use. Among the methods that are reviewed is the EPS-system, the Tellus method,
economic vauation based on the impact pathway analys's approach, the ecoscarcity method, the Eco-
indicator 95 and other distance to target methods. The mgor conclusion is that none of the presently
available methods can be recommended for use as an LCA vauaion (weighting) method today. Thisis
mainly because they ather suffer from sgnificant datagaps, include inconsistencies, lack justification of
magjor assumptions, or because they are not vauation methods at dl. Better methods can however be
developed which fulfil basic requirements concerning consstency, judtification of assumptions,
trangparency and without to severe datagaps. Further research in this arealis therefore needed and
motivated. Research should focus on monetisation and pand methods. Other gpproaches have inherent
limitations which limit their usefulness as weighting methods.
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1 Introduction

1.1 Life Cycle Assessment

Life-cycle assessment (LCA) studies the environmentd aspects and potentid impacts of a product
throughout its life from raw materia acquidtion through production, use and disposd (i.e. from cradle-
to-grave) (1S0, 1997a). The generd categories of environmenta impacts needing consderation include
resource use, human hedlth, and ecologica consderations (ibid.).

LCA isonetool used for describing environmenta impacts. Examples of other environmenta
management tools include Risk Assessment, Environmenta Impact Assessment, Environmentd Auditing,
Substance Flow Andysis, Energy Andyss, and Materid Flow Andyss (see e.g. Anonymous, 1997,
Cowsdll et d., 1997, Moberg, 1999, Moberg et a, 1999, Wrisberg and Gameson, 1998, for a
discussion on related tools). What makes LCA unique isthe "cradle-to-grave' approach combined with
its focus on products, or rather the functions that products provide. "Products’ are interpreted in a
"broad" sense, and include both materid products and services. For example, "taking care of municipa
solid waste' is a product that may be studied by LCA.

Although LCA is not something new, the interest has increased dramaticaly since gpproximately 1990,
resulting in both a development and an increased harmonisation of methodology. A 'Code of Practise
has been published (Consoli et d., 1993) aswdl as severd guidelines (e.g. Heijungs et d., 1992; Vigon
et a., 1993; Lindforset d., 1995a; and Wenzel et a., 1997) and an 1SO standard (1SO, 1997a). LCA
isincreasingly used by companies (Baumann, 1996; Berkhout and Howes, 1997; and Grotz and Schall,
1996), and government agencies (Curran, 1997).

1.2 The framework

This section gives a brief presentation of the LCA framework and terminology, based primarily on 1SO
(1997a). Figure 1 illugtrates the framework and also some applications of LCA, which are outsde the
LCA framework.
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Figure 1. Phases of an LCA (1SO, 1997a).

A life-cycle assessment includes four phases (1SO, 1997a):

1. God and scope definition.

2. Inventory andyss, involving the compilation and quantification of inputs and outputs for agiven
product system throughout its life cycle. The inventory andyss resultsin alarge table of dl inputsto the
system (resources, etc.) and al outputs from the system (emissions, etc).



3. Life-cycle impact assessment, aimed at understanding and eva uating the magnitude and significance of
the potentia environmenta impacts of a product system (1SO, 19974). This phase may include elements
such as

3.1. Classfication (in which different inputs and outputs are assigned to different impact categories based
on the expected types of impacts to the environment).

3.2. Characterisation (relative contributions of each input and output to its assgned impact categories
are assessed and the contributions are aggregated within the impact categories).

3.3. Vduation (weighting across impact categories).

4. Interpretetion, in which the findings of either the inventory analysis or the impact assessment, or both,
are combined in line with the defined goa and scope.

Thereis a separate sandard for the god definition and inventory analysis (1SO, 1998a) and standards
for life-cycle impact assessment (1998b) and life cycle interpretation (1SO, 1997b) are in preparation.
The draft internationd standard for life cycle impact assessment (LCIA) contains some changesin
framework and terminology compared to the standard on principles and framework. The draft LCIA
standard contains a number of mandatory and optiona eements. The mandatory eements are:

1. Selection of impact categories, category indicators and models.

2. Assgnment of LCI results (Classfication)

3. Cdculation of category indicator results (Characterisation)

The optiond dements are:

1. Cdculaing the magnitude of category indicators results relative to reference vaue(s) (Normaisation)
2. Grouping

3. Weghting

4. Daaqudity andyss (mandatory element in a comparative assertion).

It can be noted that “vauation” isnow caled “weighting”. In this paper, these two termswill be used
interchangeably. It can aso be noted that weighting is regarded as an optional eement. There are dso
other changes in terminology and framework compared to the “old” framework (1SO, 1997a), but these
have only alimited influence on the discusson here.

One important choice when defining the scope of an LCA isthe type of impactsincluded. Thisisaso a
part of the first mandatory e ement of the LCIA according to the draft 1SO standard (1SO, 1998b).
According to the LCA definition, astudy should include “the environmental aspects and potentia
impacts’ (IS0, 1997a), suggesting implicitly that al relevant environmenta aspects should be included.
Different, athough not identicd, lists of impact categories have been suggested. The “check-ligt” from
the Nordic Guiddines (Lindfors et d, 1995a) is presented in Table 1. Another example that could have
been chosen isthe default list suggested by Udo de Haes (1996).



Table 1. List of impact categories, the categories can be further divided into subcategories (Lindfors et al, 1995a).

Impact category
1. Resources - Energy and materias

2. Resources - Water

3. Resources - Land (including wetlands)

4. Human hedlth - Toxicological impacts (excluding work environment)

5. Human health - Non-toxicological impacts (excluding work environment)
6 . Human hedlth impactsin work environment

7. Globa warming

8. Depletion of stratospheric ozone

9. Acidification

10. Eutrophication

11. Photo-oxidant formation

12. Ecotoxicologica impacts

13", Habitat aterations and impacts on biological diversity

14", Inflows which are not traced back to the system boundary between the technical system
and nature.

15", Outflows which are not followed to the system boundary between the technical system
and nature.

' Thisimpact category can be divided into severd subcategories, e.g., adivison can be made
between energy and materials, and/or between renewable and non-renewable resources.
These choices can be made in relation to the choice of characterisation methods.,

" Work environment is one among other exposure situations for humans. The suggestion to
treat this exposure Stuation separately is partly due to available characterisation methods.
"Severd of theimpact categories can as a second order effect cause "Habitat alterations and
impacts on the biologicd diversty”. Thisimpact category is however reated to activities and
emissions which can have adirect impact.

" Not impact categories but should be included.




An important feature of the ISO framework is the Interpretation phase where overdl conclusions from
the study are to be drawn. These conclusions should be based on information from al other phases and
elements of the LCA. Thisimpliesthat the results from the vauation e ement will not necessarily be
identica to the conclusions drawn in the interpretation. Using a vauation method is thus something
different from drawing conclusions (Lindfors et a, 19954). To use a vauation method can be away of
andysing the results. Results from the vauation can be conditiond: if a certain vauation method with a
certain set of vauesis used then acertain result is obtained. By using severa vauation methods and sets
of values, severd results can be obtained, which can be used when conclusions are to be drawn and
recommendations are to be made in the interpretation phase.

The framework described above has been devel oped during the 1990s. It islargely the same asin
SETAC's'Code of Practise’ (Consoli et d, 1993), and in different guidelines (e.g. Heijungs et ., 1992;
Vigon et d., 1993; Lindfors et d., 1995a; and Wenzd et d., 1997). The development of impact
assessment methods during the 1990s has in principle followed two different paths, development of
sngle-step methods and multi-step methods (Guinée, 1994). The single-step methods do not separate
between the different subcomponents of the impact assessment. Examples are the Ecoscarcity method
(Ahbe et d, 1990) and the EPS-system (Steen and Ryding, 1992). In the development of these
methods, the starting point was the decision that a one-dimensiond score is needed. From this viewpoint
there was no need to perform the impact assessment in severd steps. (It can however be noted that it
has later been suggested that both methods can be developed in order to fit in the SETAC-framework
(MUller-Wenk, 1994, Steen and Ryding, 1994)).

The multi-step methods on the other hand were developed largely based on the wish to separate, asfar
as possible steps based on environmenta sciences from steps based on ethica and ideological
vauations. From this Sarting point, a separation into severd dements was relevant. Examples of

projects which followed this path was the development of the Dutch guiddines (Heijungs et a, 1992),
the 'LCA-Nordic*- project (Anonymous, 1992, Lindfors et a, 1995a) and the EDIP-project (Wenzd et
a, 1997). In these projects, the emphasis was placed on the classfication and characterisation methods,
while the vauation methods were given much less atention. Only lately has attempts been made to
develop valuation methods based on the multi-step procedure. It can therefore be argued that it is ill an
open question to what extent the framework described above is useful when the aim isto develop
vauation methods (Hofstetter, 1998).

Itisgenerdly recognised that the vauation element requires politica, ideologica and/or ethical values
and these are influenced by perceptions and worldviews. Not only the vauation weighting factors, but
aso the choice of vauation methodology, and the choice of using a vauation method &t al, are



influenced by fundamenta ethical and ideologica vauations (Finnveden, 1997). Since there is presently
no societal consensus on some of these fundamenta values, there is presently no reason to expect
consensus ether on vauation weighting factors, or on the valuation method, or even on the choice of
using avauation method at dl. If no vauation method is used at al, comparisons are made category by
category, and not on an aggregated level.

Even if the preceding phases and dements are mainly based on more or less traditiona natura sciences,
this should not be interpreted asif they are free from vaue choices. Some fundamentd vaues can have
repercussons on methodological choices for the inventory andyss, and the classification and
characterisation elements (Finnveden, 1998, Hofgetter, 1998). Thisisdso illugtrated in the Eco-
indicator 98 project where not only the vauation weighting factors, but also some methodological
choices for other eementsin the impact assessment are determined by va ue choices (Goedkoop et al,
1998).

1.3 Weighting methods

Severd methods for vauation in connection with LCA has been developed during the 1990s and are
being used. Severd reviews and discussion papers on va uation methods have been published during the
last years (e.g. Bengtsson, 1998, Braunschweig et d, 1994, Eriksson et a, 1996, Finnveden, 1996,
Giegrich et d, 1995, Hertwich et d, 1997, Hofstetter, 1996, Lindejer, 1996, Lindfors et d, 1995a and
b, Magnussen et d, 1998, and Powdl et d, 1997). It has dso been shown that different vauation
methods in case sudies will give different results (e.g. Baumann and Rydberg, 1994, Lindforset d,
1995a and b, Braunschweig, 1994, Guinée, 1995, Magnussen et d, 1998, Notarnicola et al, 1998).

Vauation methods can be classfied in different ways. A first distinction can be made between quditative
(including semi-quantitative) and quantitative methods. A second digtinction can be made among the
quantitative methods between methods for deriving generic sets of weighting factors which can be used
in saverd cases (and thusis case independent), and methods which aim at results which are only to be
used in connection with a specific case study (and thus is case-dependent) (Lindeijer, 1996, Miettinen
and Hamdanen, 1997). From a methodologica standpoint, this distinction is however of limited
importance since essentialy the same methods can be used when deve oping weighting factors both for
generic and for case-specific use. The distinction is however relevant from another standpoint. If a case-
specific weighting set is used, derived for the specific case, the difference between using vauation
methods and drawing conclusions in the interpretation phase may not be so obvious snce gpplying
vauation methods is perhaps more or lessaway of systematising the process of drawing conclusions. In
the case of generic weighting sets, the distinction between using vauation methods and drawing



conclusions may be more important because those that are to draw conclusions may regard the val uation
methods as more or less authoritative and relidble.

All quantitative methods discussed in this paper resultsin vauation weighting factors, V;, which
expresses the contribution to the total potentia environmental impact from the intervention or impact
category i. Thetota potentia environmenta impact, El, can then be caculated as

El= Vil

where |; isthe score for either theintervention i or the impact category i.

The methods discussed here thus only consders alinear combination between interventions (or impact
scores) and weighting factors. Other types of equations could in principle be discussed (Heljungs,
1994). However, so far alinear combination has been assumed in presently available methods.

1.4 Aim of this paper

There are severd vauation methods that are currently being used in LCA. They may in specific case
sudies give different results. A question often posed is therefore: Which vauation method (or methods)
should be used in a case study? Which methods are reliable? The am of this report isto criticdly review
presently available and operationad methods in order to seeif any of them can be recommended for use.
Due to the questions asked, the focus will be on weaknesses of the reviewed methods, rather than the
positive aspects. The focus will be on quantitative methods with generic sets of vauation weighting
factors that are ready to use. Qudlitative methods and other gpproaches that do not have published
generic sets of weighting factors will only be briefly reviewed. The methods are reviewed as they gppear
today. Many of them are under development, and they may change. The potentid of different methodsis
however not reviewed. A secondary am is that the paper should be possible to use as a garting point
for discusson on vauation methods, and for further developments.

The focusin this report is on weighting methods. For methods where single-step vauation weighting
factors have been published, it can dso be mativated to include characterisation methods which have
been used in the review. Other parts of the methodology, such as uncertainty analyss, are however not
included here snce they are in principle independent from the weighting method.

Can vduation methods be criticdly reviewed? The question isrdevant ance it is difficult to criticaly
review values. There are however some other aspects which can be reviewed. For example, most
methods include parts that are scientific (including al types of sciences). These scientific parts can then
be reviewed. One can adso study whether there are any logica contradictions within the method, or
whether there are any differences between the description of the method and its operationalisation.
Another interesting question concerns which type of environmental impacts are consdered. An



eva uation whether the results make sense and to what extent they arein line with common societdl
perceptions can dso be made. The latter is of course very difficult, but not completely impossible.

Different requirements on weighting methods can be formulated and these can be used for evauating
different methods. Thelist in Table 2 is from the previous SETAC-Europe subgroup on Normalisation
and Vduation (Lindejer, 1996). It isdivided into generd criteria and possbly contradictory criteria

Table 2. Requirements for weighting methods (Lindeijer, 1996)
Genera requirements
1. Reflect the subjective characteristic of weighting in generd
2. Fit the purpose of the LCA, including time/money condraints, communication requirements and
effectivity for control action
3. An inter-effect weighting should be included somehow
4. Ded with uncertainty
5. Applicable to dl present environmenta problems
6. Hexibility to include new problems

7. Be explicit/trangparent; e.g. be explicit on the weighting criteria used, perform dl weighting
substeps explicitly and ensure verifigbility

8. The units for expressng the impacts should make no difference for weighting

9. Use exactly the same formulation of problem types as in classfication and characterisation
Possbly contradictory requirements

10. Keep the weighting principles smple and understandable

11. Include dll available naturd science information

12. Incorporate genera interests of al involved agents

13. Differentiate for regions and time discounting

14. Use single scores or indices for optimal communication

15. Use weights only for ranking and include qudlitative information when this is necessary
16. Reproducibility
17. Allow for societal discourse on weights

Thisligt istaken asthe sarting point here. Two requirements are added:
18. The weighting method should not contain any logica errors or contradictions.
19. The science used (including al types of science) should be the best available in the respective area.



Requirement no 5 can be operationdised by referring to the “check list” of impact categories presented
in Table 1. Current practise for Life Cycdle Inventory Analyss does however not include al these
categories. Categories 2, 3, 5, 6 and 13 are typically not included at al or only to alimited extent
(Finnveden, 1998). A minimum requirement for weighting methods is that they cover the impacts which
currently are covered on most LCAS, i.e. categories 1,4, 7-12.

Vauation methods can be based on many different types of sciences. It is of course difficult, if not
impossible to perform a comprehensive review of dl different scientific agpectsin al vauation methods,
especidly within alimited time and budget. In this paper, the focus will be on some aspects, whereas
others will be largely uncommented. The attention given to the methods reviewed is not necessarily
linked to the importance of the method or the amount of criticsthat could be raised. It islargdy
determined by the author’ s ability to say something about the method which may be of interest for a
wider audience. The EPS-system is given extra attention. The development of the EPS-system was
financialy supported by AFN, which is aso supporting this study, and thisis one reason for the extra
attention.

2 Quantitative, operational weighting methods

2.1 Introduction

Based on Hofstetter (1996), Lindeijer classified existing weighting methods and gpproachesinto 5 main
groups.

*  Proxy

e Technology

e Monetisation

*  Authorised targetystandards (Distance-to-target)

* Pands

These five main groups will be discussed below.

2.2 Proxy approaches

Proxy approaches use one or afew quantitative measures, stated to be indicative for the tota
environmenta impact (Lindejer, 1996). Examples include energy requirements or totd mass
displacement (MIPS=materid intengity per unit service). Clearly it is problematic to what extent
environmenta problems such as ecotoxicity and ozone depletion can be adequately covered by these



indicators (Lindeijer, 1996). Instead of attempting a weighting between different types of environmenta
problems, the proxy approaches pick one or afew. No inter-effect weighting is therefore included (this
isone of the requirements listed in Table 2). Thisis an inherent limitation of the proxy approaches.
Because no inter-effect weighting is included, the proxy approaches can not be described as a
weighting/va uation method, and they will not be further discussed here. 1t can however be noted that
some of these measures can be used as characterisation methods, e.g.

energy requirements or materia used (e.g. Lindfors et a, 1995).

2.3 Technology

Technology abatement gpproaches are in most cases combined with some other measure, for example
costs to reduce the burdens. In generd, technology approaches are therefore included in other
approaches. One exemption which may be described as a Technology method may be the Ecological
Footprint.

The Ecologica Footprint (EF) isamethod for estimating the biologicaly productive area necessary to
support current consumption patterns (Holmberg et d, 1999). It has generaly been used for andysng
nations and regions but can aso be used as weighting method for LCA (Wackernagel and Rees, 1996).
In contrast to other LCA-methods it has a starting point the area used by a system. Thisimpliesthat it
will capture other aspects than most other LCA weighting methods. Emissions are transformed into area
by caculating the area needed for assmilation of the emisson. This calculation is then dependent on the
technology used for the assmilation and thisis the reason why it is treated as a technology method here.
Init’s current versons, the ecologica footprint can only handle very few pollutants, among them CO,
and nitrogen emissons (Holmberg et a, 1999, Moberg, 1999). In its present version, there are thus
large datagaps. It has dso been argued that some aspects of human activities should not be included in
an EF, for example emissions of perdgstent compounds foreign to nature (Holmberg et a, 1999). If o,
some of the present limitations are inherent.

2.4 Monetisation methods

2.4.1 Introduction

There are alarge number of different approaches for monetising environmenta impacts. Thereisdso a
large number of ways of classfying the different gpproaches, sometimes leading to a somewhat confused
discussion. The classfication here is based on (but not identical to) other sources, (e.g. Turner et a
(1994), Kégesson (1993) and Tdlus Inditute (1992)).
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A firg digtinction can be made between methods that are based on "willingness-to-pay”, and methods
that are not. (Here is no distinction made between "willingness-to-pay"” and "willingness-to-accept”).

I. Methods based on willingness-to-pay.

Thewillingnessto pay is normaly related to the avoidance of something. Thus, somebody iswilling to
pay a certain amount of money in order to avoid something. This something can be early or late in the
environmental mechaniam. If it islate, the willingnessto pay isto avoid adamage, if it isearly, the
willingnessto pay isto avoid an intervention or athrest.

Environmenta economists often distinguish between different types of vauesrdating to natura
environments. Again, the terminology is not completely agreed upon, the following is however based on
Turner et d (1994). Thefirg digtinction is between use values and non-use values. The use vaues
include both direct and indirect use vaues. An example of adirect use vaue isthe timber value of a
forest. The indirect use value includes the recreation value of the foret, the value of carbon fixation etc.
(ibid.). Non-use values are non-instrumental values that are attributed to objects without the direct
intention of actualy using them (ibid.). Such vaues include the concern for, sympathy with, and respect
for therights and wefare of non-human beings. We may aso attach a vaue to knowing that future
generations will be able to enjoy use and non-use values (ibid.). Also the option to use an object, even if
there is no intention of using it a the moment, may be attributed avaue. In summeary, the non-use value
incdlude option use value, bequest vaue and exisience vaue (ibid.). The tota economic vaue isthe sum
of the use and non-use values (ibid.).

A number of different methods may be used to derive awillingness-to-pay measure. Here adistinction
will be made between three different approaches for deriving a willingness-to-pay-measure: 1)
Individua's revealed preferences, 2) Individud's expressed preferences, 3) Society's willingness-to-pay.

Li. Individua's revealed preferences

Methods based on individuas revealed preferences are assuming that people reved their preferencesin
market prices. These methods thus assume that useful information can be derived from the market. It is
usualy damagesthat are vaued in the market rather than interventions or threats. Thus, these methods
usualy need damage estimations. The reveded preferences are normaly only related to the use values,
and sometimes only the direct use vaue. Direct use values can often be derived from actua market
prices, eg. the market price of timber. Also the indirect use vaues may be derived from market values,
though often indirectly. Examples of methods for evauating total use vaues are the travel cost method
and hedonic pricing methods. The travel cost method is a reveded preference method that can be used
to estimate demand curves for recreation sites and thereby vaue those sites. These vaues are then
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derived from peopl€stravel costs. Hedonic pricing methods aso attempts to eva uate environmental
sarvices by studying their influence on certain market prices. One example is house prices that are
determined by a number of factors, including environmenta aspects. Another example is wages that may
vary depending on the risks associated with different types of jobs.

Lil. Individua's expressed preferences

Non-use values can normaly not be derived from reveded preferences (Turner et a, 1994). The
contingent vauation method (CVM) bypasses the need to refer to market prices by asking individuas
explicitly to place vaues upon environmenta assets (ibid.). Because of this, the CVM is often referred to
as an expressed preference method (ibid.). There are of course some similarities between CV-methods
and the pand methods discussed below. In both, the answers will depend on who is asked. CVM may
be used to value both interventions, threats and damages. In practise, it is most often used to vaue
damages. Thisis because it may be easier to vaue something like "aswimmeable river” (i.e. damage-
level) rather than "emission of 1 kg of pesticide X" (i.e. intervention-level) (see aso Soderqvist, 1995).

Liii. Society's willingness-to-pay

A society's willingness to pay may be derived from politica and governmenta decisons. In these
methods it is assumed that meaningful information on environmental vaues can be derived from palitica
and governmenta decisions.

Oneway of deriving a"societd price’ isto study societies efforts to avoid a damage. An example may
be the effortsto save aSatidtical life.

Another example of a method to derive a society's willingness-to-pay is to study the costs of reducing
emissonsto adecided emission limit. The margind cost for removing the pollutant to the emisson limit
can be seen as the monetary vaue the society puts on the pollutant.

Y et another way of deriving a"societd price’ isto look at "green taxes'. If there are any taxeson
emissions, these taxes may be seen as the societies willingness-to-pay (or rather willingness-to-accept)
for that specific pollutant. Taxes are normally put on interventions (emissons and resource uses) rather
than on damages. In some cases, charges are put on the steps before the emissions, that is the use of a
product or chemica. Taxes are dso used to raise money for the public budget. The fiscad motives behind
the taxes does however not affect the valuation, because it is still amatter of priority to put atax on
something and to decide the size of the tax (Johansson, 1999).



il. Methods not based on willingness-to-pay

There are dso anumber of monetisation methods that are not based on willingness-to-pay. They are
often based on an estimation of a cost to do something, however if it isnot clear that somebody iswilling
to pay this cog, it is not ameasure of awillingness-to-pay.

A first example of such amethod is afurther development of one of the approaches mentioned above
for evauating a society’ swillingness to pay. In this gpproach the margind cost for removing the pollutant
to an emisson limit is caculated. If the emission limit isafuture target value, eg. acritica load vaue (if
such are available), it isno longer awillingnessto pay thet is evduated (Snceit is not clear whether
somebody is actudly willing to pay), but another type of cost. Another example may be the cost for
remidiation of adamage. This gpproach is of course only useful if remidiation is possble at dl.

Since different monetisation methods cover different types of values, different methods should result in
different results, and they do. For example, asarule of thumb, the total economic value, as measured by
the contingent vauation method, istypicaly an order of magnitude larger than the economic vaue
derived from market vauations (K1, 1998). Therefore, a sum expressed in monetary units may not be
directly comparable to another sum, expressed in the same units, because they may describe different
vaues. A comparison can be made to the andlysis of carbon. For wastewater, such analysis can be
made on Tota Organic Carbon, Total Inorganic Carbon, Dissolved Organic Carbon etc. For air
pollutants there are also a number of measures. All these measures can be expressed as for example, mg
Carbon. However, it is clear that they describe different things. Just because something is measured as
mg Carbon does not make it immediately comparable to other measures expressed in the same unit. The
same istrue for monetary measures. Just because something is expressed in monetary terms does not
make it immediately comparable or additive to another measure in the same unit. If amonetisation
vauation method is used, the same method should therefore idedly be used to derive al economic
vaues within the method.

In monetised va uation methods, a discount of future impacts is often made. A discount rate is often
described as consigting of two parts (e.g. Turner et a, 1994). One is the pure time preference of the
present generation. If impactsin the future are vaued lessimportant than impacts occurring today, smply
because they are occurring in the future, the time preferenceis larger than zero. A time preference of
zero is conggtent with aview that future impacts are as important as today's. The other part of the
discount rate conggts of afunction of growth of real consumption and the dadticity of the margind utility
of consumption (Turner et d, 1994). If we get richer in the future, the same cost will not be as important
asit istoday. Often the growth of real consumption is assumed to be exponentid. However, if the
cgpacity of growth islimited, alogistic growth may be more redigtic resulting in a dynamic and very
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different discount rate (Sterner, 1994). A positive discount rate, based on an expected growth rate, may
be consistent with aview that future people are as important as current people are.

An explicit discount is not necessary for some types of economic vauations. For example, if the
economic valuation is derived from a society’ s willingness-to-pay, an implicit discount has aready been
done. But if damage costs are to be estimated, a choice has to be made concerning future costs. The
Stuation becomes acute if some damages areirreversible. In order to avoid infinite codts, either a
discount must be used, or acut-off after a certain time. In the latter case, al impacts occurring after the
cut-off are neglected.

In the LCA-world, thereis currently a couple of valuation methods suggested which are based on
monetisation. These will be briefly described and reviewed below.

2.4.2 The EPS-system

The EPS-system has been described in a number of publications. Thisreview is mainly based on Steen
(1996) with other sources when relevant. Since the system is under development, later versons may
include changes. The EPS-system is originally a one-step impact assessment method. According to
Bengt Steen (personad communication, 1999), the EPS-system is not aweighting method. However,
gnceit is often usad as such, it will be included here.

The EPS-system is based on avauation of "Safeguard subjects’ (Steen and Ryding, 1992). These may
be interpreted as " Areas for protection™. Thus in reconstruction, the EPS-system may be seen as atwo-
step procedure in which a classfication and characterisation is performed related to "Areas for
protection”, followed by avauation of the results from the characterisation. The
classfication/characterisation step should then be based on natural science based information. The
"safeguard subject classification list" in the EPS-system would then be (based on Steen and Ryding,
1992):
1. Biodiversty
2. Production
3. Human hedlth

a. Mortdity

b. Painful morbidity

c. Other morbidity

d. Severe nuisance

e. Moderate nuisance
4. Resources
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a Mineds
b. Foss| fuels
c. Non-renewable fresh water
d. Buildings and ingdlations
e Art

5. Aesthetic values

In the EPS-system, the damage on these safeguard subjects from an emission should be quantified, and
these damages are in alater step vaued. For example, an emission of CO, will cause impacts on
biodiversity, production, human hedth, resources and aesthetic values. All these damages should be
quantified and in alater step valued in order to caculate the vauation weighting factor for CO..

The va uations are based on different types of measures (Steen and Ryding, 1992). The derivation of
vaues of impacts on human hedth is not described in detail. The cited background data does however
include both data from hedonic pricing methods and contingent va uation methods. Biodiversity is vaued
per capitaas 10 times the amount the Swedish government is spending on conservation of biologica
diversty in Steen and Ryding (1992). No clear mativation of the number 10 is given. In the report by
Steen (1996), the vauation islower, still without aclear judtification. Production losses are vaued from
market prices. Resourcesis valued based on assumed future costs (Steen, 1995).

In the EPS-system, different types of monetised measures are thus used for different problems. Thereis
amixture of market values (describing only a part of the total economic value) and other values covering
larger part of the total economic vaue. Thisis adrawback from atheoretica perspective as discussed in
section 2.4.1. The vauation of biologicd diversity is not documented. The changes between different in
the valuation of biologica diversity can be seen as arefinement. However, Snce no motivations are
presented to the changes, it is difficult to understand the background for the refinement.

In the EPS-system (Steen and Ryding, 1992), no discount rates are used; instead the vauationisin
some cases performed by integrating over achosen time frame. For globa warming, an integration over
100 yearsis used (Steen, 1996). For resources, the Situation is however different. In this case, assumed
future costs are used for the vauation (with current market prices) and no consideration is given to when
these impacts could occur.

For many impacts, a cut-off is thusimplicitly performed in the EPS-system. Impacts occurring after the
chosen time-period are neglected. For example, impacts occurring from globa warming after 100 years
are not considered. The motivation for the time period is that the impact of an emisson will last for about
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100 years (Steen, 1996). Thisis not correct. A portion of an emisson will remain airborne for thousands
of years because transfer to the ultimate sink — ocean sediments—isvery dow (IPCC, 1995). It takes
approximately 1000 years to remove 85 % of the excess CO, from the atmosphere (Maer-Remer and
Hasseman, 1987). The impacts will continue for alonger time period. The globa mean temperaureis
expected to continue rising for hundreds of years after a sabilisation of the concentration in the
atmosphere, and after that, the sealevel is expected to rise, a only adowly declining rate for many
centuries after the temperature have stabilised (IPCC, 1995). Impacts occurring later in the
environmenta mechanism as an effect of the rising temperature and sealevel could continue for even
longer time periods. For example, if climate change leads to large scale migrations of people, thisislikely
to giveriseto politica and socid conflicts which might be troublesome even far into the future (Azar and
Sterner, 1996). There is thus no evidence suggesting that the impacts will stop by the year 2100, or even
that most of the effect will occur within the time period. In astudy by Azar and Sterner (1996), the
margind cost of CO, more than doubled by increasing the time period from 300 years to 1000 years.
The choice of acut-off thus limits the impacts that are consdered. Some chemicals contributing to
climate change, have mean residence times of thousands of yearsin the atmosphere (IPCC, 1995). For
these chemicas a cut-off after 100 yearsis clearly limiting the impacts consdered.

Thetime period is only presented in the spreadsheets, not in the text describing the method, whichisan
illugtration of the limited trangparency. The use of cut-off is aso incongstent with the description of the
EPS-system. It is Sated that dl generations have the same rights and should be given equa weights (e.g.
Steen, 1997). In the operationdisation of the method, thisis however not true since no consderation at
al isgiven to impacts on future generations after the chosen time-period.

There arelogica aswdl as computationd errors in the caculations of different impacts and numbers
having different units are added. Since the units of the different factors being multiplied are not dways
reported in atrangparent way in e.g. Steen (1996), this is something which is difficult to evduate. In
persona communication Steen (1999) does however report the following units being multiplied for
decrease of genetic capitd asaresult of CO,-emissons.

2* 10 [ELUffraction of threstened species]* 2[fraction of threatened species]* 100 [years] * 1.3* 10
[Vkg]

When these factors are multiplied the result is 0.052 [ELU *years/kg] and not 0.0038 [ELU/kg] asis
reported by Steen (1996). Thisis one example of errorsin the calculaions. When numbers having
different dimensions are added, the results are logically meaningless.

There are datagaps in the EPS-system. Some of these datagaps are apparent, whereas others require a
detailed study of the datain the Soreadsheetsin order to be found. An example of the apparent datagap
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concerns impacts from organic chemicals. It was concluded in Bostrom and Steen (1994) that the
information available on chlorinated dioxins was not sufficient to caculate weighting factors. Since
chlorinated dioxins probably is one of the best-studied groups of organic chemicd, this means that it will
be virtudly impaossible to include any hazardous organic chemicalsin the EPS-system. An example of
nonapparent datagaps is the cadculation of the weighting factor for cadmium (Steen, 1996). Cadmium
may cause human toxicologica aswdl as ecotoxicologica impacts. In relation to the latter it is generdly
recognised as an environmentaly hazardous substance, e.g. in different lists from the Swedish Nationa
Chemicds Inspectorate (Keml, 1989). Despite this, no ecotoxicologica impacts are considered. These
datagaps are however not gpparent. In order to identify them, athorough review of the background
materia, in combination with knowledge on what should be included in a complete assessment, is
needed. Thus only people with relevant expertise can evauate the rdiability of the damage assessments
in the EPS-system. Such evauations have apparently never been performed. Thisis a drawback of the
EPS-system. It ds0 illudtrates the limitations of the trangparency of the method. Datagaps are of
importance since the uncertainty introduced by them can not be revedled in a sengtivity assessment.

The datagaps discussed above dso illustrate some additional incons stencies between the description of
the system and its actud operationdisation. For examplein Steen (1997) it is stated that the
precautionary principleis a part of the system. It is however difficult to understand how the
precautionary principle can be combined with the choice to exclude impacts because there is not enough
knowledge about them. For example, according to Bengt Steen (personal communication, 1999) the
chlorinated dioxins were excluded because no effects had been documented at that time. However, at
that time the chlorinated dioxins had been recognised as hazardous substances for along time (e.g.
Keml, 1989, Bernes, undated). It thus seems like the demand for documentation of an effect to be
included in the EPS-system is so high that a number of known hazardous substances can not be
included. Another example of incond stencies between the description and the operationalisation
concerns the valuation of resources. They are valued based on assumed future cogts. However, in the
description it is stated that only actua impacts should be included. This seems contradictory. Itisaso
difficult to understand how the statement that only actual impact should be included can be combined
with the precautionary principle.

In the reports on the EPS-system, e.g. the latest publication with default vaues (Steen, 1996), data are
presented without adequate references. This makes standard scientific reviews very difficult.

The EPS-system gives results that are not compatible with the common perceptions of the society.
Braunschweig et d (1994) compared different LCA va uation methods. They applied the methods to an
inventory with data corresponding to environmenta interventions for the whole earth. They note thet the

17



data are uncertain, and that the results should be interpreted carefully. Nevertheless, it is an interesting
idea to compare different vauation methods on “globa data’. One of the results is that according to the
EPS-system, the largest environmental problem is depletion of slver resources. It accounts for 26 % of
the total environmental impacts of the earth according to the EPS-system. It is done more important than
for example, emissons contributing to globa warming. This vauation may of course betrue, it isnot
possible to know since we do not have the methods for analysing what the most important environmenta
problems are, partly because we don’t know which the “right values’ are, if there are any at al. But we
can compare the results with the common perceptions of society and it does not seem like the EPS-
system describes the society’ s valuations. It should however be noted that Braunschwelig et a (1994)
used an older set of weighting factors (Steen and Ryding, 1992). The more recent set (Steen, 1996) is
different, but resources remain having alarge influence on the results (e.g. Magnussen et a, 1998).

There are anumber of other sudies available in which the damage costs of different pollutants have been
cdculated. Comparisons between different studies and the EPS-system are thus possible. One example
are cdculations of the costs of some hedlth damages from particulates, SO,, VOC and NOy by
Cifuentes and Lave (1993). When these are compared with the valuation of the corresponding health
effect in the EPS-system, the latter islower by severd orders of magnitude. A comparison can dso be
made with the calculations of damages to human hedlth from respiratory effects made by Hofgetter
(1998). Again the results from the EPS-system are severd orders of magnitude lower. According to
Hofgetter this can be explained by the missing impact paths and endpointsin Steen’s study and the
threshold behaviour assumed in the EPS-system. Viathe study of Hofgtetter (1998), the results of the
EPS-system can dso be compared to the results of the ExternE-method (IER, ETSU, EdM, 1997) (the
ExternE project is briefly described in section 2.4.4). Again the results from the EPS-system are
generdly severd orders of magnitude lower than the results from the ExternE-method. These differences
suggest that there is a systemdtic difference in the calculations. Hofstetter has pointed out some reasons
for the differences. A comprehensive review of the system by relevant specidists could further elucidate
the reasons. No such review of the calculations and the data in the EPS-system has apparently taken
place.

The use of the EPS-system can not be recommended today. Thisisfor severd reasons e.g. the mixture
of different vauation methods, the limited trangparency, the inconsstencies in the description of the
system and the operationdisation, the datagaps, the lack of review of data and calculations, the lack of
standard scientific reports with adequate references, errors in the scientific materid, logical and
computationa errors, and the differences between the results and the results from reviewed publications.
It should be noted that future developments of the system may of course change the conclusions drawn
here.
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24.3 TheTellussystem

The Tdlus sysem (Tdlus Indtitute, 1992 with update, Zuckerman and Ackerman, 1994) uses data on
society's willingness-to-pay to cdculate va uation weighting factors. They use both data on emission
taxes (the Swedish CO,-tax) and margind codts for reducing emissions down to decided emission limits.

The method contains vauation weighting factors for a limited number of pollutantsto air (CO,, CH,,
NOy, SO,, CO and Pb) plus alarger number of data of human toxicologica relevance. For the latter
group a specific characterisation method were used with the data for Po as the equivdency factor. This
characterisation method, in pardle to others for human hedth impacts, is discussed (see eg. Lindfors et
al, 1995, Jolliet, 1996, Finnveden and Lindfors, 1997, Udo de Haes et d, 1999 for recent reviews).
The vauation weighting factors are however in principle open for recaculation usng other human hedth
characterisation methods. The limited number of pollutants included means thet there are large datagaps
for the method as a generd method for weighting in LCA.

The Tdlus method and data can not be recommended for use today. Thisis mainly because of large
datagaps and the need for updating of vauation weighting factors and characterisation method.

2.4.4 Economic Valuation Analysis (EVA)/Impact Pathway Analysis

In arecent report, van Beukering et a (1998) discuss Economic Vauation (EVA) in Life Cycle
Assessment. The datais used by Dobson (1998a and b) to develop a combined methodology based on
LCA and EVA.

The economic vauation is largely based on the Impact Pathway Analysis (IPA) approach devel oped
within the ExternE project (EC, 1995, Krewitt et d, 1998). There are some sgnificant differencesin the
requirements for the IPA gpproach and LCA. In the IPA, the starting point is aknown emission a a
known gte. The trangports and chemical conversions are then modelled using Site specific datato

cd culate the concentration and the deposition a specific receptors (humans, flora, materias and
ecosystems). The damages to these receptors are then quantified. In the find step, the damages are
valued and monetised.

Inan LCA, the Impact Pathway Anadysswill not be generdly possible to use, since site specific
information will not be available (see eg. Udo de Haes, 1996), (a development towards a Site-
dependent assessment is however ongoing, see e.g. Potting et a, 1998). The data used by van
Beukering et d (1998) was derived from specific Stes. The gpplicability of these resultsto other Stesis
of course something that can be questioned. The idea behind the IPA gpproach isthat there are
sgnificant differences between emissons at different stes. From this perspectiveit is not evident that the
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results from one site can be used for awhale life cycle. Damage costs for some air pollutants emitted at
different places in Europe can vary by afactor of 10 (Krewitt et a, 1998). It is not known to what
extent the results from the specific Ste are representative for an average Situation.

The IPA approach reguires that the damage pathways can be modelled. So far, the IPA method has
been applied to some air emissions (SO,, NOx, PM10, VOC, As, Cd, Cr Ni and PAH (for the metds
and PAH, only carcinogenic effects are consdered). For waterborne emissionsit has not yet been
possible to use the IPA approach resulting in large datagaps. There are a so datagaps with respect to the
types of impacts consdered. For example, for emissons of cadmium, only carcinogenic effects are
considered. Other types of effects (e.g. kidney injuries (OECD, 1995)) are not considered.
Furthermore, ecotoxicologica effects are not considered at all.

In order to increase the number of pollutants considered, the characterisation method for carcinogens
used by the Telusindtitute were used (van Beukering et a, 1998). This choice of method could be
updated.

The economic vaudion is preferably done using data from contingent va uation studies (van Beukering et
a, 1998). However, such data are not aways available. In these cases other measures are used, e.g.
costs that are incurred when impacts are treated (van Beukering et d, 1998). Such data give alower
bound of the real costs. In some cases, e.g. eutrophication, abatement costs were used (ibid.). Asinthe
case of the EPS-system, the mixture of different vauation methods is a drawback from atheoretica
standpoint (compare section 2.1).

For globa warming, the IPA approach is not used. Instead data from the literature are used (van
Beukering et a, 1998). The dataisin the range between 5 and 25 euro/ton of carbon for impacts
occurring until the year 2100. The problem of having a cut-off after one century was discussed above in
connection with the EPS-system. There are other estimates in the literature which could be used and
which are sgnificantly different. For example, Azar and Sterner (1996) estimates the marginal costs at
260-590 US#H/ton of carbon for atime horizon in the range 300-1000 years. This valueis one or two
orders of magnitude larger than the values cited by van Beukering et d. (For order of magnitude
cdculationsit can be assumed that one euro equals one US$ equals 10 SEK). Mgjor reasons behind
this higher estimate is the choice of the discount model and a more accurate model of the carbon cycle
(Azar and Sterner, 1996). The choice of literature data will thus have amgor influence on the results
and the choice should perhaps be further discussed and justified. When discussing monetisation based
on damage cogts of emissions contributing to globa warming with damage cods, it isimportant to
recognise that only effects which are possible to predict with reasonable accuracy can be included.
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Surprises can be expected (IPCC, 1995) but are generaly not included in the moddling. Despite the
importance of andysing worst cases and surprises, they arein genera not included in assessments made
by IPCC and others (Johannesson, 1998).

The use of the EVA method asiit is suggested by van Beukering et d (1998) and applied by Dobson
(1998aand b) can not be recommended today. Thisis mainly because of datagaps, the choice of some
of the cogts (e.g. for globa warming), and the choice of characterisation method for hedlth effects.

2.4.5 Other approaches

The DESC-method (Krozer, 1992) are using costs of emission reductions to a certain target level as
vauation weighting factors. The target levels may for example be "criticd load levels' or targets of
current environmenta policy. There does however not seem to be any details, including weighting
factors, about the method published.

There are some papers in which economigts have goplied an economic vauation to LCAs or LCAish
studies (e.g. Craighill and Powell, 1995, Powell et a, 1996, Carlsson, 1997, and Sonesson et a, 1998).
These are more ad-hoc studies in which economic vaues have been derived, mainly from literature, for
the specific case study. It remains an open question to which extent these data may be used dso in other
case sudies.

In aDutch study (Huppes et d, 1997) “reveded preferences’ were determined from government
decisons by looking at costs deemed acceptable by governments for environmenta problem reduction.
Thiswas done for Sx impact categories related to air emissons (greenhouse effect, ozone depletion,
acidification, nutrification, summer smog, and human toxicity). Thisis an example of an estimation of a
society’ s willingness-to-pay. This was done in a comparison with the results from a pand study reviewed
in section 2.6. Very few details are presented.

2.4.6 Non-reviewed approach

While thisis written a new gpproach, Ecotax ' 98, is being devel oped (Johansson, 1999, Johansson et d,
1999). In this gpproach the weighting factors are based on society’ s willingnessto pay, or rather
willingness to accept, derived from different ecotaxes and feesin Sweden.
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2.5 Authorised targets/standards (distance to target methods)

Severd vduation methods are relating the va uation weighting factors to some sort of target (Lindeijer,
1996). These methods are conveniently caled "distance-to-target-methods', dthough this name in some
cases may be somewhat mideading. The mgor differences between different methods are

1) the precise shape of the equation relating the targets to the va uation weighting factors (see equations
1-4 below).

2) the choice of targets

3) whether inventory data or characterisation data, and if S0, which type, are used in the weighting.

The smplest type of equation is

D)
Where V isthe vauation weighting factor and T is the target (expressed in units reated to the target).
Index i indicates ether intervention i or impact category i. In the following, the indexes will be left out for

smplicty.

In equation 1, the vauation weighting factor isinversdy proportiond to the target levd. It isaso
implicitly assumed thet dl targets are equaly important. It can be noted that this procedure is very smilar
to anormdisation. (It will in fact be a normalisation procedure if awide definition of “normdisation” is
used to include dso "target levels' as"reference levels'). This equation was used by Schdtegger and
Sturm (1991). The target levels were different types of quality standards, expressed as amount per mole
of media (ar and water). The vauation was performed on data from the inventory analysis.

Equation 4.1 may dso be written as

(1)
where A isthe actud flow within a specified area and time. The factor /A is thus a normdisation factor.
Equation 1' was used by Baumann et d (1993) to cdculate weighting factors for the "effect category
method" (see dso Baumann and Rydberg, 1994). The vduation is performed on results from a
classfication/characterisation method. The targets were either Swedish short-term politica targets or
long-term "criticd levels'.

Essentidly the same equation (1) is used in the MET-points method (Kalisvaart and Remmerswad,
1994). The targets are Dutch environmenta policy godsfor year 2010. The vauation is performed on

results from a classfication/characterisation method.

A development of equation 1 isto include a subjective weighting factor, W



2

Equation 2 isidentica to 1 if the subjective weighting factor is put to 1 for dl interventions. Equetion 2
was used by Corten et d (1994), putting al W to 1. In this study, the targets were related to impact
categories ingtead of specific pollutants. The vauation was thus performed on results from a
classfication/characterisation method.

Equation 2 was dso used by Goedkoop (1995) in the Eco-indicator 95 method with W set explicitly to
1. In this case however, the targets were related to environmenta damages. The method is based on a
two-step classfication/characterisation method. The firgt step isa”norma”
classfication/characterisation, to alarge extent based on the Dutch guiddines (Heijungs et a, 1992) but
aso including further developments. The second step is then, what can be called an "areafor protection”
classfication/characterisation, i.e. estimations of damages are done. The following types of damages
were considered:

* One extra deeth per million inhabitants per year

* Health complaints as aresult of smog periods

* Five percent ecosystem imparment (in the longer term)

These three "targets' were then considered equaly important.

Thus the same equation can result in very different vauation methods depending on the type of
information used.

Another equation is suggested in the Ecoscarcity method (Ahbe et a, 1990)

©)
In this method both the target and the actud levels are related to a given region or country. The target
levels are derived from annua |oad targets as set by nationa environmenta protection agencies, laws
and regulaions. The vauation weighting factor, V, is to be multiplied with data on environmenta
interventions. No classfication/characterisation is thus performed. The vauation weighting factors were
originaly caculated based on Swiss data. Since then, the method has however been adapted to a
number of other countries (see eg. Lindfors et a, 1995) and it has recently been updated (BUWAL,
1998).

Kortman et a (1994) discuss distance-to-target methods and suggest the equation
(4)
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for A>T andV=0for A <T. Thefactor /A isthe normalisation factor. The targets are suggested to
be the "No sgnificant adverse effect level” (NSAEL). The method is based on results from an
"environmenta threet" classfication/characterisation. Also in this method W was preliminary set to 1.
A number of other equations can be envisaged. Some dternative ways of expressing the "ecoscarcity
function™ has for example been discussed (Ahbe et al, 1990).

In the distance-to-target methods, the targets are normaly related to either political/administrative target
levels or "criticd” or "sugtainable’ levels. A firg problem isthen to define the targets.

In the case of politica/adminigtrative targets, there may be severa types of targets. There are for
example targets relaed to the environmenta quality, targets related to environmentad interventions and
threats, and targets on flows ingde the technical system. There may aso be different targets related to
different areas for protection, e.g. quality standards relating to drinking water may be different than
sandards relating to the water qudity of oligotrophic lakesin nationa reserves. There may aso be
targets relating to different time frames: short term targets, long term targets and targets without any
specified time frame. Targets may be decided by different authorities, the government, the parliament, in
internationa conventions etc. Since different targets are decided by different groups and with different
ams, they may not aways be compatible with each other. When developing distance-to-target methods,
a choice must thus be made concerning which types of targets to go for. There may be problemsin
finding targets for al types of rdevant environmenta problems which are compatible with each other.

To rdaethetargetsto "criticd™ or "sudainable’ levelsis difficult and probably impossible. Some
attempts have been made (e.g. Baumann et d, 1993, Kortman, 1994). However, when the data are
scrutinised it seems like in the end different types of more or less arbitrary, adminigtrative decisons are
taken asthe basisfor the leve. Thisis not surprising since dthough "critica levels' has been established
in some aress, it will not be possble to calculateit for al types of environmenta problems (Chadwick
and Nilsson, 1993). In practise: critical loads are difficult to establish because (ibid.):

1. In many Stuations knowledge istoo limited to dlow quantitative limitsto be .

2. The no-effect leve is zero or close to zero.

3. Problems of scale both in relation to dose and response.

In the Eco-indicator 95 project (Goedkoop, 1995) the "targets’ are chosen in another way. They are
explicitly defined in order to achieve an equivaency. Thejudtification of the equivaency of the three
"targets’ is however largdly lacking and the choices seem rather arbitrary. By the choice of the "targets’,
the equivaency between "impaired ecosystems’ (in terms of area) and number of deathswill depend on
the population density, which of course varies e.g. between the Netherlands and Sweden. It isaso
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somewhat unclear how "impairment” should be defined both in terms of the magnitude of the impact and
intime. The Eco indicator 95 has been adapted to recent knowledge about environmental impacts by
Frischknecht (1998). The Eco indicator is currently being updated as discussed below and anew
verson, Eco indicator 98, will be published (Goedkoop et a, 1998).

There are saverd versons of distance-to-target methods available including different equations for
relating the target to the vauation weighting factor. Although arguments may be raised for and against
different equations, thereis (at least not for the moment) no way arationa choice between those
discussed above, and others, can be made. This introduces a certain arbitrariness to the results.

The available distance-to-target methods are dl based on the assumption that dl targets are equaly
important. Thisisacritical assumption, which gpparently has never been judtified. If the targets are
political/adminigrative targets there is no reason to assume that rationd decision makerswill decide
target levelsin such away thet are dl equaly important. Thisis 0 because thisis normaly not a
requirement when decisions on target levels are made. In addition target levels should not only be based
on what is environmentally important but there are also other considerations to be made, e.g. costs
(Wenzd et d, 1997). This can result in Stuations where atarget only to alimited extent reflects the
importance of the impact, but to alarger extent the costs associated in reaching the target. If the target is
afunction of the importance and the cogts, the importance will be afunction of costs and targets. This
suggeststhat if we are interested in the importance of the impacts, this should be estimated from a
combination of information on targets and costs, and not targets done. If a combination of targets and
cogts are used, the result will be one type of monetisation method based on a society’ s willingness-to-
pay, discussed above in section 2.4.1.

If the targets are based on levels which are congdered "criticd™ or "sustainable’ thereis again no specific
reason why al targets should be equdly important. Although the choice to assume that dl targets are
equaly important may gppear as a neutral and non-subjective choice, it isin principle no less subjective
or arbitrary than any other weighting unless it can be argued that targets are set in such away that they
should be regarded as equaly important (this caseis further discussed below). By assuming that al
targets are equaly important, the distance-to-target methods are in a sense avoiding the explicit
weighting. Thisisin contrast to the requirement in Table 2 concerning the inter-effect weighting. If all
targets are assumed to be equally important, no weighting between the targets are done, and no inter-
effect weighting is being made. The concluson from the discussons on Life Cycle Impact Assessment
within the LCANET (a Concerted Action in the Environment and Climate Programme) was that
distance-to-target methods should not at al be regarded as va uation weighting methods (Finnveden and
Lindfors, 1997). Instead it can be considered as a sort of normalisation procedure.
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In the EDIP method asimilar concluson is made (Wenzdl et d, 1997). Equation 1 is used with politica
targets for the year 2000 for pollutants. However, the results are never aggregated into a single score.
Instead the results are presented using the same impact categories as was obtained after the
characterisation.

If the targets are set in a procedure where they are explicitly set to be equaly important, the inter-effect
weighting is taken place in the target-setting, and the distance-to-target method can be described asa
weighting method. The target setting must then be made in aformalised procedure, e.g. a pand
approach, or by using some sort of monetary measures. The method can then be described asa
combination of distance-to-target methods and panel methods or monetisation methods.

None of the distance-to-target methods can be recommended as a vauation weighting method. Thisis
mainly because they are not vauation methods. Thisis because no inter-effect weighting is made. The
Eco-indicator “95 is an exception. Here the targets are explicitly assumed to be equaly important. The
judtification for this assumption is however limited and because the method is updated anyway, it can not
be recommended now.

2.6 Panel methods

Panel gpproaches are used as a heading for a number of different approaches which have one thing in

common: people are asked to give weighting factors. Panel methods can be distinguished according to

severd criteria (Brunner, 1998):

e Maethod, apand study can be done with questionnaires, interviews or group discussions.

e Group of pandligts. Experts, stakeholders or laypeople.

e Procedure: The pand can be done in aone-round procedure or in a multi-round procedure with
feedback (e.g. Delphi-method).

e Outcome The god can be a consensus or the answers are andysed by dtatisticad methods.

In connection with LCA, panel methods have mostly been developed on an ad-hoc basis in connection
with a specific case sudy. Examples of sudiesin which quantitative panel methods have been used are
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Anonymous, 1991, Kortman et al, 1994, Huppes et d, 1997, Wilson and Jones, 1994, Nagata et d,
1995, Lindeijer, 1997, Poulamaa et d, 1996 and Goedkoop et al, 1998.

In aDutch study (Anonymous, 1991, Annema, 1992) the starting point was normalised characterisation
results. The gpplication of weighting factors was then done in a Delphi-like process. In the weighting,
members of the Steering group representing industry, government, environmental groups and some
independent persons from universities and scientific ingtitutes were involved. The process was afour-
step gpproach. The am of the first step was to gain a common understanding of the importance of the
impact categories and of facts that were included in the environmenta profiles. One bassfor the
discusson was a framework in which different aspects of the different categories were defined such as
whether the impact is only on humans or ecosystems or both, the degree of scientific uncertainty, the
degree of reversihility of the impact, the scae of the impact, the timing of the impact and other issues.
The second step of the process was afirst assessment of the weighting factors. Each member
confidentidly did this step. In the third step, the results were presented to the members who continued
the discussions. The fourth step was a second assessment. The process was then continued until a
ranking had been produced.

In asecond Dutch study (Kortman et d, 1994), 22 environmental experts were interviewed. They were
given information about the environmenta problems, then asked to rank them. The environmenta
problems included were: Greenhouse effect, acidification, ecotoxicity, ozone depletion, nutrification and
human toxicity. In a second step they were asked to divide 100 points over the environmentd effectsin
such away that the digtribution of points reflects the relative seriousness of each effect in the rank order.
The results from an aternative vauation method based on a distance-to-target method were presented
to the experts who were given an opportunity to reconsider their earlier answers.

In aBritish study (Wilson and Jones, 1994), the va uation was performed directly on the inventory data
using a Delphi technique. A pand of deven anonymous experts from British Universities was used. They
gave their views on the subject being investigated by completing a questionnaire. The results of the
survey were summarised and fed back to each expert by post showing how his or her view differed from
the other participants. The experts were then invited to reconsider their positions. From the judgements
obtained in the second iteration, scores reflecting the median values were obtained which were then
applied to the inventory data.

In the third Dutch study (Huppes et d, 1997), the panel consisted of representatives from the ministries
involved, specidists from companies ffiliated to NOGEPA (Dutch Oil and Gas Exploration and

Production Association), and a number of externa specidists. Only air emissions were consdered. They
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were asked to pass judgement under Rawls “vell of ignorance” (Rawls, 1972), and therefore not as
representatives. The environmental problems were specified in space and time. After a session with
elucidation of the relevant environmental problems by specidigts, each participant determined his
weighting factors, by dividing 100 importance points over the six impact categories. Following
discussions and questions, three further weighting rounds were held. The results after the find round
were then used in the case study aiming for prioritisng investment options (Huppes et a, 1997).

A Finnish study aimed at developing an index for “Environmenta Friendliness’ which can beusedina
number of different gpplications, anong them LCA (Puolamaa et d, 1996). The weighting included the
following categories (in order of importance according to the sudy): greenhouse effect, 0zone depletion,
loss of biodiversity, radioactivity, ecotoxicological effects, resources depletion, photo-oxidants,
acidfication of soils, eutrophication, acidification of waterbodies and noise exposure. The study was
done with interviews using the Andytical Hierarchica Process (AHP) in which the respondents are
asked to make pairwise comparisons. It can be noted that the procedure does only alow answersin
which the most serious problem is nine times more serious than the least serious problem.

In a Japanese study, Nagata et d (1995), a questionnaire wasfilled in by 242 pandllists. Later Lindejer
(1997) sent an extended version of the same questionnaire to European panellists. The questionnaire
covered different subjects (selection and weighting of safeguard subjects, weighting of impact categories
etc) and different weighting methods (ranking methods, scores alocation method and AHP) (Brunner,
1998).

These examples illudtrate different approaches for pane methods. Another technique used in decison
theory which has been discussed in connection with LCA is the multi-attribute utility theory (MAUT)
(e.g. Favaet a, 1993, Hofstetter, 1996, Miettinen and Hamé&&nen, 1997).

One of the lessons from studies on panel methods is that the results are sengtive to how the questions
are being asked (Heijungs, 1994, Kortman, 1994). Also apparently straightforward questions can be
interpreted in different ways (ibid.). The difficultiesin interpreting questions are d <o illustrated in a study
by Landbank (Wilson and Jones, 1995) in which 17 experts were members of a pand. Answers from 7
of the experts had however to be disregarded since it was gpparent from the answers that the
respondents had not understood the question (ibid.). Thisisaso illustrated in a study by Mettier (1999).
Panellists were asked to weigh three safeguard subjects: Resources, Ecologica Quality and Human
Hedth. Panellists were also asked to weight hypothetical products. From information about the
hypothetica products, the corresponding scores for the safeguard subjects could be calculated and
compared to the weights given earlier. Interestingly, very different results were obtained. One reason for

28



this can be the tendency to assgn more or less equa weightsto al criteriato be aggregated (Hofstetter,
1999, based on Mettier (1999) and Lundie and Huppes (1999)), more or less regardless of what isto
be weighted. It thus seems like the results are largely determined dready when it is decided what isto be
weighted againgt each other.

One reason for the tendency to give Smilar weightsto al aspects to be weighted is methodological. In
some studies the pandllists are asked to distribute 100 points between different objects. In the AHP
process used by Puolamaa et a (1996) the maximum difference possible is afactor 9. Since thereisno
reason a priori to assume such equa digtribution, this seemsto be amagjor drawback of these studies.

Cognitive gressis probably a frequent reaction to existing questionnaires and the results derived from
them have to be interpreted carefully (Hofstetter, 1996). According to Brunner (1998) cognitive stressis
amgor problem with the studies performed by Wilson and Jones (1994), Nagata et a (1995) and
Lindeijer (1997). According to Hofstetter (1996) other problematic points are: the way the weighting
problem is presented to the pandligts, the differences in information that individua's possess on
environmenta mechanisms and problems, the different weighting criteria gpplied by each pandligs, and
the digtortions that occur when averages are formed of individually independent weights or through
consensus processes. Brunner (1998) notes that too little emphasis has typicaly been put on the
selection and number of panellists. Another point made by Brunner isthat the used models of
environmenta effects and impact categories were not aways consstent

One of the studiesin which pands have been used and one-step weighting factors have been published
is described by Wilson and Jones (1994). The weighting factors derived by the panel are somewhat
surprising. According to the expert pand, 1 kg of high-level radiation waste is approximately as bad as 1
kg of CO, and 6 kg of CO, isasbad as 1 kg of mercury emitted to water. It can be anticipated that
many experts, aswel as common people, would have different opinions. This vauation may of course
be true, it is not possible to know since we don't know the right answer (or even if there exist something
which can be caled “theright answer”, but it does not seem like the method describes the society’s
vauations

None of the datasets so far presented from panel methods can be recommended for use. Thisis because
they have in generd been developed for specific cases and the gpplicability to generic useisnot clear,
there are Sgnificant datagaps in many of them, for some of the methods some of the results are quite
strange, and the methods have often been designed to give more or less equa weights to al object to be
weighted.

29



When this iswritten, the Eco-indicator 98 has not been published. In the method, a damage approach
will be used where damages to resources, ecosystem health and human health are modelled based on
natural science (Goedkoop et a, 1998). These damages are to be weighted against each other in a panel
approach. The pane members are assigned to one of three value systems based on Cultural Theory
(Méettier, 1999). (Culturd Theory isamoded which characterise societal groups and their world views
which can be used to modd vaue choices inherent in LCA in away that is compatible with the values
and bdliefs of anumber of archetypes (Hofgtetter, 1998)). The result will therefore be three different
indicators. The cultura theory has dso been used for the damage assessments (Goedkoop et al, 1998).
When subjective choices are encountered in the natura science based moddlling, different choices are
made, for the three different indicators, based on the respective vaue system.



3 Qualitative methods

The focusin this paper is on quantitative methods. Quditative methods will be reviewed mainly asan
information on published gpproaches, rather than as a critica review.

Qudiitative va uation methods can often be seen as methods for Sructuring information provided by the
LCA. Theam is often to facilitate for somebody to draw conclusions from the study. Different types of
matrices will often be useful.

One group of matrices, for example used by Chrigtiansen et d (1990) and Graedd et a (1995), condsts
of the life-cycle stages on one axis and environmenta parameters on the other. The latter may be
inventory parameters or some type of classfication parameters. Thistype of matrix may be cdled aLife-
Cycle matrix, Fig. 2.

Fig. 2 Example of aLife-Cycle Matrix.
Globd Warming {Human (...  [|...

toxicologicd
impacts
Raw materid
extraction
Production

The matrices has been used both for absolute and comparative analysis. In an absolute andlysis, asign or
anumber indicates the severeness of an impact. A mgor problem isto find criteriafor the severeness. It
can therefore be argued that a comparative analysisis to be preferred. In a comparative andysis, the
impact of one dternative is compared to a reference case, indicating by signs or number whether the
aternative scores better, worse, or equa with respect to a specific environmental problem for a specific
life-cycle sage.

A similar matrix can be constructed based on the MECO-principle (Wenzdl et d, 1997, Wenzel, 1998).

Instead of impact categories, the following headings can then be used M (Materids), E (Energy), C
(Chemicals), O (Others).
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A mgor problem with a comparative andysis is the difficulties in comparing the relative importance of
the dementsin the matrix. It may be tempting to assume that dl eements are equdly important and to
believe that thisisaneutra decison. It is however an arbitrary and subjective decison, just as arbitrary
and subjective as for example assuming that one of the eements are one thousand times as important as
another one. Therefore these types of matrices may be difficult to use when the am isto make an overdl
evauation, dthough they may be very useful for illustrating a decison Stuation.

In the "V erba-argumentative gpproach”, used by Schmitz et a (1994) (also described by Giegrich and
Schmitz, 1996), the relative importance of the different environmental impacts are andysed in a separate
and more structured way. When determining the "ecological importance” of the different impact
categories, five different criteriawere used:

* Ecologicd threat potentia

* Reverghility - Irrevershility

* Globa, Regiond, Locd

* Environmenta Preferences of the Population

* Relationship of Actud and/or Previous Pollution to Qudity Goas

Based on these criteria, the "ecologica importance” of the relevant impact categories were evauated
verbdly in five categories ranging from "lesser importance’ to "very large importance'.

When working with a quditative gpproach, other criteriamay of course also be chosen. Again, amatrix
may be useful for structuring the discussion. In this second type of matrix, the environmenta problems
are on one axis and the chosen criteria are on the other axis. An example of amatrix for determining
"environmenta importance’ is presented in Fig 3.
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Fig 3. Example of amatrix for determining the environmenta importance of an impact category.
Globd waming (Humen ... | ...

toxicologica
impacts
Revershility
Geographica
scde

In the method used by Schmitz et d (1994), the results from the characterisation were normalised and
presented both quantitatively and verbdly, the latter within five categories ranging from "smal" to "very
large". Based on the normalised results and the evauation of the "ecologica importance” of the different
parameters, averba-argumentative overall evauation was performed and conclusions were drawn.

Volkwein et d (1996) have suggested another semi-quantitative approach. The method consists of four
geps. In the firgt a quantitative normdisation is performed on the difference between the two dternatives
compared. In the second step three qualitative criteria are used: space, time and hazard for different
impact categories. In the third step aformulised ranking procedure is performed based on the three
qualitetive criteria and the results from the normdisation. In the last gep afind judgement is made. The
last four steps are suggested to be performed by an expert pand.

The results from a quditative va uation will often not be reproducible since other persons performing the
vauation could possibly reach another conclusion. This means that the choice of persons to perform the
vauation will be important for the overal result.



4 Conclusions and Discussion

Although there are severd quantitative, generic vauation weighting methods available, none can a this
stage be recommended for use today. Thisis mainly because they ether suffer from sgnificant datagaps,
include incongstencies, lack judtification of important assumptions, or in the case of most distance-to-
target methods because they do not include an inter-effect weighting and are therefore not vauation
methods at dl athough they often are used as such.

It can be noted that the conclusion above is not dependent on the application of the LCA. It can aso be
noted that the conclusion is not based on an evauation of the values behind the different vauation
methods. Furthermore, the conclusion is not based on an evauation of the need for valuation methods
(the latter isdiscussed e.g. in Finnveden, 1996). It is taken as a given thing that some peoplein some
gpplications want to use vauation methods.

Since there is no method that can be recommended today, there is an obvious need for further research.

A mgor limitation of the distance-to-target approachesis that they do not in generd include an inter-
effect weighting. The exception iswhen the targets are explicitly set to be equaly important. However,
thistarget setting must be done in aformalised procedure, e.g. in apand approach. The distance-to-
target methods which do include an inter-effect weighting are thus used in combination with some other
goproach. The“pure’ distance-to-target methods will however not include an inter-effect weighting. This
limitation seems to be inherent suggesting that it will not be possible to devel op weighting methods within
this gpproach which fulfils the requirements. Further research concerning “pure’ distance-to-target
methods may therefore prove to be improductive and a dead-end.

It is suggested that further research is mainly directed towards monetisation and panel approaches.
Many of the limitations of the presently available methods within these groups do not have to be inherent
and it should be possible to minimise them through further work. Other gpproaches could be used in
combination. Idedly, research should be made in co-operation between LCA specidists and other
specidigs from rdevant fidds. It is dear that the LCA community can learn from other aress, eg.
economy and decison theory (e.g. Miettinen and Hamalé@inen, 1997). However, LCA puts some specid
requirements on the methods used, and the necessary adoption will probably need knowledge dso of
LCA.

Most recent work on valuation methods has focused on damage approaches (e.g. ECO-indicator 98,
and economic vauation based on the Impact Pathway Andyss). Thiswork should be continued. There



are however some inherent problems with damage approaches. They require that the damages can be
modelled. Thisis very difficult, or even impossble, in some cases. If only known impacts are considered,
adamage approach will lead to underestimations of the environmental impacts. In a damage gpproach
thereislittle room for the precautionary principle. A suggestion has however been made by Hofstetter
(1998) that the mode of the ecosphere should not only include the known damages, but also a proxy for
the unknown damages, and aso an indicator of the managesahility of the damage. The introduction of an
indicator for the unknown damages is commendable since it makes the problem explicit. Thereis of
course a problem of finding agood proxy for the unknown damage. The suggestion by Hofstetter isto
use the bioconcentration factor in fish (BCF) normaised with the globa anthropogenic emissions and
geogenic flows. The BCF is awel-established indicator for ecotoxicologica impacts. It has dso been
suggested as a characterisation parameter for ecotoxicologica impacts (Finnveden et d, 1992).
However, it remains unclear to what extent it isauseful proxy aso for other types of unknown damages.
It will for example probably not be useful in describing surprises and unknown effects resulting from
globa warming briefly discussed in section 2.4.4.

Another inherent problem of the damage gpproaches is the question how to handle future impacts. The
choices concerning discounting and/or a cut-off can have a decisive influence on the results.

Due to the problems of damage approaches, research on vauation methods should also include
approaches basad on vauations on an intermediate leve in the environmenta mechanism, i.e. on the
level of environmenta threets rather than actual damages. Such approaches could include both economic
and panel methods. Economic methods, which could be further developed, include different approaches
for estimating the society’ swillingness to pay.

Another important question which must be raised is whose vaues should be used when deriving
weighting factors, and when choosing the method for deriving weighting factors. Different groups and
dakeholders are likely to have different values and worldviews, not only influencing the weighting
factors, but aso which method they will find acceptable. If robust results are wanted, it can be important
to use severd methods and sets of weighting factors to examine the sengtivity of the results to different
vaues and worldviews. Discussions on how vaues and worldviews can influence methodologica
choices have been published in severd recent theses (Finnveden, 1998, Hofstetter, 1998 and Tukker,
1998).

Since no valuation method can be recommended today, it is still an open question what todoina
specific LCA case sudy. Firgt of dl, the need for aweighting method should be considered. In many
applications, the need for aweighting method is limited in order to be able to draw conclusons
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(Finnveden, 1996). Another recommendation sometimes made isthat if valuation methods are to be
used, severa should be used in pardlel (e.g. Lindfors et a, 1995a). Thisis probably a prudent choice.
However, one of the mgor problems with the present methods is that there are significant datagaps.
Since many methods have datagaps in the same areas, e.g. concerning emissions of toxicological
relevance, the results should be cautioudy interpreted even if dl applied vauation methods point in the
same direction. If the vauation methods give different results, as they often will do, the question il
remains concerning how to draw conclusions. The added information of performing avauation may in
these cases be quite low.

When choosing methods to use in combination, one could try to find methods which are complementary
regarding methodologica approach and coverage of impact categories. One should aso look for
methods which at least fulfil some basic requirements, eg. no logica errors and at least some inter-effect
weighting. Among the presently available monetisation methods, an economic evauation based on the
ExternE project is probably the preferable choice. In comparison to the EPS-system it does not include
any gpparent errors, and in comparison with the Tellus system it is more updated and comprehensive.
Among the distance-to-target method, the Eco-indicator “95 is the only method which includes an inter-
effect weighting (this was done when choosing the targets since they were explicitly chosen to be equaly
important), which probably makesit the most reasonable choice. Among the presently available panel
methods, the study by Puolamaa et d (1996) is probably the study that followed the rules of pane
studies most accurately according to Brunner (1998), and is therefore probably the best choice. To my
knowledge there is no study in which these three methods have been used and compared. An economic
va uation based on the ExternE methodology have however been used in combination with the Eco-
indicator “95, e.g. by De Nocker et d (1998) in a study on fudls. The comparison illustrates that the
results differ alot, but can be regarded as complementary. When choosing methods, newly devel oped
methods, such as the Eco-indicator “98 and Ecotax “98 could also be considered.

Weighting methods in LCA remains a controversid issue. As noted in section 1.4, it is difficult to
critically review vauation methods. It is sometimes easier and more acceptable to be critical about the
va uation eement as such. From persond experience | know that this has led some people to direct their
criticism towards the vauation eement, when they in fact were critical about a specific vauation method.
However, | believe that we should criticaly evauate aso weighting methods. There is no reason to
accept bad science or errors, just becauseit is a part of avauation method. | believeit is possible to
develop much better weighting methods than the ones that are available and used today. While waiting
for better methods, it isimportant not to be paralysed. As discussed elsewhere (Finnveden, 1998), the
uncertainties involved in the vauation is only one reason why it in fact will be difficult to show that one
product system ismore or less environmentaly friendly than another one, even in Stuations where thisis
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actudly the case. This has policy implications. If we want changes to be made, we must learn to take
decisons and act on alessrigid basis than full scientific proofs.
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