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Abstract

Goal, Scope and Background. More and more national and re-
gional life cycle assessment (LCA) databases are being estab-
lished satisfying the increasing demand on LCA in policy mak-
ing (e.g. Integrated Product Policy, IPP) and in industry. In order
to create harmonised datasets in such unified databases, a com-
mon understanding and common rules are required. This paper
describes major requirements on the way towards an ideal na-
tional background LCA database in terms of co-operation, but
also in terms of life cycle inventory analysis (LCI) and impact
assessment (LCIA) methodology.

Methods. A classification of disputed methodological issues is
made according to their consensus potential. In LCI, three main
areas of dissent are identified where consensus seems hardly
possible, namely system modelling (consequential versus
attributional), allocation (including recycling) and reporting
(transparency and progressiveness). In LCIA the time aspect is
added to the well-known value judgements of the weighting step.

Results and Discussions. It is concluded that LCA methodology
should rather allow for plurality than to urge harmonisation in
any case. A series of questions is proposed to identify the most
appropriate content of the LCA background database or the
most appropriate LCI dataset. The questions help to identify
the best suited approach in modelling the product system in
general and multioutput and recycling processes in particular.
They additionally help to clarify the position with regard to
time preferences in LCIA. Intentionally, the answers to these
questions are not attributed to particular goal and scope defini-
tions, although some recommendations and clarifying explana-
tions are provided.

Recommendations and Perspective. It is concluded that there is
not one single ideal background database content. Value judge-
ments are also present in LCI modelling and require pluralistic
solutions; solutions possibly based on the same primary data. It
is recommended to focus the methodological discussion on as-
pects where consensus is within reach, sensible and of added
value for all parties.

Keywords: Allocation; consensus finding; LCA database; life
cycle assessment (LCA); life cycle inventory dara; recycling; time
preference; value choices

Introduction

The production chains of consumer goods are more and more
subdivided and tend to spread over the entire globe. Many
products may be purchased at any place on the world. Swiss
watches may contain a Lithium ion battery produced in
France with Lithium from Chile. They are packed in brushed
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aluminium boxes made in China with bauxite from Aus-
tralia and sold via a Hong Kong dealer. This comes along
with an increase in environmental pressure due to a grow-
ing world economy as well as an increase in knowledge on
the limits of nature's capacity to absorb pollution.

In the European Union, the green paper on 'Integrated Prod-
uct Policy (IPP)' (European Commission 2001) emphasises
the importance of life cycle considerations on products and
services in order to improve their environmental perform-
ance and to avoid suboptimisation. Some new European
directives include life cycle thinking such as the proposal of
a European directive on Eco-Design requirements of Energy-
Using Products (European Commission 2003).

One consequence of these developments is the increased at-
tention dedicated to life cycle assessment (LCA) by industry,
legislative bodies and academia all over the world. UNEP got
aware of the promising power of life cycle assessment and
launched the life cycle initiative together with SETAC. Main
objectives of the UNEP-SETAC life cycle initiative are to

— identify best practice indicators and communication strat-
egies for life cycle management;

— provide a basis for capacity building;

- expand the availability of sound LCA data and methods;

— facilitate the use of life cycle based information and methods.

In the early days of the Life Cycle Initiative, Helias Udo de
Haes pushed in particular the idea of a peer reviewed, and regu-
larly updated LCI database or information system that repre-
sents best LCI practice, similar to what he strives for in terms of
life cycle impact assessment (Udo de Haes et al. 2002b).

For an efficient decision support on the basis of life cycle
assessment information, availability of sound LCI data and
easy use of life cycle based information are crucial. Product
and service life cycle assessments are very much dependent
on reliable and comprehensive background databases that
complement individually modelled manufacturing, opera-
tion, dismantling and waste management processes. Fortu-
nately, information and communication technologies devel-
oped rapidly during the past years and allow for smart and
efficient database solutions. This paper elaborates and dis-
cusses the needs, the prerequisites and the design and use of
an ideal regional or global database for LCA. After an analy-
sis of the current situation in Section 1, three main require-
ments in view of an ideal background LCA database are
stated, one on co-operation (in Section 2.1), one on consen-
sus-finding in life cycle inventory analysis (LCI, in Section
2.4) and one on consensus-finding in life cycle impact as-
sessment (LCIA, in Section 3). Issues where consensus seems
impossible to reach are identified and described in detail in
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Sections 2.2 and 2.3. Section 4 contains a proposal of a set
of questions that help to identify the appropriate LCA data-
base. The paper ends with a discussion in Section 5.

In this article both terms, 'LCI database' and 'LCA data-
base', are used. Many aspects treated in this paper deal with
LCI related problems. However, the interaction with life
cycle impact assessment is considered important and it is
suggested that regional or global databases do include the
LCIA information as well. In cases in which the entire da-
tabase is meant, the term LCA database is used in this pa-
per in opposition to the cases where mainly inventory prob-
lems are discussed or described.

1 Analysis of Current Situation

Centralised LCI databases are being established within the
last few years in different countries such as the United States
of America, Japan, Germany and Switzerland. An analysis
of the achieved results reveals that cultural differences, the
differences in the grown structure of the LCA community
(institutional and content related interests) and differences
in available budget are major causes for differences in data-
base outline, workflow and database content.

At a first glance, the situation in Japan and Switzerland seem
to be quite similar. The government of both countries got aware
of the promising power of life cycle assessment within the
portfolio of instruments supporting environmental policy. As
a consequence, the administrations within each country joined
forces to promote the development of LCI and LCIA method-
ology and of LCI data. Doing so, LCA research institutes and
consultants as well as LCA departments in industry were gen-
tly forced to work together and to harmonise their individual
and partly incompatible LCI modelling approaches. One ma-
jor distinction between the Japanese and the Swiss approach
is the difference in industry involvement. While the Japanese
LCA programme involved industry participation on the stra-
tegic and operational levels, the Swiss LCI database initia-
tive, and especially the database outline and its modelling prin-
ciples, are based mainly on inputs and the LCA experience of
academic, consulting and governmental bodies.

The aims and the outcome of the two initiatives are also
quite different. Three aspects of the two national initiatives
serve as an illustration (Table 1). Japan encompassed projects
in LCI and LCIA, whereas the Swiss ecoinvent 2000 project

was limited to LCI data investigation and the interface to exist-
ing LCIA methods. The set of elementary flows considered in
LClI data investigation is rather limited in Japan, whereas com-
prehensiveness was one of the aims in the Swiss project. Fi-
nally, the activities of Japan's industry defined the products
and services analysed in the Japan LCI, whereas the Swiss
scope was determined by the requirements of background LCA
databases and, hence, contains only very few consumer goods.

It seems that unified national LCA databases rather try to
focus on datasets on the 'commons', i.e. datasets on energy
and basic materials supply and on transport and waste man-
agement services. The initiative of creating a German net-
work on life cycle inventory data, for instance, aims to es-
tablish the network as the common information and
coordination platform of all groups involved in the supply
and use of life cycle inventory data. According to the plans,
the German data pool shall comprise harmonised and re-
viewed data for background systems ('basic fields of life cy-
cle analyses', Bauer et al. 2004).

But how should such a 'background database' look? What
should it encompass, what not? Should methodological de-
velopments be pushed by providing more detailed LCI in-
formation than current practice in LCIA requires or should
background databases follow methodological developments
that are broadly accepted in LCA practice? Should LCI back-
ground databases allow for a plurality in methodological
approaches (allow for modelling choices) or should they
prescribe the good practice once and for all LCA practition-
ers? How could such plurality be implemented in background
databases, if plurality is accepted, i.e., if several good life
cycle inventory analysis practices are possible and reason-
able? The next three sections try to provide some answers
to these questions, distinguishing life cycle inventory analy-
sis, life cycle impact assessment and a proposal on how to
identify the most suited LCA database.

2 Life Cycle Inventory Requirements
2.1 Seek for co-operation

The product system of any product includes (to a variable
extent) the diversity of the world's economy, i.e. mining in-
dustry, energy industry, heavy industry, building industry,
chemicals industry, electronics industry, farming and food
industry, transport services, programming services, finan-

Table 1: Comparison of the scope of the Japanese and the Swiss life cycle assessment initiatives; selected aspects

Aspect Japan

Switzerland

LCA phases covered

LCI data, methodology and database as well as LCIA
method developments (LIME, JEPIX)

Main focus on LCI data and database and the interface
between current LCIA methods and the LCI database

elementary flows covered

LC| database limited to 14 air- and waterborne pollutants

Strive for an extension of quantified LCl parameters
(e.g. land use, differenciation of size of particulate
matters emitted)

product groups covered

Rather focused on major products and services (including
consumer goods) delivered by Japanese industry

Rather focused and fairly complete on background data
with a European scope (such as energy and material
supply and transport and waste management services)
but only very few consumer goods

Reference (Narita N et al. 2003)

(Frischknecht et al. 2004)

Narita N, Nakahara Y, Morimoto M, Aoki R, Suda S (2003): The LCA Data Library — A Result of National LCA Project in Japan. In InLCA / LCM 2003,
September 22-25, 2003. <www.lcacenter.org/InlL CA-LCMO3/Narita-presentation.pdf>, Seattle, Washington, USA

Oko-Institut (2005): Global Emission Model for Integrated Systems; GEMIS 4.2for <http://www.oeko.de/service/gemis/en/index.htm>, Darmstadt
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cial and legal services, waste management services and the
like. Because production and service provision is globalised,
an ideally complete LCA database covers main activities in
all parts of the world. Furthermore, the ideally complete
LCA database not only includes all these datasets, but at the
same time should include the links in between them accord-
ing to economic interrelations. This would result in a huge
number of interlinked datasets and an even larger number
of links (inputs and outputs). Creating and maintaining such
a database asks for joining resources and sharing work due
to several reasons:

— the expertise of individual LCA research groups, LCA
consultants and LCA industry representatives is limited
compared to the broad technical and environmental
knowledge required

— the more remote a process takes place (from the person
analysing it), the less knowledge he or she has on poten-
tial data sources and experienced local people.

— The sheer dimension of such a task makes it very improb-
able that it might be funded by one single commissioner
nor that it might be carried out by one LCA institute.

Hence, the first requirement on the way towards a common
LCA database can be formulated as follows: LCA institutes
and consultants, LCA funding bodies and industry should
seek for national and international co-operation to gain
synergies and to share work.

However, to share life cycle inventory analysis, work is easier
said than practiced. Ph.D. students and professors are not
paid to find consensus but to search for new solutions and
approaches. Co-operation requires mutual or explicit un-
derstanding on how to model product systems and may slow
down our own research activities. The following section in-
troduces a distinction between issues where consensus can
or has been reached and issues where it is difficult or hardly
possible to reach consensus.

2.2 Can methodological consensus always be reached?

In Europe, several research and research co-ordination
projects have been and are being carried out to harmonise
LCA methodology, such as LCANET (Udo de Haes &
Wrisberg 1997), CHAINET (Wrisberg et al. 2002) or COST
action 530, some of which were initiated and/or lead by
Helias Udo de Haes. The SETAC Europe working groups
working in two 3-year frameworks in the nineties were partly
used to establish or at least to work towards a best practice
in LCA. Discussions within ISO during the establishment of
the first series of LCA standards, however, showed that con-
sensus-finding is not an easy task. The room for interpreta-
tion in the current LCA ISO standards — and subsequently
the number of diverging interpretations of one and the same
standard ~ is rather large. It was not possible to settle some
of the hot issues (like allocation, see below) and to agree on
common positions, neither in LCI nor in LCIA. However, if
globally acceprable LCI background data are an aim, such
contradictions and controversies must be overcome in one
way or the other. In the following, life cycle inventory dis-
cussion topics are described and classified according to their
consensus potential.
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The co-operating institutes must agree on common rules on
how to model the numerous and diverse product systems,
Allocation and cut-off rules, recording rules of pollutants,
data gaps treatment and many more modelling aspects need
to be defined. Additionally, an agreement on the naming of
pollutants and on naming rules of economic inputs and out-
puts is required. A large part of these agreements involves
no or little subjectivity and value judgements. But even nam-
ing rules are not only a matter of convention, but also of
diverging concepts and thus disputable. Astonishing enough
that the SETAC working group on data quality and avail-
ability arrived at a consensus in elementary flows nomen-
clature (Hischier et al. 2001).

Agreements on some other issues are more tricky, not neces-
sarily because they involve severe value judgements, but more
because of differences in schools and long-term tradition.
They may be called LCI modelling conventions and flow
reporting conventions. Among them, the modelling of the
natural carbon cycle, the classification and grouping of el-
ementary flows, or the modelling of waste (either as input
or as an output) may serve as examples. Without principally
changing the final results of an LCA on biofuels, biogenic
carbon can be modelled including or excluding carbon up-
take during biomass growth. Some LCA practitioners pre-
fer to consider carbon uptake in their LCA models, whereas
others prefer not to do so. Some schools teach one to group
elementary flows within a hierarchy (where all emissions of
individual non-methane volatile organic carbons (NMVOC)
such as benzene or formaldehyde are added up to a cumula-
tive total NMVOC emission, and showed in parallel to cu-
mulative benzene and formaldehyde emissions), whereas
others prefer not to introduce such a hierarchy and to record
each substance only once (on the most detailed level). Some
distinguish pollutants according to receiving media and the
source of emission, whereas others further subdivide the re-
ceiving compartments instead. Waste may be modelled on
the output side as well, if the physical flows are used as an
analogy!. Others prefer not to model according to the physi-
cal flow of the wastes, but rather based on the service pur-
chased, namely the waste treatment service, which is a (serv-
ice) input into the process that 'produces' the waste.

All the examples mentioned so far do not involve severe
value choices. These modelling options do not (or only mar-
ginally) influence the outcome of an LCA. However, a har-
monisation on these issues involves reworking of LCA mod-
els, LCA software routines and interfaces, and potentially
also of tutorials and manuals at least for parts of the LCA
community. It may also be perceived as a matter of prestige
that one's own approach is chosen as the internationally

accepted one. That is why consensus finding is certainly not
an easy walkover.

Finally, there are some really tough aspects where consen-
sus finding is an ongoing task and may be unreachable in
itself. This includes aspects that are usually dominated by
personal opinions, cultural perspectives or by position-ori-

! These waste outputs to technosphere are sometimes called 'bads’, simi-
lar to the 'goods', the intended products and services delivered.
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ented thinking. Economists, for instance, have been strug-
gling since more than 150 years with the problem of cost allo-
cation without reaching a consensus on the 'right' approach.
Currently three main fields of dissent can be identified:

— LCI modelling
e attributional (descriptive) versus consequential (change
oriented) modelling in general

o different approaches of consequential modelling

— allocation
o in joint (and quasi joint) production
* in recycling
- reporting
o level of transparency required
o level of sophistication required

These three fields are elaborated on in the following section.

2.3 Three fields of dissent in life cycle inventory analysis

LCI modelling. In the mid nineties, the distinction between
decision-oriented and descriptive LCA has been introduced,
discussed and further refined (Ekvall 1999, Ekvall et al. 2004,
Ekvall & Weidema 2004, Frischknecht 1998, pp. 53-76,
Weidema 2001). Already before, 'what-if' scenarios have
been introduced by asking 'what differences would the non-
production of a product make?' (see e.g. Heintz & Baisnée
1992, p. 43). According to the distinction, consequential LCA
should be applied in cases where LCA supports a decision
(such as product comparison, process optimisation, invest-
ment decision, etc.). Descriptive LCA should be applied in
cases of reporting purposes (such as the annual environmen-
tal report of a company, in which last year's inputs and out-
puts are documented). This distinction is an attempt to clas-
sify LCA goals in view of differences in LCI modelling.
However, not all LCA practitioners strictly follow this dis-
tinction and quite a few LCA practitioners hesitate to apply
a strictly consequential modelling in decision-oriented LCAs.

Whereas the descriptive LCA model is rather undisputed
(theoretically founded in Heijungs 1997), the correct mod-
elling approach of consequential LCA is still subject to de-
bates. Different views exist which result in rather different
LCI models and finally LCA outcomes (Frischknecht 2002).
The main point of discussion is whether or not actual eco-
nomic relations are followed to identify the suppliers in the
situation after the decision has been taken. Some proponents
(Ekvall et al. 2004, Ekvall & Weidema 2004, Weidema 2001)
of the consequential approach use market information and
price elasticities to identify those suppliers that are affected
by the decision (without necessarily having an economic (con-
tractual) link to the process under study) and will increase
or decrease their production. Others plea for the considera-
tion of the actual (future) suppliers based on factual eco-
nomic b2b relationships (Frischknecht 1998).

Allocation. Multi-output processes are subject to lively de-
bates when it comes to allocation. The ISO standard 14041
describes a stepwise procedure that shall be applied (Inter-

national Organization for Standardization (ISO) 1998),
namely
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~ avoid allocation wherever possible (by either further de-
tailing the analysis or expanding the product system),

— apply physical relationships,

— apply other relationships.

System expansion may be modelled with an avoided burden
or a basket of benefits approach. Weidema (2001) argues
that if a consequential modelling is applied, the allocation
problem does not exist because consequential modelling
automatically leads to the 'avoided burden' approach. Oth-
ers argue that the avoided burden approach only defines the
(maximum) benefit, that can be achieved with co-production
and that it is still in question to whom how much of this ben-
efit should be attributed (Frischknecht 2000, Frischknecht &
Jungbluth 2003). Kagawa & Suh (2005) describe that each
approach has its correspondence in make-use tables of in-
put-output analysis, namely the commodity technology
model (system expansion) and the industry technology model
(partitioning). But there, the choice of one or the other model
is not that crucial in terms of results because of the macro-
economic scope of input-output analyses.

Modelling of recycling processes are also subject to contro-
versial discussions. The ISO standard again is not very pre-
cise and leaves room for interpretation and choice. Some
LCA researchers and practitioners follow an 'avoided bur-
den' approach and grant credits to the system under analy-
sis irrespective of the time dimension. Material quality as-
pects may be considered via, e.g. differences in sales prices
(see, e.g., Werner 2002). But similar to the joint production
case above, such an approach only defines the total achiev-
able benefit. In most cases where the avoided burden ap-
proach is followed, the benefit is fully attributed to the prod-
uct system delivering material to be recycled. The one
purchasing recycled materials does not profit at all, which
may be considered unfair. This automatism, however, can
be avoided by first applying the avoided burden approach
to determine the maximum benefit and, secondly, to apply
conventional allocation to distribute the benefit among those
who made this benefit possible (i.e., the ones supplying re-
cyclable material and the ones using recycled materials).

Reporting: The ISO standards make quite clear statements
when it comes to LCA reporting requirements. The LCA
report shall cover — among other things — a qualitative and
quantitative description of unit processes, the source of pub-
lished literature, and calculation procedures (International
Organization for Standardization (ISO) 1998, p. 14). This,
in principle, sets a rather high reporting standard in terms
of transparency and reproducibility. However, the useful-
ness and appropriateness of such an open reporting policy is
questioned. Eyerer et al. {2004), for instance, claim that re-
porting cumulative LCI results only (instead of unit process
raw data) increase data quality (because industry is more
willing to share information as long as no details are re-
vealed) and increases user comfort (because a user prefers
'ready to use'-datasets). Others, like Frischknecht (2004),
plea for open and transparent information in background
databases without diminishing the comfort of 'ready to use'
datasets. This may be achieved by providing both cumula-
tive results and unit process data.
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How far should public background LCI databases be used
to foster methodology developments in impact assessment?
An active and a reactive attitude can be identified. The re-
active approach would limit LCI investigations to elemen-
tary flows (and potential compartment differentiations) for
which characterisation, damage or weighting factors are
available in current LCIA methods. The active approach
would go further and try to stimulate LCIA method devel-
opment by quantifying elementary flows not yet consid-
ered in LCIA. Of course, the structure and parameters of
newly introduced elementary flows should fit to future im-
pact assessment approaches.

It will be hardly possible to reach full consensus on the issues
listed and sketched above. However, one might strive for a
classification of key questions and possible (or most prob-
able) answers. It would help to separate consensus items
from items where a plurality of approaches cannot be avoided.
A potential solution on how to treat the aspects that most
probably will remain disputed is described in Section 4.

2.4 Conclusion

In summary, the second requirement for an ideal background
database is: Strive for a consensus on LCI modelling con-
ventions and flow reporting conventions within your data-
base initiative and classify subjective LCI methodology is-
sues to a few standard choices.

Once these content related issues have been harmonised or
opposing positions clarified, the issue of data format har-
monisation may be tackled. This again seems to be a techni-
cal rather than a content-related issue. Main obstacles may
be major conceptual differences, on one hand, and invest-
ment protection arguments due to major software and data-
base content adjustment work caused by a data format har-
monisation, on the other.

3 Life Cycle Impact Assessment Requirements

Discussions on best practice life cycle impact assessment
(LCIA) are more intense as compared to discussions on life
cycle inventory best practice. Since the early nineties, when
the CML guide and background reports have been published
(Heijungs et al. 1992a, Heijungs et al. 1992b), the LCA com-
munity strived for best practice consensus in impact assess-
ment. The initiative and engagement of Helias Udo de Haes
in the SETAC Europe working groups on life cycle assess-
ment resulted in two reports on the state of the art and the
ways towards best practice in impact assessment (Udo de
Haes 1996, Udo de Haes et al. 2002a). The current best
practice and the ISO standard (International Organization
for Standardization (ISO) 2000) distinguish at least between
those elements of the impact assessment phase that are mainly
based on natural sciences (the fate, exposure and damage
assessment) and those parts that are predominantly social
science based (the weighting step).2

2 Such a distinction is hardly made yet in life cycle inventory analysis.
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Ideally, the development of new impact assessment methods
and of LCI databases should go hand in hand to maximige
the compatibility between those two LCA phases. Withip
the ecoinvent 2000 project, an attempt was made to inte-
grate latest developments in the impact assessment of land
use. An LCA discussion forum on land use issues has beep
organised in 2001 before data investigation started. On the
one hand, land use and biodiversity experts explained the
data demand that allows for an optimal assessment of land
use transformation and occupation. On the other hand, in-
ventory people described the possibilities within the given
scope of the ecoinvent database project (constrained in terms
of budget and time as well as defined in terms of processes
to be analysed). The day was used for constructive consen-
sus finding, where both groups had to make concessions. It
resulted in quality guidelines, that formed the basis for the
life cycle inventories investigated later-on (Frischknecht et
al. 2004a, pp. 27-32, Jungbluth & Frischknecht 2001).

The time aspect gained attention in the recent past. Long-
term landfill leakages may tend to dominate certain CML
impact categories such as acquatic ecotoxicity, for instance
in electronics LCAs, when applying the landfill model de-
veloped by Gabor Doka within the ecoinvent 2000 project
(Doka & Hischier 2004). According to this model, emis-
sions within the first hundred years after waste disposal,
and after this period up to 60,000 years (which equals about
the average time period between two ice ages), are quanti-
fied. During the intensive and partly emotional discussions
within the ecoinvent team on whether or not to weight long-
term and short-term emissions equally, it became apparent
that no consensus was and is possible. Both groups brought
forward a series of arguments which were not able to con-
vince the others (Frischknecht et al. 2004b, pp. 5~10). This
is at least an indication that time preference appears to be
another aspect of LCA databases where consensus cannot
be reached and where the diversity in values and cultural
perspectives needs to be acknowledged. However, there was
a consensus that no higher degree of temporal differentia-
tion (as compared to the classification in short-term and long-
term) is required (Hellweg & Frischknecht 2004).

Regional differentiation, a kind of sister of time differen-
tiation, is discussed in particular with respect to acidifica-
tion and nutrification. Depending on the region where acidi-
fying substances are deposited, more or less damage occurs
mainly depending on the available buffer capacity of cal-
careous soils. That is why regionalised characterisation
models have been proposed in the past (Potting & Hauschild
1997a, Potting & Hauschild 1997b). Such highly differen-
tiating impact assessment methods ask for information on
the geographic location of the release of pollutants in the
inventory (e.g. country-wise). Such a country-wise record-
ing of pollutants emissions is technically not problematic
under the premise that each dataset bears the information
on its location (nation, region or organisational body such
as international electricity networks). Each pollutant emit-
ted by a process may be automatically linked to the respec-
tive location code. However, this would dramatically in-
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crease the amount of datapoints in the LCI result of each
dataset. This increase in datapoints would make it even more
difficult than at present to identify errors, if efficient analy-
sis strategies and tools are not developed and used in paral-
lel. It is doubted whether a further regional differentiation
will be implemented in background databases, although there
seems to be good reasons for it.

A common regional or global LCA database should be able
to accommodate the variety of impact assessment methods
available. Ideally, it models the different impact assessment
elements separately. Once the best practice characterisation
models have been identified (ideally just one per impact cat-
egory), they may be implemented in all ISO-compatible LCIA
methods and, in that way, help to further standardise the
LCA method.

In view of an ideal background LCA database, the following
third requirement, related to impact assessment, is formulated:
Strive for consensus on environmental impact characterisa-
tion, but allow a variety in approaches in normalisation,
grouping and weighting, including time preference.

4 Identifying the Most Appropriate Background Database
Content

The general technical solution of an ideal regional or glo-
bal LCA database should take into account the three re-
quirements highlighted above. It should communicate in a
common data (exchange) format, offer centralised naming
lists, be based on unit processes, and include the calcula-
tion of life cycle inventory and impact assessment results.
Work of co-operating partners can best be supported with
web services.

As we have seen, several aspects of life cycle inventory
analysis and life cycle impact assessment are subject to
value choices. Therefore, the user shall make a limited
number of explicit (subjective) choices before accessing a
database or choosing one particular dataset. The ques-
tions are selected and formulated under the (idealised)
premise that all other properties (such as geographical,
temporal or technology validity) do not differ between the
datasets available. The answers to these questions are used
to suggest (not to prescribe) to the user the appropriate
(consistent) database content. The seven questions deal
with LCI modelling in general, with allocation and with
the time aspect in impact assessment. The questions and
their sequence are shown in Table 2. Please note that these
seven questions are not limitative. Additional questions,
e.g. on whether to consequently apply allocation based
on physical or on economic properties (see Guinée et al.
2004), or to allow for mixed approaches, can and should
be added. For the sake of clarity and focus, we limited
ourselves to the questions listed below.

The answers specify the most appropriate content of the LCA
background database and its datasets. Depending on the
answers given, the system model will have a different shape
and the cumulative LCA results may be distinctly different.
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The technical solution of this differentiation may look as fol-
lows: Each dataset contains the relevant information and data
describing the underlying modelling approach. Product sys-
tems are then established automatically based on the choices
made related to the seven questions listed above (and perhaps
a few more questions not mentioned here). Parameters to guide
the system building procedure is part of such a basic data base.
These parameters help to select and combine individual unit
process (single and multi-function) datasets to form product
systems according to the modelling choices made.

The following example on low voltage electricity supply il-
lustrates the concept of variable data sets. Different product
systems of the same functional unit (low voltage electricity,
supplied by the UCTE network) exist. They serve differing
modelling approaches, and consist of partly similar, and
partly completely different unit processes. On the one hand,
the combined heat and power plant multi-output processes
may be the same, but differing allocation concepts are ap-
plied (allocation and avoided burden). On the other hand,
the shares and technologies representing the electricity mix
will differ substantially (e.g. differing share of wind power,
differing technology level of hard coal power plants) due to
attributional or consequential modelling.

It is emphasised that the seven questions listed above are
deliberately formulated on a technical level and not on the
level of the goal and scope of the study. Of course one could
think of a system of questions on the goal and scope of the
study that automatically proposes (or even prescribes) the
'right' modelling approach. Because of its subjective nature,
it is nevertheless doubted whether such an automatism would
be widely accepted.

Four combinations of answers shall exemplify the differences
in modelling approaches (Table 3):

1. A consequential modelling using market analysis, apply-
ing the avoided burden concept on multi-output proc-
esses and recycling, has been designed by Ekvall &
Weidema (2004).

2. A decision-oriented model approach based on (future)
b2b relations applying allocation on multi-output proc-
esses and cut-off for recycling is described in Frisch-
knecht (1998).

)

The ecoinvent data v1.2 is modelled according to the
attributional approach, applying allocation on multi-out-
put processes, the cut-off approach on recycling and in-
cluding long-term emissions (ecoinvent Centre 2005). This
also applies to many other LCI data sources, such as the
APME-plastics or the [ISI steel data. Some datasets, how-
ever, may be used and recombined with others to build a
consequential database.

4. GEMIS database is based on attributional modelling, ap-
plying the avoided-burden concept with no explicit state-
ment on long-term emissions (Oko-Institut 2003).

Other combinations are of course possible. Pragmatic simpli-
fications, for instance, have been made in the past by apply-
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ing a kind of consequential approach on the foreground sys-
tem (or on the most relevant processes) and relying on
attributional data in the background system.

It is hardly affordable to provide several alternative LCA
datasets on hundreds and thousands of products and serv-
ices at once. Hence, LCA database providers are advised to
present their (raw) data on a unit process level. This allows

the user to adapt LCI process data to his or her specific
needs or to the preferences of the commissioner:

Allocation principles or factors may be changed,

the appropriate modelling approach may be chosep
(attributional or any kind of consequential), and / or
the time preference may be adjusted by including or ex-
cluding long-term emissions.

Table 2: Seven questions that help to specify the most appropriate content of the LCA background database

No | Topic Question Explanation
1 on system Do you prefer to use a consequential or an Consequential LCA models are better suited in case LCA is used for
modelling in attributional approach? decision support. .
general Attributional LCA is better suited for the documentation of past activities.
Consequential — go to Question 2
Attributional — go to Question 3
2 | onconsequential | Do you prefer to model the market cones- When modelling according to market consequences, the LC| model will
system modelling | quences of your decision irrespective of your | include those processes that are ultimately affected by the decision.
factual (future) economic (b2b) relations, or Those processes do not necessarily coincide with the ones of the actual
do you prefer to consider your factual (future) |suppliers or subsuppliers.
economic (b2b) relations? Example "market consequences”: Although a manufacturer decides to
purchase hydroelectric power, the product system might include fossil
electricity because the capacity of hydroelectric power is constrained and
fossil power plants are the ones affected by the decision.
Example 'b2b relations": If a manufacturer decides to purchase
hydroelectric power, the product system shall include this hydroelectric
power production because the factual economic (b2b) relation supports
the operation of that power plant.
go to Question 3
3 on allocation in Do you prefer to apply system expansion -
multi-output (avoided burden) or allocation according to
processes physical or other relationship with regard to
multi-output processes in the background
database?
system expansion (avoided burden) — go to Question 4
physical or other properties — go to Question 5
4 | on allocation Do you prefer to attribute 100% of the credits | -
within the avoided | to the multi-output process or do you prefer
burden approach | to individually fix the credit share between
multi-output process and purchaser of the
co-product(s)?
go to Question 5
5 on allocation in Do you prefer to apply system expansion -
recycling (avoided burden), cut-off or ancther approach
(e.g., physical properties, economic value or
nurnber of subsequent uses) with regard to
recycling?
system expansion (avoided burden) — go to Question 6
other answers — go to Question 7
6 on allocation Do you prefer to attribute 100% of the credits | —
within the avoided | to the product system delivering material to
burden approach | be recycled or do you prefer to individually
fix the credit share between supplier and
purchaser of the material to be recycled?
go to Question 7
7 on time o Do you prefer to weight long-term emissions | To be treated according to the time horizon chosen in damage assessment
preferences in life | and impacts (occuring after about 100 years
cycle impact from the time for which the LCA is carried
assessment out) and short-term emissions and impacts
(occurring within the first 100 years)
differently?
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Table 3: Dataset properties of individual data sets according to database modelling approaches

References Modelling

Allocation Time preference

(Ekvall & Weidemna 2004) Consequential, market

information

Multi-output allocation and recycling: avoided burden

No explicit statement

(Frischknecht 1998) Consequential, (future) b2b

Multi-output allocation: No time preference

relations physical or economic relationships
recycling: cut-off
(ecoinvent Centre 2005) Attributional; Multi-output allocation:

adjustable to consequential

physical or economic relationships

No time preference

recycling: cut-off

(Oko-Institut 2005) Attributional

Avoided burdens No explicit statement

ecoinvent Centre (2005): ecoinvent data v1.2, Final reports ecoinvent 2000 No. 1—16. CD-ROM No. ISBN 3-905594-38-2, Swiss Centre for Life Cycle

Inventories, <www.ecoinvent.ch>, Diibendorf, CH

Ekvall T, Weidema B (2004): System Boundaries and Input Data in Consequential Life Cycle Inventory Analysis. In Int J LCA 9 (3) 161-171
Frischknecht R (1988): Life Cycle Inventory Analysis for Decision-Making: Scope-Dependent Inventory System Models and Context-Specific Joint
Product Allocation. Ph.D.-thesis No. 12599 No. 3-9520661-3-3, Eidgendssische Technische Hochschule Zirich, Switzerland

Frischknecht R, Jungbluth N, Althaus H-J, Doka G, Dones R, Heck T, Hellweg S, Hischier R, Nemecek T, Rebitzer G, Spielmann M (2004): The
ecoinvent Database: Overview and Methodological Framework. In Int J LCA 10 (1) 3-9

5 Discussion

Information and communication technology offers techni-
cal solutions that cover nearly all needs we have or might
think of. Hence, the creation of a regional or global LCA
database is perceived to be more of a challenge because of
the 'human factors'. Consensus finding on LCI methodol-
ogy, in particular on the general modelling approach and on
allocation and recycling, and consensus finding in LCIA seem
to be the most challenging steps on the way towards a com-
mon regional or even global LCA database. Aspects such as
LCI modelling or allocation involve value judgements and
subjectivity and it is doubted whether it is useful to try to
reach consensus at all (or even enforce one particular ap-
proach). To allow for a plurality of approaches and to try to
support such a plurality with transparent and open LCI
databases is strongly preferred.

Other obstacles on the path towards a national or regional
LCA database are built up to the inherent purpose of re-
search and academic institutions and due to achieved posi-
tions and tradition. Ph.D. students need to create new solu-
tions and methodological approaches and not to debate on
potential consensus. Aspects like naming rules or reporting
conventions for pollutants do not really involve value choices.
But it may involve quite some resources in terms of time
and money for some or even all actors to change from their
own system to a new one. And such investments require
clear incentives and expected advantages.

The availability of large unified background LCI databases
will certainly foster the application of LCA. However, it does
not automatically unify LCI and LCA methodology nor
standardise LCA results. Controversial discussions on the
diverging outcome of LCAs will for sure happen also in the
future, even if based on the same source of data. This is
inherently due to the fact that not only LCIA but also LCI
includes value choices and subjective aspects. However, it
would be wrong to disqualify LCA due to its missing uni-
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formity. Plurality in LCA only reflects plurality in society. It
is strongly believed that any developments in LCA method-
ology trying to embed this plurality rather than to exclude it
strengthens the tool.

Helias Udo de Haes had and has a good sensorium to feel
how far harmonisation efforts may go in life cycle impact
assessment and where no consensus may be reached. A strong
focus on aspects where harmonisation seemed possible al-
lowed for substantial progress in the last years. Such a dis-
tinction and concentration on consensus-promising issues
has not yet taken place in the field of LCI. The proposed list
of questions in relation with background LCA databases
may help to structure these issues and focus the methodo-
logical discussion on aspects where consensus is within reach,
sensible and of added value for all parties.
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