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Abstract

Purpose This discussion article aims to highlight two prob-
lematic aspects in the International Reference Life Cycle Data
System (ILCD) Handbook: its guidance to the choice between
attributional and consequential modeling and to the choice
between average and marginal data as input to the life cycle
inventory (LCI) analysis.

Methods We analyze the ILCD guidance by comparing dif-
ferent statements in the handbook with each other and with
previous research in this area.

Results and discussion We find that the ILCD handbook is
internally inconsistent when it comes to recommendations on
how to choose between attributional and consequential
modeling. We also find that the handbook is inconsistent with
much of previous research in this matter, and also in the rec-
ommendations on how to choose between average and mar-
ginal data in the LCIL

Conclusions Because of the inconsistencies in the ILCD
handbook, we recommend that the handbook be revised.
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1 Introduction

The International Reference Life Cycle Data System (ILCD)
Handbook (JRC-IEA 2010) was developed by the European
Joint Research Centre (JRC). The ILCD handbook comprises
several volumes and was produced in a major effort by re-
searchers at JRC in collaboration with external researchers.
The handbook was reviewed by an international panel of
LCA experts but not revised after the review. It has been
required for use in several EU projects (e.g., European
Commission 2015a, b) and is referred to as a guideline for
good life cycle assessment (LCA) practice (e.g., Laurent
et al. 2014) and as a starting point for further methodological
choices (e.g., Ahlgren et al. 2015).

Because of the significance of the ILCD handbook in the
LCA community and in the environmental policy initiatives
that followed—among which the Single Market for Green
Products (European Commission 2013a, b)}—and because it
was not revised in response to the external review, we feel it is
important to discuss the limitations of the document. The aim
of this discussion article is not to review the full handbook, but
only to highlight a couple of problematic aspects in the way
the detailed general guide (JRC-IEA 2010) deals with attribu-
tional and consequential LCA. The choice between and appli-
cation of attributional and consequential LCA is important,
since this has a strong influence on the LCA results. The use
of attributional and consequential LCA for decision-making
has also recently received significant attention by other
authors (e.g., Anex and Lifset 2014; Brandao et al. 2014;
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Dale and Kim 2014; Hertwich 2014; Plevin et al. 2014a, b, c;
Suh and Yang 2014).

We analyze the ILCD guidance on attributional and conse-
quential LCA by comparing different statements in the ILCD
handbook with each other and with previous research.

2 Analysis
2.1 Attributional or consequential LCA

The ILCD handbook states that the modeling in the life cycle
inventory (LCI) analysis relates to the concepts of attributional
and consequential modeling (JRC-IEA 2010 p. 36). The dis-
tinction between attributional and consequential LCI was
originally made at an international workshop on electricity
data in 2001, although similar distinctions had been made
earlier by several authors, using different terminologies and
slightly different definitions (for a review of early works, see
Ekvall 1999). The 2001 workshop stated that attributional and
consequential LCI respond to different types of questions
(Curran et al. 2005):

* Attributional LCI considers the flows in the environment
within a chosen temporal window.

* Consequential LCI considers how the flows may change
in response to decisions.

The outcome of the 2001 workshop has been interpreted
differently and/or been slightly revised by other authors. For
example, Finnveden et al. (2009) state that:

+ Attributional LCA is defined by its aim to describe the
environmentally relevant physical flows to and from a life
cycle and its subsystems.

» Consequential LCA is defined by its aim to describe how
environmentally relevant physical flows will change in
response to possible decisions.

The glossary in the Shonan database guidelines
(Sonnemann and Vigon 2011) defines the terms as:

+ Attributional approach: System modeling approach in
which inputs and outputs are attributed to the functional
unit of a product system by linking and/or partitioning the
unit processes of the system according to a normative rule.

» Consequential approach: System modeling approach in
which activities in a product system are linked so that
activities are included in the product system to the extent
that they are expected to change as a consequence of a
change in demand for the functional unit.

The ILCD handbook itself states (p. 71) that:
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* The attributional LCI model describes its actual or fore-
casted specific or average supply chain plus its use and
end-of-life value chain, all embedded into a static
technosphere.

* The consequential LCI model describes the supply chain
as it is theoretically expected in consequence of the ana-
lyzed decision, embedded in a dynamic technosphere that
reacts to a change in the demand for different products.

The ILCD handbook also identifies three archetypical sit-
uations in which LCA can be used:

A. Micro-level decisions (products)

—  Improvements, comparisons, procurement
— Labeling: type 1 criteria, EPD, carbon footprint

B. Meso-macro level decisions (policy)

— Identifying improvement potentials
—  Policy development

C. Accounting (products and policy)
—  Monitoring and reporting at all levels

The handbook uses this structure to provide methodologi-
cal guidance and provisions linked to each situation. One such
example is the choice between attributional and consequential
LCA.

According to all of the definitions above, consequential
LCI should be used for situations A and B in the ILCD hand-
book, since it states (p. 37) that, when LCA is used as deci-
sion-support, the LCI model should reflect the consequences
of the decision. Apparently inconsistently, the ILCD hand-
book explicitly recommends attributional modeling for
micro-level decisions (p. 82) and for most of the life cycle
when meso- and macro-scale decisions are investigated
(p-85). One exception is processes where the decision causes
big changes (p. 41; p. 85). Changes are judged to be big if they
correspond to more than 5 % of the total production capacity
of the production system or to more than the annual replace-
ment of production capacity in the system (p. 42). The only
other exception given (p. 13) is sensitivity analyses, where
attributional modeling can be displaced by consequential
modeling to evaluate the robustness of the study results and
conclusions.

2.2 Average or marginal data
Attributional and consequential modeling are different in

terms of, for example, the choice of input data. Finnveden et
al. (2009) state that attributional LCI is based on average data
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Table 1 The choice of input data

in LCI models aiming to assess Data to model Azapagic and Clift (1999) ILCD handbook

decisions according to Azapagic

and Clift (1999) and the ILCD Small changes in production volume Marginal Average

handbook Significant changes in production volume Incremental Marginal
Complete change of production system Average 7*

*Not clearly specified

that represent the actual physical flows. The ILCD handbook
(p. 71) basically agrees with this, but it is more specific and
states that producer-specific data should ideally be used for
modeling the production of goods and services for which the
supplier is known.

For consequential LCI, Finnveden et al. (2009) state that
marginal data are used when relevant to model consequences.
Marginal data represent changes that are small enough to be
approximated as infinitesimal. Azapagic and Clift (1999) state
that such changes “are in effect very small and do not cause a
change in the way the system is operated”. Ekvall (1999)
suggests that marginal data can be used to model the effects
of many actions on the production of bulk materials, energy
carriers, and services for which the total production volume is
very high.

It is often useful to distinguish between short-term
and long-term marginal changes. Short-term effects are
changes in the utilization of the existing production ca-
pacity in existing production plants, while long-term ef-
fects involve changes in the production capacity and/or
production technology. Weidema et al. (1999) state that
most LCAs involve choices that directly or eventually
affects the capacity of the production systems in the life
cycle. Ekvall and Weidema (2004) argue that any
change can be expected to have both short-term and
long-term effects; however, they add that long-term ef-
fects are likely to be more relevant to model in envi-
ronmental studies because they are driven by a concern
for the long-term situation.

The ILCD handbook (p. 85) requires long-term marginal
data to be used to model production systems where the deci-
sion causes big changes. Hence, it agrees with previous au-
thors that long-term marginal data are adequate to model cer-
tain consequences. However, it disagrees on whether marginal
data should be used to model small or large changes (see
Table 1).

The previous authors are not a homogenous group, but
most of them would agree with the view of Azapagic and
Clift (1999) that small changes should be modeled using mar-
ginal data (c.f. Brandao et al. 2014). Average data of the new
system should be used when the change involves a complete
elimination or change of a production system. This is reason-
able because average data describe the production system as a
whole. Azapagic and Clift also argue that changes that do not
affect the full production system but a significant share of the

production volume should be modeled using scale-dependent,
incremental data.

The ILCD handbook, in contrast, requires that average data
are used to model small changes. Marginal data are used only
to model changes that are big enough to have a direct, large-
scale effect on the production capacity of the system (p. 42; p.
170) and in these situations the handbook does not specify any
upper limit to the use of marginal data.

It has been argued that the uncertainty in the marginal data
is often large (e.g., Finnveden 2008; Mathiesen et al. 2009)
and that significant time and effort are required to understand
and reduce this uncertainty (e.g., Ekvall et al. 2005; Zamagni
et al. 2012). On the other hand, other authors (e.g., Weidema
2009) argue that the error is greater in attributional LCA com-
pared to consequential LCA due to low accuracy. Therefore,
we would argue that the recommendation should not be to use
average data when the change is small and marginal data when
the changes are big enough to have a direct, large-scale effect
on the production capacity of the system. Instead, it would be
better to recommend, for consequential LCA, the use of mar-
ginal or incremental data to model changes when the accuracy
is important, i.e., when the choice of data is important for the
results and conclusions of the study.

3 Conclusions

The recommendations on attributional and consequential LCI
in the ILCD handbook are in part inconsistent with much of
previous research on attributional and consequential LCA. If
the ILCD handbook is regarded as a scientific document, this
not necessarily a problem: as science evolves, new findings
and new methods need not be consistent with the old ones if
the old ones are proven wrong or outdated. If regarded as a
scientific document, the main problems are that it is not inter-
nally consistent and that it does not convincingly show that the
earlier published methods are wrong or outdated.

However, the ILCD handbook is not primarily a scientific
document but a guide for LCA practitioners in academia, in-
dustry and policy. As such, it ought to be not only internally
consistent but also consistent with established research find-
ings and methods widely agreed upon and used in the LCA
community. Therefore, we recommend that the handbook be
revised in accordance to the discussion in this paper as well as
the recommendations of the expert review panel.
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