Environmental News No.

70 2004

The Product,
Functional Unit and
Reference Flows in LCA
Bo Weidema
2.-0 LCA Consultants
Henrik Wenzel
Institute for Product Development
Claus Petersen
Econet
Klaus Hansen
Technical University of Denmark

2

The Product, Functional Unit, and Reference Flows in LCA

List of Contents
Introduction to the series

5

Preface to the guideline

7

1 Summary

9

2 Introduction
2.1 Definitions and purpose
2.2 Relation to different applications
of life cycle assessment

13
13
15

3 Procedure for determining the object of study,
the functional unit and the reference flows
3.1 Determining the object of study
3.1.1 Step 1: Describe the product by its properties
3.1.2 Step 2: Determine the relevant market segment
3.1.3 Step 3: Determine the relevant
product alternatives
3.2 Step 4: Define the functional unit
3.3 Step 5: Determine the reference flows
3.4 Summary of the procedure in checklist form

28
29
33
37

4 Specific concerns re. long time horizons
4.1 Products with a long life time
4.2 Studies with a long time horizon

41
41
42

5 Uncertainty
5.1 Causes of uncertainty
5.2 Minimising uncertainties

43
43
44

Annex 1.
Some important terms used in this document

45

19
19
19
23

The Product, Functional Unit, and Reference Flows in LCA

3

4

The Product, Functional Unit, and Reference Flows in LCA

Introduction to the series
Life cycle thinking and life cycle assessment are key elements in an
integrated product policy. There is a need for thorough and scientific
well-founded methods for life cycle assessment. Parallel to this, there is a
need for simple, easy-understandable methods, which reflect life cycle
thinking. Which method to use must depend on the goal and scope in each
case, inclusive target group, publication strategy etc.
It is common for all life cycle assessments that they have to give a solid and
reliable result. A result, that is a good foundation for the decisions
subsequently to be made.
During the last 10 years a number of projects concerning life cycle
assessment and life cycle thinking has received financial support. Also within
“Program for cleaner products 1998-2002” financial support of new projects
will take place.
The main results of projects on life cycle assessments will from 2000 and in
the next couple of years be published as a mini-series under the Danish
EPA’s series Environmental News (Miljønyt).
As the projects are being finalised they will supplement the results of the
EDIP-project from 1996. The tools, experience, advice, help and guidance
altogether form a good platform for most applications of life cycle
assessments.
Life cycle assessments is a field so comprehensive, that it is not likely to be
possible to write one book, that will cover all situations and applications of
life cycle assessments. The Danish EPA hopes, that the LCA-publications
together will present the knowledge available to companies, institutions,
authorities and others, who wish to use the life cycle approach.
The Danish Environmental Protection Agency,
October 2000
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Preface to the guideline
This guideline has been prepared within the Danish LCA methodology and
consensus-creation project carried out during the period from autumn 1997
to 2003.
The guideline forms part of a series of guidelines dealing with key issues in
LCA. These guidelines are planned to be published by the Danish
Environmental Protection Agency during 2004.
A primary objective of the guidelines has been to provide advice and
recommendations on key issues in LCA at a more detailed level than offered
by general literature like the ISO standards, the EDIP reports, the Nordic
LCA project and SETAC publications. The guidelines must be regarded as
an elaboration of and supplement to this general literature and not a
substitution for this literature. The guidelines, however, build on the line of
LCA methodology known as the EDIP methodology.
It is important to note that the guidelines were developed by a consensus
process involving in reality all major research institutions and consulting
firms active in the field of LCA in Denmark. The advice given in the
guidelines, thus, be said to represent what is generally accepted as best
practice today in the field of LCA in Denmark.
The guidelines are supported by a number of technical reports, which
present the scientific discussions and documentation for recommendations
offered by the guidelines. These reports are also planned to be published
during 2004. The guidelines and the technical reports are presented in the
overview figure below.
The development of the guidelines and the technical reports was initiated
and supervised by the Danish EPA Ad Hoc Committee on LCA
Methodology Issues in the period 1997-2001.
The research institutions and consulting firms active in the development and
consensus process are:
COWI, Consulting Engineers and Planners (Project Management)
Institute for Product Development, Technical University of Denmark
FORCE Technology
The Danish Technological Institute
Carl Bro
The Danish Building Research Institute
DHI - Water and Environment
Danish Toxicology Institute
Rambøll
ECONET
Danish Environmental Research Institute
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technical reports
prepared within the
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Decision makers

Practicians

LCA guideline:
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EDIP2003

LCA guideline:
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EDIP2003
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Researchers
LCA technical
report:
Market information in
life cycle assessment
Determining the system
boundaries in LCA
EDIP2003

LCA technical
report:
Reducing uncertainty
in LCA
Developing a data
collection strategy

LCA technical
report:
A new approach for
incorporating working
environment in LCA
EDIP2003 methodology

LCA technical
report:
Update on impact
categories,
normalisation and
weighting in LCA
Selected EDIP-data

LCA technical
report:
Background for spatial
differentiation in LCA
impact assessment
EDIP2003 methodology

1 Summary
The subject of this guideline is some of the first elements of a life cycle
study, typically following immediately after the definition of the goal of the
study (see also figure 2), namely:
•
the determination of relevant product functions and
product alternatives (i.e the object of the study),
•
the definition of the functional unit, and
the determination of the reference flows.

Subject
and purpose

These elements can often be decisive for the results of a specific life cycle
assessment. Therefore, it is important that these elements are performed with
diligence.
The purpose of this guideline is to provide an unambiguous procedure for
these elements of life cycle assessments.
Three different purposes are served by the mentioned elements:
I.

To determine the object of study, thereby making a first delimitation of
the product systems to be studied. Example: Artificial outdoor-lighting
with daylight-spectrum for existing European fittings.

II. To provide a quantified reference unit (the functional unit) for all ot
her data in the study. Example: Lighting 10 square metres with 3000
lux for 50000 hours with daylight spectrum at 5600 K.
III. To determine the reference flows that provide equivalence between the
alternative product systems in a comparative study. Example: 15 day
light bulbs of 10000 lumen with a lifetime of 10000 hours compared to
6 daylight bulbs of 10000 lumen with a lifetime of 25000 hours.
The object of a life cycle assessment is the environmental impacts of a
potential product substitution, i.e. the choice of one product instead of
another (or the choice of a specific product instead of refraining from this
product).
The functional unit describes and quantifies those properties of the product,
which must be present for the studied substitution to take place. These
properties (the functionality, appearance, stability, durability, ease of
maintenance etc.) are in turn determined by the requirements in the market
in which the product is to be sold.
The reference flows translate the abstract functional unit into specific
product flows for each of the compared systems, so that product alternatives
are compared on an equivalent basis, reflecting the actual consequences of
the potential product substitution. The reference flows are the starting points
for building the necessary models of the product systems.
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Based on this, a step-wise procedure is described for these elements of a
product life cycle study:

Five-step procedure

The procedure is divided in five steps:
Step 1: Describe the product by its properties.
Step 2: Determine the relevant market segment.
Step 3: Determine the relevant product alternatives.
Step 4: Define and quantify the functional unit, in terms of the
obligatory product properties required by the relevant market
segment.
Step 5: Determine the reference flow for each of the product systems.
Table 1 gives an overview of the relations between the three purposes and the
five steps in the procedure, and figure 1 gives a graphical summary of the
information flow between the steps.

Table 1.
The three purposes
and 5 steps of the
procedure

Purpose

Steps in procedure

I. Determine object of study

1. Product properties
2. Market segment
3. Product alternatives
4. Functional unit

Described
in section
3.1.1
3.1.2
3.1.3
3.2

5. Reference flow

3.3

II. Provide quantified reference
III. Provide equivalence of
product systems

10

The Product, Functional Unit, and Reference Flows in LCA

The entire procedure can be found in a checklist form in section 3.4,
especially aimed at the reader who does not need the detailed justifications
and examples, e.g. if you have previously read the guideline and just need to
recapitulate the procedure in connection to a practical application.

Step 1: Desribe the product
by its properties

Step 2: Determine the
relevant market segment

Obligatory properties:
Market requirements

B
A
D
C
F
E
G
H

Figure 1.
Information flow
between the five steps
in the procedure

Positioning properties:
All obligatory
properties

Market irrelevant properties:

Relevant, significant and
representative products

Step 4:
Define the
functional
unit

Step 3:
Determine
product
alternatives
BDFG

Translate functional
unit to product flows
Properties that affect
refence flows

Step 5:
Determine refence flows
for each product system
BDFG

Products to be compared

In general, the procedure is independent of the application areas. However,
the detailed procedure is mainly relevant for such applications where the
compared products differ in properties (e.g. functionality, appearance,
stability, durability, ease of maintenance). When studying a product
substitution that involves only products with identical properties, the
procedure may be followed less stringently. The same is true when looking
exclusively at one specific product compared to refraining from this product.

Variation of the
procedure for
different applications

Although the procedure is described in five consecutive steps, it should be
noted that it may often be relevant to perform the procedure in an iterative
or concurrent way: The product properties described in step 1 may be
determined at the same time as, or even from, information on the market
segmentation (step 2). The product or the product alternatives (step 3) may
be given in advance, and thus contribute to the definition of the relevant
product properties (step 1). And the functional unit can be defined (step 4)
without having first determined the relevant product or the product
alternatives (step 3).

The Product, Functional Unit, and Reference Flows in LCA
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If the result of one or more steps in the procedure is questionable or
uncertain (and especially if this is the case for the market segmentation of
step 2), more scenarios should be applied to reflect the limited knowledge.
The extent of such alternative scenarios depends on the needs of the target
group for the study.
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2. Introduction
2.1 Definitions and purpose
Products play a key role in the attempts to reduce the total environmental
impact of human activities. This is because every human activity - and
consequently its impacts on the environment – can be related to specific
needs and the fulfilment of these needs by material or non-material products.
Different products, causing different environmental impacts, may fulfil the
same need. Thus, environmental impacts may be reduced by substituting
between products. The purpose of life cycle assessments is to assess the
possible environmental impacts of such product substitutions, i.e. the choice
of one product instead of another (or the choice of a specific product instead
of refraining from this product).
All products are produced to perform one or more functions, providing one
or more services, fulfilling one or more customer requirements. For example,
the function of an office chair can be expressed in terms of “seating support
for one computer workstation for one year” with some additional minimum
requirements with respect to durability, strength, stability, safety and comfort,
including adjustments of seat and backrest, arm rests etc.
For a specific life cycle study, the different product functions and ways of
fulfilling them are not all of equal relevance. Therefore, as part of defining
the scope of the study it is crucial to determine the studied functions, the
relevant alternative solutions to fulfil these functions, and to ensure the
equivalence of the compared alternatives.

Product
substitutions

Product functions

Different functions
are relevant in
different contexts

Some important definitions are:
A functional unit is a quantified description of the performance of the
product systems, for use as a reference unit. Example: Lighting 10 square
metres with 3000 lux for 50000 hours with daylight spectrum at 5600 K.

Definitions

A reference flow is a quantified amount of product(s), including
product parts, necessary for a specific product system to deliver
the performance described by the functional unit. Example: 15 daylight bulbs
of 10000 lumen with a lifetime of 10000 hours. The reference flow is the
starting point for building a model of the product system.
Further definitions of important terms used in this document can be found
in Annex 1.
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The place in an LCA

The issues dealt with in this guideline (the determination of relevant product
functions and product alternatives, the definition of the functional unit, and
the determination of the reference flows) are part of the scope definition of a
life cycle assessment. Thus, they are some of the first elements in a life cycle
assessment, typically following immediately after the definition of the goal of
the study as seen in Figure 2.

Figure 2.
The position of the
issues of this guideline in the overall
framework of a
product life cycle
assessment

Life Cycle Assessment

Goal and scope definition
Goal definition
Scope definition
Determination of relevant
product functions and alternatives
Definition of functional unit
Determination of reference flows

Interpretation
Invetory analysis

Impact assessment

The purpose within
the LCA

Three different purposes are thereby served:
I.

To determine the object of study, thereby providing a first
delimitation of the product systems to be studied.

II. To provide a quantified reference unit for all other data in the study.
III. To determine the reference flows that provide equivalence between the
alternative product systems in a comparative study.
These three purposes are reflected in the step-wise procedure, described in
Chapter 3.

14

The Product, Functional Unit, and Reference Flows in LCA

The purpose of this guideline is to provide an unambiguous procedure,
based on an identification and analysis of the conditions of the market
segment in which the analysed products are to be sold. The aim of the
procedure is to minimise the arbitrariness in performing this crucial phase
of life cycle assessments.

The purpose of
this guideline

2.2 Relation to different applications of life cycle assessment
In general, applications of life cycle assessments differ in two dimensions:
➤ with regard to the time horizon of the study (short/medium or long
term as determined by the period for which the conclusions of the life
cycle study should be valid, plus the duration of the consequences of
the possible decision on the affected processes), and
➤ with regard to how specific the object of study is defined (a specific
product for a specific market or a group of products aimed at several
markets).
This gives four possible application areas, differing with respect to the
product functions and product alternatives to be covered, see Table 2.
In all situations, the coverage is determined by those functions of the
product, which are (expected to be) required in the market segment, in
which the product is to be sold. Thus, differences between application areas
are due to differences between the affected markets. This is further
elaborated in Chapter 3.
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Differences between
applications are due
to differences in
the affected markets
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Table 2.
Main categories of
application areas,
illustrated by four
examples. These four
examples (also
shown in Figure 3)
will be used
throughout this
guideline

Coverage of
solution space

Specific solutions
(relatively specific
definition of the product
be to studied)

Broad coverage of solutions
(broader defini-tion of
the object of study)

Typically: Enterprise internal
studies aimed at supporting
choice of suppliers or
marketing claims

Typically: Studies aimed
at defining ecolabelling
criteria for a product group

The goal of such studies
will be very narrowly
defined in relation to the
existing products of
the enterprise

Covering representative
products in the relevant
market segment

Time horizon
Short to
medium term

Example:
information on a specific chair
Long term
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Example: Marketing
EU eco-labelling criteria for
computer workstation chairs

Typically:
for product development

Typically:
Studies aimed at
supporting societal action
plans and legislation

The goal of such studies
is still linked to the specific
interests of an enterprise,
but due to the longer
time horizon, it must
cover a wider range of
development alternatives

Such studies cover
not only representative
products in a market,
but also future changes
in the market as well as
the potential products in
this market

Example:
Design for reuse
of a specific chair

Example: Strategic planning
of office chair disposal in
Denmark.

The Product, Functional Unit, and Reference Flows in LCA

Time scale

Figure 3.
The four examples in
relation to the
application areas.

Long term

Design forr reuse
of a specific office
chair
Shortmedium
term
Marketing information
for a specific office
chair

Strategic planning
of office chair disposal
in Denmark

EU eco labelling
criteria for computer
workstation chairs

Solution
space
Specific
solutions

Broad coverage
of solutions

Despite the differences in coverage shown in Table 2, it is still the same
procedure, which should be used to determine the product functions, the
studied product alternatives, the functional unit, and the reference flows,
independently of the application area.
However, the procedure may be followed less stringently if the studied
product substitution involves only products with identical properties, e.g.
when the difference between the products is only relating to modification of
some production processes which do not affect the properties of the product
as such. As there are no performance differences between the analysed
product systems, all steps except step 4 (see Chapter 3) can be dealt with
more quickly or even skipped altogether. The same is true when looking
exclusively at one specific product compared to refraining from this product.

The procedure itself
is independent of
application areas…

…but the procedure
may be followed less
stringently under
some conditions

Also, for enterprise specific studies, step 3 in the procedure, the
determination of the relevant product alternatives (Section 3.1.3), may be
dealt with less stringently, in that the enterprise has a large degree of freedom
to define what it regards as relevant alternatives. Nevertheless, even
enterprise internal studies should seek to reflect the actual consequences of
the decision to be supported, and should therefore include the product
alternatives, which are expected to be affected by the decision, which
typically means the products that are (expected to be) available on the
relevant market.

The Product, Functional Unit, and Reference Flows in LCA
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Iteration of the
procedure

Although the procedure in Chapter 3 is described as five consecutive steps, it
should be noted that it may often be relevant to perform the procedure in an
iterative or concurrent way:
The relevant product properties described in step 1 may be determined at
the same time as, or even from, information on the market segmentation
(step 2), as also shown in Figure 1. The product or the product alternatives
(step 3) may be given in advance, and thus contribute to the definition of the
relevant product properties (step 1). And the functional unit can be defined
(step 4) without having first determined the relevant product or the product
alternatives (step 3), as can also be seen from Figure 1.
The initial steps of the procedure may also be revisited in light of information arising from the more detailed definition of the functional unit (step 4)
or the investigations made to determine the reference flows (step 5). For
example, considering the scale of the study (part of step 4) may lead to a
reconsideration of the relevant markets (step 2).
In a similar way, new information may appear during the later phases of the
life cycle assessment (inventory analysis, impact assessment, and interpretation) that requires a revision of the scope definition. An example of this is the
situation described in section 3.2, where a difficulty occurring during data
collection (the separation of the investigated product from another product)
can be solved by adjusting the functional unit.
In the end, the results from all 5 steps must be consistent.
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3. Procedure for determining the
object of study, the functional
unit and the reference flows
3.1 Determining the object of study
The object of a life cycle assessment is the environmental impacts of a
potential product substitution, i.e. the choice of one product instead of
another (or the choice of a specific product instead of refraining from this
product). The functional unit describes those properties of the product,
which must be present for the studied product substitution to take place.
These properties are in turn determined by the requirements in the market in
which the product is to be sold.

Background

Therefore, the first steps in the five-step procedure are:
Step 1: Describe the product by its properties

Step 1, 2 and 3

Step 2: Determine the relevant market segment
At the same time, the identified product functions and the market segment
delimit the products that may be involved in a product substitution, so that
the next step can be a further specification of the product alternatives to be
included in the study:
Step 3: Determine the relevant product alternatives
3.1.1 Step 1: Describe the product by its properties
The purpose of this step is to identify - out of all the properties of the
studied product – those properties that shall be included in the functional
unit and/or in the determination of the reference flow.
The product properties may be divided in three groups depending on their
importance:
Obligatory properties that the product must have in order to be at all
considered as a relevant alternative. These are the properties that are
included in the functional unit. Example: A beverage container must not
leak.
➤ Positioning properties that are considered nice to have by the customer
and which may therefore position the product more favourably with the
customer, relative to other products with the same obligatory properties.
Example: A beverage container may be more or less easy to handle.
➤ Market-irrelevant properties that do not play a role for the customer’s
preferences. Example: A (refillable) beverage container may be more or
less easy to clean.
Both positioning and market-irrelevant properties may be of importance to
the reference flows (see section 3.3).
➤

The Product, Functional Unit, and Reference Flows in LCA

Three groups of
product properties
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The same product property may be placed in different groups in different
markets (see section 3.1.2). A company-internal study, comparing different
options in the product development, may define additional properties as
obligatory for their own brand, although they are only regarded as a positioning
properties on the general market (and would be determined as such in a
more generic life cycle assessment comparing this brand with other brands).
Properties

Properties may be related to:
➤ Functionality, related to the main function of the product
➤ Technical quality, such as stability, durability, ease of maintenance
➤ Additional services rendered during use and disposal
➤ Aesthetics, such as appearance and design
➤ Image (of the product or the producer)
➤ Costs related to purchase, use and disposal
• Specific environmental properties
Functionality, aesthetics, and image characterise the primary services provided
to the user.
Technical quality and additional services ensure the primary services during
the expected duration of these. Although durability may be included as part
of the technical quality, it should be noted that most of the mentioned
properties have a time aspect.
Therefore, it is often important to specify the desired properties also in terms
of the (minimum) period of time for which these properties are expected to
last. For some products and/or properties, there may be a gradual decline in
the expectations over time. The time aspect is treated in more detail in
Chapter 4.
Environmental properties may be included among the properties included in
the functional unit. However, since the very purpose of a life cycle
assessment is to study the environmental impacts of the products, it is not
meaningful to state in advance that the studied products should have such
general properties as ”environmentally friendly” or ”non-toxic.” If
environmental properties are included as obligatory, they must be expressed
as specific properties, like ”the seat and back rest must allow for recycling of
the foam”, so that it is possible to judge - prior to the life cycle study whether a product has the required property.
In developing more environmentally friendly products, it is important to
understand the relationship between the individual properties and the
environmental impact (see figure 4 for an example). If the environmental
impacts are particularly linked to specific properties, it is especially important to consider whether these ”environmentally costly” properties are
obligatory or positioning, and whether it is possible to influence the trade-off
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made by the customer between the properties in question and the
environmental properties of the product, e.g. by environmental information
to the customer.

Office chair example

Back rest: Back support
Back adjustment device
Seat: Sitting support
Mechanics: Seat and armrest
adjustment
Column: Aut. hight adjustment
Armrest: Arm support
Foot-ring: Foot support
Underframe with castors:
Mobility and stability
0

0,05

0,1

Photochemical
ozone formation

0,15

0,2

0,25

0,3

0,35

0,4

mPEMwdk2000

Global warming

Information on obligatory properties for a specific market segment can be
obtained from:
➤ the marketing departments of the enterprises supplying products to
the market segment,
➤ retailers,
➤ industrial organisations,
➤ industrial research institutions and industry consultants,
➤ regulating authorities and standardisation bodies,
➤ marketing and consumer research institutions.
Issues regulated in national and international legislation and standards will
typically be obligatory properties.

0,45

0,5

Figure 4:
The link between
eight functional
properties and two
selected
environmental
impacts

Information sources

Office chair example

General obligatory properties of the office chair
ISO (and coming CEN) standards for office chairs comprise both technical properties such as strength (e.g. ISO 7173), stability (e.g. ISO 7174-1), and safety (e.g.
prEN 1335) and functional properties such as adjustments of seat height, depth and
width, seat inclination, backrest height, width and inclination and arm rests length
and width and more, see also Table 3.
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The role of nonobligatory
properties

The obligatory properties give a good description of what is required for
products to substitute each other. However, the amount of substituted
product or the interaction with other product systems may be determined by
other properties.
To ensure the equivalence between compared products, it is therefore
necessary to analyse systematically all product properties and judge for each
one whether it leads to differences in the amount of substituted product or in
the interaction with other product systems.

Office chair example

Non-obligatory properties of the office chairs
If the chairs have different lifetimes (beyond the obligatory minimum of 5-7 years),
this may lead to a difference in the amount of chairs necessary to fulfil the main
function over time.
If the seat cover on one chair needs more maintenance while the other is maintenance-free - or if one of the chairs lead to a need for adjustments in other office
equipment while the other matches the existing office - additional functions of other
systems (oil for maintenance, other office equipment) will have to be included to give
a full description of the consequences of the product substitution.
If several such additional properties can be identified, it is important to
investigate whether one of the properties can be identified as the one
determining the difference in performance.
Examples of determining properties:
In comparing different alternatives for hand drying, the technical properties of the
tissue paper such as mass, absorption-power and tensile strength, may all influence
the number of tissue papers used. However, these properties may all turn out to be
irrelevant if in practice it is the dispenser design that determines the amount of paper
used. Similarly, technical specifications of electrical hand driers, such as the volume
of air and its temperature, may be irrelevant for comparing relative performance, if
the actual operating time and energy consumption of the devices are fixed by other
factors, e.g. built-in timers that give a fixed time per hand-drying event to be
multiplied with the effect of the device.
In comparing alternative types of walls in buildings, the property that determines the
material consumption will often vary with the specific type of wall, depending on the
chosen material or construction principle.This implies that it is not possible to
identify a single determining property common to all the compared wall types. However, for each individual wall alternative, a determining property may be identified. For one wall type, the determining parameter may be durability, for another it
may be strength, and for a third it may be sound or heat insulation.
It should be noted that differences in performance between the compared
alternatives often appear when choosing a (too) narrow product perspective,
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i.e. when studying intermediate products, components, or products that are
otherwise very dependent on other products. Such performance differences,
and the consequent need for adjustments (see section 3.3), can often be
avoided by choosing a broader function-based perspective, i.e. based on the
needs fulfilled by the products (e.g. “lighting” and “cooling of food”) rather
than based on the physical products themselves (e.g. “lamps” and
“refrigerators”), see also the office chair example in section 3.1.2).
It is normally assumed that the price (typically a positioning property), is
approximately the same for all the compared alternatives, so that the overall
economy of the buyer is not affected. However, in some situations, there is a
significant price difference between the different alternatives at the level of
the end consumer, so that it is relevant to consider that the money saved on
the cheaper alternatives will eventually be liberated for alternative
consumption in the customer segment affected by the price difference. If
you wish to model the environmental impacts of this situation correctly, the
product systems of the cheaper alternatives may have to be adjusted to
include this additional consumption, following the procedure outlined in
section 3.3.

Price as a relevant
property

3.1.2 Step 2: Determine the relevant market segment
The purpose of this step is to identify the market segment in which the
potential product substitution is taking place.
Markets are typically differentiated
➤ geographically,
➤ temporally, and
➤ in customer segments.
The geographical segmentation of a market may be determined by
differences in:
➤ natural geography (climate, landscape, transport distances etc.),
➤ regulation or administration (regulation of competition and market
transparency, legislative product requirements, product standards,
taxes, subsidies),
➤ consumer culture.
Geographical segmentation
The market for office chairs is regionally segmented, which means that chairs sold in
Europe are almost exclusively produced in Europe, with additional national submarkets, so that the majority of chairs sold in Denmark are produced in Denmark.

Market segments

Geographical
segmentation

Office chair example

The markets are to a high extent regulated by legislative requirements.
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Figure 5.
Geograhical market
segments for the
four examples
in Figure 3

Time scale

Long term

EU+ (legislative area
and pontential market
for the specific chair)
Shortmedium
term
Denmark
(Existing market of
the present chair)

Denmark
(administrative
area for regulation on
disposal)

EU
(eco-labelling area)

Solution
space
Specific
solutions

Temporal
segmentation

Broad coverage
of solutions

Temporal segmentation of markets is common for service products (e.g. peak
hours and night hours in electricity consumption, rush hours in traffic and
telecommunication, seasons in the tourist industry). For physical goods,
markets are generally only segmented temporally when adequate supply or
storage capacity is missing, either due to the nature of the product (e.g. food
products), or due to immature or unstable markets, as has been seen for
some recycled materials. This temporal segmentation should be distinguished
from the fact that markets generally develop in time, e.g. governed by
developments in fashion and technology, and that both geographical and
temporal segmentation and customer segmentation therefore may change
over time. This latter issue is dealt with in chapter 4.
Each geographical market is typically divided into a number of customer
segments.

Customer segments

Customer segments are generally defined in terms of clearly distinct
function-based requirements, i.e. based on the needs fulfilled by the products
rather than based on the physical products themselves. Very similar products
may serve different needs and hence serve different markets. And very
different products may serve the same need, thus being in competition on the
same market.
Thus, in a life cycle study for a specific company, the product group ”office
chairs” could be too broad a market delimitation. Instead, a specific use
situation (and customer group) for office chairs must be identified.
Alternatively, in more strategic contexts, the product group ”chairs” may be
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seen as too narrow a definition, either because it excludes other ways of
providing seating support, or because the chairs are only one component in a
complete interior solution for the office. This definition is not arbitrary, but
depends on whether the results of the life cycle study is to be applied for a
specific or a more broadly defined market.
Differences in customer requirements may be based on differences in the
purchase situation, the use situation, customer scale, age, sex, education,
status, “culture”, attitudes etc.
To have a practical relevance, segments must be:
➤ of a size that can provide adequate revenue to support a separate
product line.
➤ clearly distinct and with a minimum of overlap, so that all products
targeted for a segment are considered substitutable by the customers
of this segment, while there should be low probability that a product
targeted for another segment would be substitutable, implying that
product substitution from segment to segment can be neglected.
Customer segments
A small survey of the Danish office chair market has been made by acquiring
marketing material from a number of suppliers, by telephone interviews with both
suppliers and purchasers and by personal interviews with two leading
manufacturers.

Office chair example

From discussions with a Danish office chair manufacturer, it has become clear that
at least four well distinguished customer segments exit, based on four different
working situations.These may be named after the working situation in question: 1)
the labourer’s chair, 2) the computer workstation chair, 3) the manager’s chair, and
4) the 24-hour chair.The latter constitutes only a very limited market, and is not
addressed further here.The other markets are shown in Figure 6 together with some
parameters that describe them.
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Price
Figure 6.
Segmentation of the
office chair market,
primarily based on
the type of working
situation

Market
segment

General
description

Obligatory
properties

The manager’s
chair

Designoriented

Seat Hight
adjustable

Most important
positioning
properties
Aestethics
Image

The computer
workstation
chair

Medium
functionality
Functionality
oriented
Ergonomic

The labourer’s
chair

Increased
functionality
for increase in
price
Low price
Low
Functionality

Seat Hight
adjustable
Back rest
adjustable
Seat
inclination
adjustable
Seat hight
adjustable
Back rest
adjustable

Functionality
Ergonomic
properties
Functionality

Price

The labourer’s chair is intended for the labourer, who is sitting on the chair at
intervals only and not for many hours at the time, and who has intermittent
standing and/or walking working positions.The computer workstation chair is
intended for the worker, who is primarily sitting, and who is working behind a visual
display unit (VDU), e.g. a computer, for a significant part of the day (at least two
hours a day).The manager’s chair is intended for the design-oriented person.This
person is not working much on computer, writing, or drawing, but rather reading,
talking on the telephone and the like.This chair could typically be for the employer
or senior employee, to whom design, aestetics, and image/representativity to customers are important issues.
According to the office chair manufacturer, there is only very little overlap between
these groups of customers.This is much in line with the findings of the market
survey, from which it is clear, that the chairs on the market are targeted to each of the
outlined customer types. Furthermore, the grouping is emphasised by the specific
legislative requirements for seat inclination for the computer workstation chair.The
probability that a chair targeted for one segment should sell to a customer in one of
the other segments is small, so that the product substitutability from segment to
segment can be neglected.This implies that life cycle studies of office chairs should
consider each of the market segments separately and not allow for comparisons
between them.
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Information on market segmentation can typically be obtained from
the marketing departments of the enterprises supplying products to
the market. If information cannot be obtained directly from the market
suppliers, possible secondary sources are:
➤ retailers, which cover more than one segment,
➤ industrial associations,
➤ industrial research institutions and industrial consultants,
➤ regulating authorities and standardisation bodies (with respect to
differences between administrative areas),
➤ marketing and consumer research institutions,
➤ trade statistics (especially regarding geographical segmentation).
The above considerations of market segmentation and substitutability of
products are of crucial importance in defining the scope of a life cycle study,
when the compared products differ in appearance and/or functionality. Since
the environmental impacts to be assessed are a direct consequence of the
product substitutions, only product substitutions that can be expected to take
place in practice should be included in the assessment. If the anticipated
product substitutions do not occur in practice, the environmental impacts
will be different from the ones assessed by the study.

The importance of
considering the
market conditions

In parallel, the environmental impacts will also be different from the ones
assessed by the study, if the assessment excludes product substitutions that
can be expected to take place in practice. Therefore, it is important to
include in the study all relevant product alternatives. This is treated in further
detail in the following section.
Due to the importance of these steps, the market segmentation is one of the
places where it may be relevant to apply several alternative scenarios to
reflect the limits of knowledge.
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Table 3.
Selected technical
properties of office
chairs divided in
obligatory (O) and
positioning (P)
in different market
segments

Property
Labourer’s
chair
Seat height adjustable
Back rest adjustable
Back rest inclination
adjustable
Seat inclination
adjustable
Arm rest available
Arm rest adjustable
Roller brakes and choice
of soft and hard rollers
Angle between seat and
back rest adjustable
Sophistication of chair
movement
Seat depth adjustable
and position lockable

O
O
O

Market segment
Computer
workstation
chair
O
O
O

P
P
P

Manager’s
chair
O
P

O

P

O
P
P

O

P

P

P

P

P

P

3.1.3 Step 3: Determine the relevant product alternatives
The products that may be involved in a product substitution are delimited by
the relevant market segment, as identified in the procedure described in the
previous sections. Whether all of the possible products also shall be included
in the study, depends on the goal of the study.
Thus, the purpose of this step in the procedure is to determine what
products shall be included in the study.
An enterprise internal study may be performed for a very specific purpose,
which gives a large degree of freedom to define what is regarded as relevant
alternatives. Public applications, on the contrary, are typically aimed at
influencing a predetermined market and must, therefore, relate to the
products that are (expected to be) available on this market.
For example, to determine ecolabelling criteria for office chairs, a study
should include a representative selection of the product alternatives, which
can substitute each other in the relevant market segment. A more narrow
selection would be perceived as unfair to the excluded alternatives and not
reflecting the true potential for environmental improvement. A broader
selection would be seen as suggesting irrelevant alternatives and thus also as
an unfair comparison. An enterprise internal study of the same chairs may without causing such problems - be limited to study different alternatives
within the product range of the enterprise itself or that of its closest
competitors. Nevertheless, even enterprise internal studies should seek to
reflect the actual consequences of the decision to be supported, and should
therefore include the product alternatives, which are expected to be involved.

28

The Product, Functional Unit, and Reference Flows in LCA

Time scale

Figure 7.
Relevant product
alternatives for the
four examples in
Figure 3.

Long term

Redesigned chair
and potentially
competing chairs
Short to
medium
term
Existing chair

Selection of office
chairs representative of
a weighted average for
Denmark

Representative ection of
all computer work-station
chairs in the European
market (or just EU)

Solution
space
Specific
solutions

Broad coverage
of solutions

3.2 Step 4: Define the functional unit
The functional unit is the central hub of any life cycle assessment, since it
provides the reference to which all other data in the assessment are
normalised.
In a comparative study, the functional unit shall be the same for all the
compared product systems. This is a prerequisite for ensuring equivalence
among the product systems (see also section 3.3).
In general, it is a prerequisite for defining the functional unit that the relevant
market segment and the obligatory product properties have been determined,
as described in the previous steps (section 3.1).
Thus, what remains in step 4 is mainly the quantification:
Step 4: Define and quantify the functional unit, in terms of the obligatory product
properties required by the market segment.
The functional unit should as far as possible relate to the functions of the
product rather than to the physical product. For example, rather “seating
support for one person working at a computer for one year” than “one
computer workstation chair”, rather “freezing capacity of 200 dm3 at -18°C”
than “one 200 dm3 refrigerator”, rather “annual lighting of a work area of 10
square metres with 30 lux” than “bulbs providing 30000 lumen for one
year”. In this way, it is ensured that all obligatory properties - as well as the
duration of the product performance - are addressed.
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As a reference unit, the size of the functional unit is - in principle - arbitrary.
In general, it does not matter whether the office-chair study is normalised to
seating support for 0.28 persons, 1 person, 1000 persons or 1.4 million
persons.
However, two concerns may be relevant when deciding on the size of the
functional unit:
➤ the scale of the studied product substitution,
➤ the ease of comparison of the outcome of the study to other known
quantities.
Scale of the study
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The studied product substitution may be small or large. A large substitution
is defined as one, which affects the determining parameters for the overall
technology development. Thereby, the studied substitution may in itself lead
to new technologies being brought into focus. It can be a change so large that
it affects the general trend in the market volume, e.g. from decreasing to
increasing, whereby a new technology comes into play. It may also be a
change so large that it overcomes a constraint which otherwise prevents the
use of a specific technology. Further, a change may be so large that it affects
the production costs of the involved technologies, e.g. through economies of
scale. For such instances, it may be misleading if the functional unit is chosen
independently of the actual scale of the studied substitution. When studying
substitutions involving the entire market of a major product or process, e.g.
studies dealing with the entire waste handling system of a region or studies
dealing with legislation or standards for an entire sector, it is relevant to
choose a functional unit of the same size as the affected market.
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Time scale

Figure 8.
The basic functional
unit of the 4
examples in Figure 3,
taking into account
the scale of the
studied substitution

Long term

Seating support for
20,000 persons per year
(ainticipated market share)

Short to
medium
term

Seating suppurt for 2,000
persons per year (anticipated
increase in sales due to the
market information

Disposal of 300,000
office chairs per year
(total volume of the
Danish market)

Seating support at computer
workstation for 100,000 persons
per year (anticipated increase in sales
of labelled chairs due to the
labelling)

Solution
space
Specific
solutions

Broad coverage
of solutions

Often, however, life cycle studies deal with small substitutions, which do not
affect the overall trends in market volumes, nor the constraints on and
production costs of the involved technologies. Therefore, the consequences of
the substitution can be assumed linearly related to the size of the substitution
so that the precise size of the functional unit will have no importance for the
interpretation of the results.
For such small substitutions, another concern may be relevant:
When presenting the outcome of the study, it should be as easy as possible to
compare the outcome to something well-known to the reader. For this
reason, the environmental exchanges are typically normalised to the annual
exchanges from a region, from an average person living in this region
(person-equivalents as in the EDIP-method), or from the average monetary
expenditure in this region. To ease this normalisation, and to present the
results in an easily comprehensible way, it may be an advantage to set the size
of the functional unit equal or close to the annual per capita consumption of
the studied product in the studied market segment.
In some instances, two products may be so closely linked that the separation
of some of the processes in their life cycle may lead to an increase in
uncertainty. If all the analysed product systems provide the same amount of
such linked products, this additional uncertainty may be avoided by
including both products in the functional unit.
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functional unit
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Example:
In a study comparing beverage containers, data for the distribution will relate to the
beverage + container, and a separation would lead to an uncertainty in determining
how much of the transport to allocate to the container.This additional uncertainty
can be avoided by expanding the functional unit to include the transport of the
beverage.The expanded systems are still comparable, since the functional unit for the
containers will typically be related to the volume of beverage protected and
distributed, so that all the compared product systems will distribute the same amount
of beverage.The same procedure may be used for other processes where the beverage
and the containers are treated together, e.g. pasteurisation.
Inventory result
relates to the result
of adding or
subtracting one
functional unit

The outcome of the study, as e.g. presented in the inventory tables,
represents the environmental exchanges resulting from adding or subtracting
one functional unit compared to the other systems studied, or by fulfilling the
performance described by the functional unit compared to not fulfilling this
performance. It should not be understood to represent the environmental
exchanges of the functional unit in itself, since the result may to a larger or
minor degree come from interactions with other product systems (see also
the text on system expansion in section 3.3)
Example:
In a comparison of 0.5-litres one-way bottles with 0.4-litres returnable bottles, the
difference in volume may have been determined to affect the consumption of the
beverage (see more on this in the example in section 3.3), so that the introduction of
the returnable bottles is expected to lead to a decrease in consumption, e.g. from 4
million litres (in 8 million 0.5-litre bottles) to 3.6 million litres (in 9 million 0.4-litre
bottles).Thus, the amount of beverage is expected to decrease even though the number
of bottles increases. In this case, the product system of the 0.5-litre bottles will have to
be expanded with the production of 0.4 million litres of beverage, in order to give a
complete description of the consequences of a product substitution with the 0.4-litre
bottles-system. In this case, the functional unit of the study is still “containment of xx
litres of beverage” while the large part of the environmental exchanges reported for
the 0.5-litre bottles-system will come from the production of beverage.This means
that these data cannot be taken and uncritically used in another study, not even in a
study with the same functional unit, unless the described system expansion is equally
relevant in the other study.
3.3 Step 5: Determine the reference flows
The final step in the procedure is:
Step 5: Determine the reference flow for each of the product systems.
A reference flow is a quantified amount of the product(s), including product
parts, necessary for a specific product system to deliver the performance
described by the functional unit.
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For a composite product, the reference flow will typically be identical to the
parts list of the product, multiplied by a factor to scale it to the functional
unit.
The purpose of the reference flows is to translate the abstract functional unit
into specific product flows for each of the compared systems, so that product
alternatives are compared on an equivalent basis, reflecting the actual
consequences of the potential product substitution.
The reference flows must take into account all those properties (whether
obligatory, positioning, or market-irrelevant), which were identified in step 1
(section 3.1.1) as determining for a performance difference. It is not just the
obligatory product properties that determine the amount of substituted
product or the interaction with other product systems. For example, the ease
of handling and cleaning a beverage container (positioning and non-market
relevant properties, respectively) can influence the amount of car-driving on
behalf of the consumer and the type and amount of cleaning agent,
respectively.
For each of the properties identified as having a determining influence on the
amount of product necessary, a relative measure must be determined of the
extent to which the studied products are expected to substitute each other.

A relative measure of
the substitution

Examples:
In a comparison of lighting alternatives, 3 bulbs of 3000 lumen may be substituted
by 2 bulbs of 4500 lumen if the bulbs can be placed so that the distribution of light is
equal (or so that the difference is acceptable to the user). If the bulbs have different
lifetimes, the comparison must be further adjusted to take this into account, resulting
in reference flows of e.g.
• 5 times 3 bulbs of 3000 lumen with a lifetime of 10000 hours each, equal to
• 10 times 2 bulbs of 4500 lumen with a lifetime of 5000 hours each.
When comparing paints with the same obligatory product properties (e.g. minimum
98% opacity and minimum 5 years durability), differences in covering ability (a
positioning property) will determine the reference flow of the different paints, e.g. a
ratio of 2.3 litres of paint A to 1.9 litres of paint B to 1.7 litres of paint C etc.
In comparing different alternatives for hand drying, the dispenser design may
determine the size of the reference flow of tissue paper.
In comparing 0.5-litres one-way bottles with 0.4-litres returnable bottles, the
amount of bottles needed to fulfil the same function of protecting a certain amount of
beverage is determined by two properties: the volume and the return rate of the
returnable bottles (with a return rate of 90%, a reference flow of 125 returnable
bottles would protect the same amount of beverage as the reference flow of
1000 one-way bottles).
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Appropriate tests
and measures

When determining the relative performance of different products, test
conditions and measurement methods should be appropriate to the intended
comparison. It may not always be adequate to use the information from the
producer.
Examples:
It should be ensured that the test of the covering ability of the paints have been
performed on a surface with similar properties as the surface for which the paint is
intended in the specific life cycle assessment.

System expansion

For each of the properties identified as leading to differences in the way that
the compared systems interact with other systems, the system
boundaries must be modified to avoid this difference.
This is parallel to the procedure for handling co-products, which also lead to
a need for modifying the system boundaries to include the processes affected
by the differences in amounts of co-products from the analysed systems (see
also the technical report: “Market information in LCA”).
What is important in this step, is the description of the difference between
the analysed products and a general description of the system modifications
necessary to avoid this difference. The description must include any
difference, which leads to additional processes in one or more of the analysed
product systems. Also future processes, such as additional needs for
maintenance, replacements, waste treatment, or recycling of raw materials
must be included in the description, whenever these processes are planned or
can be foreseen to be necessary. This is one of the places where it may be relevant to apply several alternative scenarios to reflect the limits of knowledge.
Examples:
In the comparison of 3 light bulbs of 3000 lumen to 2 bulbs of 4500 lumen, it may
be necessary to include the sockets and other fixtures which may be affected by the
choice. Furthermore, if the heat given off from the bulbs (which would normally be a
market-irrelevant property) is not equal, this will affect the need for room heating
and/or cooling (unless it is an outdoor lighting).Thus, the reduction in heating
requirement and/or increase in cooling requirement must be included in the
comparison.
In the above example, the difference in lifetime of the two bulbs was simply taken into
account when calculating the relative performance of the two light bulbs.While this
adjustment may be an acceptable procedure for a comparison of light bulbs, more
long-lived products, such as refrigerators with life times of 10 or 20 years it require
that technology development is taken into account. One refrigerator with a lifetime of
20 years cannot simply be compared to two successive, present-day refrigerators with
a lifetime of 10 years.The refrigerators available 10 years from now are certain to be
more energy efficient (i.e. having lower energy input per functional unit) than the
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present, so the energy efficiency of the second refrigerator of the 10 + 10 years
alternative must be determined by forecasting, while the energy efficiency of the 20
years alternative is fixed.
It should be noted that the behaviour of the customer may be affected
differently by the different product alternatives. This is especially relevant
when studying consumer products and may often significantly affect the
outcome of the study. Thus, it is necessary to include the entire change in
consumer behaviour in the reference flow.

Including changes in
customer behaviour

Examples:
A comparison of refrigerators may be based on their internal and/or external
volume.The primary function is obviously related to their internal volume, but the
external volume may be an obligatory property, if the refrigerator is to be fitted into
an existing kitchen. If the external volume is required to be equal, the internal
volume may differ because of differences in insulation thickness.This may cause
differences in behaviour of the user (e.g. shopping more often, storing certain items
outside the refrigerator, or adding another secondary refrigerator elsewhere in the
house). Each of these changes in behaviour will involve changes in different processes,
which then have to be included in the study. If, on the other hand, the internal
volume is required to be equal (i.e. is an obligatory property), a change in insulation
thickness may require adjustments in the physical surroundings of the refrigerator
(the other kitchen furniture). If both the internal and the external volumes are
regarded as obligatory properties, obviously no adjustment is possible that can
accommodate the change in isolation thickness.This illustrates that the obligatory
properties also determine which products it is possible to include in the study.
In the comparison of 0.5-litres one-way bottles with 0.4-litres returnable bottles, it
may - as mentioned in section 3.2 - be necessary to investigate how the difference in
volume affects the consumption of the beverage. If the consumer regards 1 bottle equal
to 1 bottle, the total consumption of beverage will decrease when the returnable
bottles are introduced. In this case, the packaging cannot be studied independent of
its contents.The goal of the study may then have to be redefined to allow a
comparison of beverage plus packaging taking into account the changes in
consumption.
If there is a large price difference between different product alternatives at
the end consumer level, and you wish to model the environmental impacts of
this situation correctly, the reference flow of the cheaper alternatives may - as
mentioned in section 3.1.1 - have to be adjusted to include the alternative
spending of the money saved. This addition should ideally model the
marginal spending by utilising information on what products increase their
market volume when the spending increases, as presented in figure 9.
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Figure 9.
The distribution of
1% growth in private
consumption in the
period 1977-1997 in
Denmark. Calculated
by the Copenhagen
Institute for
Futures Studies
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Note that this is generally only relevant for price differences at the end
consumers, since at enterprises the price differences seldom have any lasting
effects due to the tendency of marginal profits and wages to level out across
all industries.
A similar adjustment may be required if the there is a large difference
between the product alternatives in terms of time consumption at the end
consumer level. In this case, the timesaving alternatives may have to be
adjusted to include the changes in overall behaviour as a result of the
additional time available in these alternatives.
Details of system
expansion can be
postponed

To determine exactly what additional processes are to be included as a result
of differences between the analysed systems often requires more detailed
investigation. This investigation, which follows the same procedure as for
determining the system expansions related to co-products, does not have to
be finalised as part of the procedure described here.
Similarly, the detailed description of the additional processes may be referred
to the general description of what is included in and excluded from the
analysed systems.

Reporting of system
expansions
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For the final reporting, it is appropriate to report all system expansions in
one place, both those relating to product properties and those related to
co-products. In order to avoid misunderstandings as to the extent of the
systems described by the functional unit, the appropriate place for reporting
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all system expansions (including those from handling of co-products) is in
close conjunction with the description of the functional unit. Also, it is
recommended that in the presentation of the outcome of the study
(inventory tables etc.), the influences of system expansions should be
presented separately.
3.4 Summary of the procedure in checklist form
Step 1: Describe the product by its properties
➤ Identify - out of all the properties of the studied product – those properties
that the product must have in order to be at all considered as a relevant
alternative. These, so-called obligatory product properties - are the
properties that are to be included in the functional unit.
➤

Analyse systematically all product properties and judge for each one
whether it leads to differences in the amount of substituted product or in t
he interaction with other product systems. If several such additional
properties can be identified, investi-gate whether one of the properties can
be identified as the one determining the difference in performance.

➤

Use a broad function-based perspective, i.e. based on the needs fulfilled by
the products (e.g. "seating support during one year") rather than based on
the physical products themselves (e.g. "chairs") to avoid a (too) narrow
product perspective, i.e. when studying intermediate products,
components, or products that are otherwise very dependent on other
products.
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Figure 10.
Information flow
between the five steps
in the procedure

Step 1: Desribe the product
by its properties

Step 2: Determine the
relevant market segment

Obligatory properties:
Market requirements

B
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Positioning properties:
All obligatory
properties

Market irrelevant properties:

Relevant, significant and
representative products

Step 4:
Define the
functional
unit

Step 3:
Determine
product
alternatives
BDFG

Translate functional
unit to product flows
Properties that affect
refence flows

Step 5:
Determine refence flows
for each product system
BDFG

Products to be compared

Step 2: Determine the relevant market segment
➤ Identify the market segment in which the potential product substitution is
taking place (geographically, temporally, and in terms of customer
segment).
Step 3: Determine the relevant product alternatives
➤ Out of the products that may be involved in a product substitution
(as identified in the previous steps), determine what products shall be
included in the study. This depends on the goal of the study.
Step 4: Define and quantify the functional unit, in terms of the obligatory product
properties required by the market segment.
➤ The relevant market segment and the obligatory product properties were
already determined in the previous steps. Thus, what remains to be done in
this step is the quantification.
As a reference unit, the size of the functional unit is - in principle - arbitrary.
However, two rules of thumb may be applied:

• When studying substitutions involving the entire market of a major
product or process, choose a functional unit of the same magnitude as
the affected market.
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• For small substitutions, set the size of the functional unit equal or close
to the annual per capita consumption of the studied product (facilitates
the comparison of the outcome of the study to other known quantities).
Step 5: Determine the reference flow for each of the product systems.
➤ Translate the abstract functional unit into specific product flows for each
of the compared systems.
➤

Take into account all those properties, which were identified in step 1 as
determining for a performance difference.

➤

For each of the properties identified as having a determining influence on
the amount of product consumed, determine a relative measure of the
extent to which the studied products are expected to substitute each other.
Relate this to the functional unit.

➤

For a composite product, the reference flow will typically be identical to
the parts list of the product, multiplied by the relevant factors to scale it to
the functional unit.

➤

For each of the properties identified as leading to differences in the way
that the compared systems interact with other systems, modify the system
boundaries to avoid these differences. Include all significant changes in
consumer behaviour. More detailed investigation, to determine exactly
what additional processes are to be included as a result of differences
between the analysed systems, does not have to be finalised as part of the
procedure described here, but may be postponed to the general description
of what is included in and excluded from the analysed systems.
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4. Specific concerns re. long
time horizons
4.1 Products with a long life time
For most physical products, a certain minimum lifetime or durability is an
obligatory property, although it may not always be recognised explicitly. For
some products, the end-of-life may typically be determined by conditions in
the product environment (e.g. replacement of the surroundings of which the
product is a part, developments in fashion or technical capacity), and in
these instances, the role of the lifetime is typically limited to the obligatory
minimum. For other products, where the end-of-life is determined by
technical properties of the product itself, the actual lifetime may play an
important role as positioning property and may vary a lot among products in
the same market segment. In the latter instances, equivalence between the
different products needs to be ensured by adjusting the reference flow
following the procedure outlined in section 3.3.
Examples:
For office chairs, their durability is mostly taken for granted, i.e. a certain minimum
lifetime (of 7-8 years for computer workstation chairs) is implicitly considered an
obligatory property.The actual difference in lifetime may vary, but does not play a
role as a positioning property, since the chairs are often replaced for other reasons
than technical failure (e.g. office refurbishment or technical developments).
For a battery, the lifetime is an important positioning property. In a comparison of
two batteries with different lifetimes, it will normally be acceptable to adjust the
reference flow according to their relative lifetime, although issues as stability of the
output over time may also be regarded as relevant for some applications.A special
market niche for long-lived batteries may be identified, consisting of consumers that
wish to avoid frequent replacements.
As products age, their ability to fulfil the original functions may decline.
This decline may be expected and/or accepted by the user, and may thus be
included in the definition of the functional unit. When the decline is
unacceptable, the product will be replaced.
After replacement, the product may still be used for other purposes where
the expectations are lower (cascading). Equivalence between different
products during the secondary use is typically treated by system expansion.
When the office chair looses essential functionality or falls beyond acceptable
aesthetic appearance it may be moved from the office but not discarded entirely. It
may be placed to serve a secondary use in a summerhouse, a workshop or the like.
During this secondary use, the office chair can substitute (delay the purchase of)
other sitting support devices, that would not be considered comparable with the office
chair in the first place.Therefore, it would not be correct to regard the secondary use
as a prolongation of the life time of the office chair, providing the service described in
the functional unit.
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Instead, the secondary use should – when significant - be treated by system expansion, crediting the office chair for the other chairs substituted for the time period in
question.
4.2 Studies with a long time horizon
Life cycle studies may well have a long time horizon, even when concerned
with short-lived products, as e.g. when studying the possible strategies for a
future food supply. Compared to life cycle studies with a short time horizon
(such as those relating to purchase requirements or ecolabelling of products
on the existing market), studies with a long time horizon must deal with the
following changing conditions:

Forecasting future
market conditions
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➤

Future markets may have different segmentation than the present because
of changes in regulation or administration, or changes in consumer culture.
In general, markets tend to become more transparent and more
geographically homogenous and the market access less regulated, but at
the same time they become more segmented with regard to quality
requirements. Also, there is a tendency for positioning properties to
become obligatory with time (e.g. five wheels on office chairs).

➤

New competing alternatives may have been introduced on the market,
which may therefore have to be included in the study (e.g. new ergonomic
features of office chairs based on current research).

➤

The conditions used when determining product equivalence may change
in time, so that the relative performance of the studied products or the
interactions with other systems will be different in the future situation.

➤

The decision makers may have a larger influence on future markets and
production conditions than on present, thus themselves affecting the above
three points, creating new markets, new product alternatives and/or new
conditions for equivalence. The mere existence of a new product
alternative, may in itself lead to a change in the consumer expectations,
which may affect the way the functional unit is to be defined. Whether
products are regarded as comparable (belonging to the same market
segment) and/or as equivalent, may be also be influenced by the price of
the alternatives and by the additional information given along with the
products, e.g. information on their environmental performance. Thus, for
studies with a long time horizon, it may be reasonable to compare
products, which are not immediately regarded as comparable and/or
equivalent, but where it is expected that they will be regarded as
comparable and/or equivalent under specified future conditions of price
and information.

Methods for forecasting future market conditions are described in the
technical report: “Market information in LCA.”
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5 Uncertainty
5.1 Causes of uncertainty
In the procedure outlined in Chapter 3, the following uncertainties may need
consideration:
➤ Uncertainties from conceptual errors (assuming importance of irrelevant
information and disregarding relevant information) throughout the
procedure.
➤ Uncertainties in the test conditions and measurement methods for
determining reference flows.
➤ Uncertainties in determining the precise nature of the interaction with
other product systems.
Conceptual errors may arise when determining the relevant product
functions:
Overlooking an obligatory product property may lead to assuming a
substitution that cannot take place in practice. In parallel, assuming a
product property to be obligatory although it is not, may lead to a disregard
for a substitution that actually will take place. The size of the uncertainty will
be determined by the difference between the market segments with respect to
the product property in question.
It is a crucial assumption for the study of the office chair that the more advanced seat
and armrest adjustment functions are obligatory properties. If these functions were in
fact not obligatory, several other alternatives might have been included in the
comparison. Omitting the mechanics providing the seat and arm rest adjustment
functions could lead to significant savings in environmental impact, e.g. around 40%
of the photochemical ozone formation from the product system of the chair in
figure 4.

Uncertainty from
conceptual errors

Office chair example

In a similar way, conceptual errors may arise when determining the
relevant market segment:
➤ either when assuming a possibility of a substitution that can not take place
in practice (e.g. assuming that a labourers’ chair could be sold as a
computer workstation chair). The size of this uncertainty is determined by
the difference between product alternatives in the different market
segments.
➤ or by disregard for a substitution that actually will take place
(e.g. disregarding that a German chair could be sold in Denmark or that
two computer workstation chairs could substitute each other). The size of
this uncertainty is determined by the variation within the market segment,
which means that it will typically be lower than the above difference
between market segments.
Also in determining the relevant product alternatives, conceptual errors may
be the disregard of relevant alternatives, or the inclusion of irrelevant
alternatives. The size of this uncertainty depends on the difference between
product alternatives within the identified market segment. Therefore, these
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uncertainties are typically lower than the above uncertainties related to
differences between market segments.
When determining the reference flows, conceptual errors may be a similar
disregard for properties which determine differences in the amount of
product consumed, or inclusion of irrelevant properties.
Uncertainties in
measurement of
relative
performance

Even when the correct properties have been identified, uncertainty may be
caused by bias in the test conditions and uncertainty in the measurement
methods used to determine the relative performance of the studied products.
Example:
In a comparison of lighting alternatives, the lifetimes of the bulbs may be assessed to
10000 and 5000 hours respectively.The lifetimes are assessed with an uncertainty of
+/- 10%.The test conditions have no bias towards particular bulbs.
Also in determining the interaction with other product systems, uncertainties
may arise from conceptual errors, i.e. disregard of an interaction with
another product system, or assuming a non-existent interaction.

Uncertainty from
system expansion

Furthermore, there may be uncertainties from the procedure of determining
the additional processes to be included in the product systems. These
uncertainties are described in more detail in the technical report “Market
information in LCA.”

5.2 Minimising uncertainties
To minimise the uncertainties described above, the following precautions
should be taken:
➤ To minimise the probability of conceptual errors and bias, stringency
should be observed throughout the procedure, especially in collection,
documentation and interpretation of market data and data on functionality
of the products. An independent critical review procedure can contribute
to reduce this source of error.
➤ Special caution should be observed with respect to the largest sources of
uncertainty, i.e. the market segmentation. Conservative assumptions (i.e.
assuming no substitution) will typically give less uncertainty than liberal
assumptions (i.e. assuming substitution), but when in doubt it is preferable
to report the uncertainty and include several alternative scenarios to reflect
the limits of knowledge. The extent of such alternative scenarios depends
on the needs of the target group for the study.
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Annex 1. Some important terms
used in this document
In general, conformity with the terminology of the ISO standards
(the 14040-series) has been sought.
A product substitution is a replacement of one product or group of products
with another product or group of products. A product substitution can be
defined as small, marginal or large according to the following definitions:
A product substitution is defined as small or marginal when it does not in
itself affect the determining parameters of the overall market situation, i.e.
the direction of the trend in market volume and the constraints on and
production costs of the involved products and technologies. The
consequences of the substitution can thus be assumed linearly related to the
size of the substitution.
A product substitution is defined as large when it in itself affects the
determining parameters for the overall market situation, i.e. the direction of
the trend in market volume and the constraints on and production costs of
the involved products and technologies.
An obligatory product property is a property that the product must have in
order to be at all considered as an object of product substitution.
A positioning property is a property that is considered nice to have by the
customer and which may therefore position the product more favourably
with the customer relative to other products with the same obligatory
product properties.
A market-irrelevant product property is a property that does not play a role for
the customers preferences and therefore does not affect product
substitutability, but may influence the reference flow (see below).
A market segment is defined in terms of clearly distinct requirements for
obligatory product properties with a minimum of overlap to other segments,
so that all products targeted for a segment are considered substitutable by the
customers of this segment, while there should be low probability that a
product targeted for another segment would be considered substitutable,
implying that product substitution from segment to segment can be
neglected.
A functional unit is a quantified description of the performance of the
product systems, for use as a reference unit.
A reference flow is a quantified amount of product(s), including product parts,
necessary for a specific product system to deliver the performance described
by the functional unit.
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A system expansion is the modification of the system boundaries to include all
processes, which are significantly affected by the studied substitution.
The environment is the surroundings in which an organisation operates.
An environmental impact is any change to the environment, whether adverse
or beneficial, resulting from an organisation’s activities or products.
Environmental exchanges are environmental inputs to a product system
(resources), environmental outputs from a product system (emissions to air,
water and soil) as well as environmental relations of a product system which
are not directly connected to its inputs and outputs (e.g. land use, physical
impacts, non-chemical aspects of occupational health, welfare of workers and
domestic animals).
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