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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been

establishe

has the right to be represented on that committee. International organizations, governmental a

non-gover
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rights. 1ISO

ISO/TR 14047 was prepared by Technical Committee ISO/TC 207, Environmental managems

Subcomm

This secod edition cancels and replaces the first edition (ISO/TR 14047:2003), which has been technic

revised.

hmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
al Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

task of technical committees is to prepare International Standards. Draft Interpational Standa
y the technical committees are circulated to the member bodies for voting. Publication as
al Standard requires approval by at least 75 % of the member bodies casting, a-vote.

bnal circumstances, when a technical committee has collected data ©fya different kind from f
brmally published as an International Standard (“state of the art”, for example), it may decide b
ority vote of its participating members to publish a Technical Report! A Technical Report is entir

in nature and does not have to be reviewed until the datasit\‘provides are considered to be
 or useful.

5 drawn to the possibility that some of the elements of this document may be the subject of pat|
shall not be held responsible for identifying any or all'such patent rights.
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troduction

The heightened awareness of the importance of environmental protection and the possible environmental

significance of a product system ), have increased the interest in development of methods to better
understand this significance. One of the techniques being developed for this purpose is Life Cycle
Assessment (I CA)

Th

life cycle impact assessment (LCIA) is the third phase of life cycle assessment and its pu

pose is to

assess a product system's life cycle inventory analysis (LCI) results to better understand their environmental
ificance. LCIA models selected environmental issues called impact categories. , Through the use of

si
ca
en

Th
of

egory indicators which help condense and explain the LCI results, LCIA provides a picture of the
issions or of resource use to reflect their potential environment impacts.

s Technical Report provides examples to support ISO 14044:2006. It uses/several examples on
SO 14044 in order to enhance the understanding of the requirements of the\standard.

aggregate

key areas

1)

In this Technical Report, the term "product system" also includes service systems.
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Environmental management — Life cycle assessment —

ustrative examples on how to apply ISO 14044 to impact

assessment situations

1

Th
as

coulld satisfy the provisions of ISO 14044. They offer "a way" or "ways" rather-than the "uniqu

ap
LC
the

2.2

Th
IS¢

Scope

e purpose of this Technical Report is to provide examples to illustrate current practice of life cy
tessment according to ISO 14044:2006. These examples are only a sample of‘all possible exa

plying 1ISO 14044. They reflect the key elements of the life cycle impact assessment (LCIA) ph

A. The examples presented in this Technical Report are not exclusive and other examples exist
methodological issues described.

Organization of examples in this Technical Report

Mandatory and optional elements

b general framework of the LCIA phase is composed of several mandatory elements that convert
entory (LCI) results to indicator results. In addition, there are optional elements for normalization
weighting of the indicator results and data(quality analysis techniques for assisting the interpreta
ults.

) Scope of examples

b examples provided within)this Technical Report illustrate and support the methodology s
D 14044:2006, 4.4. The coverage is indicated in Table 1.

cle impact
mples that
e way" of
ase of the
o illustrate

Life Cycle

, grouping
tion of the

pecified in
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Table 1 — Elements or clauses of ISO 14044:2006 illustrated with examples

I1ISO 14044:2006

1S0 14044:2006 Clause

Example coverage in this Technical Report

reference
1t03 Scope, Normative references, Terms and | Examples of impact categories
definitions
442 Mandatory elements of LCIA Example 1, Example 2, Example 3,
4.4.21 General Example 4, Example 5
4422 Selection of impact categories, category
indicators and characterization models
4.4.23 Assignment of LCI results to the selected
impact categories (Classification)
4494 Calculation of category indicator results
T (characterization)
4.413 Optional elements Example 1, Example 2,0\Example |6,
4.4.3.1 General Example 7
4.4.3.2 Normalization, (Calculating the magnjtude "of the categdry
4.4.33 Grouping indicator results relativé to reference value(s)
4.434 Weighting Example 1
Stem example, Example 5, Example 8
4.4l4 Additional LCIA Data Quality analysis Stem example, Example 5
4 4|5 LCIA intended to be used in comparative | Not coveréed in this Technical Report
assertions to be disclosed to the public
5 Public Reporting
6 Critical review

In some key areas more than one example is provided tQ<illustrate the different ways that may be possiblg in
applying 1I$0 14044:20086. It is important to stress this.point. In many LCIA studies more than one approactf or
practice may be used which still allow conformance” with the methodology prescribed in 1SO 14044:2006.
There is cprrently no unique approach. This Technical Report may be thought of as illustrating a number of

ways that |may be used in the LCIA phase@as-prescribed in 1ISO 14044:2006. Table 2 gives the title of the
example ahd the purpose of the illustration.
Table 2 — Example titles and the purpose of the illustrations
Example Titls Purpose of illustration ISO 14044:2006 clause
No. reference
1 Use of two diffefent materials for gas | Full procedure of LCIA 44.2and4.4.3
pipelines
2 Two acidification  impact category | Consequences of using general or|4.4.2
indicators site dependant models
3 Impacts of Greenhouse Gas (GHG)|GHG emissions and carbon sinks 442
emissions and carbon sinks on forestry
activities
4 Endpoint category indicators assessment | Transforming of ionising radiation | 4.4.2
inventory results to impact category
indicator (YLL)
5 Choice of material for a wind spoiler in car | Impact modelling at endpoint level |4.4.2,4.4.3.4
design study and weighting
6 Normalization of LCIA indicator results for | Normalization using different types | 4.4.3.2
the use of different refrigerator gases of reference information
7 Normalization in a waste management|Use of normalization in the|4.4.3.2 (reference to
study communication processes example 6)
8 A technique for the determination of | The use of a panel of experts in| 4.4.3.3
weighting factors such a study
2 © 1SO 2012 - All rights reserved
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2.3 Organization of document and route map

The structure of this Technical Report departs from a more recognized approach used in ISO standards since
it provides examples about applications of ISO 14044:2006. It would help visualize better the structure of this
Technical Report considering Example 1 as the trunk of a tree which runs through clauses pertaining LCIA
both for its mandatory and optional elements. It of course uses its own set of LCI data. Examples 2 to 5 could
be considered « branches » addressing specific different applications of the mandatory elements of LCIA.
Example 2 extends into the optional element of normalization. Each of these examples is based on its own set
of LCI data. Examples 6 to 8 are also « branches » addressing specific applications of the optional elements
of the LCIA. Figure 1 lays the structure out in a flow diagram.

ISO TR 14047
Clause 4.4 — Elements of LCIA as illustrated in the examples
v v y v v
Acldlflca_tlon - GHG emissions and Master (stem) Assessment of_ the ) L_lse of e_ndpomt SO 14044
Results with two removals in forest use of endpoint indicators in product
/ \ . A~ example - Reference
different indicators product systems indicators development
. | | | v |
(¥}
] Selection of category Selection of category Selection of Selection of Selection of category
- L - - L - 4422
5] indicators indicators category indicators category indicators’ indicators
N 0
¥
I
: | | | v |
[
5}
|_§ G
5 2 Classification Classification Classification Classification Classification 4423
S
®
°
c
: | | | ! |
Characterisation Characterisation Characterisation Characterisation Characterisation 4424
A 4 v
/ Acidification - Importance of Normalization in
Results with two [« reference - | Normalisation - waste 4432
different indicators information in management
cont'd normalization
< |
S
Ly “g Grouping 4433
<& -
¥ 5
Y
£ |
L © A technique to
2 8 Weighting --1 develop weighting |- »| Weighting 4434
= factors
<%
° | v
Addditional data Additional data
\ Quality analysis [~~~ T » Quality analysis 444
Not covered
Comparative 445
assertions
Reporting and 5and 6
critical review
Key
—»  Direct route through an example
----- P Indirect routes through example

Figure 1 — Organization and route map for this Technical Report
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NOTE

Following Clause 3 the examples are organized thus:

— Examples in Clause 4, Mandatory elements running consecutively, i.e. Example 1, lllustration of 1ISO 14044:2006,
4.2.2, followed by Example 2, followed by Example 3, etc.

— Examples in Clause 5 are organized on a "topic" basis, e.g. with all examples on lllustration of ISO 14044:2006,

4432

The reade
follows:

, on normalization followed by examples on lllustration of ISO 14044:2006, 4.4.3.3, on grouping, etc.

r may adopt a number of alternative ways of using this Technical Report. These are broadly as

— Follow
— Selec
— Selec
Each exar

illustrated.
Report, it g

3 Elem

3.1 Ovdrview

This claus
examples

3.2 Mar

According

— Selection of impact categories, category indicators and characterization models;

— Assigpment of LCI results (classification) to the impact categories;

— Calcu

3.21 Se

For each i
emissions
these two

Example 1 from start to finish;

an alternative example and follow the process flow;

a topic and read all the alternative approaches on that particular topic.
nple is preceded by an overview that is intended to state the key area of 1$0-14044:2006 that is

The body of the example follows the overview. Where an example continués‘through this Technical
enerally has not been necessary to precede each clause/subclause with'an overview.

ents of LCIA as illustrated in the examples

e gives a general description of LCIA explaining key‘elements of the procedure and it places the
n the context of ISO 14044. The LCIA process elements are shown in Figure 2.

datory elements

to ISO 14044:2006, 4.4.2, the mandatory elements of LCIA are:

ation of category indicator results (characterization).

ection of impdcts categories, category indicators and characterization models

mpact category a distinction can be made between LCI results, including resources (inputs), and
(outputs)y. Category endpoints and intermediate variables in the environmental mechanism betwgen
jroups’(sometimes called "midpoints"). This is illustrated in Figure 3.

When defi

mBa—th HECN $ ookt P~ H o o [ Y raawbae ma—th aararnarantalra hanit
Illly S mrmyuact bCllUUUIIUO, dimT 1miuiedAaiul 10 UV OoTITT SUTTICWITCTT 11T UTC  TTiviTurimmmeTital IIIUUIIGIII\.m.

Often indicators are chosen at an intermediate level somewhere along that mechanism, sometimes they are

chosen at
endpoints,

endpoint level. Table 3 shows examples of relevant intermediate variables and relevant category
for a number of impact categories.

© 1SO 2012 - All rights reserved
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Mandatory elements

Selection of impact categories , category indicators and characterization models

Assignment of LCl results (classification)

Calculation of category indicator results (characterization)

v
Category indicator results

4
Optional elements

Calculation of the magnitude of category indicator resulis relative to reference information
(normalization))
Grouping
Weighting
Data quality analysis

Figure 2 — Element'of the LCIA phase (ISO 14044:2006)

Example

Soy, HCI
(kg/Functional Unit)

v

Life Cycle Inventory Results <

Impact

category <41—» Acidification

A

Acidifying emissions

i IS
Ll > (o, Socet :
P 9oy assigned to acidificatiop) 8
[&]
Characterization model g
A =
]
N P _ Proton release "qc:
Category indicator < > (H* aq) g
e
>
c
w
Environmental relevance
A - Forest
Category endpoint(s) - ;/tigetatlon v

Figure 3 — Concept of category indicators (Figure 3 from ISO 14044:2006)
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Table 3 — Examples of intermediate variables and category endpoints for a number of impact

categories

Impact category

Choices of indicator level

Examples of intermediate variables

Examples of category endpoints

Climate change

Stratospheric
ozone Depletion

Infrared radiation, temperature, sea-level

UV-B radiation

Human life expectancy, coral reefs, natural
vegetation, forests, crops, buildings

Human skin, ocean biodiversity, crops

Acidificatign

Nutrificatign

Human toxicity

Proton release, pH, base cation level, Al/Ca
ratio

Concentration of macro-nutrients (N, P)

Concentration of toxic substances in

environment, human exposure

Biodiversity of forests, wood production, fish
populations, materials

Biodiversity of terrestrial _and aquafic

ecosystems

Aspects of human health-(organ functionin
human life expectancy, number of illness dayj

—Q

Eco-toxicity Concentration or bio-availability of toxic | Plant and animal.species populations
substances in environment
In Tables #, 5 and 6, LCI results and indicator results are expressed\per the same functional unit (the gne

selected ir| definition of the scope of the LCI phase).

In Table 4

the terms used for defining an impact category and-describing the chosen characterization model

are exemplified for six different impact categories to_.further illustrate the principles of table frpm

ISO 14044:2006. Impact categories 1 and 2 are input relateéd, impact categories 3 to 6 are output related.

In Table 4

all six examples chose the category indicator at the level of intermediate parameters in

the

environmental mechanism. In order to illustrate\the number of possible options when defining an impact
category gnd choosing a characterization model; Table 5 gives examples of different category models gnd
category ipdicators within the environmentalmechanism of one impact category — photochemical ozgne
formation.|The given examples are not the only alternative. A similar table could be prepared for each of the
impact cajegories in Table 4. Five of\the alternatives presented in Table 5 focus on the same categpry
indicator chosen early in the environmental mechanism, but compares five different characterizations modéls.

For the si
presented in bold.

th alternative, the indicator is chosen close to the endpoint. The main distinguishing features

gre

© 1SO 2012 - All rights reserved
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3.211 Identification of possible indicators

The task of LCIA is to establish a relation between the inputs, e.g. fossil fuels or minerals and outputs of the
Life Cycle Inventory phase with the impacts on the environment. For this reason, for every impact category an
indicator is chosen in the environmental mechanism, which as much as possible represents the totality of all
impacts in the impact category. This indicator can in principle be located at any position in the mechanism,
from the LCI results down to the category indicators. In Table 6 this aspect is illustrated for an impact category
dealing with acidification. Here three different characterization models are compared; each of them focuses at
a distinct category indicator. The three models, and connected indicators, differ in their degree of
sophistication. The first category indicator is the simplest one and is defined at the level closest to the
enyisstons—Hre—second batcgwy imdicator—ts—defimed—at-the—tevetrof-anintermediate—vartabte—ctpse to the
engpoint; the third indicator is defined at endpoint level, also known as damage approach. Again{ the major
distinguishing cells are presented in bold.

Table 6 — Indicators and underlying models chosen at different places in the'€énvironmental

mechanism
Term Alternative examples for the category indicatorfor acidification
mpact category Acidification Acidification Acidification
LI results Emissions of acidifying Emissions of acidifying Emissions of acidifying syibstances
substances to air and water | substances to air to air
Characterization CML-method [10]; EDIP- RAINS, adapted to oCA [11] | Ecoindicator-99 [18], using the
model model [17] and (Example 246]) model Nature Planner [19]; Fate
modelling by SMART [20]; damage
modelling by MOVE [21]
Category indicator Maximum release of Deposition’/ Acidification Increase in PDFyegetation
+ o
protons (H+) Critigatoad (Potentially Disappeared
Fraction) of plants specigs in
natural areas
Characterization Acidification Potential {(AP) | Acidification Potential (AP) for | Potentially Disappeared
fagtor for each acidifying-emission | each acidifying emission to

Fraction (PDF) for each gcidifying

to air and water, (v¢/SO2 eq. | air emission to air (PDF.mz.‘ r/kg

/ kg emission)

(kg SO2eq. / kg emission) emission)
Inglicator result Kg SOzéquivalents Kg SOz equivalents PDF.m%yr
Category endpoint Biodiversity, natural Biodiversity, natural Biodiversity, natural vegdtation,
vegetation, wood, fish, . . wood, fish, monuments
Aonuments vegetation, wood, fish,
monuments
Environmental Maximum potential effect; Fate is included; risk of Fate and effects on natunal
relevance fate is not included; no effects are spatially vegetation are included; gffects in
spatial differentiation differentiated the Netherlands are a prgxy for

effects in Europe
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Requirements for the selection of category indicators are described in ISO 14044:2006, 4.4.2.2. These
requirements are addressed for the indicators of the acidification impact category.

— Maximum proton release indicator: very crude indicator, far removed from endpoints (i.e. small
environmental relevance), but easy to handle (pertains to all units mentioned);

— Critical load indicator: spatially differentiated, relatively certain in the modelling, but closer to endpoints
(moderate environmental relevance in ISO terms);

— Endpomt |nd|cators spatlally d|fferent|ated hlgh enwronmental relevance in 1ISO terms because at

3.21.2 Environmental relevance

The link bg¢tween the LCI results (resources consumption, emissions and types of land use), andthe categpry
indicator i usually given by clear modelling algorithms. The term environmental relevance refers to how ml'rch
the category indicator has a bearing on the category endpoint it attempts to reflect in a general and qualitafive
way. This |helps to understand the attributes and relevance of the impact category (see Figure 2). Typicdlly,
the environmental relevance is higher for indicators chosen later in the environmental mechanism (see
ISO 14044:2006, 4.4.2.2.4).

For the example of acidification in Table 6, the following could be stated for th€ environmental relevance of the
indicator re¢presenting maximum proton release:

— Ecosystems with their flora and fauna in temperate and sub-polar zones are threatened by acidic
deposition;

— The ingtensity of the impact is closely related to the buffering capacity of the receiving soils and water
bodie$. Low base cation regions in Northern Europe afid North America show a high intensity of impdcts
due tq acidification;

— Acidification has a regional distribution with short range and long-range impacts. Short range is related to
higher acid concentrations in air and part.of the forest decline effects, while the long range impacts lgad
to the|break down of soil buffers and to the acidification of lakes and subsequent fish die back;

— The duration of acidified environmental compartments is long since only the weathering of base catjon
containing rocks counteracts the-effect;

— The reversibility of the impact’depends on the category endpoint. By application of calcium carbonatg or
lime tp acidified soils some vitality effects can be treated immediately while a reversibility for the losg of
naturgl species, for inStance due to acidified lakes is not given;

— A large number,'of research activities have been conducted and the mechanisms are quite Well
undergtood.

In the majority ‘of examples given throughout this report the category |nd|cator is chosen at the IeveI of
intermediate-parameterin-the-envirormen : ators
are chosen near the endpoint Ievel for all |mpact categorles Example 2 |Ilustrates the potent|al |mportance of
the location of the chosen indicator for the impact category acidification comparing approaches along the line
of the first two alternatives of Table 6.
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.1.3  Choice of impact categories

Table 7 — Commonly used impact categories [22]

Output related categories:
— Climate change
— Stratospheric ozone depletion

— Photo-oxidant formation
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OfLen, the characterization model is chdsen among existing models and this is the case for the

— Acidiiication

— Nutrification

— Human toxicity

— Eco-toxicity

Input related categories:

— Depletion of a-biotic resources (e.g. fossilize fuels, minerals)

— Depletion of biotic resources (e.g. wood, fish)

s list cannot be regarded as complete. Other categories may fortinstance focus on radiation,
pur, working environmental impacts, or land use but for these categories as yet no widely
racterization methods are available. In the reference [22] land use was also included in
monly used impact categories.

e selection also depends on the definition of the system boundaries. For instance, solid was
ected as a category. However, if the LCI results are\specified in terms of the emission of single s

issions related to other categories as specified above. The same holds true for a possibl

mples. Example 3 documents the development of a new impact category covering the sequs
bon in a forestry-based product system and example 4 presents the principles behind impact
ined with indicators at endpoint:level.

.2 Assignment of LCI results (classification)

signment of LCI fesults to impact categories means that it is identified which results have an
ch categories.Often this information is provided by the table of characterization factors comin
psen model fof the impact category. A main distinction in ISO 14044:2006, 4.4.2.3, concerns the
ween serial'and parallel processes. The characteristic which causes a problem in parallel proceg
b substance which has an impact on different categories may have to be divided between these
cause\part of the emission leads to effects in one category and another part to effects in anothe

noise and
accepted
the list of

te can be
Libstances,

waste flows are to be regarded as part of the-product system and these flows have to be translated in

b "energy"

majority of
stration of
categories

impact on
g from the
difference
ses is that
categories
I category.

an “example, the emission of SO, contributes to three categories: acidification, clima

e change
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Interventions Midpoints Impact category

- 7 > > > >

Acidification

Emission of SO,

Concentration

y

Aerosols H |_>| |_>| |_>|

/N
y

of SO,

Serial prog
processes
necessitat
contributeg

Counteracting
climate change

: T

Human toxicity
Figure 4 — Example of parallel processes

esses are illustrated for the emission of CFCs. The characteristic, which causes a problem in se
is that a substance may subsequently have a contribution toldifferent impact categories, ag
ng a choice concerning the contribution to these subsequeit categories. The emission of CH
to the following two impact categories: firstly climate change at tropospheric level th

stratosphefic ozone depletion. Refer to Figure 5.
Interventions Midpoints
i Tropospheric Stratospheric
Emissior| of CFC > concentration d concentration
P o] [P [ Fs[ ] mpactcategony
Climate change 0zone depletion
Figure 5 — Example of a serial process
As stated |above, for patallel processes the emissions should in principle be divided between the differ

processes
different ty
on multim
element in

for serial™processes the same substance can in principle be attributed to its full amount to
pes of impact one after the other. It should be noted however, that in case characterization is bas
bdiac modelling, this attribution is taken into account automatically. Then classification is not
itSelf:

rial
ain
Cs
en

ent
the
ed
an

In Example 1, the handling of parallel and serial impacts is discussed in ISO 14044:2006, 4.4.2.3.

12
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3.2.3 Calculation of category indicator results (characterization)

Following the identification of impact categories, choice of indicators and the selection or development of
characterization model, and the assignment of LCl results to impact categories, indicator values are calculated.
These are calculated for each impact category using characterization factors. The procedure is illustrated in
Examples 1, 2, 3, 4 and 5. Examples 1 and 3 illustrate characterization for impact categories defined early or
at an intermediate level in the environmental mechanism. Example 2 illustrates the use of spatially
differentiated characterization factors while Examples 4 and 5 demonstrate characterization performed at
endpoint level.

-
y

3.

Fo
us

In

3.3

—Optiomatetements(retated to 1SO14044:20606,44:3)

lowing the mandatory elements described above, there are a number of optional elements th
ed to help explain the results of the LCA according to the goal definition of the study.

SO 14044:2006 the optional elements are:
Calculating the magnitude of category indicator results relative to reference information (norma
Grouping: sorting and possibly ranking of the impact categories;

Weighting: converting and possibly aggregating indicator results across impact catego
numerical factors based on value-choices;

Data quality analysis: better understanding the reliability~of the collection of indicator results
profile.

.1 Calculating the magnitude of category indicator results relative to reference informati

(normalization)

1S(

llA
infe
req

Pr
ad

Ex
prd

3.3

D 14044:2006, 4.4.3.2.1, states:

ormalization is the calculation of thesmagnitude of the category indicator results relative to some

brmation. The aim of the normalization is to understand better the relative magnitude for each ind

ult of the product system under.study. It is an optional element that may be helpful in, for exampl
Checking for inconsistencies

bviding and communicating information on the relative significance of the indicator results, and pr
itional procedures, Such as grouping, weighting or life cycle interpretation”.

amples 1, 2, 6.and 7 show how normalization can be used to assist the interpretation of the env
file and illustrate the significance of different choices of a normalization reference.

.2 Grouping: sorting and ranking of the impact categories

Fo

at may be

ization);

ries using

- the LCIA

olp}

reference
fcator

h -
-

eparing for

ironmental

lowing normalization, grouping may be performed on the indicator results. Two types of group

ng can be

carried out: sorting (which is descriptive) and ranking (which is normative). In general, both types of grouping
of the indicator results lead to better possibilities for interpretation of these results.

So

Ra

rting of the indicator scores may for example be done according to the:
Spatial scale of the impact category (global, regional local);
Area of protection for the impact category (human health, natural environment, resources);
Degree that the impact category model is science or value choice based.

nking of the indicator scores might apply criteria such as:

© 1SO 2012 — All rights reserved
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— The degree of reversibility of the impacts;
— The degree of certainty of the impacts;
— Policy priorities regarding the type of impacts.

Example 1 illustrates sorting and ranking.

3.3.3 Weighting

For certaipn applications, a weighting process may be performed. This is understood as the conversjon| of
category impdicator results by using numerical factors based on value choices. In contrast to ranking, net'dgnly
classes of [priorities are used but also numerical factors, i.e. the weighting factors, which are multipliedwith the
(normalized) indicator results. Since weighting may include aggregation of the weighted indicator, reSults, the
outcome df this step may be one number. This score, or index, represents the environmental-performance of
the produgt system(s) under study. It should be noted that according to ISO 14040:2006 there-is no scientiific
way to reduce LCA results to a single overall score or number, hence it cannot be used for comparative
assertions

In general| weighting across impact categories tries to achieve surveyable results that are simple to handle.
Weighting|can particularly be useful for routine decisions in product design, and for decisions that imply many
different types of information, e.g. environmental, economic, legal and social(information. This may also Igad
to a need for data reduction.

In general) three types of weighting methods can be distinguished:

— Monetary weighting, based on willingness-to-pay or on revealed preference approaches

— Distarjce-to-target weighting, using policy standards

— Social panel weighting, using the judgment of experts or of stakeholders in the decision process.
Examples (1, 5 and 8, illustrates weighting. Example 1 uses weighting factors based on a social panel procefs.
Example § uses weighting factors based.on.monetarisation of the different impacts. Example 8 describes the

developmeént of weighting factors applying a panel process in a two-step procedure firstly, relating indicgtor
scores to ¢ndpoints, and secondly, weighting the endpoints relative to each other.

3.3.4 Data quality analysis

The data guality tools mientioned in 1ISO 14044:2006 comprises: gravity analysis, sensitivity analysis and
uncertainty analysis. They can be applied at different levels of the impact assessment process, i.e.:

— Assigped LCkresults,

— Indicafor results,

— Normalization results,

— Weighting results.

Gravity analysis reveals the main contributors to parameters like indicator scores. It is typically carried out to
provide an overview of the contribution of different unit processes to the indicator results, and the contribution
of the individual LCI results to the indicator results.

Uncertainty analysis shows how uncertainties in LCl data and/or characterization factors propagate in the

indicator results while sensitivity analysis can be used to measure the change in the indicator results for
induced changes in LClI results or in the different types of factors. Typically, a sensitivity analysis regarding the

14 © ISO 2012 — Al rights reserved
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indicator results can be carried out for unit process data (LCI results) and for characterization factors,
normalization factors and weighting factors.

In Examples 1, 5 and 6 the different analyses are performed at various stages of the life cycle impact
assessment process.

4

4.1

Examples of the mandatory elements of LCIA

General description

Fig
by
wh

4.7

4.2

Th
1S4

Fir
pre

In
ma

ure 1 highlights the number of examples within the mandatory elements section. This clause. ¢
starting either at Example 1, and then through each of the other examples in turm) or by
chever example is of particular interest.

) Example 1 - Use of two different materials for gas pipelines

.1 Overview

s example, which acts as a stem, is used to illustrate the mandatery part of the LCIA prog
D 14044:2006, 4.4.2. At different points alternative examples are presented.

5t, a short description of the example is given. Although i\is directly derived from practice
sented stressing the importance of the general methodological aspects and not the specific resu

he example, a comparison is made between the production and use of gas pipes in country x in
de from materials A and B. The functional unit is the'supply of 20 cubic metres of natural gas

year by the distribution network, from the feeder:system to 10 000 service connection points

prd
piy
lifel

Th
fol

cesses to be considered are: extraction of résources, production of materials, components a
e system in total, the use of the gas pipe system, waste management, and electricity productior
cycle and transportation along the life cycle.

e example only analyses the emissions to air and water connected with the two product sys
owing types and quantities of emissions are considered in the example.

hn be read
selecting

ess within

it will be
ts.

the yeary,
during one
. The unit
nd the gas

along the

tems. The
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Table 8 — LClI results of Example 1

Substance LCI results
Material A Material B
kg kg kg kg
Air emissions. Water emissions. Air emissions. Water emissions.

Carbon dioxide 4,22E+04 4,81E+03

HALON-1301 1,55E-03 4,30E-04

Tetra chloromethane 4,90E-04

Methane 6,73E+03 6,75E+03

Ethane 1,94E+02 1,98E+02

Propane 2,97E+01 2,99E+01

Sulphur digxide 3,06E+02 1,83E+01

Nitrogen djoxide 1,11E+02 1,64E+01

Ammonia 8,76E-02 5,44E-01 8,01E-03 1,23E-01
Phosphorus 1,22E+00 5,41E-02
Nitrogen 4,05E-01 1,80E-01
Phenol 9,40E-05 1,15E-01 9,00E-06 1,54E-02
Arsenic 2,47E-02 4,14E-02 1,92E-04 1,90E-03
Nickel 1,57E-01 1,05E-01 6,40E-03 6,77E-03
Vanadium 5,72E-01 1,03E-01 2,51E-02 5,36E-03
Cadmium 1,64E-02 1,56E-03 1,75E-04 1,47E-04
Lead 4,72E-01 1,16E-01 3,62E-03 4,93E-02
Chromium 3,23E-02 2,08E-01 3,54E-04 1,02E-02
Copper 3,54E-02 1,04E-01 1,27E-03
4.2.2 Selection of impact categories, category indicators and characterization models

(ISO 14044:2006 4.4.2.2)
4.2.21 [Selection of impact categories

For illustrative purposes, a broad list of impact categories has been selected for the air and water emissiong in
the exampje.
The follow|ng impact categories have been taken into account:

— climate change;

— stratospheric ozone depletion;
— photo-oxidant formation;

— acidification;

— eutrophication;

— human toxicity;

— eco-toxicity.

16 © ISO 2012 — Al rights reserved
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4.2.2.2 Selection of the indicator(s)

The following category indicators have been selected:

climate change: infrared radiative forcing for a time horizon of 100 years [6], [7];
stratospheric ozone depletion: stratospheric ozone breakdown [8], [9];

photo-oxidant formation: tropospheric ozone production [12], [13];

Th
e

>

pre
an

Th
ex
ing
4.2

Fo

acidification: acidification critical foad [117;

eutrophication: eutrophication critical load [10];

human toxicity: PEC/ADI [11];

eco-toxicity: PEC/PNEC [11].

e choice in the example for category indicators earlier in the environmental mechanism level in
point level is primarily based on the relatively high certainty connected’wjth modelling up to indig
the environmental mechanism and their high coverage of environmental pathways. Exampl
 the prediction of impacts on wood production due to acidification.

e above category indicators, with the related characterization models, are science based

ception on the indicator for human toxicity. The results af\this model are not fully science-based
usion of ADI-values as measure of the no-effect level

.2.3  Selection of characterization models
- the impact categories that are selected, the following characterization models are used:

For climate change, the characterization models of the IPCC are selected. The IPC(
characterization factors, Global Warming Potentials (GWPs), for three different time horizon
and 500 years [6], [7]. The GWP100 is selected in the present example;

For stratospheric ozone depletion, the characterisation model of the WMO is selected [8], [9]. ]
provides stratospheric -0zone depletion potentials (ODPs) for a steady state in terms
equivalents;

For photo-oxidant formation, the UNECE Trajectory model is selected. [12], [13];
For acidification, the RAINS model of IIASA is selected, adapted for LCA [11]. For this

marginal approach is chosen, taking into account spatially differentiated background leve
differences in sensitivity of regions are taken into account. The information is aggregated up tg

stead of at
ators early
ps are the

diction of sea level rise and impacts on ocean currents and theirlconsequences, due to climate change,

, with the
due to the

provides
s: 20, 100

I'his model
bf CFC-11

category a
Is. Spatial
European

characterization factors;

For eutrophication, the stoichiometric approach, establishing equivalency of macronutrients on basis of

their occurrence in biomass is selected [10];

For human toxicity, the model USES 2.0 of RIV M is selected, adapted for LCA [11]. In this model both

fate and effect of the substances is included. It is a steady state model at world level, without b

ackground

levels. It is repeated here, that the model is, due to the inclusion of ADI-values, not fully science based;

For eco-toxicity, the model USES 2.0 of RIVM is selected, adapted for LCA [11]. In this model both fate
and effect of the substances is included. It is a steady state model at world level, without background
levels. Aquatic eco-toxicity potentials are used as proxy for the eco-toxicity potentials. The

characterization factors are presented in the given references.

© 1SO 2012 — All rights reserved
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4.2.2.4 Identification of characterization factors

In Table 9, the characterization factors are given for the emitted substances, as these are derived from the
characterization models for the different impact categories.

Table 9 — Characterization factors for Example 1

Impact Substance Characterization
Category factors
Climate Stratosph Photo- Acidifi- Eutrophication Human Eco-toxicity
Change ozone oxidant cation Kg PO4- eq. / kg Toxicity kg 1,4-DCB / kg
kg CO2 depletion | formation kg SO2- Kg 1,4-
eq./ kg kg CFC-11 kg eq./ kg DCB / kg
eq./ kg ethylene
eq./ kg
Air Air Air Air Air Water Air Air Water
emissions | emissions | emissions | emissions [ Emissions Emissions | emissions | Emissions
Emissipn
S
Climate Carbon dioxide 1
change HALON-1301 5600
Methane 21
Stratospheric | HALON-1301 12
Ozone Tetrachloro 1,2
depletion methane
Photo- Methane 0,006
oxidant Ethane 0,123
Formation Propane 0,176
Acidification| | Sulphur dioxide a 1
Ammonia 1,3
Nitrogen dioxide 0,41
Nutrification| | Ammonia 0,35 0,33
Nitrogen dioxide 0,13
=] 3,1
N 0,42
Human Sulphur dioxide 0,096
toxicity Nitrogen dioxide 1,3
Arsenic 347699,7
Lead 466,52
Nickel 35032,84
Vanadium 6240,35
Chlorinated b b
organ.
trace pollutants
Eco-toxicity Phenol 1,5 237
Cadmium 289 1523
Lead 2,4 9,615419
Chromium 1,9 6,9
Copper 221,6538 1157,307
Chlorinated b b
organ. trace
pollutants,
a It is repognised that the emission of SO2 diminishes climate change, however, it is not yet possible to quantify this type of impagt.
b No quéntitative characterization factors could be obtained for the toxic effects of chlorinated organic trace pollutants which arg in
very small quantities emitted with material B.
NOTE The uncertainty for human toxicity and eco-toxicity characterization factors is much larger than for the other

factors. For this reason, the impact categories are represented throughout the report as two groups: a group with relatively
high and with relatively low certainty. In the tables, then the two groups are separate with an additional line. Also see
Example 1, Sensitivity analysis.
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4.2.3 Assignment of LCI results (classification) (ISO 14044:2006, 4.4.2.3)

SO, has a number of parallel impacts as illustrated in 3.1.2. To avoid double counting these should be divided
between the impact categories concerned. However, at present only a simplified procedure is possible:

— Acidification: all emissions of SO, to be assigned to acidification (incl. aerosols);

— Climate change: only SO,-aerosols to be assigned to climate change, although at the present this type of
impact is not yet quantified in terms of a negative GWP-value (see notes to Table 9);

— [ Human toxicity: for human exposure a distinction i1s to be made between the direct toxic effect pof SO, and
the PM10-impact of aerosols. As these exposures do not affect the amount available for.thg other two
categories in a significant way, no correction is made.

CHCs exert serial impacts as illustrated earlier in Clause 3. These substances first haye an impact|on climate
change due to their concentration in the troposphere; after that they contribute to oZzene depletion| after they
haye been distributed to the stratosphere.

4.4.4 Calculation of category indicator results (characterization) (1ISO14044:2006, 4.4.2.4)

4.2.41 General

In this subclause the characterization results are calculated. The‘functional unit and the unit progesses are
given in 4.1. There also, the emissions are given for the two\materials considered. The impact tategories,
which are considered, are selected as shown in point 1) ofithe illustration of 1ISO 14044:2006, 4/4.2.2. The
calegory indicators are selected as shown in point 2) of.the illustration of 1ISO 14044:2006, 44.2.2. The
characterization models and characterization factors.are used according to point 3) of the illystration of
ISQ 14044:2006, 4.4.2.2. The characterization results are presented in Tables 10 and 11 for the twp materials
ungler consideration. The characterization algorithmimplies that for each impact category the emiss|ons in that
calegory are multiplied by the characterization factors concerned and subsequently added up.
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Table 10 — Calculation of indicator results of stem example — Material A

Material A
Impact Substance Assigned LClI results Characterization factors Converted LCI results Indicator
category results
Air emission Water Air emission Water Air emission Water
emission emission emission (LCIA
profile)
kg kg Kg...eq/kg Kg...eq/kg Kg...eq/kg Kg...eq/kg Kg...eq
Climate Carbon 4,22E+4 1,00E+00 4,22E+04 1,84E+05
change dioxide
FIALCUN=-TOUT 1,00C-Uo 9, 0UCTUO 0O, 00CTUU
Methane 6,73E+3 2,10+01 1,41E+05
Stratospherid HALON-1301 1,55E-03 1,20E+01 1,86E-02 1,86E-02
ozone
depletion Tetrachloride- 1,20E+00
Methane
Photo-oxidant | Methane 6,73E+03 6,00E-03 4,04E+01 6,95E+0
formation
Ethane 1,94E+02 1,23E-01 2,39E+01
Propane 2,97E+01 1,76E-01 5,23E+00
Acidification Sulphur 3,06E+02 1,00E+00 3,06E+02 3,51E+0
dioxide
Ammonia 8,76E-02 5,44E-01 1,30E+00 N14E-01
Nitrogen 1,11E+02 4,10E-01 4,53E+01
dioxide
Eutrophicatioh | Ammonia 8,76E-02 5,44E-01 3,50E-01 3,30E-01 3,07E-02 1,79E-01 1,85E+0
Nitrogen 1,11E+02 1,30E-01 1,44E+01
dioxide
P 1,22E+00 3,10E+00 3,79E+00
N 4,05E-01 4,20E-01 1,70E-01
Human Sulphur 3,06E+02 9,60E-02 2,94E+01 1,81E+0
toxicity dioxide
Nitrogen 1,11E+02 1,30E+00 1,44E+02
dioxide
Arsenic 2,47E-02 4,14E-02 3,48E+05 8,58E+03
Lead 4,72E-01 1,16E-01 4,67E+02 2,20E+02
Nickel 1,567E-01 1,05E-01 3,50E+04 5,51E+03
Vanadium 5,72E-01 1,03E-01 6,24E+03 3,57E+03
Eco-toxicity Phenol 940E-05 1,55E-01 1,50E+00 2,37E+02 1,41E-04 2,37E+01 1,66E+0
Cadmium 1,64E-02 1,56E-03 2,89E+02 1,52E+03 4,73E+00 2,38E+00
Lead 4,72E-01 1,16E-01 2,40E+00 9,62E+00 1,13E+00 1,11E+00
Chromium, 3,23E-02 2,08E-01 1,90E+00 6,90E+00 6,14E-02 1,43E+00
Copper 3,54E-02 1,04E-01 2,22E+02 1,16E+03 7,84E+00 1,20E+02
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Table 11 — Calculation of indicator results of stem example — Material B

Material B
Impact Substance Assigned LClI results Characterization factors Converted LClI results Indicator
category results
Air emission Water Air emission Water Air emission Water
emission emission emission (LCIA
profile)
kg kg kg eq/kg kg eq/kg kg eq/kg kg eq/kg kg eq
Climate Carbon 4,81E+3 1,00E+00 4,81E+03 1,46E+05
change dioxide
FIALCUN=-TOUT 4,0UC-U4 9, 0UCTUO £,4TC7T0U
Methane 6,75E+3 2,10E+01 1,42E+05
Stratospheric HALON-1301 4,30E-04 1,20E+01 5,16E-03 5,75E-03
oZone
ddpletion Tetrachloride- 4,90E-04 1,20E+00 5,88E-04
Methane
PHoto-oxidant | Methane 6,75E+03 6,00E-03 4,05E+01 7,01E+01
fofmation
Ethane 1,98E+02 1,23E-01 2,44E4041
Propane 2,99E+01 1,76E-01 5,26E+00
Adidification Sulphur 1,83E+01 1,00E+00 1,83E+01 2,50E+01
dioxide
Ammonia 8,01E-03 1,23E-01 1,30E+00 1,04E-02
Nitrogen 1,64E+01 4,10E-01 6,72E+00
dioxide
Edtrophication | Ammonia 8,01E-03 1,23E-01 3,50E-01 3,30E-01 2,80E-03 4,04E-02 2,42E+00
Nitrogen 1,64E+01 1,30E-01 2,13E+00
dioxide
P 5,41E-02 3,10E+00 1,68E-01
N 1,80E-01 4,20E-01 7,54E-02
Hgman Sulphur 1,83E+01 9,60E-02 1,76E+00 4,73E+02
toxicity dioxide
Nitrogen 1,64E+01 1,30E+00 2,13E+01
dioxide
Arsenic 1,92E-04 1,90E-03 3,48E+05 6,68E+01
Lead 3,62E~03 4,93E-02 4,67E+02 1,69E+00
Nickel 6,40E-03 6,77E-03 3,50E+04 2,24E+02
Vanadium 2,51E-02 5,36E-03 6,24E+03 1,57E+02
Edo-toxicity Phenol 9,00E-06 1,54E-02 1,50E+00 2,37E+02 1,35E-05 3,65E+00 4,76E+00
Cadmium 1,75E-04 1,47E-04 2,89E+02 1,52E+03 5,06E-02 2,24E-01
Llead 3,62E-03 4,93E-02 2,40E+00 9,62E+00 8,70E-03 4,74E-01
Chromium 3,54E-04 1,02E-02 1,90E+00 6,90E+00 6,73E-04 7,04E-02
Copper 1,27E-03 2,22E+02 1,16E+03 2,81E-01

From these results it can be concluded that pipes of material A yield for most of the selected impact
categories the highest environmental impact, pipes of material B the lowest; only for photo-oxidant formation
they yield about the same result. However, it should be noted that chlorinated organic trace pollutants are not
taken into account quantitatively (see Notes in Table 9).

The above results are not presented in a graphical form on purpose, as this is completely dependent on the

chosen units. Such a representation only presents meaningful results after normalization, when the results are
transformed into common units.
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4.3 Example 2 — Two acidification impact category indicators

4.3.1 Overview — Examples illustrating the effect of selecting different acidification impact category

indicators

The example illustrates the importance of ISO 14044:2006 recommendations and the criteria
environmental relevance by comparing two very different indicators (see Table 12). There are very significant
differences between the indicator results, e.g. over 700-fold between sites (Table 14), even when the same
inventory results are used.
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Figure 6 — Simplified environmental mechanism for acidification

Emissions or outputs crossing the system boundary

Acidification begins with the emission of compounds 'stich as NOx, NH3 and SO». These em
LCI inventory results or outputs that flow across the‘system boundary to the environment. NO
SO5 are not emitted as acids and are converted to acids in the environment. Other emission
hydrogen chloride (HCI), are emitted directly as acids and need no conversion.

Conversion, dispersion and deposition

NOyx, NH3 and SO, are converted:to acids in the atmosphere and undergo long-range tra
dispersion to distant receiving.locations several hundreds to a thousand kilometres from th¢
source. The acids are deposited in remote locations by several possible means (e.g. aci
particles, and in fog droplets). Several factors determine the acid amounts that reach a specifi
area. For environmental relevance, these factors are included in spatially specific characterizat
such as:

capacity
teeded

ssions are

nsport and
b emission
d rain, dry
C receiving
on models,

— Emission-eonversion into acid has its own chemical reaction and depends on temperatur¢, weather,

etc.

— transport distance and direction depends on source location, stack height, weather, etc.; and

—\ Deposition depends upon each acid’s characteristics, e.g. particle size, and weather cond

itions, e.g.

rain

c)

NOTE Transport and deposition can be annualized from environmental models for the characterization factors.

The role of the receiving ecosystem's critical capacity to neutralize acid
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Deposited acids may decrease the receiving water or soil pH. The pH decrease depends both on the
amount of acid deposited from the LCA system, the background acid load from other human and natural
sources, and the receiving site’s neutralization capacity. Each site has a given capacity to neutralize acid,
i.e. the critical capacity. When the critical capacity of an ecosystem is exceeded, the pH decreases and
impacts (e.g. lost plant vitality) are likely. For acidification, when critical capacity is exhausted then
impacts begin to occur. Thus, when the critical capacity is not exceeded, acidification impacts do not
occur from soil exposure. For environmental relevance, it is then essential to identify when measures
such as the critical capacity or ADIs are exceeded.

Compared to a total emission load indicator, one should recognize as seen later in Table 14:

— (nly a small percentage of the total emissions are actually deposited in sensitive ecosystems \where
the critical capacity is exceeded, causing impacts, and

|
_|

he percentage varies substantially depending upon the spatial locations of the emission source gnd
He receiving ecosystems.

—

Thus, |a total emission load indicator by omitting or ignoring these environmental details has very different
indicator results from a sensitive ecosystem indicator, even when the starting-LCA inventory results gre
the sgme.

4.3.2.2 |Indicator models and characterization factors
The models and characterization factors for two category indicators arédescribed.
a) Emisdion-loading category indicator (EL indicator) model

The HL indicator model characterizes the total emission-load released by the LCA systems using a
chemical equivalence calculation. The model omits spatial information on fate, dispersion, or the amopnt
of acid deposited into sensitive areas. The model assumes complete conversion to acid, complete
deposition to sensitive regions, and occurreneg-of environmental effects in every location. These are
worst{case assumptions and lack environmental information and relevance (see Table 12). HoweVer,
some |practitioners often refer to the EL indicator results as "potential environmental impacts".
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Table 12 — Coverage of 14044:2006 recommendations and criteria

IS

O 14044 Notes

EL Indicator

SE Indicator

LCI Results — Both indicators use the same LCI parameters, but spatial detail needed for SE indicator

ISO 14044:2006, 4.4.2.2.3

Spatial and temporal differentiation of the [ No spatial or temporal | The geographical location of releases from the

characterization model relating the LCI | differentiation inventory and the location of sensitive receiving

results to the category indicator should locations a re both utilized.

be considered

Fgte and transport of the substances|Assumes only 100 % [ Calculates the conversion, trangport and

should be part of the characterization | conversion to acid deposition from each source location|to each of

model the many different receiving areas.

ISP 14044:2006, 4.4.2.2.4

Reflect the consequences of the LCI| Strictly amounts emitted The ability to relate the acid load in each

repults on the category endpoint(s), at . \: - -

P Receiving area to, critical neutralizing capacities
legst qualitatively . - "
in the receiving “areas and whether [the critical
capacity is exceeded. This is the grea where
negative eonsequences are likely.

Condition of the category endpoint(s) No information provided In thes area where the critical gapacity to
neutralize acids is exceeded, negativg conditions
are.implied.

Spatial aspects, such as the area and [As noted above, .no{ The ability to calculate the marginal |ncrease in

scale spatial or tempeoral | the area where the critical capacity is| exceeded.

differentiation This relates to the damage to which a system
may be contributing.
b)| Acid deposited in sensitive Ecosystems category indicator (SE indicator)
The SE indicator characterization incorporates spatial aspects and fate and transport and |addresses
environmental relevance as recommeénded by ISO 14044:2006, 4.4.2.2.4 (again, see Table 12}]. This also
illustrates the importance of the goal and scope selection process. The SE model is more cgmplex and

The SE model-adapts the European RAINS model?). The RAINS model uses 150 by 150 km gn
for both emissions and receiving ecosystems. These cells allow the mathematical accq
emissions\from each cell, the percentage conversion to acid, transport and deposition from e
cell toseach possible receiving cell, the different areas and their critical capacities of soils
receiving cell, etc. The LCA adaptation converts the cells to countries, so the inventory only
country of an emission. Each country has a characterlzatlon factor (e.g. AFNoX and AF

includes the emission conversion and dispersion from a given country, the acid amounts d¢posited in
receiving countries, and(the area of sensitive ecosystems in the receiving countries whq
capacity is exceeded.\ The results of the SE indicator provide information on the eny
performance of the system, while the EL indicator does not.

se critical
ironmental

ids or cells
unting for

ach source

ithin each
ecords the
02 — see
calculate

area at each recewmg sites where the critical capacity is exceeded. Each emission is converted with the
characterization factor from kilotons (or grams) of emission to the increased area in hectares (or square
meters) where the critical capacity is exceeded. For the complete derivation of the SE indicator see [24].

2) RAINS is an integrated assessment model that combines information on national emission levels with
information on long range atmospheric transport in order to estimate patterns of deposit on and concentration for
comparison with critical capacities and thresholds for acidification, terrestrial eutrophication-via-air and tropospheric
ozone creation.
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4.3.2.2.1 Selection of the characterization model and characterization factor

The EL indicator results are expressed as proton equivalent s or grams of a major emission, usually SO2. The
conversion and combination of acids is scientifically valid and contrasts with attempts to combine different
human toxicities. Combining different human toxicities has been described as a subjective or value-choice
score like combining global warming, acidification, and eutrophication [25]. For the EL indicator, the necessary
LCI parameters are direct acids, such as hydrochloric acid, and substances possibly converted to acids, such
as sulphur dioxide, nitrogen oxides, and ammonia. The characterization factors for several substances in
addition to those in the simplified inventory calculations below are: 0,88 for HCL emissions, 1,00 for SO, 0,80
for SO3, 0,70 for NOy, 0,70 for NO2 and 1,88 for NH3.

The SE indicator is expressed in hectares or square meters of area where the increased load of the L{CA
increases the deposition above the critical capacity (a marginal increase in the area where the criticalcapagity
is exceeded). The characterization factors for several countries with their spatially specific characterizatjon
factors (e.p. AFNox and AFspp) are given in Table 13 clearly shows how spatial differences result in lafge
differenceg in the characterization factors. For the acid SE category indicator, the collection of LCI parameters
is more detailed. In addition to the hydrochloric acid, sulphur dioxide, nitrogen oxides, ammonia, etc., noted
above, the|region where each emission takes place is recorded.

Table 13— Characterization factors for several substances and countries.according to the SE model

AF(SO,) AF(NO,) AF(NH,) AF(HCI)
Country or Region

ha/tonne m?/g ha/tonne m?/g hatfonhe m?/g ha/tonne m?/g
Albania 0,02 0,0002 0,00 0,0000 0,01 0,0001 0,00 0,0000
Belgium 1,28 0,0128 0,82 0,0082 1,10 0,0110 0,02 0,0002
Denmark 5,56 0,0556 2,02 0,0202 5,28 0,0528 0,06 0,0006
Finland 15,14 0,1514 2,42 0,0242 13,40 0,1340 0,02 0,0002
Germany 2,17 0,0217 0,90 0,0090 1,89 0,0189 0,02 0,0002
Netherland 1,24 0,0124 097 0,0097 1,55 0,0155 0,03 0,0003]
Portugal 0,02 0,0002 0,01 0,0001 0,01 0,0001 0,00 0,0000
United Kingdom 1,94 0,0194 0,92 0,0092 4,32 0,0432 0,03 0,0003]

4.3.3 Aspignment of LCI results (classification) (ISO 14044:2006, 4.4.2.3)

lllustration| of ISO 14044:2006;"4.4.2.3, is omitted. For guidance, see other examples and the text| of
ISO 14044:2006.

4.3.4 Calculation/of'category indicator results (characterization) (ISO 14044:2006, 4.4.2.4)

4.3.41 Calculation of the LCI results into the indicator result

This subclause calculates category indicator results for the EL indicator and the SE indicator. The outcome in
the value of the indicator results can differ significantly depending upon where the emission source is located
in relation to sensitive receiving areas (see Table 14). This reinforces the need to carefully evaluate choices in
the study goal and scope and reinforcing the statement in ISO 14044:2006 that:

"The usefulness of the indicator results for a given goal and scope depends on the accuracy, validity and
characteristics of the characterization models and characterization factors. The number and kind of simplifying
assumptions and value-choices used in the characterization model for the category indicator also vary
between impact categories and can depend on the geographical region. A trade-off often exists between the
simplicity and accuracy of the characterization model."
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The inventory is highly simplified using only NOyx and SO2 and is based on the electrolytic refining of primary
copper. The details of the mining, the drawing of copper wire, the production of PVC, the disposal and
recycling of the wire with incineration of PVC are omitted. The functional unit is a kiloton of electrolytic refined
copper produced and the parameters used are 10 grams of NOy and 100 grams of SO». Identical processes
and the same emission quantities are assumed to exist in three different locations. For the EL model a
straightforward calculation is made using chemical characterization factors. For the SE model, the production
process is calculated for three different emitting locations (Albania, Belgium, and Finland). The example

cal

culations for the EL indicator results are:

(10gNO, x0,70)+(100gSO, x1)=107gSO, equivalents / kt of copper

Th
ind

Th

characterization factors are country specific so that the indicator results for the same_ quantities of

no
the
Fu
log
de
siz

s, whether the smelter was in Albania, Belgium or Finland, the same total burden is releas
icator results would be the same: 107 SO2 g equivalents/kt of electrolytic refined copper.

e calculations on a site-dependent basis for the SE indicator result are shown'in Tab

v differ considerably depending on where the emission took place (1 to 769). This\difference in s¢
receiving regions is not taken into account in the EL indicator, which represents the full potenti
rther, only a percentage of the total load represented by the EL indicator deposits in areas where
d is exceeded. For comparison, then, the amounts of SO2 g equivalents/kt copper from ea
posited in areas where the critical load is exceeded is compared to the’ 107 SO2 g equivalents
e of the EL indicator results.

ed and EL

e 14. The
emissions
pnsitivity of
bl impacts.
the critical
ch country
/kt copper

Table 14 — Calculations for Indicator Results using SE(Model and Comparison of Differ¢ences

NO SO, Indicator
(g x AF) (g x AF) result (m °)

Country Relative Comparjison

To SE result To H

Dispersion & Deposition for Albania as

L result
502 eq.

Al

bania 10x0,00=0 100°:0,0002 = 0,02 0,02 1

b350

B4

Igium 10 x 0,0082 = 0,008 100 x 0,0128 = 1,28 1,29 64

83

Fi

hland 10 x 0,0242 = 0,242 100 x 0,1514 = 15,14 15,38 769

7
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b two models yield results-that are dramatically different! This clearly illustrates the effect of cate
J indicator choices between a study goal and scope that only needs general screening results (E
] one that needs aceuracy and environmental relevance (SE indicator).

ng the EL indieator results in the Interpretation phase, a lower level of total emissions from Belg
first appear\to'be environmentally ‘better’ than a somewhat higher level of total emissions fro
wever,_the/environmentally relevant SE indicator would clearly show that emissions from Alb
reasethe critical capacity exceedence in a far lower area compared to Belgium. Thus, decisio
portant comparisons should consider selecting environmentally relevant indicators whos

jory model
| indicator)

ium would
m Albania.
hnia would
ns making
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ing

orporate spatial information on the emission source. the fate and transport processes. and th
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ecosystems.
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4.4 Example 3 — Impacts of Greenhouses Gas (GHG) emissions and carbon sinks on
forestry activities

4.41 Overview

A company, with an integrated system of timberland and diverse forest products, conducts an LCA with the
goal of ascertaining the relative impacts of the issues of climate change on the corporation’s variety of
operations. Specifically; to ascertain the:

Net contribution to Greenhouse Gases (GHG) from carbon (C) emissions and sequestration and carbon
sinks,

Potential for C credits, joint projects or trading,
Allocation of responsibilities among different actors in the product’s life cycle, and

Opportunities for environmental and economic improvements.

The scopg of the study involves a comprehensive approach to identify and quantifynot only traditional impact
category and indicators for GHG emission but also for carbon sinks both in timbetlands and along the product
system. In[that sense, the example identifies specific inventory results and trahsformation models that are|an

indispensdble part of the scope of the study in order to achieve the intended geal.

Five major didactic values are offered by the example:

a)

b)

4.4.2 Selection of impact categories, category indicators and characterization models

The need to consider other parameters in addition to traditional emissions or resources quantificatjon
through definition of a new impact category. This is needed{to meet the goal and scope requirementg of
the stlidy. Such consideration is anticipated in ISO 14044:2006, 4.4.2.2.1.

In stydies involving biomass and bio-based products, there are transformations within the syst
boundary that have the character of impact category themselves.

[
3

Indicafors results that when presented .in\.the LCIA results profile could be additive across imppact
categgries under certain design and selection conditions.

Information that would help ascertain*the shared responsibilities of different actors in the product system
according to the effects and impagts.

Expand the application of LCIA to specific company situations for policy and strategic planning.

12006, 4.4.2.2)

The following paragraphs under 4.3.2.1 describe the major steps in the selection of the impact categories.
Paragraphs 443\2.2 to 4.3.2.4, describe the steps in the selection of the indicators, mechanisms 3and

characterization models and factors.
assign LC i

lllustration of ISO 14044:2006, 4.4.2.3, indicates the procedures

) ’ )

indicator results are calculated and the profile generated.
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Atmospheric CO, T T (5,50 Biofuel comb.)
CinCO; ‘ ‘

Manufacturing

Timberlands Product dist, use, disposal
8,79
Eor wood » 770 >
> Wood panel 3,57
Lumber 1,80
For biofuel ————» 5,68 Paper prod. 3,43
Fossil fuel —)>» 1,95
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Recycled material

l 0,40 Ashes, etc.

Figure 7 — The Product Systemin’terms of Carbon3) (units — millions metric tonnes)

4421 Selection of impact categories

44211 Ensuring impact(categories are consistent with the goal and scope of the study

The goal of the study is to ‘ascertain the relative impacts of the company’s variety of operations on|the issues
of climate change in a‘manner that permits assessing opportunities and consequences of different|aspects of
domestic legislation‘and international treaties. The variety of forest products manufactured by thg Company
can be classified “as paper products and wood products. Among the first group, there are market pulps,
communicationspapers, packaging board and tissue products. Wood products range from lumber t¢ structural
wopd panels. ‘A variety of engineered wood products such as MDF, OSB, particleboard, waffle boafd, etc. are
induded.in;the second group. All these products have a common characteristic- their carbon content. The use
of pne<million metric tons (MM tons ) of product carbon content as the functional unit is compatible|with these
gogls~since it facilitates the different calculations in the transformations of environmental results into the
impact categories an € selection of iImpact categories is consistent wi € characteristics of
the system as well as the goal and purposes of the study. In other words, besides the radiative forcing that is
an impact category for GHG emission sources, the study needs an impact category that addresses the
impacts of carbon sequestered and storage in sinks that are recognized desirables amelioration tools.
Moreover, since credits, trading and controls are exerted in terms of net values (emissions minus sinks), the
impact categories should provide indicator results that under specific study design conditions are amenable of
addition at the level of the indicator results profile.

3) For some parts of the system, the arrows represent selected flows (for illustrative purposes). Consequently, for
these parts of the product system the inputs and outputs do not add up to the same amount of Carbon.
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4.4.21.2

Considering the LCA study purpose and identifying the audiences

The purpose of the LCA study considers gathering the necessary information and data along the product
system components that is permitted to assess the net impacts of GHG emissions as well as carbon
sequestration and storage in carbon sinks. Such assessment would help in the decision-making of the
company’s policies and strategies around climate change issues. LCIA was considered an added tool to better
understand the inventory issues and gathered information in terms reflecting the prevailing mechanisms in
climate change science and policies [26].

Consequently, the study needs to present information, methods and results in a manner understandable to the

company

xocutives of different nroduct lines and administrative executive level functions while kee
Lud Lad

ng

relevance
managers
original co
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In Figure
production

Carbon, aimospheric CO3 is captured in the timberlands, trees are grown and‘harvested. Biomass C ent

the manuf
CO2 from
distributed
emissions
are small i

44214

with the climate change terminology and concepts. Additional audiences were other executives)
on environmental engineering, government affairs, technology, public relations, productionetc. T
mplete study is considered of confidential nature. In this example, company’s structure and size
the study is different from the actual company.

Reviewing the LCI system functions, boundaries and unit processes

f, there is a simplified schematic of the product system and its boundaries with some of
distribution that is used and transformed in the characterization step.of the LCIA. In termg

bcturing stages either as wood for wood and paper products, or as-bio fuels. Carbon is emitted
the combustion of bio fuels and fossil fuels. Products of different nature are manufactur
used and disposed. All quantities cited are in annual terms./The example does not addresg
from fossil fuels in the timberland process, neither in transpertation and distribution. Contributiq
N comparison with the other contributions.

Identifying a comprehensive set of environmental issues related to the product system

The goal
product s

well as thgse reflecting sequestration of C from atmospheric CO2 and its storage in sinks along the prod
system. T assess the relative impact of the .originally sequestered Carbon along the stages of the prod
system, it [s necessary to quantify specific biomass processing. These quantities are transformed later dur
the characterization stage of LCIA. Information is needed on the functionality of the processed biomass, eit
for bio fuels or for different wood and pdper products.

Another i
balance of
and transf

There are
fuel and th
biomass p

nd scope of the study helps define a set of*¢omprehensive environmental issues present in
tem. This set includes both the most traditional emissions of anthropogenic fossil fuels GHG

portant environmental-issue itself, for the purposes of the goal of the study is the net growth
carbon sequestered in‘the forests. This information is provided in terms of “merchantable” wq
brmed, by characterization factors, into total biomass carbon and C-equivalent.

e storage-ingsinks of the C in forest products. Table 15 provides the functionality Information on
rocessed\péer Figure 7.
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Table 15 — Functionality of the Amounts of Processed Carbon

Product and functional categories Percentage Amount (C) Totals
Biomass 5,68
For combustion as fuels 100 % 5,68
Wood panels
1 family residence (40 %) 1,44
Multi family (30 %) 1,07
Upkeep/improvement (20 %) 0,70
Non-residential (10 %) 0,36
3,57
Ldmber
1 family residence (30 %) 0,54
Multi family (30 %) 0,54
Upkeep/improvement (20 %) 0,36
Non-residential (20 %) 0,36
1,8
Prlinting & writing paper (100 %) 1,43
1,43
Other paper/paperboard (100 %) 2,00 2,00
Grand total 14,48

44215 Selecting the impact categories

Acfording to the above considerations; and the goal of the study, it was decided to select fwo impact
calegories. We wish to protect the climate against, or minimize, the imbalance created by the anthropogenic
GHG and actions. The inventory ‘results can be assigned to these impact categories. This consideration fits
thg definitions in ISO 14044:2006; Clause 3.

Orle of the two selected)impact categories is climate change with radiative forcing as the indicator
begause according toth@ IPCC it reflects the quantifiable imbalance that anthropogenic GHGs creafe between
absorbed sunlight and reflected IR radiation which is a traditional issue of concern. The inventory fesults that
arg needed to initiate the LCIA phase for radiative forcing as an impact category are greenhouse emissions,
GHG. They aretransformed (via global warming potential, GWP factors) into category indi¢ators and
aggregateddo)yield the category indicator results, metric ton of CO2- equivalent, or C-equivalent.

The other impact category chosen for the study is carbon sequestration and product sinks. [n systems
wheré)resources are biomass, yielding bio-based products and bio-fuels, there is another class| of impact
category representing environmental issues of concern. This class of impact category is carbon sequestration
and the carbon sinks thus created. Carbon sequestration may be seen as part of the product system. The
carbon sinks effects are then dealt with as part of the inventory analysis and the resulting (negative) CO»
emissions considered as contributing to climate change. In this example however, the sequestration is defined
as a separate impact category in parallel with climate change. This impact category can be recognized as one
with a reverse sign to the above.

Both impact categories are linked to the same endpoint - impacts of the change in the balance created by the
absorbed and reflected IR radiation.

When considering carbon sequestration and sinks as an impact category, the inventory looks into the
timberland as well as into the product system downstream of manufacturing. There is need first to quantify
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carbon sequestered in the total forest system or fibre basket for the company and not only on the
merchantable amount of wood that is transformed into products. The net growth in biomass carbon, after
discounting for harvesting, represents the C sequestered. Once the atmospheric carbon is sequestered it
remains stored in the timberland and in the products for a period of time according to the type of product and
the function to which it is put to use. Since the biomass for fuels was discounted as part of the harvested
amounts, it is easier to understand the “net -zero” COy-equivalent emission in the accounting of net carbon-

equivalent.

44.2.2 Describing the environmental mechanism for the impact categories

two mechanisms are less conventional but they explain, nevertheless, they both_are~a system of phys
processes|for the carbon sequestration sinks that link the LCI results to the category indicators. Although
expressed|in similar units, the existence of the mechanisms and the models provides the separation betwgen
the LCI and the LCIA phases of the LCA.

4.4.2.3 [Selection of indicators

The indicaftors for the two impact categories were considered to Be.tons of CO»-equivalent or tons C carbpn-
equivalent| The LCI results expressed in tons CO5 are amenable to transformation into C-equivalent for the
same timg horizon. Likewise, the LCI results having to do with C sequestration and storage in sinks pare
transformgble into CO»-equivalent with the proper factors and models. It is important to keep similarity into the
time horizgns for both impact categories. In this sense,the example uses a time horizon of 100 years for the
GWP factqrs as it is normally done. For the product.sink we also use a time horizon of a 100 years as the time
a given frafction of the product still remains in useand hence can be considered a carbon sink 4.

4.4.2.4 |[Selection of characterization models and factors

4.4.2.41 | The IPCC model for radioactive forcing

The charagterization model forthe'radiative forcing impact category is the one used and fostered by the Ir;Ler-
governmental panel on Climate“Change, IPCC. The specific IR radiative forcing for different GHGs permits
expressing different GHGs in-a common unit, standardized to the value of 1,00 for CO,. The Global Warmjng
Potential, ps characterization factors, allow for different GHGs to be aggregated and expressed in carbpn-
equivalent|{units. IPCC¢recommends a time horizon of 100 years. If the time horizon is changed to 500 yeprs
or infinity, fhe methane GWP factor is considerably reduced. Table 16 gives the GWP characterization factprs
for the twol major,GHGs in the example.

4) According to ISO 14044:2006, 4.4.2.2.1, the environmental mechanism describing the impact categories also
includes the total of environmental processes in the product system such as sequestration in timberlands and wooden
products.
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Table 16 — Global Warming Potential Factors

Atmospheric lifetime GWP factor
Green House Gas (CHG)
(years) (100 year time horizon)
Carbon dioxide (CO2) 50 to 200 1
Nitrous Oxide (N20) 120 310
Methane (CH4) 12 (+/- 3) 21

44242 The Calvin-Benson model for carbon sequestration

The characterization model for this impact category can be described in two phases. In the first pha
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lected for the,GWP factors. In this manner, the indicator results from the two impact categories a

t energy is converted by the photophosphorylation reaction into adenosine triphosphate (AT
enzyme NAPDPH, both rich-energy molecules. In the second phase, the Calvin-Benson cycl
nospheric carbon dioxide into organic substances making use of the transformed/sunlight energy

b characterization factor used with the model converts the net C (Tc){biomass growth/yea
entory results (expressed as merchantable wood) to gross (total) biomass' growth, T'c by mult
ue by a biomass/merchantable ratio. This ratio was derived for specific_species and regions anc
addition, another correction factor is used to account for the estimated 25 % of biomass left as
forest.

Merchantable wood x 1,70 = total biomass, T'c.

T'c x 0,75 = Useful biomass.

.2.4.3 Characterization model for the storing, of sequestered carbon in product sinks

estimate the amount of carbon equivalent“that can be considered in storage in sinks there
imate the rate at which the forest products (and carbon) are retired from use in each en
cording to the functionality of the product. Row and Phelps (USDA) have developed a chars
del that uses a logistics curve to estimate the proportion (%) of wood products remaining in th
k. It is based on the half-life average and the functional use of the specific product. The Internzs
rvice (IRS) of the U.S Department of Treasury generates half-life estimates for a variety g
cording to functional categaries such as single-family building, multi-family building, etc. Logicall
ds of wood products can be classified into one given functional category.

e time a wood productremains in use (T) is determined largely as function of the average useful
proportion (P)_6fthat product remaining in the sink at a selected time. The selected T of
ceeds the higher/half-life average value of 67 years. The selection also reflects the 100 yez

bressed a@s C-equivalent but also in the same time horizon. T and P are expressed as:
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44244

Refining the characterization model and factors

One way to account for recycling is by means of characterization model expressed by an equation developed
at the USDA’s Forest Service. The effect of the equation is to extend the useful half-life of the C stored in a
particular product end-use sink, (In other words, to extend the value of the figures given by the IRS tables and
consequently increase the value of the characterization factors).

The equation is given by the expression below in which, L = Revised expected half-life, H = the original half-

life and, R

= the proportion the product is being recycled into same product category.

Recycling
sink. Its ef

44245
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has a beneficial effect in increasing the characterization factors and thus the C-equivalent in
ect is more pronounced in the recycling of products with the longest half-life.

Characterization model for biomass fuels — Net-zero C emission

Cterization model that describes the net -zero C emission when burning biomass fuel is typicall
model whereby CO2 from the atmosphere (and its C expression) ares sequestered by

esis process described in the Calvin-Benson model. Staying away from C4, and C4; consideratig
nissions from the combustion are considered equal to the ones already.sequestered and that will
tly sequestered. This is different from the CO2 emissions of fossil fugl that result from the use o
ime carbon sinks rather than from the atmosphere. The characterization factor used is equal to 0

4.4.3 Aspignment of LCI results (classification) (ISO 14044:2006;.4.4.2.3)

4431

A brief de
different t
completed
factors. Th

Classification of inventory results into impact categories

scription of the classification of LCI results inte, impact categories is given in Figure 8. From
pes of inventory results to the classification into impact categories, classification cannot
until there is a reasonable certainty ofsthe availability of adequate characterization models 3
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Life Cycle Inventory Results

h ¢

C Sequestered and Sinks C in GHG emissions
Tc =0,70 MM ton C Ffc = 1,80 MM tons C
Pc = 8,79 MM ton C Lc =2,11 MMton C

Pf =568 MMton C
Pl =1,89 MM ton C

v v

C Sequestered C Sinks Radiativeforcing
Characterization models and factors Characterization models and facftors
For Tc — Calvin Benson US EPA landfill models

For Pc — Logistics curves IPCC Global Warning Potentidl

For Pr — Recycling Net Zero

v v

Indicators results Indicators results

—> Indicator results profile —

Figure 8 ——Schematic of the LCI results assigned to impact categories

4.44 Calculation of.category indicator results (characterization) (ISO 14044:2006, 4.4.2.4)

The characterization involves the conversion of the LCI results (million tons C per year) into compmon units
using the characterization factors derived according to the characterization models. A simplified vefsion of the
needed calculations, grouped according the two impact categories is presented below. Table 17 provides a
su marized version of the calculations Ieading to the indicator results. Pc is the carbon in the annual

Ju following
matrlx |nd|cates the LCI results characterlzatlon factors and |nd|cator results for the d|fferent impact
categories and indicators.

4441 C sequestration and sinks and Net -zero for biomass fuel
T’c indicates the net biomass C growth stored in the forest. P’f is the product biomass fuel that yields a net

zero. P’c refers to the product carbon storage. It is sub-divided according to the functionality of the different
forest products.
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4.4.4.2

C emissions from fossil fuels and landfill methane

F’fc addresses the fossil fuel carbon. The term L’c refers to the carbon estimated going to landfills from the
total annual production of the company. This element of the characterization stage is the weakest in accuracy
and more work is done to improve its reliability both in the US EPA model and database. Besides a net zero
contribution from COa releases, there is a methane contribution that is part of the radiative forcing impact
category. The characterization models and factors are both IPCC and U.S. EPA.

Table 17 — Calculation of Indicator results )

LCIA Indidator CCTresult Characterization | Indicator results
factors
MM tons C MM tons
C eq.

T'c 0,70 X 1,70 x 0,75 0,89

P'f 5,68 Net zero 0,00

P'c 9,23 Various (see below) 1,39
Wood panels 3,56 0,81
. 1 faml|ly residence 1,44 0,25 0,36
. Multi family 1,07 0,20 0,24
e Upkeg¢p/improvement 0,70 0,15 0,11
e Non-residential 0,36 0,27 0,10
Lumber 1,80 0,39
o 1 famlly residence 0,54 0;25 0,13
e Multi family 0,54 0,20 0,11
e  Upkeg¢p/improvement Non- | 0,36 0,15 0,05

residgntial 0,362 07 0,27 0,10

Printing & writing papers 1,80 0,10 0,09
Other papFr/paperboard 0,05 0,10
F'fc (fossil fuels) 1,80 1,00 1,80
L'c (Landi*lls) 2,114 21,0 & others 1,302
NOTE Besides the factor of 7,7 converting methane carbon to CO2 carbon, there are other transformation factgrs
used in thg US'EPA model.

a

Table 17, Column C equivalents. The table is based on the C amount in the different flows, which for methane
would lead to a characterization factor of 7,7 kg CO2-C/kg CHs4-C. The methane characterization factor of 21, which is
applied, is valid for methane as such. The difference has been accounted for.

5) Table 17, final column, last row. The landfill model calculates the fraction of the deposited C which is emitted as
COz or CH4throughout the existence of the landfill. It is recognised that the landfill model needs improvement.
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4.44.3 Impact indicator results profile

Table 18 depicts the components of the LCIA indicator results profile (LCIA profile). The results from each
impact category are illustrated in terms of the company and the forest products system. This is convenient for
two reasons. In the estimation of net growth of C sequestered in timberlands, the company’s is only 25 % self-
sufficient. The study considers that the remaining 75 % wood fibre supply from small tree farms, etc. reflected
similar net growth in the average. This assumption is in line with trend from regional inventories conducted by
state and federal agencies. A second reason is the methane releases from municipal landfills, which are part
of the forest product system but not of the company.

The—-C-equivalent units fc ose results are additive since the C-eguivalent on some ¢ s transformations
wefe made compatible for this purpose. In estimating the C-equivalent for the storage in sinks in)the product
system, 100 years was considered in the logistic curve model. Likewise the IPCC cmodgl, for the
trapsformations of methane into C-equivalents was based on the 100 years horizon. Some' resear¢hes use a
500 years horizon for the IPCC model. Such approach lowers the C-equivalent results (for\methang the factor
wil| be then 12 rather than 21). If for the product sink model we had used 50 years rather than 100| years, the
stdrage amount would have been higher. These considerations are important to netefor the credibility in the
reqults.

Table 18 — LCIA Profile (per FU)

Impact category Indicator
results
Company Product system
MM tons C eq. Per F.U. MM tons C eq. Per F.U.

Radiative forcing
MInufacturing emissions 1,80 0,195 1,80 0,195
Lgndfill (methane) 1,30 0,141
C Sequestration & sinks
Fgrest -0,88 - 0,095 - 3,52 - 0,381
Prpduct sinks -1,39 -0,15 -1,39 -0,15

Net -0,47 - 0,052 -1,81 - 0,196

4.45 Preliminary analysis and conclusions

Internally, the company’s management considered the results responsive to the objectives that originated the
stydy. Conclusions and decisions as a result of the study are considered confidential. For the firgt time, the
issues regarding C sequestration and storage in sinks were put in a LCIA context. The resu|ts provide
valuable_insights on the issues around net GHG emissions, credits, future trading and the role pf different
aclors/in'the product chain.

Other considerations address the issues of validaling and apporiioning the net growih C sequesiration from
small landowners and the landfill emissions.

The net profile indicated, for the conditions of the study, a positive balance (sinks and net sequestration
cancelled and improved on the GHG emissions). Conditions could change without proper incentives. The
results emphasize the positive contribution of sustainable commercial forestry and the use of forest products
and biomass. In the same manner the use of fossil fuels has created an unbalanced, the use of biomass
products could help regain that balance. Likewise, the need for proper design and construction of public
municipal landfills appear of importance and out of the company’s hands.
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4.5 Example 4 — Endpoint category indicators assessment

4.51 Overview

The purpose of this example is to illustrate the use of category indicators at endpoint level when used for
internal purposes only in the area of product improvement. The most important reason for choosing the impact
category indicator at endpoint level is the high degree of environmental relevance, which makes interpretation
and weighting relatively easy in comparison with indicators chosen near the LCI results. The consequence of
modelling at endpoint level is that the whole environmental mechanism between LCI results and endpoints is
modelled. This can lead to higher uncertainties and the need to incorporate more value choices, but lower
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es®) is to provide an easy to use tool for product designers to support their day--to-day des
internal applications) in the development of complex products with many components and materials.

gle score can only be achieved if some form of weighting is used. This exanmiple does not descr

hear the endpoint level. The methodology used here is fully described in-{30].

are modelled as if the emissions occur in Europe. However;the method could also be develog
bgions, albeit that in case different impact categories may.have to be included (see also 4.3.2)

monly used materials and processes. The companies ‘involved in this project mainly deal v
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t category indicator selected to illustrate'the process is lonising radiation. The example is usedq

bta for average European electricity:

Concept of category indicators (ISO 14044:2006, 4.4.2.1)

5 case an experts-panel assessment. This particular focus has some very important consequen
the LCIA procedure is performed:

e category’indicators have a high environmental relevance and are relatively easy to understand
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t from which this example is taken focuses on the European situation. This means all environmental
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btegory indicators are chosen at the level of the endpoints (that is, it is a damage approach). In this
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mber of environmental concerns communicated to the pnnnl has heen reduced. This is achie

by developing groups of impact categories in such a way that they have identical units; for instance the
category indicators for lonising radiation and Carcinogenic effects are expressed in the same way as an

impac

t to Human Health.

6) 1SO 14040:2006, 4.1, refers to single scores and how there is no scientific method to reduce LCA results to a single

score.
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The combined effect of these choices is shown in Figure 9. Eleven category indicators are developed in
such a way that they can be expressed in one of the three common units. The three units are chosen in such
a way that they reflect environmental concerns at endpoint level.

Impact Category Indicators (with their units) Endpoint level

Depletion of fossil fuel (expressed as MJ surplus energy)

Respurges

Depletion of mineral (expressed as MJ surplus energy)

Land use (expressed as PDF x m® x yr)

Acidification/eutrophication (expressed as PDF x m? x yr)

Ecosystem|quality

Ecotoxicity (expressed as PDF x m? x yr)

Climate change (expressed as YLL and DLY)

Ozone layer depletion (expressed as YLL and DLY)

Carcinogenic substances (expressed asYLE and DLY)

Human hgalth
(as DALY)

|

Respiratory effects (organic) (expressed as YLL and DLY)

Respiratory effects (ihorganic) (expressed as YLL and DLY)

lonizing’radiation (expressed as YLL and DLY)

NQTE The weighting procedure is not explained in this example.

Figure 9 — Schematic overview of the impact category indicators and their strong associatign with the
endpoints in this example

This example is only concerned with impacts on human health. The impacts on human health are established
in two steps. The first step is the characterization step. For the different impact categories that affect human
health, the indicator results are expressed in terms of YLL (see above) and DLY, meaning the disability life
years. The next step is that different disabilities or premature death are combined into a single indicator that
expresses damage to human health in terms of DALYs, that is the disability adjusted life years. This can only
be done if the environmental models for impact categories relating to human health include fate and exposure
analysis, as well as for all the relevant types of disease, the years of life lost and the years lived disabled. This
translation of DLY and YLL into DALY implies a weighting between the different types of disability and
between these disabilities and premature death.
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The last step in the full procedure applied in this example is that the different results concerning resources,
ecosystem quality and human health, are combined into a single score, as indicated in paragraph 1). This
second step is a weighting process and is not used in the present example.

The present example thus only involves the characterization step concerning the establishment of YLL,
focusing on the impact category indicator, lonising radiation. These units (YLL) do not cover all aspects
related to the Human Health. In particular, the disability life years are not included. The disadvantage of this
approach characterization approach for the impacts on human health is that it does not include weighting. The
full procedure is described in reference [30].

4.5.21
In this exa

— Anim
signifi
from t

— The if
homo
effect
(often

For the procedure as a whole, eleven impact category indicators’are defined; see Figure 9. Unfortunately,

all impact
above crit
probably:

— Huma

— Ecosy

Other link3
the human

The follow

:2006, 4.4.2.2)

Selection of impact categories

mple, the selection of impact categories is based on the following considerations:

cantly to the issues in the three groups of endpoints. The most important-information was obtair
he European Environmental Agency;

npact categories are chosen in such a way that they can be sufficiently detailed, consistent 2
genous. For instance this involves splitting “Human Health” in‘categories such as Carcinoge

5, Respiratory effects from inorganic substances and Respifatory effects from organic substan
referred to as summer smog).

categories that are considered relevant have actually been made operational yet. According to

N health damage due to noise (especially traffic);
stem quality damages due to Climate change and increased UV radiation.

ges can be regarded as very.uncertain, as particularly the relationship between climate change 3
health indicators.

ng emissions are now.considered for the impact category, lonising Radiation:

Table 19 — LCI results for lonising Radiation

pact category should represent a real environmental problem in Europe. Thisimeans it contribufes

ed

nd
nic
es

not
he

bria the most important missing linkages between impact categories and category endpoints are

nd

Isotope Compartment LCI result amount

in Bq
Cs -137 Water 1.42
Rn-222 Air 1770
C-14 Air 1,85
Co-60 Water 0,67
Cs-134 Water 0,155

Kr-85 Air 113000
Ra-226 Water 557
H-3 Water 4540

1-129 Air 0,00656
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4.5.21.1 Ensuring impact categories are consistent with goal and scope of the study

Following the weighting step, which occurs later in the procedure, the results consist of single scores. This
weighting is not included in the present example. The single scores are supposed to express the load to “the
environment”, in the way this term is understood by the general public (and by customers of the companies
that are involved). In the original methodology report, the term “environment” and the relation with the
endpoints is defined explicitly. As the results for YLL directly contribute to the development of the single
scores concerned, the selection of indicators is consistent with the goal of the study.

The environmental problems as they are apparent in Europe have been used as starting point, Figure 9.

4..‘.J.2.1.2 Considering the LCA study purpose and use identifying the audiences

The purpose of calculating single scores is to provide an easy to use tool for product designers [to support
thgir day-to-day decisions when designing complex products and used for internal appli¢ations only. See also
fodtnote 6.

4.8.2.1.3 Reviewing LCI system functions, boundaries and unit processes

An[important and deliberate limitation in this example is the assumptionhat emissions occur somewhere in
Eufope. An exception applies for emissions related to climate change,” ozone-layer depletion Jand some
persistent carcinogenic and radioactive substances; for these emissions the location is irrelevant. Without this
assumption it would be impossible to make meaningful fate and exposure calculations (see also illyistration of
ISO 14044:2006, 4.4.2.1).

4.8.2.1.4 Identifying a comprehensive set of environmental issues related to the product system

The key issues in this example are the environmentalhimpacts from energy conversions that relatg to routine
entissions of ionising substances from nuclear fuel-cycles.

4.82.1.5 Selecting the impact categories

The impact category selected for this example is lonising radiation.

4.82.2 Describing the environmental mechanism for an impact category

The selection of the categoryindicators at endpoint level implies some special requirements on the selection
of processes in the enyifonmental mechanism. The general description of the environmental mechanism for
enfissions is in this case:

—| The fate ofthevsubstances should be modelled, as damages are in general not caused by amagunts of an
emission, ‘but by concentrations of a substance. A particular difficulty is the fact that LCI's canpot specify
flow rates, which is usually the input of a fate model. The result of this step is a temporary|change in
coneentrations over a certain area due to the mass loading specified in the LCI results;

— L _The next step is to calculate the exposure of humans to this concentration in an area. during a certain
period of time. This includes estimates for the density of the human population that is expected to be
affected;

— For Human Health, medical statistics form the basis for linking exposure with the occurrence of diseases,
and further statistics on data like age of onset, average duration and mortality;

— The effects indicated in the 3 points above are translated into an effect at endpoint level.

Table 20 demonstrates how the characterization factors are calculated for the impact category ionising
radiation.
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Table 20 — Overview of the environmental mechanism of radioactive releases [33]

Phase of the Model

Phase of the mechanism

Units

Inventory Analysis

Radiation releases

Becquerel Bq;
Bg/FU'

v

Fate Analysis

Transport dispersion and deposition
Contamination in environment

Bag/kg, Bg/l, Bgm?, Bg/m®

Exposufe Analysis

Standard characteristics of people
Inhalation consumption of food and water
Absorbed Dose
Effective and Average Individual Dose
Collective Dose

M3, Kg, |
Gray, 1Gy = 1.J/kg
Sievert-Sv
Man.Sievert
Man.Sv

Effect| Analysis

Dose response relationship

Fatal, non fatal cancer severe hereditary effects

Number of cases
/ man.Sv

Damage Analysis

Years of Life Lost Disability Life Years(Endpeint)

YLL, DLY
Fatal for cancer

NOTE The further procedure involves a disability weighting scale,‘the calculation of the disability adjusted life ygars
(DALYs) or basis of this weighting step, and the subsequent weighting between the impacts on resources, ecosysfem

quality and human health. These latter steps are, as said above,-hot included in this example.

4.5.2.3 [Selection of indicators

4.5.2.3.1 | Identify possible indicators

For ionisirnlg radiation, and in fact for all\impact categories relating to human health, the YLL is used|as
category indicator in the present example. Several other indicator definitions are possible at endpoint leyel.

For Humap Health these particulafly)pertain to the Disability Life Years (DLY), i.e. the average number

years a pefson has to live with algivéen disability.

4.5.2.3.2 | Reviewing needs and criteria for the indicator

of

For this exxample the-following needs and criteria are the most relevant; again the example of human health is

used:

a) The irldicator should be applicable to all impact categories belonging to human health;

b) The indicator should adequately represent the impacts on human health;

c) The indicator should be able to take into account the difference between:

— Serious and less serious disabilities;

— The duration of the disability;

— The numbers of life years lost.
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If these criteria are not met, important distortions occur, as for instance the death of an already critically ill
person would get the same weight as the death of a family mother or child. By focusing on YLL, the first
criterion is fulfilled, and the second in part. The second and third criterion can only be fully fulfilled if DLY are
also taken into account as a second criterion.

4.5.2.3.3 Selected indicator

The YLL indicator is selected because of the possibility of calculating the results on the basis of scientific
information, without any weighting.

a)

b)

Theeffectof certaimty ammd-accuracy

As this example uses a category indicator that is defined at endpoint level, the environmeéntal 1
is relatively complex and spans a wide range of processes. This can cause considerable un
For this reason, in each step uncertainties are documented and where possible, glantified. A
is made between:

— Data uncertainties;

— Uncertainties about the appropriateness and accuracy of the~medel In most impact
considered, data uncertainties are specified for all steps in the.€nvironmental mechanis|
resulting characterization factors, as squared geometric standard deviations.

For the example of lonising radiation, the most important sources of uncertainty are the expos
and difficulties to model the hereditary effects. The 95 %.confidence interval lies within a rang
at least one order of magnitude. This may seem quiteuarge, but falls well within the uncertainty
other types of impact on human toxicity.

Next to these data uncertainties, an importantuncertainty is in the appropriateness of the ma
environmental mechanism. To a large extent'these model uncertainties can be seen as valy
such as:

nechanism
Certainties.
distinction

categories
m and the

Lre model,
b spanning
ranges of

del for the
e choices,

— The time horizon for the integration of exposure to people (independent of data uncertainties); in the

present example this is set at 100 000 years;
— The area to be considered in the fate and exposure analysis; in the present example this is

— The necessary levelof evidence for association between low level radiation and cancer
hereditary effeetsy here the distinction is made between well proven and likely associatior
included in the-Risk Principle, and possible, not well proven effects included in the Pre
Principle/The Precautionary Principle, as accepted in the Rio conference applies much les
requirefments. Here the focus is on the Risk Principle, including well proven and likely effec

The effect of the environmental relevance and accuracy of the indicator

For.this example, the disadvantages of modelling down to the level of endpoints (see i) above
balanced with the advantages regarding the high level of environmental relevance of the res

Europe;

cases and
levels, as
cautionary
s stringent
ts.

) are to be

Its due to

the effect that they are at endpoint level.

4.5.2.4 Selection of characterization model and characterization factors

The characterization results for the impact category lonising radiation are calculated and shown in Table 21.
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Table 21 — Calculation of indicator results for lonising radiation in terms of YLL

Isotope Compartment LCI result (Bq) (::gtr::ﬁtlzj;:)n Indlca(tYoI:I:;asults
Cs -137 Water 1,42 1,94E-10 2,76E-10
Rn-222 Air 1770 2,83E-14 5,01E-11
C-14 Air 1,85 2,48E-10 4,58E-10
Co-60 Water 0,67 5,13E-11 3,44E-11
Cs134 Water 0,155 1,68E-10 2,60E-11
Kr-85 Air 113000 1,64E-16 1,86E-11
Ra-226 Water 55,7 1,50E-13 8,37E12
H-3 Water 4540 5,30E-16 2,44EfN2
1-129 Air 0,00656 1,10E-09 7;19EH12
Indicator rg¢sult (YLL) 8,81E410

4.6 Example 5 - Choice of material for a wind spoiler in car design study

4.6.1 Overview — Example of the selection of impact categories stressing the relationship with the

goal and g$cope

Example

b illustrates a way of using indicators at the endpointilevel in a company’s internal product

developmgnt process. In this example, designers in a companytinternal product development process yise
LCIA as an engineering tool to get a clear indication which one of two design alternatives has the lowest
overall impact on the environment. The selection of indicaters at the endpoint level facilitates subsequent
weighting In monetary terms and the estimation of the significance of the impacts via the approximate damdge
cost involvied [39], [40].

The example used here is about a choice between ‘material A and B as for a rear end wing spoiler of a gar.
The functignal unit (f.u.) is one spoiler. The inventory results are shown in Table 22.

Table 22 — LCI results for the life cycles of a rear end wing spoiler of a car made of two different

materials

LClI result (kg/f.u)

LCI resultimaterial A B
Resource$
Al ore 0,854 0
Coal in ground 3,056 0,826
Qil in grE)und 6,541 9,405
Emissiong to air
Carbon|menoxide 0,077 0,107
CH4 0 0,044
CnHm 0,053 0,08
CO; 30,188 28,605
N20 4,44E-03 0,006
NOy 0,075 0,072
PAH 4,49E-05 3,11E-06
SOx 0,099 0,051
Emissions to water
COD 1,79E-06 2,23E-03
N-tot 0 1,64E-05
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4.6.2 Selection of impact categories, category indicators and characterization models
(1ISO 14044:2006, 4.4.2.2)

The selection of impact categories, category indicators and characterization models are at the endpoint level
in order to facilitate damage cost estimations.

The selection of impact categories and category indicators are shown in Table 23. The category indicators are
chosen so that both modelling of characterization factors and determination of weighting factors are facilitated.
An important motive for accepting a choice of indicators at the endpoint level and the relatively large
uncertamty that follows when determmmg charactenzahon factors is that the LCIA is used in an eng|neer|ng

characterization factor is equal to say that its impact is equal to zero. Therefore there is as full a cpverage of

impact categories as possible for all three areas of protection mentioned in ISO 14040:2006, i.e. hu

ecpsystem health and natural resources.

Table 23 — Impact categories and category indicators used

an health,

Area of protection

Impact category name

Category indicator name

Indicator unit

Htllman health Life expectancy Years of lost life, (YOLL) Person-year
H+man health Severe morbidity and suffering | Severe morbidity Person-year
H+man health Morbidity Morbidity. Person-year
HtIAman health Severe nuisance Severe*nuisance Person-year
Hlllman health Nuisance Nuisance Person-year

Egosystem services

Crop production capacity

Crop production capacity (crop)

k9

Egosystem services

Wood production capacity:

Wood production capacity (wood)

Egosystem services

Fish &
capacity

meat “production

Fish & meat production capacity
(fish & meat)

g
kg

Egosystem services

Base cat-ion capacity

Base cat-ion capacity

H+ mole equivalents

Eqosystem services Production‘capacity of water Production capacity of irrigation kg
water (irrigation water)
Egosystem services Production capacity of water Production capacity of drinking water kg

(drinking water)

Alyiotic resources

Depletion of element reserves

= “element name” reserves

kg of element

Alyiotic resources

Depletion of fossil reserves

Natural gas reserves

Aljiotic resourees

Depletion of fossil reserves

Oil reserves

Aljiotie.resources

Depletion of fossil reserves

Coal reserves

Alioti¢ resolirces

Dpplpfinn of mineral reserves

= “mineral name” reserves

Bio-diversity

Extinction of species

normalized extinction of species,
(NEX) See Note

Dimension-less

NOTE

normalized with respect to the species extinct 1990.

The selection of characterization models is not dealt with here for editorial reasons. When modelling at the
endpoint level the number of characterization models becomes very large, often several thousand. However,
some characterization factors are given below to illustrate the example.
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ISO 14044:2006, 4.4.2.2.3 a) gives a recommendation that:

“The impact categories, category indicators, and characterization models should be internationally accepted,
i.e. based on an international agreement or approved by a competent international body”.

There are very few such indicators available today and all are at the intermediate level. However, the selection
is made considering what is commonly used in the scientific literature on impact modelling and in literature on
enviro-economics.

When selecting category indicators, as in Table 23, double counting is minimised, but there is a risk of double

Count|ng some-imnactthat inflliances-ecosvstem nroduction-canacitvvia-imbpacts - on biodiversity
SpRRe-HRpacttRathHHeR VSt R-ProaHcHEeR-caPa Gy Ha-HRPa6t R-HOCHV-BFSH-

The envirgnmental relevance of the category indicators chosen is more or less obvious as they~dire¢tly
represent @reas of protection, i.e. areas where environmental impacts have been experienced.

4.6.2.1 |Considering spatial and temporal differentiation of characterization models

Uncertainty estimates for characterization factors are included, which include fate & trafsport and account|for
spatial andl temporal variations. If the final sensitivity analysis shows that the uncertainty is too large, Idcal
modelling may be undertaken.

4.6.2.2 [Stating the environmental relevance of the category indicators(and characterization mode|s

When selgcting category indicators at the endpoint level, the consequences are reflected quantitatively, put
with a certpin degree of uncertainty.

The charagterization models describe global marginal changes.in the present state of the environment, when
adding an|elementary flow unit. The condition at the category.endpoint is what was real the year 2000. This
means thélt there is a variation in the characterization factars depending on where the emission or resoufce
depletion @ccurs. This is considered by an estimation of\the average characterization value and its standard
deviation.

The relatije magnitude of the changes that aré modelled is small. Few product systems can, on its oyn,
induce major changes in the environment. Most toxic elements are treated as trace elements and local acjte
toxicity is ot included in the models unlegss they occur in reality.

To know when a characterization medel is valid, the type of emission or resource depletion (elementary flow)
is specifie]: as well as the type of environment it enters. The elementary flow is defined through its substance
and its solirce strength and its-geographical system boundaries. In this example the source strength is sdich
that there are no acute local-effects close to the emission points. E.g. when As is emitted it is considered as a
trace elemient and no acute-health effects are assumed to occur. The geographical system borders are global.
The type |of environmentis also global and specified through the media that receives or supplies the
substances in question;€.g. air, water or soil.

4.6.3 Aspignment of LCI results (classification) (ISO 14044:2006, 4.4.2.3)

Not described-separately—SeeTable 25-and-{40}

4.6.4 Calculation of category indicator results (characterization) (1ISO14044:2006, 4.4.2.4)

The selection of characterization factors was described in general terms in 1SO 14044:2006, 4.4.2.2. The
example below illustrates the calculation of category indicator results, which involves the conversion of
assigned LCI results to common units and subsequent aggregation into indicator results.

4.6.41 The selection and use of characterization factors

The selection and use of characterization factors for some of the inventory parameters are shown in Table 24.

46 © ISO 2012 — Al rights reserved


https://standardsiso.com/api/?name=bab7a8985f3ce7412f10593d2e7abec4

ISO/TR 14047:2012(E)

For editorial reasons not all LCI results and characterization factors are shown, although they are included in
the uncertainty and sensitivity calculations below. The characterization factors not shown may be found in [40].

Table 24 — Characterization factors for a selection of the inventory parameters given in Example 1

Inventory _— . Uncer- Category Category
Substance Invento_ry alternative Category indicator Ch.aracten- tainty value per value per
alternative (kg/f.u) name sation factor factor ° fu fu
Material A | Material B
CO2 30,188 28,605 YOLL 7,93E-07 3 2,39E-05 2,27E-05
CP3z 30,188 28,605 Severe 3,53E-07 3 TO7TE-05 1,01E-05
morbidity
CO2 30,188 28,605 Morbidity 6,55E-07 3 1,98E=05 1,87E-05
CO2 30,188 28,605 Crop 7,56E-04 2,2 2,28E-02 2,16E-02
CO2 30,188 28,605 Wood -4,05E-02 2 “\22E+00 1,16E+00
CO2 30,188 28,605 NEX 1,26E-14 3 3,80E-13 3,60E-13
NOy 0,075 0,072 YOLL 3,88E-05 3 2,91E-06 2,79E-06
NOy 0,075 0,072 Severe morbidity -2,06E-06 5 -1,55E-07 +1,48E-07
NOy 0,075 0,072 Morbidity 3,61E-06 b 2,71E-07 2,60E-07
NOy 0,075 0,072 Nuisance 0,002414 2,4 1,81E-04 1,74E-04
NOy 0,075 0,072 Crop 0,69954 3 5,25E-02 5,04E-02
NOy 0,075 0,072 Fish & meat €0,0839 3 -2,54E-03 +2,44E-03
NOy 0,075 0,072 Wood -2,394 3 -1,80E-01 +1,72E-01
NOy 0,075 0,072 NEX 7,50E-14 4 5,63E-15 5,40E-15
SO, 0,099 0,051 YOLL 3,76E-05 3 3,72E-06 1,92E-06
SO, 0,099 0,051 Severe morbidity -6,58E-06 4,2 -6,51E-07 +3,36E-07
SO, 0,099 0,051 Morbidity 1,02E-05 4,2 1,01E-06 5,20E-07
SO, 0,099 0,051 Nuisance 0,00645 2,4 6,39E-04 3,29E-04
SO, 0,099 0,051 Crop 0,00183 2,6 1,81E-04 9,33E-05
SO2 0,099 0,051 Fish & meat 0,00118 3 1,17E-04 6,02E-05
SO2 0,099 0,051 Wood 0,979 24 9,69E-02 4,99E-02
SO2 0,099 0,051 NEX -2,94E-13 3 -2,91E-14 +1,50E-14
Allore 0,854 0 Al reserves 1 1 8,54E-01 0,00E+00
Coal in ground 3,056 0,826 Coal reserves 1 1 3,06E+00 8,26E-01
Ol in ground 6,541 9,405 Oil reserves 1 1 6,54E+00 0,41E+00
@ Corresponds to the'standard deviation in a lognormal distribution.
b Is represented.by.more than one lognormal distribution.
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4.6.4.2

Aggregation of the converted LCI results into the indicator result

Aggregation of the converted LCI results into the indicator result is shown in Table 25. The same indicator
values are used as in Table 24, but they are sorted by category indicator name and added for each category

indicator.
Table 25 — Aggregation of converted LCI results into indicator results
Cat_egory Aggregated Category Aggregated
Substance | Category indicator | GO | MUY | RSN | indiator | naicator rosu
name factor per-ft resultper f.u. Value pejr fu, per-ft
alternative A | Alternative A | Alternative B |, v d Ji
Al ore Al reserves 1 0,854 0,854 0 0
Coalin Coal reserves 1 3,056 3,056 0,826 0,826
ground
CO2 Crop 0,000756 0,022822 0,021625
NOy Crop 0,69954 0,052466 0,050367
SOz Crop 0,00183 0,000181 0,075469 9,83E-05 0,072086
NOx Fish & meat -0,0339 -0,00254 -0,00244
SOz Fish & meat 0,00118 0,000117 -0,00243 6,02E-05 -0,00238
CO2 Morbidity 6,55E-07 1,98E-05 1,87E-05
NOx Morbidity 3,61E-06 2,71E-07 2,6E-07
SOz Morbidity 1,02E-05 1,01E-06 2,11E-05 5,2E-07 1,95E-05
CO NEX 1,26E-14 3,8E-13 3,6E-13
NOx NEX 7,5E-14 5,63E-15 5,4E-15
SOz NEX -2,9E-13 -2,9E:14 3,57E-13 -1,5E-14 3,51E-13
NOx Nuisance 0,002411 0,000181 0,000174
SOz Nuisance 0,00645 0,000639 0,000819 0,000329 0,000503
Oil in ground | Oil reserves 1 6,541 6,541 9,405 9,405
CO2 Severe morbidity 3,53E-07 1,07E-05 1,01E-05
NOx Severe morbidity -2,1E-06 -1,5E-07 -1,5E-07
SOz Severe morbidity -6,6E-06 -6,5E-07 9,85E-06 -3,4E-07 9,61E-06
CO2 Wood -0,0405 -1,22261 -1,1585
NOx Wood -2,394 -0,17955 -0,17237
SOz Wood 0,979 0,096921 -1,30524 0,049929 -1,28094
CO2 YOLL 7,93E-07 2,39E-05 2,27E-05
NOx YOELE 3,88E-05 2,91E-06 2,79E-06
SOz YOLL 3,76E-05 3,72E-06 3,06E-05 1,92E-06 2,74E-05

5 Examples of the optional elements of LCIA

5.1 Overview

Figure 1 shows examples within the optional elements section. The examples are organized on a topic basis,
i.e. with all the examples on illustration of normalization of ISO 14044:2006, 4.4.3.2, listed consecutively which
are then followed by the example on grouping, etc. Some examples are self-contained illustrating a particular
point; others are a continuation of examples presented in Clause 4. The readers may work their way through
this clause either on a topic-by-topic basis, or follow the stem example or may select whichever example is of
particular interest.
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5.2.1 Calculating the magnitude of the category indicator results relative to reference information

(normalization) (1ISO 14044:2006, 4.4.3.2)

5.21.1

Overview - reviewing needs, criteria and reference information

In general, and consequently also for the gas pipe example, it can be argued that the choice of the reference
information depends on the selected impact categories, and more in particular on the scale level at which the
characterization modelling is performed. If all categories are considered at the same spatial scale level, then

thg magnitude of the category loadings for the given region can be taken as reference. If howevir category

reqults are considered at different spatial levels, then another reference is chosen which is’ins
scale level. For instance, the category loading per inhabitant for the different regions considered.

5.2.1.2

Selection of one or more types of reference system to be used

nsitive for

In Example 1, the situation in country x is taken as reference for all impact categories. This is in line with the
goagl of the study to compare different gas distribution systems in this country./€onsequently the magnitude of
thqg loading to the different impact categories can be taken as reference infofmation. The reference information

used refers to a specific year y.

5.2.1.3

Calculation of normalization factors and results

In [Tables 26 and 27, the indicator results of Example 1 are divided by the normalization factors dgrived from
thg total loading of the given impact categories for couptry x in the year y. The outcomg is called

ngrmalization results" or the "normalized LCIA profile".

Table 26 — Calculation of normalization results of stem example — Material A

Mpterial A
Inlpact category Indicator Results Normalization reference Normaligation
Resylts
kg.eq. kg.eq./yr Y
Climate change 1,84E+05 2,27E+11 8,08H-07
Stratospheric ozone depletion 1,86E-02 3,61E+a- 5,14H-09
Photo-oxidant Formation 6,95E+01 6,26E+07 1,118-06
Agidification 3,51E+02 6,41E+08 5,48H-07
Editrophication 1,85E+01 1,08E+09 1,72H-08
Hyiman toxicity 1,81E+04 1,45E+11 1,248-07
Ego-toxicity 1,66E+02 1,16E+11 1,43H-09

Table 27 — Calculation of normalization results of stem example — Material B

Mpterial B
. " e Normaligation
Inl-pae{-eategv. ¥ IndicaterResulis———Normalization-referenee— Results
kg.eq. kg.eq./yr Yr

Climate change 1,46E+05 2,27E+11 6,45E-07
Stratospheric ozone depletion 5,75E-03 3,61E+06 1,59E-09
Photo-oxidant Formation 7,01E+01 6,26E+07 1,12E-06
Acidification 250E+01 6,41E+08 3,91E-08
Eutrophication 2,42E+00 1,08E+09 2,24E-09
Human toxicity 4,73E+02 1,45E+11 3,26E-09
Eco-toxicity 4,76E+00 1,16E+11 4,10E-11
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5.2.1.4 Description of the effect on the study results

In the histogram in Figure 107), the normalization results (the normalized LCIA -profile) are presented for
Example 1. On the basis of the results of normalization, it appears that normalization causes a clear shifting of
significance of the impact category results. For instance, photo-oxidant formation shifts from the fifth place to
the first place. So gas distribution appears to be relatively significant as a source for photo-oxidant formation.
These impacts are due to gas leakage and are thought to be the same for the two types of material. They
concern the major option for improvement. Climate change impacts change from the first to the second place.

In addition, the impacts on acidification also appear to be relatively significant for the pipes of material A. Toxic
impacts appearto—-be—ofrelativelytitHe—significance—{(see—-however+remark—in6-8-11+—F—esce-toxicity—abput
chlorinateq organic trace pollutants). Note that normalization results do not indicate the relative importancg of
the impact/ categories.

1,20E-06

1,00E-06

8,00E-07

6,00E-07 [

yr.

4,00E-07

2,00E-07 [

0,00E+00 : : : o I_I

climate change  stratospheric  photo-oxidant  acidification nutrification  human toxicity ~ eco-toxicity
ozone formation
depletion

O material A O materialB

Reference} Converted total emissions in country x'in the year y

Figure 10 — Normalized LCIA profile for gas distribution system

5.3 Example 2 continued

5.3.1 Calculating the magnitude of the category indicator results relative to reference information
(normalization) (ISO 14044:2006, 4.4.3.2)

5.3.1.1 |[Examples-of the transformation of indicator results using several selected references valdes,
and how these‘transformations may yield different outcomes (normalization)

This subclause illustrates several possible normalization procedures, inr‘lnding a per capita approach and a
reference approach.

7) Regarding Figures 10, 11, 12 and 14. The uncertainty for human toxicity and eco-toxicity characterization factors
are much larger than for the other factors. For this reason, the impact categories are represented throughout the report
as two groups: a group with relatively high and with relatively low certainty. In the tables, the two groups are separated
with double lines.

50 © 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=bab7a8985f3ce7412f10593d2e7abec4

ISO/TR 14047:2012(E)

The choice of normalization procedure depends upon the study purpose and the decision made during the
goal and scope process. In making this choice, the goal and scope should be informed on how the particular
normalization procedure changes the indicator result. Therefore, the example illustrates how the original
category indicator results from the mandatory clauses of ISO 14044:2006 are changed both in absolute terms
and in relative terms. This illustration illustrates the cautions and recommendations regarding normalization
and other optional procedures. ISO 14044:2006, 4.4.3.2.2, states:

"The selection of the reference system should consider the consistency of the spatial and temporal scales of
the environmental mechanism and the reference value. The normalization of the indicator results changes the
outcome of the mandatory elements of the LCIA phase. It may be desirable to use several reference systems

No
emn
thd
rel
if
24
res

y provide additional information about the choice of reference”.

ission proportions, and historical emission baselines. Table 28 provides three values for ‘'severg
t can be used for reference values illustrating the large variation. Such different yalues shift ar
btive standing of the indicator depending upon the country used for the normalizatioh reference.
nly industrial processes were chosen for normalization, then only 2 % of the Albanian, 27 % of B
% for Finnish total SO, emissions would be used (e.g. 2,400 to 85,600 to 62,400 tons for a referg
pectively). This would further increase the differences in the resulting stahdardized indicators.

Table 28 — Reference and baseline values for normalization

ivity analysis

rmalization can use several reference values as selected by the goal and scope, such as, population, area,

| countries
d alter the
n addition,
blgian, and
nce value,

Country Population Area Emission quantities per yr (tong)
(Thousands) (Sq km) SO, NO,

Alpania 3,119 27,000 120,000 30,00p
Belgium 10,141 33,000 317,000 352,000
Finland 5,154 305,000 260,000 300,090
Gérmany 82,133 349,000 4,520,000 2,376,000
Spain 39,628 499,000 2,265,000 1,178,000
Uk 58,649 242,000 3,751,000 2,7010p0
If the normalization referencesis*the denominator, those countries with smaller populations,| areas, or
entissions will increase relative_to larger countries when standardized. Table 29 applies both population and
enlissions baseline references to the SE indicator results derived in 5.2 example 2 paragraph 2) iii),|illustration
of |SO 14044:2006, 4.4-2.2. Relative changes due are shown in the right hand column of Table 29. [Significant
changes in the results*oecur in the outcome of the analysis by the choice of the normalization reference.
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Table 29 — Calculation of standardized indicator results using different reference and baseline values

Example of per capita population normalization
Country Indicatorz Population Standardized Indicator Relative size
Result (m°) (Thousands) Result Before After
Albania 0,02 3,119 0,0641 x 107 1 1
Belgium 1,29 10,141 0,127 x 10°° 64 20
Finland 15,38 5,154 2,98 x10° 769 465
Example of reference emission baseline normalization
Indicator — Standardizedlndicater————Rolative size
Country Result (mz) Emissions (Tons) Result Before After
SO, NOy SO, NOy SO, NOy SO, NOy SO, NOx
Albania 0,02 | 0,002 | 120,000 30,000 1,67 x107 | 3,33x10™° 1 1 1 1
Belgium 1,28 | 0,008 | 317,000 352,000 | 4,04 x10° | 2,27 x10°® 64 800 24 68
Finland 15,14 | 0,242 | 260,000 300,000 | 582x10° | 8,07 x 107 757 | 24200" 329 2420
a A valye of 0,00001 was used to conduct the normalization so that values from Belgium and Einland would not be
divided by gero.

5.4 Example 6 — Normalization of LCIA indicator results for theuse of different refrigeratq

gases

5.41 Ca
(normaliz
how thes

5411

-

culating the magnitude of the category indicator results relative to reference information
tion): examples of the transformation of indicator(results using several selected values, and
transformations may yield different outcomes (normalization) (ISO 14044:2006, 4.4.3.2)

Overview

The purpo
the magni

e of this example is to demonstrate a‘procedure for the optional element of normalization, in whiich
de of the category indicator results.ijs-calculated relative to reference information. The significance

of the choice of reference system for normalization is illustrated through comparison of three different setq of

reference [nformation. ISO 14044:2006, 4.4.3.2.2 states:

“The seledtion of the reference systenr'should consider the consistency of the spatial and temporal scaleg of

the enviro

To check

representi
the geogr
categories

The exam
that the d

mental mechanism and\the reference value”.

the importance of-this recommendation, the use of two reference systems are compared — gne
g the current level of emissions in Europe, the other representing the current level of emissiong at
phical scale ‘affected by the impact category, viz. European emission levels for regional impact
and globahemission levels for global impact categories.

ble is based on a real case from the product development process of a refrigerator. It is important
pcisions made in the product development be valid throughout the life of the product. Since the

refrigerato

: 1 'H ol ol 4 ) PR I H S £A4N H Dy £ 1
15 d 1TUITyg=nveu pProuuct Wit dit TAPTUICTU TINTUITTIC UT TU yedadlrs Ul THUITT, TU TS UICTTIUITT TTIcvVdarl tO

check the temporal dependency of the results of the normalization.

To check the temporal dependency of the normalization, a reference system is chosen that represents the
most probable level of emissions in the near future. Here again, European emission levels are used for
regional impact categories and global emission levels for global impact categories.

The case

deals with an LCA-based comparison of the environmental impacts from alternative ways of

replacing CFCs in the insulation foam and the cooling system of a household refrigerator.

One a

52

Iternative applies Gas A as foaming agent in the insulation and cooling agent;

The other alternative applies Gas B as foaming agent in the insulation and cooling agent.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=bab7a8985f3ce7412f10593d2e7abec4

ISO/TR 14047:2012(E)

The functional unit of the study is the service provided from a 200 litres energy efficient household refrigerator
throughout its life cycle, and the goal of the study is to support the choice to be made by the product
development function.

An inventory analysis has been performed and Table 30 shows the indicator results for the environmental

impact categories considered in the assessment for the two alternatives. The example is adapted from
[41][42], the life cycle impact assessment methodology applied is as documented in [42], [43].

Table 30 — Characterised LCIA profiles for the two alternative refrigerator designs

—__fmpactcategory it Gas A Gas B
Glpbal warming g CO2-equivalents 870,000 2y27P,000
Ozone depletion g CFC11-equivalents 0 0
Photochemical ozone formation g C 2Hs-equivalents 101 63
Agidification g SO,-equivalents 8,000 6,82D
Nt||trient enrichment g NOs -equivalents 5,150 4,380
Clixronic ecotoxicity in water m 3 water 44,000 44,0p0
H\llman toxicity via water ° m? water 1,610 1,61p
Hlllman toxicity via air m® air 563,000,000 613,000,000

@ In the later interpretation it should be considered that each of the htiman toxicity impact categories covers sevgral different

toXicological impact mechanisms.

In addition to the environmental impacts listed in Table-30, there is a risk of fire and explosion assogiated with
G3s A that is not the case for Gas B.

5.41.2 Determining the need for normalization (referring to goal and scope)

The goal of the study is to decide whether Gas A or Gas B constitutes the best alternative for replacing CFCs
in the new generation of the househeld refrigerator. This question cannot be answered from the indicator
reqults alone since there are trade-off situations for some of the impact categories. According to the indicator
reqults in Table 30, the Gas A performs clearly better for global warming and marginally better [for human
toxicity via air exposure whileythe Gas B performs better for photochemical ozone formation and|marginally
befter for acidification and- nutrient enrichment. However, the indicator results for the differ¢nt impact
calegories are expressed in different units. In order to help interpret the results to meet the goal of the study,
thdy are brought tola‘common scale, expressing the significance per category. There is thus § need for
nofmalization.

5.41.3 Reviewing needs, criteria and reference information

The pGrpose of the normalization is to relate the indicator results of the product to a set of referepce values
that together constitute a common scale that is familiar and understandable for the user and interpfeter of the
results of the life cycle assessment. Therefore, some expression of the total impact level is often chosen for
each of the impact categories to constitute the reference system. These values may be determined at the
global, a regional, a national or a local level and they may be expressed at a total basis, per capita, per area
or similar.

In the cases where normalization also serves as a preparation for weighting, grouping or ranking, the choice
of reference system should be in accordance with the principles and criteria for the chosen weighting,
grouping or ranking method.
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For the global impact categories like global warming and stratospheric ozone depletion the impact is
independent of the location of point of release for the emission. The level of impact that we experience in any
place on earth is thus caused by the total global emissions for global impact categories. In contrast, for the
regional and more local impact categories like acidification and eco-toxicity, the level of impact we experience
is caused by the emissions occurring within our region. ISO 14044:2006 recommends that the selection of the
reference system should consider the consistency of the spatial and temporal scales of the environmental
mechanism and the reference value. The reference information for normalization is therefore based on the
annual global emissions for global impact categories and the annual regional emissions (typically for the
region where the decision is made and used) for the rest of the impact categories. To create a common
reference system for the global and the regional impact categories, all impacts are expressed per capita in the
area for which the emissions are quantified ie per world citizen for the qglabal impa ateqories and per

regional citizen for the rest.

The politigally targeted impact level is determined for a target year a few years ahead and is applied a
proxy for the normalization reference in the near future. It is particularly relevant for products witha,life spar
several yeprs, where it may be important to know the product’s environmental performance when normalize
at a point ih time towards the end of its lifetime.

U7r
2% o

5.4.1.4 [Selection of one or more types of reference information to be used

The choicg of reference system should be made according to the goal and scope definition of the system and
dependen{ upon whether a weighting or grouping is to be performed, and if so.what method and criteria are
applied in the weighting.

To preparg¢ for a possible weighting or grouping the references chosén for normalization are requested to
represent the current or near-future impact level within the region for,which the weighting factors are derivad—
in this case for Europe. This means that the normalization references are based on European emission levels
for the reglonal impact categories and on global emission level§for the global impact categories 8). In additipn,
in order tq reveal the influence of this spatial differentiation, a third reference system is applied, in which
European pmission levels are used for all impact categori€s, regardless whether they are regional or globa] of
nature.

In summary, three reference systems are chosen-for the comparison of the two refrigerator alternatives:

— Spatiglly differentiated references (based-on global emissions for global impacts and European emissigns
for regional and local impacts) representing the current levels of impact in Europe— Current spatially
differgntiated emissions;

— Spatiglly differentiated referéncés representing the near future levels of impact in Europe (the refrigergtor
will also be in the marketdive years from now and the validity of the decision at that time should|be
known) — Future spatiallydifferentiated missions;

— Referg¢nces representing the impact level that would correspond to current European levels of emissipns
for allimpact categories — Current European emissions.

The indicgtor results for the three reference systems are expressed per capita in the reference region in
Table 31.

— The current (1994) level of European emissions for all impact categories;

— The future (2004) spatially differentiated level of emissions corresponding to politically targeted emissions
(in Europe for regional impact categories and worldwide for global impact categories).

All normalization references are expressed per capita in the reference region [44].

8) For some of the non-global impact categories like photochemical ozone formation, even the European scale is large
compared to the typical scale of the impact.
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Table 31 — Reference systems for the environmental impact categories representing the current
(1994) spatially differentiated emissions (European emissions for regional impact categories and
global emissions for global impact categories),

Current .
_ spatially Current Fu_ture sp_atlally
Impact category Unit differentiated Eu!'op_ean dlfferen_tlated
.. emissions emissions
emissions

Year 1994 1994 2004
Global warming g CO; equivalents/person 8,2 x 10° 1,3x 10’ 6,8 x 10°
Photochemical ozone g C2H4 equivalents/person 25 25 20
fofmation
Agidification g SO; equivalents/person 74 74 49
Nt||trient enrichment g NO3 equivalents/person 1,2 x 10° 1,2 x 10° 8,p x 10*
leronic ecotoxicity in water m® water/person 3,5x 10° 3,5% 10° 2P x 10°
H\llman toxicity via water m® water/person 52x 10* 52 x 10* 3.bx 10*
Hlllman toxicity via air m® air/person 3,1x 10° 3,1x 10° 2l9 x10°

54.1.5

Di

Calculation of normalization results

iding the indicator results in Table 30 by the respectivesnormalization references in Table 31 gives the

nofmalized LCIA profiles of the alternative refrigerator designs as shown in Tables 32, 33 and 34, and
illustrated graphically in Figures 11, 12 and 13.

Sinjce the indicator results of the reference systems-are expressed per capita, the normalized indicator results
of the product express how large a share the.impact of the product constitutes of the full estimated annual
impact from an average person. They are expressed in the unit: person-equivalent or more appropriately, milli-
person-equivalent, mPE. The index to the unit mPE refers to the region on which the normalizatior) reference

is based and the year that was chosen.forreference year.

impact categories) as reference system

Table 32 — Normalized LCIA profiles of alternative refrigerator designs using current spatially
differentiated level of emissions (Europe for regional impact categories and the world for|global

All normalized indicator results expressed as milli-person-equivalents, mPE

Impact-category Unit Gas A Gas|B
Glpbal warming mMPEwg4 106 277
Photochemical'ozone formation mMPEEeugs 4.0 2.5
Adgidification MPEEgue4 108 92
Nutrient enrichment MPEEyo4 43 37
Chronic ecotoxicity in water MPEEgug4 126 126
Human toxicity via water MPEEyo4 31 31
Human toxicity via air MPEEyo4 182 198
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Table 33 — Normalized LCIA profiles of alternative refrigerator designs using current level of
emissions in Europe as reference system

All normalized indicator results expressed as milli-person-equivalents

Impact category Unit Gas A Gas B

Global warming mMPEEyo4 67 175
Photochemical ozone formation mMPEguo4 4.0 2,5
Acidification MPEEgyo4 108 92
Nutrient erfrichmment TPEETe %43 37
Chronic ecptoxicity in water mMPEEgug4 126 126
Human toxicity via water mMPEEyo4 31 31

Human toxicity via air MPEEgyo4 182 198

Tabl¢ 34 — Normalized LCIA profiles of alternative refrigerator designs using future spatially
diﬁer{ntiated level of emissions (Europe for regional impact categories and-the world for global

impact cdtegories) as reference system. The future level of emissions is estimated from the politically

set reduction targets

All normalized indicator results €xpressed as milli-person-equivalents

Impact category Unit Gas A Gas B
Global warming mMPEw2004 127 332
Photochenpical ozone formation mPEEeu2004 5,0 3,2
Acidification MPEEeu2004 163 139
Nutrient erfrichment mMPEEeug004 61 52
Chronic ecptoxicity in water mMPEEU2004 152 152
Human toxicity via water MPEEgu2004 46 46
Human toxicity via air MPEEu2004 194 211

Globalwarning

Photochemical @zoneformation

Acidification

Nutrient enrichment

Ch

———————

Human toxicity via water

Human toxicity via air
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O n
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mPEweu94

Figure 11 — Normalized LCIA profiles for the two alternatives applying the current spatially
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differentiated level of emissions as reference system
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Figure 12 — Normalized LCIA profiles applying the current level of emissions in Europe as the
reference system
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Figure 13 — Normalized LCIA profiles for the two alternatives applying the future spatially
differentiated level of emissions as reference system

5.4.1.6 Description of the effect on the study results

Frem the mormalized LCIA profiles in Figure 12, it is evident that provided that the uncertainties of the indicator
reqults{is’ moderate, the contributions to the impact categories global warming and human toxigity via air
exposure are the largest when the indicator results for the two refrigerator alternatives are compared to the
Spmmmmmﬁthe lowest
indicator results. In comparison, the indicator results for acidification and particularly photochemical ozone
formation, where Gas B performs best, are lower.

A comparison between Figure 11 and Figure 13 gives an indication of the stability of the results in time.
Figure 13 thus shows similar results when the future spatially differentiated levels for 2004 are used as
normalization reference, although particularly the normalized indicator results for acidification gain more
prominence and approach the level of the normalized indicator results for human toxicity via air exposure. This
is due to a decrease of the normalization reference for acidification.
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For the global impact category, global warming, a comparison between Figure 11 and Figure 12 demonstrate
the importance of the choice of area for the normalization reference. When the impact level corresponding to
European emissions are used for normalization reference, the normalized indicator results for global warming
are reduced by more than 30 % compared to the use of the global impact level. In this case, the normalized
indicator result for human toxicity via air exposure becomes the largest, exceeding the result for global
warming for the Gas A.

Altogether, Figures 11, 12 and 13 show that in the current case, regardless which of the three reference
systems is used for normalization, the relative contributions to the impact categories global warming and
human toxicity via air exposure are dominant. The Gas A has the lowest indicator results for both of these

impact cat

ngnrine and this Qlllnnrinri’ry seems stable in time and indnpnndnn’r of the introduced differentiation in

normalizat

The concl

importance that is assigned to each of the impact categories, i.e. on a grouping, ranking or weighting.

5.5 Example 7 — Normalization in a waste management study

5.5.1 Ca
(normaliz
value(s) (

5.5.1.1

The aim o
communic
transparen
raises the

5.5.1.2

In the follg
LCIA is t
managem
treatment
incineratio

Local auth

household
the results

5.5.1.3

The result

on according to the spatial scale of the different impacts.

ision of which alternative is the better not only depends on this information but also“on

culating the magnitude of the category indicator results relative to reference information
tion): Example of the transformation of indicator results using several selected reference
ormalization) (ISO 14044:2006, 4.4.3.2)

Overview

f this example is to show how normalization of the results.ef an LCIA can be used as a means
hte those results to the citizens of a local authority. It“emphasises the need for consistency 2
cy when using the reference information, especially whén using different reference systems. Als¢

Determining the needs for normalization (referring to goal and scope)

wing real case, LCIA is applied tonintegrated waste management systems. The objective of
b evaluate the environmental censequences of the implementation of an integrated wa
bnt system by a Local Authotity. The LCIA study compares two scenarios: scenario A (mo
with incineration) and scenario B (separate collection/recycling of the packaging fraction 4
h of the residual fraction)!

orities intend to usé-the results of the analysis to encourage the sorting of packaging waste

5. This explains why' the normalization is explored as a means to communicate the significancs
to the local citizens.

Reviewing/needs, criteria and reference information

5 to'be'normalized include two types of data:

he

to
nd
, it

question of the risk of misinterpretation by the public, which is introduced with the additional
information provided in the normalization process.

the
ste
no-
nd

by
of

— Inventory results:

— Water consumption;

— N

on hazardous waste generation;

— Water pollution: COD, BOD5, Suspended matters.
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Indicators results from the characterization:
Total primary energy consumption (renewable / non renewable);
— Global warming potential;

— Acidification.

NOTE The first three categories are defined at the level of the inventory results.

Thése data %) were chosen because they comply with the tollowing criteria:

Ot
ref|
md

Th
res

scenarios A and B come from the methodology used for the.construction of both systems, taking in

the

Th
log
Au
an

D4
en

They are related to known public debates;

They are credible in terms of relevant use within LCIA;

Data sets for normalization are available at a national level.
ner flows such as dioxins, heavy metals and VOC have not been normalizéd due to the lack
brences. They should be analysed using other types of environmental tegl-(e.g. risk assessment)

re accurate and credible in the context of a debate at a local level.

e LCIA has been evaluated for both scenario A and B. According to the construction of the sy
ults of the comparison of the systems lie in the difference between the two results. Negative n

avoided impacts for energy recovery and material recoveny.

b functional unit is defined as: collecting and treating ‘the quantity of waste generated in a year
al authority of 50 000 inhabitants in France. The\detailed results in Table 35 relate to the spe
thority studied and are illustrative of this example only. None of the results or conclusions can be
other situation.

ta related to the collection, treatment-and energy recovery are local parameters, whereas reg
brgy data are representative of an average situation in France.

of credible
which are

stems, the
Limbers for
to account

by a given
cific Local
applied to

ycling and

9)

ISO 14044:2006, 4.4.2.2. [40], [41], [42], [43], [44], [45], [46], [47].
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Table 35 — Results of the comparative LCA for the waste management of a given Local Authority
(50 000 inhabitants) in France

. Scenario B Direction of Difference between
Scenario A
Integrated waste Environmental Scenario B and
Mono-treatment . .
management impact scenario A
Inventory results
Water consumption in m3 71567 37319 Water saved 34248 m3
Household waste in tonnes - 287 -2820 Waste avoided 2533 tonnes
Water poIIt||tion in kg Water pollution
COD 20770 21280 Generated 510 kg
BODs 1052 1050 Avoided -2'kg
Suspended solids 1252 459 Avoided »795 kg
Indicators|results
Total prim3ry energy in -256 -330 Energy saved 74 millions MJ
million MJ
Non renewlable energy in -253 -298 Energy saved 45 millions MJ
million MJ
Renewablg energy in -3 -32 Energy saved 29 millions MJ
million MJ
Global warming potential - 21066 -23304 GWP emissions 2238 tonnes eq
20 years irf tonnes eq. CO2 avoided CO2
Acidification in kg eq. H+ -5976 -7431 Acidifiant 1455 kg eq. H+
emissions avoided

5.5.1.4 [Selection of one or more reference systems to be used

The eight selected flows and category indicators are related as much as possible to “equivalent per capjta”
impacts on an annual basis. To matgh’ the purpose of normalization in this case, (i.e. to relate the

environmental consequences of sepaftate collection and recycling of household packaging waste to “per
capita” indjcators), it is important to eonsider a relevant:

— Geogfaphical area: national-or regional data;
— Temppral reference,
In this case, two scales of reference have been selected to normalise the environmental indicators:

— Per capita pérsonal reference frame, reflecting environmental impacts per inhabitant, from day to day
activity (energy consumption at home and / or personal transportation);

— Per capita national reference frame, based on the national inventories for energy consumption, emissions
to environment and environmental impacts divided by the national population: this reference frame
involves industries and other activities.

Data on emissions and resource consumption in France are published on a regular basis. As a first step,
before choosing the reference system, the two systems are presented in Table 36 in order to assess the
differences between them. These references are consistent because they are calculated for a similar person
over the same time period and occur at the same place.
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Table 36 — Presentation of the two reference systems used in Example 7

Indicators

Per capita personal based on in-
house consumption and personal
transportation

Per capita national — based on a
national average for France

Water consumption

150 litres/day
54,75 m3/year

Water inflow for public network
1871 litres/day
683 m3/ye ar

[45] [46]
Household-wasts 420 kgliyear 825 kghyear
[50] [51]

Whter pollution

COD 130 g/day
BOD5: 65 g/day
Suspended Matters: 70g/day
[45]

No reference available-on alper capita

basis

Tqtal primary energy consumption

Consumption per inhabitant at home
30 000 MJ/year
[47]

Totakpfimary energy consumption for
France 249,36 Mtep

174603MJ/ capita nationpl year
[48]

Non renewable energy

Total non renewable efergy
consumption for France 237,62 Mtep

166412 MJ/capita national|per year

[48]
Glpbal warming potential 1456 kg eq. €02/ capita 8680 kg eq. C02/yefpr
personal/inhabitant per year for houses [49]

and offices heating
[52]

Agidification

238 g eq-H+/capita personal/year for
individual transportation

[52]

1,86 kg eq. H+/yea
[49]

=
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Table 37 — Normalized results for the two scenarios of household waste management of a given local
authority (50 000 inhabitants) in France — not applicable to any other situation

Scenario A Scenario B
Result Normalization | Normalization | Result Normalization | Normalization
Per capita | Per capita Per capita | Per capita
personal national personal national

Inventory results

Water consumption 71567 m® 1307 105 37319 m® 682 1
Household waste - 287 tonnes - 683 - 348 -2820 -6714 - 3418

tannas
I

Water poIIt||tion

COD 20770 kg 159769 21280 Kg 163692

BODs 1052 kg 16185 1050 kg 16154

Sus Solids 1252 kg 17886 459 kg 6557

Indicators| results

Total primary energy - 256 million - 8533 - 1466 - 330 - 11000 - 1890

MJ

Non renewable energy in| - 253 million -1520 - 298 -1791
million MJ MJ

Global walming potential | - 21066 tonnes - 14468 - 2427 - 23304 - 16005 - 2685
20 years e q. CO2 tonnes eq.

CO2
Acidification - 5976 kg eq. - 25109 -3213 -J7431 kg - 31223 - 3995
H+ eq. H+

5.5.1.5 |[Calculation of standardized result

The results from Table 35 are normalized with the two"reference systems presented in Table 36 and
[able 37. In Table 38, two possible references are compared.

shown as

Table 38 — Influence of the reference system in the normalization of a comparative LCA results for
twp waste management options for a given local authority (50 000 inhabitants) in France

pre

. . Differential o Normalization based on
Environmental benefit \ Normalization based on per . .
Scenario B - . per capita national for
or charge . capita personal reference
Scenario A France
Water saved 342481’ 630 inhabitants 100 average citizens
Waste avo|ded 2633'tonnes 6000 inhabitants 3070 average citizens
Water pollyition
COD (Gengrated) (510 kg) (3900 inhabitants)
BODs Avoifled 2 kg 30 inhabitants
Susp Solids Avpided 795 kg 11300 inhabitants
Total primary energy 74 millions MJ 2470 inhabitants 430 average citizens
saved
Non renewable energy 45 millions MJ 270 average citizens
saved
GWP emissions avoided | 2238 tonnes eq. C0- 1537 inhabitants for houses and | 257 average citizens
offices heating
Acidifying emissions 1455 kg eq. H+ 6110 eq. Inhabitants for 782 average citizens
avoided transportation
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normalisation per capita personal
household waste management impacts for local authority X (50 000 inhabitants)

25 000 - oo ooooooseiooooooooooosii s
20 000 —
15 000
10 000
5000
0 L) L) L) L) L)
-5 000 —_I
-10 000
-15 000
-20 000
-25 000
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S35 000 e N
Total primary Global warning Acidification in Water Household, DBO5 NMES
energy in potential 20 kg eq. H+ consumption waste in toAnes,
million MJ years in tonnes inm3
eq. CO2
O Scenario A @ ScenarioB
Figure 14 — Normalization per capita o’ a’local personal basis
normalisation per capita national
household waste management-impacts for local authority X (50 000 inhabitants)
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million MJ eq. CO2
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Figure 15 — Normalization — per capita on a national basis

Comments: Equal scales are used in Figures 14 and 15. There is a difference in the size of the values but the
trend is similar in both figures.

© 1SO 2012 — All rights reserved

63


https://standardsiso.com/api/?name=bab7a8985f3ce7412f10593d2e7abec4

ISO/TR 14047:2012(E)

5.5.1.6  Description of the effect on the study results

The normalization of LCIA results allows an easier comprehension of the significance of the observed impacts,
compared to other activities at a national level.

When based on a “per capita — personal" reference, the normalized figures are very significant because they
are based on the inhabitant's day -to-day activity. For instance:

— Avoided acidification emissions to air resulting from the recycling of the packaging fraction from the local
authority represents the quantity of pollutants emitted for the transportation of 6000 inhabitants per year,

h' h ranracanta 192 0/ ~f tha Ianal vt A latian.
which represents—42-%of thetocal-autherity-population:

— Energly savings resulting from the recycling of the packaging fraction by the Local Authority are equivalent
to the|energy consumption of 2500 inhabitants (that is 5 % of the population of the Local Authority), whiich
showg a significant order of magnitude;

— Avoided GWP emissions correspond to the emission released by the heating of houses and offices [for
1500 |nhabitants (3 % of the population);

— Waste avoided represents the quantity generated by 6000 inhabitants - A2 % of the local authority
population.

If the normalization is based on “per capita - national” values — which may-include energy consumption frbm
industries, [transport and agriculture, then normalized values are not as significant.

Using the| “per capita - personal” reference index appears tob& more relevant to the objective of the
normalizatjon. In this study, the aim of which is to show the relative value of environmental consequenceg of
household|waste recycling at the scale of each inhabitant in erder to encourage and evaluate the contributjon
of their pafticipation, in comparison with other impacts from their day -to-day activities.

5.5.1.7 [Risk of this type of communication

The two dipgrams, Figures 14 and 15, show thatihe values of the normalized indicators are very different, gnd
are depenfdant on the reference frame chosen:’In a communication process, using the per capita - national
reference fends to lower the importance of the environmental impacts of the waste management processes
and could wrongly be used to justify a “ne\change” position.

On anothef hand, the example also'shows that the reference scale used needs to be consistent. For instance,
the per cgpita - personal scale\uses a different reference frame for two types of air emissions: persohal
transportation per capita, forsacidification gases and home heating for green house gases. The activifies
involved ir| the per capitapefsonal reference are not the same for all the indicators. This could be improved
by definind a new per capitd - personal reference involving both home heating and personal transportation.

Also, it hgs to be\pointed out that using a certain reference frame (transport emissions, for instance) |for
acidification gases can induce in the reader's mind other implied impacts (noise, fumes, odours, accidents)
that might pias‘the information.

Lastly, another potential bias lies in the way the reader interprets the normalized values. The reader could
imagine that the per capita personal environmental benefit is tangible at a local level. This is not necessarily
the case, as the results of the LCIA take into account upstream and downstream effects that might occur
many km away from the Local Authority, and even abroad, as far as resources extraction is concerned. They
could also occur at in a different time frame (e.g. landfill emissions from biogases).

This approach might not cover the issue in a complete way, as other subjects such as dioxins, VOC and
heavy metals still need to be addressed.
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5.6.1

Grouping: description of the effect on the study results (ISO 14044:2006, 4.4.3.3)
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In Example 1, the following effect can be observed on the study results. In the normalized LCIA -profile the
photo- oxidant impacts appear to be the most significant, followed by climate change. Looking at the two types
of grouping, there appears to be some trade-off: the highest contribution is on photo-oxidant formation, a
regional category with relative low priority in environmental policy of country x, whereas the contribution to
climate change is second in magnitude but regards a global category with high priority in environmental policy
of the given country (see Table 47 and 49). However, the major result, showing better performance for
mgtertat B of the gas pipes 15 not changed because the order between materfals ofds true for attjcategories

considered.

5.6.2 Weighting: selecting weighting methods and determining weighting factors (ISO"14044:20086,

4.4.3.4)

In Example 1, weighting by the use of social panels is used. The panel in question consisted of experts in the
field of energy production and distribution in country X. The factors used together equal 1 000 and are the

following [23].

Table 39 — Selected weighting factors in-Example 1

Stratospheric Photo — Acidifi- Human
Climate change pher oxidant . Eutrophication . . Ec¢o-toxicity
ozone depletion . cation toxicity
formation
0,278 0,104 0,100 0,148 0,113 0,130 0,130
5.4.2.1  Calculation of weighting results

In general, the calculation of weighting results implies two steps: the conversion of the normalizatior] results by
mJltiplying them with the weighting factors which are selected for the different impact categoriels, and the
aggregation of the conversion results{to one single score (or a small number of scores).

The results of Example 1 are included in Tables 46 to 49. In this example the converted normalization results
shpw highest values for climate‘change, followed by photo-oxidant formation and acidification. Ecoftoxicity by
far|gives the lowest results.for the chosen case. These findings are in line with the description of the grouping

reqults in 5.10.

5.4.2.2

Sensitivity analysis on weighting results

In Example d™a sensitivity analysis on the weighting results is carried out, by using a different set of weighting
fadtors, inswhich particularly photo-oxidant formation is weighted less, and acidification and eutropHication are
wejghted(more, in line with the policy of country X. The weighting set is presented below; the results are also
induded in Tables 46 to 49. With this second weighting set the impact category climate change remains on

thefirst ptaceThe impactcategory photo-oxidant formatiomappears toshift fromrthesecondtothe third place
and acidification from the third to the second place.

Table 40 — Alternative weighting factors for the weighting set of the stem example

Climate | Stratospheri | Photo- |, .6 | Eutrophi- | Human -
c ozone oxidant . - . . Eco-toxicity
change . . cation cation toxicity
depletion formation
First set 0,278 0,104 0,100 0,148 0,113 0,130 0,130
Alternative set 0,250 0,100 0,050 0,200 0,200 0,100 0,100
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The weighting results using the first set of weighting factors are the following:

For materials A: 4,36 E-07 (see Table 47).

For materials B: 2,98 E-07 (see Table 49).

While the results using the alternative set are the following:

The alterngtive weighting set has not changed the order of preference between the two materials.

For materials A: 3,84 E-07 (see Table 47).

5.7 Example 5 continued

5.71

For mpterials BT 2,26 E-07 (See Tabie 497.

Wdighting (ISO 14044:2006, 4.4.3.4)

In Exampl¢ 5, the weighting factors [40], are determined to be people’s willingness {o pay to avoid a changg in
the indicatpr values. The weighting factors are expressed in ELU per indicator unif: One ELU is equal to gne

EURO under certain conditions.

Table 41 — Weighting of indicator results

Aggregated | Aggregated b Weighting Weighting
c category category Weighting | yncertainty in Result Result
ateggry indicator indicator factor, (ELUI weighting v v
indicator hame category a Alternative A | Alternative |B
result per f.u. | result per f.u. indicator unit) factor,
Alternative A | Alternative B (ELU/f.u.) (ELU/f.u.)
Al ore 0,854 0 0,439 2 0,375 0
Coal in grgund 3,056 0,826 0,0498 2 0,152 0,0411
Crop 0,0755 0,0721 0,15 2 0,0113 0,0108
Fish & meat -0,00243 - 0,00238 1 2 -0,00243 -0,00238
Morbidity 2,11E-05 1/95E-05 10000 3 0,211 0,195
NEX 3,57E-13 3,51E-13 1,10E+11 3 0,0393 0,0386
Nuisance 0,000819 0,000503 100 3 0,0819 0,0503
Oil in ground 6,541 9,405 0,506 14 3,310 4,76
Severe mqarbidity 9:85E-06 9,61E-06 100000 3 0,985 0,961
Wood - 1,305 -1,28 0,04 1,4 - 0,0522 -0,0512
YOLL 3,06E-05 2,74E-05 85000 3 2,600 2,33
Impnr"rc from other LCl results not shown in '%711 ﬂ"—'\‘-'\
Tables 24 and 25
SUM 10,82 8,88

Corresponds to the standard deviation in a lognormal distribution

In Table 41 category indicator results from Table 25 are multiplied with weighting factors for each category
indicator and the resulting terms are added to give aggregated results of 10,82 ELU/f.u. for alternative A and
8,88 ELU/f.u. for alternative B.
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5.8 Example 8 — A technique for the determination of weighting factors

5.8.

5.8

1 Weighting (ISO 14044:2006, 4.4.3.4)

1.1 Overview — Example of a technique for the determination of weighting factors using a panel
of experts

This example deals with a technique for determination of weighting factors by using a panel of experts. There
are two steps. The first step scores the indicators at the intermediate level in each endpoint. The second step
compares the endpoints between each other. In this respect it is different from Example 1, (comparison
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is @lso set to 1,00 (see Table 43).

After obtaining the two typeS of scores as mentioned above, multiply them and add up the multip

for|
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Th
en

icators).

b weighting factors are related to ISO 14044:2006, 4.4.3.4.1:

1.2 Weighting method

b importance of impact categories can be derived~by the following method. An example in
points exist for three different impact categories“is used to demonstrate this. For the first
blysts score each impact category by comparingits impact relative to the magnitude of the dama
the other impact categories. The second endpoint is treated similarly. The total score of the th
egories are set to equal 1,00 (see Table 42 and Figure 16).

[ each of the two endpoints, assign.a-relative importance score by comparing its damage with th
he other endpoint that occurs from.the combined environmental problems. The total score of twd

each impact categorysThe combined total for each impact category can be converted to a simpl
5y understanding; here the total score is set to 1,00. These converted scores show the relative i
bach impact category (see Table 44).

ironmentalload of each impact category.

Table 42 — Scoring of Category Indicators in each endpoint

ween intermediate level indicators) and from Examples 4 and 5 (comparison between endpoint level

eighting is the process of converting indicator results of different impact categaries by using| numerical
tors based on value-choices

— To convert the indicator results or normalized results with selected weighting factors.”
e purpose of the example is to demonstrate the development 6f a weighting method for |evaluating
ironmental impact. Results obtained in the example are for demonstration purposes only and are not yet
cially used.

which two

endpoint,
ge caused
ree impact

e damage
endpoints

ied results
b figure for
mportance

e weighting._factor is calculated by dividing the relative importance of each category by the annual

Category indicator
Total
Cq C: Cs
Endpoint E1 S1,1 S12 S13 1,00
E S21 S22 S23 1,00

© 1SO 2012 — All rights reserved

67


https://standardsiso.com/api/?name=bab7a8985f3ce7412f10593d2e7abec4

	Scope
	Organization of examples in this Technical Report
	Mandatory and optional elements
	Scope of examples
	Organization of document and route map

	Elements of LCIA as illustrated in the examples
	Overview
	Mandatory elements
	Selection of impacts categories, category indicators and cha
	Identification of possible indicators
	Environmental relevance
	Choice of impact categories

	Assignment of LCI results (classification)
	Calculation of category indicator results (characterization)

	Optional elements (related to ISO 14044:2006, 4.4.3)
	Calculating the magnitude of category indicator results rela
	Grouping: sorting and ranking of the impact categories
	Weighting
	Data quality analysis


	Examples of the mandatory elements of LCIA
	General description
	Example 1 - Use of two different materials for gas pipelines
	Overview
	Selection of impact categories, category indicators and char
	Selection of impact categories
	Selection of the indicator(s)
	Selection of characterization models
	Identification of characterization factors

	Assignment of LCI results (classification) (ISO 14044:2006, 
	Calculation of category indicator results (characterization)
	General


	Example 2 – Two acidification impact category indicators
	Overview – Examples illustrating the effect of selecting dif
	Selection of impact categories, category indicators and char
	Describing the environmental mechanism for an impact categor
	Indicator models and characterization factors
	Selection of the characterization model and characterization


	Assignment of LCI results (classification) (ISO 14044:2006, 
	Calculation of category indicator results (characterization)
	Calculation of the LCI results into the indicator result


	Example 3 – Impacts of Greenhouses Gas (GHG) emissions and c
	Overview
	Selection of impact categories, category indicators and char
	Selection of impact categories
	Ensuring impact categories are consistent with the goal and 
	Considering the LCA study purpose and identifying the audien
	Reviewing the LCI system functions, boundaries and unit proc
	Identifying a comprehensive set of environmental issues rela
	Selecting the impact categories

	Describing the environmental mechanism for the impact catego
	Selection of indicators
	Selection of characterization models and factors
	The IPCC model for radioactive forcing
	The Calvin-Benson model for carbon sequestration
	Characterization model for the storing of sequestered carbon
	Refining the characterization model and factors
	Characterization model for biomass fuels – Net-zero C emissi


	Assignment of LCI results (classification) (ISO 14044:2006, 
	Classification of inventory results into impact categories

	Calculation of category indicator results (characterization)
	C sequestration and sinks and Net -zero for biomass fuel
	C emissions from fossil fuels and landfill methane
	Impact indicator results profile

	Preliminary analysis and conclusions

	Example 4 – Endpoint category indicators assessment
	Overview
	Concept of category indicators (ISO 14044:2006, 4.4.2.1)

	Selection of impact categories, category indicators and char
	Selection of impact categories
	Ensuring impact categories are consistent with goal and scop
	Considering the LCA study purpose and use identifying the au
	Reviewing LCI system functions, boundaries and unit processe
	Identifying a comprehensive set of environmental issues rela
	Selecting the impact categories

	Describing the environmental mechanism for an impact categor
	Selection of indicators
	Identify possible indicators
	Reviewing needs and criteria for the indicator
	Selected indicator

	Selection of characterization model and characterization fac


	Example 5 – Choice of material for a wind spoiler in car des
	Overview – Example of the selection of impact categories str
	Selection of impact categories, category indicators and char
	Considering spatial and temporal differentiation of characte
	Stating the environmental relevance of the category indicato

	Assignment of LCI results (classification) (ISO 14044:2006, 
	Calculation of category indicator results (characterization)
	The selection and use of characterization factors
	Aggregation of the converted LCI results into the indicator 



	Examples of the optional elements of LCIA
	Overview
	Example 1 continued
	Calculating the magnitude of the category indicator results 
	Overview – reviewing needs, criteria and reference informati
	Selection of one or more types of reference system to be use
	Calculation of normalization factors and results
	Description of the effect on the study results


	Example 2 continued
	Calculating the magnitude of the category indicator results 
	Examples of the transformation of indicator results using se


	Example 6 – Normalization of LCIA indicator results for the 
	Calculating the magnitude of the category indicator results 
	Overview
	Determining the need for normalization (referring to goal an
	Reviewing needs, criteria and reference information
	Selection of one or more types of reference information to b
	Calculation of normalization results
	Description of the effect on the study results


	Example 7 – Normalization in a waste management study
	Calculating the magnitude of the category indicator results 
	Overview
	Determining the needs for normalization (referring to goal a
	Reviewing needs, criteria and reference information
	Selection of one or more reference systems to be used
	Calculation of standardized result
	Description of the effect on the study results
	Risk of this type of communication


	Example 1 continued
	Grouping: description of the effect on the study results (IS
	Weighting: selecting weighting methods and determining weigh
	Calculation of weighting results
	Sensitivity analysis on weighting results


	Example 5 continued
	Weighting (ISO 14044:2006, 4.4.3.4)

	Example 8 – A technique for the determination of weighting f
	Weighting (ISO 14044:2006, 4.4.3.4)
	Overview – Example of a technique for the determination of w
	Weighting method
	Determining weighting factors
	Impacts categories
	Endpoints
	Weighting factors
	Conclusion



	Example 1 continued
	Additional LCIA data quality analysis (ISO 14044:2006, 4.4.4
	Gravity analysis
	uncertainty analysis
	sensitivity analysis


	Example 5 continued
	Additional LCIA data quality analysis (ISO 14044:2006, 4.4.4
	Overview
	Uncertainty analysis
	Sensitivity analysis


	Example 1 continued
	Conclusions, limitations and recommendations (ISO 14044:2006
	LCIA intended to be used in comparative assertions intended 
	Reporting (ISO 14044:2006, Clause 5)
	Executive summary
	Data and calculations
	Presentation of results
	Discussion and conclusions




