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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
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the.subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14045 was prepared by Technical Committee ISO/TC 207, Environmental management, Subcomnittee
SC 5, Life cycle assessment.

This correctgd version of ISO 14045:2012 incorporates the following correctigns:
— (page 20) correction of “LCIA” to “LCI” in B.3.2.2, item 5, first bullet, first'sentence;

— (page 37) correction of “Another advantage of A and B...” to “Angther advantage of A and C...” in B.5.5.2,
first bullgt, third sentence.
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Introduction

Eco-efficiency assessmentis a quantitative management tool which enables the study of life-cycle environmental
impacts of a product system along with its product system value for a stakeholder.

Within eco-efficiency assessment, environmental impacts are evaluated using Life Cycle Assessment (LCA) as
prescribed by other International Standards (ISO 14040, ISO 14044). Consequently, eco-efficiency assessment
shares with LCA many important principles such as life cycle perspective, comprehensiveness, functional unit
approach, iterative nature, transparency and priority of a scientific approach.

The value of the product system may be chosen to reflect, for example, its resource, production, delivery or use
efficiency, or a combination of these. The value may be expressed in monetary terms or otherajue aspects.

The key objectives of this International Standard are to:

— g¢stablish clear terminology and a common methodological framework for eco-efficiency asspssment;
Inable the practical use of eco-efficiency assessment for a wide range of produet (including ser\ice) systems;

— provide clear guidance on the interpretation of eco-efficiency assessméntresults;

— ¢ncourage the transparent, accurate and informative reporting of eco-efficiency assessment results.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD 1ISO 14045:2012(E)

Environmental management — Eco-efficiency assessment of
product systems — Principles, requirements and guidelines

1 Scope

This International Standard describes the principles, requirements and guidelines for eco-efficiency assessment

for prnrh Tal cycfnmc, Ta¥alll |rl|ng-

a) e goal and scope definition of the eco-efficiency assessment;
b) e environmental assessment;

C) e product system value assessment;

d) e quantification of eco-efficiency;

e) ipterpretation (including quality assurance);

f)  neporting;

g) ¢ritical review of the eco-efficiency assessment.

Requirements, recommendations and guidelines for specifie:choices of categories of environmental impact and
valugs are not included. The intended application of the eca-efficiency assessment is considered diiring the goal
and gcope definition phase, but the actual use of the results is outside the scope of this International Standard.

2 ormative references

The following referenced documents ,are-indispensable for the application of this document. For dated
refergnces, only the edition cited applies=For undated references, the latest edition of the referenced document
(including any amendments) applies:

ISO 14040:2006, Environmentalymhanagement — Life cycle assessment — Principles and framework
ISO 14044:2006, Environtental management — Life cycle assessment — Requirements and guidelines

ISO 14050:2009, Environmental management — Vocabulary

3 Terms and definitions

For tll\e purposes of this document, the terms and definitions given in ISO 14050 and the following apply.

31
product
any goods or service

[SOURCE: ISO 14021:1999, 3.1.11]

3.2
product flow
products (3.1) entering from or leaving to another product system

[SOURCE: ISO 14040:2006, 3.27]

© 1S0O 2012 — All rights reserved 1
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3.3
product sys

tem

collection of unit processes with elementary and product flows (3.2), performing one or more defined functions,
and which models the life cycle of a product (3.1)

[SOURCE: ISO 14040:2006, 3.28]

3.4
environmen

tal aspect

element of an organization’s activities or products or services that can interact with the environment

Note 1 to entry:

A significant environmental aspect has or can have a significant environmental impact.

[SOURCE: I
3.5

5O 14001:2004, 3.6]

environmenital performance

measurable

3.6

esults related to environmental aspects (3.4)

eco-efficiency

aspect of su
system valug

3.7

stainability relating the environmental performance (3.5) of a product system (3.3) to its pr
(3.7)

product system value

worth or des

Note 1 to entry:

aesthetic, etc.

3.8

rability ascribed to a product system (3.3)

The product system value may encompass different value aspects, including functional, mon

product system value indicator

numerical q

Note 1 to entry:

units or relativ

3.9

antity representing the product system value (3.7)

e gradings and scoring may be used.

eco-efficiency indicator

measure reld

3.10

ting environmental.p€rformance (3.5) of a product system (3.3) to its product system value

eco-efficiency profile

eco-efficiend
value (3.7) a

3N

y (3.6) asSessment results relating the life cycle impact assessment results to the product sy
Esessnent results

bduct

etary,

To express the product system wvallUe indicator, various kinds of units such as physical and monetary

stem

weighting factor
<eco-efficiency> factor derived from a weighting model, which is applied to convert an assigned life cycle
inventory result, a life cycle impact category indicator result, or a product system value indicator to the common
unit of the weighting indicator

312

sensitivity analysis
systematic procedures for estimating the effects of the choices made regarding methods and data on the
outcome of a study

[SOURCE: ISO 14040:2006, 3.31]
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313

uncertainty analysis

systematic procedure to quantify the uncertainty in the results of a life cycle inventory analysis and/or product
system value assessment due to the cumulative effects of model imprecision, input uncertainty and data variability

Note 1 to entry:  Either ranges or probability distributions are used to determine uncertainty in the results.
[SOURCE: ISO 14040:2006, 3.33, modified — “and/or product system value assessment” has been inserted.]

314

unit process
smallest element considered in the life cycle inventory analysis or product system value assessment for which
input|and output data are quantified

[SOYRCE: ISO 14040:2006, 3.34, modified — “or product system value assessment” has been jnserted.]

3.15
critigal review
<ecotefficiency> process intended to ensure consistency between an eco-efficiehey (3.6) assessment and the
princ|ples and requirements of the International Standards on eco-efficiency-assessment

[SOURCE: ISO 14040:2006, 3.45, modified — “Life cycle assessment” has been replaced by “eco-efficiency
assegsment”]

3.16
comparative eco-efficiency assertion
claim in eco-efficiency (3.6) regarding the superiority or equivalence of one product (3.1) versus g competitor’s
prodiict that performs the same function

Note [l to entry: This definition does not interpret, change, or subtract from the requirements of IO 14044 on

compprative assertions.

4 General description of eco-efficiency
4.1 |Principles of eco-efficiency

4.1.1] General

The fpllowing principles are’fundamental and serve as guidance for decisions relating to both the planning and
the cpnducting of an.eco-efficiency assessment.

4.1.2| Life cyele/perspective

An efpo-efficiency assessment considers the entire life cycle from raw material extraction and acquisition,
throulgh-energy and material production and manufacturing, to use and end-of-life treatment and fjnal disposal.

Through“such a systematic overview and perspective the shifting of a potential impact between life cycle

stages or individual processes can be identified and assessed with a view to an overall eco-efficiency.

4.1.3 lterative approach

Eco-efficiency assessment is an iterative technique. The individual phases of an eco-efficiency assessment
(see Figure 1) use results of the other phases. The iterative approach within and between the phases contributes
to the comprehensiveness and consistency of the eco-efficiency assessment and the reported results.

4.1.4 Transparency

Due to the inherent complexity in eco-efficiency assessment, transparency is an important guiding principle in
executing an eco-efficiency assessment, in order to ensure a proper interpretation of the results.

© 1S0O 2012 — All rights reserved 3
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4.1.5 Comprehensiveness

An eco-efficiency assessment considers all attributes and aspects of environment and product system value.
By considering all attributes and aspects within one eco-efficiency assessment, potential trade-offs can be
identified and assessed.

4.1.6 Priority of scientific approach

Decisions within an eco-efficiency assessment are preferably based on scientific data, methodology and other
evidence. If this is not possible, decisions based on international conventions may be used. If neither a scientific
basis exists nor international conventions can be referred to, then decisions may be based on value choices.

4.2 Phasd

An eco-effici

a)

b)

goal ang
environr
product

quantifig

s of an eco-efficiency assessment

ency assessment comprises five phases:

hental assessment;
system value assessment;

ation of eco-efficiency;

interpretfation (including quality assurance).

Goal and scope definition

N

Environmental Product-
assessment system-value
assessment

RS

Quantification of eco-efficiency

scope definition (including system boundaries, interpretation and limitations);

Applications :

- Product development
and improvment

- Strategic planning
- Budgeting
- Investment analysis

- Public policy making

- Marketing
- Supply chain management

o

Interpretation
(including quality assurance)

Eco-efficiency assessment

AVVGI CIICOoo 1 G;D;I IU
- Sustainability assessment
- Other

Figure 1 — Phases of an eco-efficiency assessment
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4.3 Key features of an eco-efficiency assessment

An eco-efficiency assessment is an assessment of the environmental performance of a product system in
relation to its value.

Eco-efficiency is a practical tool for managing environmental and value aspects in parallel.

The result of the eco-efficiency assessment relates to the product system, not the product per se. A product
cannot be eco-efficient, only its product system which includes the production, use, disposal, i.e. the full life
cycle, can be. Also, eco-efficiency is a relative concept and a product system is only more-or-less eco-efficient
in relation to another product system.

5 IJIIethodoIogical framework

5.1 | General requirements

Eco-gefficiency assessments shall include goal and scope definition, environmental assessmnjent, product
system value assessment, quantifications of eco-efficiency and interpretationy

5.2 | Goal and scope definition (including system boundaries;-interpretation and limitations)
5.2.1| Overview of requirements

5.2.111 In defining the goal, the following items shall be considered and clearly described:

— e purpose of the eco-efficiency assessment;
— e intended audience;

— e intended use of the results.

5.2.1]12 In defining the scope, the following items shall be considered and clearly described:
— e product system to be ass€ssed;

— the function and functional-unit;

— e system boundaryof the product system;

— e allocations-o.external systems;

— e envirahmental assessment method and types of impacts;

— e value assessment method and type of product system value;

— e-choice of pr‘n-pffir*ipnr‘y indir‘nmr(c);

— the interpretation to be used;
— the limitations;

— the reporting and disclosure of results.

5.2.2 The product system to be assessed

The product system shall be defined by its name and the scale, location, time and main stakeholders which
are involved.

© 1S0O 2012 — All rights reserved 5
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5.2.3 Function and functional unit

The scope of an eco-efficiency assessment shall clearly specify the functions (performance characteristics) of
the product system being studied. A functional unit shall be defined that is consistent with the goal and scope
of the eco-efficiency assessment.

One of the primary purposes of a functional unit is to provide a reference for the environmental assessment and
for the product system value assessment. Therefore, the functional unit shall be measurable and clearly defined.

5.2.4 System boundary
The system beundaryshall-be-deseribedasspeeiffedi1SO0H4044——————————————————————————

The system |

5.2.5 Alloc]

Allocations t
shall be desq

5.2.6 Envirn

It shall be d
indicators, ch
efficiency as
category indi

poundary shall be the same for the environmental and the product system value assessmen

ations to external systems

b adjacent systems outside the system boundary shall be identified and allo¢ation principles
ribed.

onmental assessment method and types of impacts

btermined which elementary flows, cut-off criteria, allocationgrules, impact categories, cat
aracterization models and weighting methods will represent the environmental aspect in the
sessment. The selection of elementary flows, cut-off critefia, allocation rules, impact categ
Cators, characterization models and weighting methods shall be consistent with the goal of the s

Exclusions mpade for the purpose of the eco-efficiency assessment shall be described and justified.

5.2.7 The g

Different sta
system valud

roduct system value

eholders may encounter different values for the same product system. For instance, the pr
to the consumer may be differept'from the product system value to the producer, and in

different fronp the product system value to the. investor.

It shall be de
system valug
functional un|

NOTE TH

functiong

monetary

scribed which stakeholder'svalue(s), type of value(s) and methods used to determine the pr
(s) are to be used in the assessment. The value(s) shall be quantifiable with reference t
it according to the goal and scope of the eco-efficiency assessment.

e types of productSystem values can be as follows:
| value;

value;

other valljies.

t.

used

bgory

eco-
Dries,
study.

bduct
turn

bduct
o the

5.2.8 Choice of eco-efficiency indicator(s)

There are several types of eco-efficiency indicators that may be chosen to express a quantitative statement
on eco-efficiency.

The eco-efficiency indicator(s) to be used in the assessment shall be described. The evaluation method(s) and
the presentation format of the eco-efficiency assessment shall be defined.

For the choice of eco-efficiency indicators, the following requirements apply:

increasing efficiency at the same product system value shall represent an improved environment;

increasing efficiency at the same environmental impact shall represent an improved product system value.

© 1SO 2012 — All rights reserved
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Interpretation to be used

The need for the following aspects of interpretation shall be clearly defined:

— an identification of the significant issues based on the results of the environmental and product system
value assessment phases;

— an evaluation that considers aspects of completeness, sensitivity, uncertainty and consistency;

— t

he formulation of conclusions, limitations and recommendations;

— a comparison of eco-efficiency assessment results.

5.2.1

The g
valid

Choi
appli

To pr|
be id

5.2.1
The t

5.3

5.3.1

Envir

5.3.2

The 1
resol
as th

5.3.3

5.3.3

Life d

D Limitations

outside the scope.

tes made to define the scope for the eco-efficiency assessment implicitly also define
cability of the results from the assessment.

event misuse of the results, the specific applications for which the results are not intended to
entified.

I Reporting and disclosure of results

ype and format of the report and the means of disclosure shall be defined.
Environmental assessment

General

pnmental assessment shall be based.en life cycle assessment according to ISO 14040 and

Life cycle inventory (LCI) restults

esult of an LCI study may bg used directly as input to an eco-efficiency assessment. For ins

rce use and emissions predominantly originate from the use of fossil oil, the crude oil flow
b sole environmentalinput.
Life cycle impact assessment
1 General
yeleimpact assessment (LCIA), if it is done, shall be in accordance with ISO 14040 and 1S(

cope in itself defines the conditions under which the assessment is made. In principle; the r¢sults are not

and limit the

be used may

ISO 14044.

fance, where
may be used

D 14044.

5.3.3

.2 Impact category indicator results

Life cycle impact category indicator results, as determined according to ISO 14044, may be used for eco-
efficiency assessments. Such data will typically result in an eco-efficiency profile, where several environmental
aspects are considered in parallel.

5.3.3

.3 Weighting

Weighting shall not be used in eco-efficiency assessments for comparative eco-efficiency assertions intended

to be

© 18O
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If weighting is used for eco-efficiency assessment, additional requirements to those in ISO 14044 apply. The
following shall be described:

— weightin
weightin
how the

met

g principles;
g factors;
weighting factors were determined including:

hodology;

which stakeholder values have been used to determine the weighting factors.

5.4 Prody

5.4.1
The product

There are m
value aspect]

In business
customers, i
price, rental
some actors
estimate cha

ct system value assessment

Generral

system value assessment shall consider the full life cycle of the product system.

Bny ways to assess the product system value, as the product systememay encompass diff
5, including functional, monetary and aesthetic aspects.

economics, values created by businesses are equal to profit, that is income minus costg
may be the willingness to pay minus costs, often called sutplus value. The costs may in
fee, operating charge, etc. Such values are difficult to determine on a life cycle basis beq
in the supply chain are unwilling to communicate their)costs and profits. However, one

costs (monefary value).

5.4.2 Poss

5.4.21 Furn

The function|
stakeholdersg
of a product

In the eco-ef
should be m
The function
sense). Ther
product impr

5.4.2.2 Mo

ble product system value types

ctional value

al value of a product system refleets a tangible and measurable benefit to the user and

system, and is subject to improvement.

ficiency assessment, the functional value is different from the functional unit. The functional
pasured and relatedto the functional unit in a quantification of the product system perform
bl unit provides aeference to which the input and output data are normalized (in a mathem
efore, within ah, eco-efficiency assessment, the functional value may change, e.g. becau
bvement, whereas the functional unit remains the same.

hetary.value

erent

. For
clude
ause

may

nges in such values, either through functional performance (functional value) or through financial

other

. The functional value is a numerical quantity representing functional performance or desirability

value
Ance.
atical
se of

Monetary vd

luehmay be expressed in terms of costs, price, willingness to pay, added value, profit, future

investment, etc.

Changes in costs for a single company may represent changes in the product system value over the entire life
cycle. If other parts of the product system are affected, for example if the price from suppliers is negotiated to
be lower or the price to the customer is raised for the same products, then there is no net change in the product
system value.

5.4.2.3 Other values

Other values may include intangible values such as aesthetic, brand, cultural and historical values. These
values may be determined by means of interviews, surveys, market research, etc.
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5.4.3 Calculation of product system value indicator

The quantification of the product system value shall be carried out by using relevant product system value
indicators, as defined in the goal and scope of the eco-efficiency study.

NOTE Examples of functional value, monetary value, other values and value indicators can be found in Annex A.

5.5 Quantification of eco-efficiency

The eco-efficiency results shall be determined by relating the results of the environmental assessment to the
results of the product system value assessment, according to the goal and scope definition.

For gco-efficiency assessments intended to be communicated to the public, an eco-efficiency prlofile shall be
determined by relating the LCIA profile to the product system value.

5.6 |Sensitivity and uncertainty analysis

Sensijtivity analysis is a procedure used to determine how changes in data and methodological choices affect
the regsults of the eco-efficiency assessment. A sensitivity analysis may provide additional information on data
choide(s). In an eco-efficiency assessment, several different methods for determination of envirgnmental and
produict system value indicators may be used. Therefore, a sensitivity analysis should be conducted to assess
the cpnsequences on the eco-efficiency assessment results of differént choices of methodology [and data.

An uncertainty analysis should be conducted to determine how uncertainties in data and assunpptions affect
the reliability of the results of the eco-efficiency assessment,

An analysis of results for sensitivity and uncertainty shall be €¢6nducted for eco-efficiency assessments intended
to be|used in comparative eco-efficiency assertions intended to be disclosed to the public.

5.7 |Interpretation

5.7.1| General

The ipterpretation phase of an eco-gfficiency assessment comprises the following elements, acqording to the
goal and scope of the study:

— e identification of significaht issues based on the results of the environmental and product pystem value
ssessment phases;

— an evaluation that-considers aspects of completeness, sensitivity, uncertainty and consistengy;
— the formulation. of conclusions, limitations and recommendations.

The fequirements and recommendations in ISO 14044:2006, 4.5, shall also apply for the intgrpretation of
an ego-gfficiency assessment. In addition, the interpretation shall consider the relationship petween the
envirpamental results and the product system value results.

5.7.2 Trade-offs between environmental and product system value indicators

Eco-efficiency indicators address both environmental and value aspects and there are potential trade-offs
between changes in environmental and product system value performances. The interpretation of results shall
be done transparently and with proper justification.

NOTE Trade-offs can also apply within the environmental aspects themselves, but this is covered by ISO 14040.

5.7.3 Comparison of eco-efficiency assessment results

When a comparison of eco-efficiency results between product systems or within the same product system
is made, it shall be based on the same eco-efficiency indicator. The comparative environmental assessment

© 1S0O 2012 — All rights reserved 9
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results and the product system value assessment results shall then be separately included in the eco-efficiency
assessment report.

If improvements in eco-efficiency assessment results are identified or comparisons based on eco-efficiency
assessment results are performed, the following cases should be differentiated:

a)
b)

c)

improvement or superiority in both aspects (environmental performance and product system value);
improvement or superiority in just one of the two aspects;

no improvement or superiority in either one.

The first ang
improvement

In the third ¢

The second
value aspect
is clearly cor

If a claim of
purpose of ¢
equal or bett

6 Reporting and disclosure of results

6.1 Genel

The eco-effi

The results and conclusions of the eco-efficiency.assessment shall be completely and accurately rep
to the intended audience. The results, data, methods, assumptions and limitations shall be

without bias

transparent and presented in sufficient detail to_allow the reader to comprehend the complexities and {

offs inherent
used in a m3

The results
documented

6.2 FurthI

disclosed

6.2.1 Fordg
to the public,

the—thitdTasesdo ot contain trade-offs between thetwo dimensions— i thefirsttas)
/superiority in eco-efficiency can be unambiguously determined.

hse, an improvement/superiority in eco-efficiency can be unambiguously denied.
Lase is the most challenging, because of the trade-off between environmental and product sy

5. In this case, an improvement or superiority of eco-efficiency shall only be repeorted if the trag

mproved eco-efficiency or of superiority of the eco-efficiency is disclosed to third parties f
pmparative eco-efficiency assertions, the eco-efficiency assessmentresults shall demonstrg
br environmental performance.

al requirements

iency results shall be reported as defined in-the goal and scope definition phase of the stud

in the eco-efficiency assessment: The report shall also allow the results and interpretation
nner consistent with the goals:of the eco-efficiency assessment.

separately.

r reporting requirements for comparative eco-efficiency assertion intended tq
o the public

co-effisiency assessments used in comparative eco-efficiency assertions intended to be disc

hmunicated and the underlying product system value assumptions are dgcumented and jusIfied.

the following issues shall also be addressed by the report, in addition to those identified in 6].1.

an

stem
e-off

r the
te an

y.

orted

rade-
to be

of the environmental assessment and the product system value assessment shdll be

be

osed

6.2.2 For the environmental assessment, the following shall be addressed:

a)

b)

an analysis of material and energy flows to justify their inclusion or exclusion;

an assessment of the precision, completeness and representativeness of data used;
a description of the equivalence of the systems being compared;

a description of the critical review process;

an evaluation of the completeness of the LCIA;

and a justification for their use;

10

a statement as to whether or not international acceptance exists for the selected LCIA category indicators
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g) an explanation for the scientific and technical validity and environmental relevance of the LCIA category
indicators used in the eco-efficiency assessment;

h) the results of the uncertainty and sensitivity analyses;

i) an evaluation of the significance of the differences found.

6.2.3 For the product system value assessment, the following shall be addressed:
a) the assumptions made in the product system value assessment phase shall be clearly reported and justified;

b) e methodologies and product system value indicators used in the product system value assessment
phase shall be clearly reported and justified;

C) In assessment of the precision, completeness and representativeness of data used,;
d) description of the critical review process;

e) an evaluation of the completeness of the product system value assessment;

f) I’xe results of the uncertainty and sensitivity analyses;

g) an evaluation of the significance of the differences found.

6.2.4| If the results from an eco-efficiency assessment are intended to be used in comparative gco-efficiency

asseftions disclosed to the public, neither the environmental nor:the eco-efficiency assessment results shall be
repofted as a single overall score or number.

7 Critical review

7.1 | General
The ¢ritical review process shall ensurethat

— the methods used to carry out the.eco-efficiency assessment are consistent with this Internatiohal Standard;

— e methods used to carry out the eco-efficiency assessment are scientifically and technically valid;
— e data used are appropriate and reasonable in relation to the goal of the eco-efficiency assessment;
— e interpretations, réflect the limitations identified and the goal of the eco-efficiency assessment;

— e eco-efficiency assessment report is transparent and consistent;

— the final\tesults reflect the scenarios, the variety of data, and the impact of different methodq of weighting
nd“allocation identified in the eco-efficiency assessment.

The scope and type of criical review desired shall be defined In the scope phase of an eco-efficiency
assessment, and the decision on the type of critical review shall be recorded.

In order to decrease the likelihood of misunderstandings or negative effects on external interested parties, a
panel of interested parties shall conduct critical reviews on eco-efficiency assessment where the results are
intended to be used in a comparative eco-efficiency assertion intended to be disclosed to the public.

7.2 Critical review by internal or external expert

A critical review may be carried out by an internal or external expert. In both cases, an expert independent of the
eco-efficiency assessment shall perform the review. The review statement, comments of the practitioner and any
response to recommendations made by the reviewer shall be included in the eco-efficiency assessment report.
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If the eco-efficiency assessment results are intended to be disclosed to the public, a critical review by an
external expert shall be performed.

7.3 Critical review by panel of interested parties

If the eco-efficiency assessment is intended to be used for a comparative eco-efficiency assertion intended to
be disclosed to the public, a critical review by interested parties shall be carried out.

In such a case, an external independent expert should be selected by the original study commissioner to
act as chairperson of a review panel of at least three members. Based on the goal and scope of the study,
the chairperson should select other independent qualified reviewers. This panel may include other interested

parties affecFTrlﬁ_hrrw—ﬁ—ﬁh—fe y the conclusions drawn irom the eco-efficiency assessment, such as government agencies,
non-governmental groups, competitors and industries.

The expertisg of reviewers in the scientific disciplines relevant to the environmental and product system yalue
assessment phases, in addition to other expertise and interest, shall be considered.

The review statement and review panel report, as well as comments of the chairperson and any responges to
recommenddtions made by the reviewer or by the panel, shall be included in the eco-efficiency assessment r¢port.
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Examples of functional value, monetary value,

Table-A-l—Lightseurce life-eycle-example

other values and value indicators

Terms Example Value indicator-(unit
Product system Light source life cycle o‘.l/v
Fungtion lllumination (\b?a
Fundtional value Brightness Luminous flux (lumemn)
Mongtary value Market price Price (euro/piece)
Othgr values Shape Consumeranking (numerical valug from 1 to 5)

Table A.2 — Mobile phone example

Terms Example Value indicator (unit
Product system Mobile phone
Fungtion Possibility to use the product for

along time

Fundtional value Durability Warranty lifetime (years)
Mongtary value Depreciation Trade-in value (USD)

Othgr values Aesthetics Colour preference by consumer valpe
(numerical from 1 to 5)
Table A.3 — Ecotourism service example
Terms Example Value indicator (unit
Product system Ecotourism service
Fungtion Provision of accommodation and
ecotours
Fungtional value Hotel accommodation for Number of room-nights
tourists
Mongtary value Contribution to GDP or Turnover (USD)

contributiontofocateconomy

Other values

Employment opportunities

Number of jobs created

© 18O

2012 — All rights reserved
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Annex B
(informative)
Examples of eco-efficiency assessment
B.1 General
These examples illustrate the eco-efficiency assessment procedure. The choices made, and methods lised,

are not presq

ribed by this International Standard; rather it addresses the way in which they are performe

presented. The given examples are not intended to be used for comparative eco-efficiency assertions.

B.2 Exa

according

B.2.1

Eight major
assessment

mple of eco-efficiency assessment applied to electronics products
to the guidelines for the Japanese electronics industry

General

and customersl'l.

In 2006, an

refrigerators,
impact. Then

of products 4
(JEMAL), the

These guide
of six produd
in simple nu
purchase md

Based on th

lamps, and lighting equipment; it designated life, cycle GHG emissions as their environm

electronics companies in Japan voluntarily agreed to develop guidelines for eco-effic
n order to provide rationalized indicators as a powerful communication tool between manufacfurers

i and

ency

eco-efficiency evaluation method was designed to-create the indicators for air conditigners,

, in March 2009, with the addition of a washing/drying machine and a personal computer to the list

y the Japan Eco-efficiency Forum of Japan Environmental Management Association for Ing
guidelines were established

ines lay down the methods of calculation and other relevant details regarding the eco-effic]
t systems and a “Factor-X” (which-expresses the relative level of improvement in eco-effic
meric terms), and provide uniferm eco-efficiency indicators that can help customers selegt and
re environmentally conscious 'products on the market.

e “Guidelines for Standardization of Electronics Product Eco-Efficiency Indicators Ver

ustry

ency
ency

271

published by|JEMAI[2], an example, of eco-efficiency assessment for electric lamps is presented below.
B.2.2 Gadal and scope definition
B.2.2.1 Gopl definition

Purpose of the eeo-efficiency assessment:

Intended audience:

Intended use of the results:

14

incandescent light bulb (Product A)] to an alternative pr

To promote the change from a conventional produgt [an

bduct

[a bulb-shaped fluorescent lamp (Product B)], by presenting

the difference of eco-efficiencies between these two pro

Customer and everybody who is interested

ducts

Calculation of a “Factor-X” (the ratio of the eco-efficiency

indicator of Product B compared to that of Product A) and

presentation to customers

© 1SO 2012 — All rights reserved
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B.2.2.2 Scope definition

1)

Product system to be assessed

Name: Product A: incandescent light bulb, type 60 (54 W)

Product B: bulb-shaped fluorescent lamp, type 60 (10 W)

These two products are made by the same company.

Scale of production: Product A and Product B: large quantity

Location of life cycle stages: Production: Product A, Japan; Product B, Indonesia

Time|of life cycle stages: Production: Product A and Product B, 2008 model

Main|stakeholders involved: Customer

6)

Use and waste management: Product A and Product B) Japan

Use: Product A, 2008; Product B, 2008-2014 (5,5 h/d)
Waste management: Product A, 2008; Product B, 2014

Function and functional unit

The function of the product system is illumination. The\reason for this choice is becauseg illumination
¢learly indicates a primary characteristic of lamps andis intuitively understandable by general customers.

Its functional unit is defined as the illumination of the same luminous flux during 1 000 h of upe.
$ystem boundary

Fach stage of the product life cycle is included, such as material acquisition, parts production, manufacturing
of lamps, packaging staffs, domestic.distribution and use.

or the product system value assessment, the use stage is chosen to represent the product gystem value.
Allocations to external systems

o allocation to adjacent/systems is made.
Environmental assessment method and types of impacts

An ordinary Jifé, Cycle assessment is carried out in accordance with ISO 14040 and 14044.

ife cyclexGHG emissions are selected to simply evaluate the environmental impact of these products due
the ‘'significant effects to global warming and the big concern of customers.

|G emissions

Other life cycle impact categories (for example arising from mercury and UV and electromagnetic radiation
from fluorescent lamps) are excluded from the study. After a relevance check, theirimpacts are considered
to be small compared to GHG emissions.

Value assessment method and type of product system value
The functional value for customers is assessed, and a physical quantity is used to express the functional value.

Each product system’s brightness throughout its entire life is selected as the functional value.
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7)

8)

9)

10)

B.2.3 Enpyironmental assessment

16

A product system value indicator that represents the functional value is quantified by using the total amount
of the life cycle brightness, i.e. the brightness multiplied by the lifetime using a usage scenario based on
average and constant conditions. Then, the indicator is normalized according to the functional unit.

Choice of eco-efficiency indicator(s)

In this example, the eco-efficiency indicator is defined as a “product system value indicator divided by the
environmental impact indicator”.

Interpretation to be used

The following aspects of interpretation are needed for the intended use of the results:

— the Jdentification of significant issues;

— an gvaluation that considers aspects of completeness and consistency;
— the formulation of conclusions, limitations and recommendations;

— a cagmparison of eco-efficiency results.

Limitatipns

In the erjvironmental assessment, the results of the LCI study or LCIA except life cycle GHG emissior]s are
not congidered to form the environmental impact indicator.

In the product system value assessment, the functional values ether than life cycle brightness are not
considered to form the product system value indicator.

Reportjng and disclosure of results

An independent review will be conducted. The Factor-X"results will be presented in product declarations.
A full report will be available on the Internet.

Life cyclg assessmentin accordance with ISO 14040 and 14044 was carried out using the process analysis
method pased on the JEMAI-LCA1. 10 Database for each product.

Only thematerials and parts used in' the final products were considered. Domestic distribution of “1 000 km
by using 4-t trucks” was assumed. In the manufacturing stage, primary and average data were collgcted
and used. For use, the “rated.€lectricity consumption” throughout the product lifetime was adopted, sp that
the power change overdhe“same duration was ignored in the calculations. The lifetimes are: 13 000| h for
Product|B and 1 000 %rfor Product A.

As a resplt of assessment, it was found that 98 % or more of life cycle GHG emissions were emitted |n the
use stages foftboth products. Other impacts produced almost the same results.

The total @mount of the life cycle GHG emissions was presented in units of [kg-CO»e] to form the
environmental impact indicator.

The total amount of the life cycle GHG emissions for Product B was quite a bit larger than that of Product A
due to its long lifetime. However, as the indicator for Product B must be calculated according to the
functional unit, the numerical quantity of it became smaller than that of Product A in this study.

The indicators of two products were calculated as follows:
— environmental impact indicator of Product A = 2,32 E+01 [kg-COze];

— environmental impact indicator of Product B = 4,66 E+00 [kg-CO2e].
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.6 Sensitivity and uncertainty analysis
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.4  Product system value assessment

In order to create the product system value indicator which is mathematically based on its average and
constant conditions, life cycle brightness was defined as “all luminous flux (unit: Im)” multiplied by “utility
duration (unit: hour)” according to the guidelines for the Japanese electronics industryl2].

The measurement method of “all luminous flux” is provided in the following Japanese Industrial Standard:
JIS C7801: Measuring methods of lamps for general lighting.

The decrease of “all luminous flux” through the same utility duration as the environmental assessment was
not considered.

[he utility duration of each product is defined by its “rated lifetime”. The definition of it is_prpvided in the
geveral Japanese Industrial Standards, such as JIS Z7501, Z7617-2 and Z7620-2.

The “rated lifetime” of Product B is 13 000 h instead of 1 000 h of Product A.

The total amounts of the life cycle brightness for these two product systemsrare quite differgnt. However,
as the indicator for Product B must be normalized according to the functional unit, the numetical quantity
of it became the same as that of Product A in this study.

The indicators of two products were calculated as follows:

— product system value indicators of Products A and B = 8;40.E+05 [Im-h].

5 Quantification of eco-efficiency

The eco-efficiency indicator was calculated by dividing the product system value indicator by the
g¢nvironmental impact indicator for each in the units of [Im-h/kg-CO2e].

The indicators of two products were calculated as follows:

— eco-efficiency indicator of Product-A= 3,49 E+04 [Im-h/kg-COze];

— eco-efficiency indicator of Product B = 1,74 E+05 [Im-h/kg-CO2e].

$ensitivity and uncertainty analysis was not carried out in this assessment.

[ Interpretation

fFactor-X, the,ratio of the eco-efficiency indicator of Product B compared to that of Product{ A is used to
¢larify theldifference of the eco-efficiencies between the two products assessed.

Thefactor-X result (eco-efficiency indicator of Product B/eco-efficiency indicator of Product|A) was 4,98.
Thisy means the eco-efficiency indicator of Product B (bulb-shaped fluorescent lamp) is apout 5 times
larger than that or Froauct A (incanoescent |ignI oulD).

The decrease of power for illumination and the prolongation of lifetime contribute significantly to the
improvement of eco-efficiency because the GHG emissions derived from electricity consumption in the
use phase is critical to the environmental assessment results.

Since several assumptions and simplifications were made in environmental and product system value
assessments, this conclusion should be understood with a couple of limitations. For example, if other
functional values and indicators focusing on the different aspects were adopted, the eco-efficiency
assessment might reach different results.
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B.2.8 Discussion

— Figure B.1 shows the product development paths. When an existing product is at the “benchmark product”
point, its eco-efficiency (EE = P/E) is defined as 1. Going left and up increases the eco-efficiency, and
tanX expresses the eco-efficiency of the development target. If the target is “eco-efficiency (EE) > 2”, area
A is the goal and B is better in the environmental aspect only. Area C shows that the product is steadily
developing toward Area A.

— Astechnology progresses, different paths may be followed; this sometimes involves a drop in environmental
performance on the way to achieving the goal. Area D appears to be a bad area to be in due to the higher
environmental impact, but passing through this area may be an inevitable step towards the goal as the best
available technology is adopted. In this context, when the product system value is increased much [more
than the|[decrease of environmental impact, the eco-efficiency may be reported as an “improvement” in a
series of product development.

P

EE 52

E  environmgntal impa¢t
P product system value
1 new prodycts

2 benchmarkjproduct
X

Y

reduction of environmental impact
improvement of product functions

Figure B.1 — Product development paths
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B.3 Example of an eco-efficiency assessment based on the integrated

assessment approach

B.3.1 General

By using the QFD (quality function deployment) matrix in the product system value assessment, various
characteristics of products are evaluated based on individual preferences; not only the main function but also
its special features can be taken into account. Therefore, a business strategy for developing better products can
be reflected in the product system value assessment. It will be useful for industry to apply this assessment to

um cleaners

rodllrﬂ- davalonmant and imnravamant An avamnla Af ann afficiancy accacomant for hama oo
et-aevetoprie oo prove et -exarpre-S- e 60— eHrore ey aSSESSHHeH oo rhe—vaty

is prgsented.

In this example, the evaluation method for quantifying the functional value based on the QFD'is in
the tgtal environmental performance was evaluated by the LCIA method.

B.3.2 Goal and scope definition
B.3.2.1 Goal definition

Purppse of the eco-efficiency assessment:

Intended audience:

Intended use of the results:

B.3.2.2 Scope definition
1) Product system to be assessed

Name:

Scalg of production:

Location:

Time

To promote a new product by evaluating its €
compared with the old one.

Business customers.

Calculation,offFactor-X” (the ratio of the eco-efficie
of Product'B compared to that of Product A) and pr
customgers.

roduced and

co-efficiency

ncy indicator
esentation to

Product A: paper-dust-bag-type home vacuum cleaner

Product B: cyclone-type home vacuum cleaner

Both products are made by the same company.

Production: Product A and Product B, large quantity

Production: Product A and Product B, Japan
Use and waste management: Product A and Prodd

Production: Product A, 2000 model; Product B, 20

ct B, Japan
D3 model

Main stakeholders involved:

2) Function and functional unit

Use and waste management: Product A,
Product B; 2003-2009

Customer

2000-2006,

— The function of the product system is defined as its cleaning ability in a comfortable manner. This is
because high cleaning ability consistent with usability and amenity is thought to indicate the primary

characteristics of vacuum cleaners.

— Its functional unit is defined as one vacuum cleaner for each product system in its entire life cycle (7 years).
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3)

4)

5)

6)

7)

8)

The following

20

System

boundary

Each stage of the product life cycle is included, such as material acquisition, parts production, manufacturing

of produ

cts, distribution, use and end of life.

For the product system value assessment, the use stage is chosen to present the product system value
for customers.

Allocati

No alloc

Environmental assessment method and types of impacts

In LCI, €O2, SOx, NOx, HFC, PFC, SFg, COD, total N, total P, waste, crude oil, natural gas;lime
and woqd are considered to be elementary flows. A hybrid method based on input-output,analysis
is applied to quantify these elementary flowsl'].

In LCIA,
Otherim
indicato
types of]

In additi
perform
method,

The resylt of the weighting is used as an environmental impactindicator.

Value a

The fun

comfortable cleaning through its entire life.

In order
a single
inquiries

The inte
Choice

In this e
the envi

Interpretationto.be used

ons to external systems

ation to adjacent systems is made.

s and characterization models are based on the LIME method![2], which is one of the end
the LCIA method developed by the National Project in Japan.

on, the weighting method of the LIME method is applied t6_evaluate the total environm
bnce. The weighting factor in the LIME method was developed by a tried and tested stati
considering representativeness, completeness and consistencyl2l.

ssessment method and type of product system value

ctional value for customers is assessed. Itis defined as each product system’s performary

to express the functional perfornfance, several characteristics of a product are integrate
index, applying consumers’ preferences derived from a market survey, which means m
about customer needs and/orihterviewing customers(3l.

grated single index is used.as a product system value indicator.
of eco-efficiency indicator(s)

kample, the eco-efficiency indicator is defined as the “product system value indicator divid
onmental impact indicator”.

aspects of interpretation are needed for the intended use of the results:

stone
I0A)

global warming, acidification, eutrophication, air pollution and resource depléetion are considered.
pact categories such as indoor air quality and water scarcity are excluded from this study. Cat¢gory

point

ental
stical

ce in

i into
aking

bd by

the identification of significant issues;

an evaluation that considers aspects of completeness, etc.;

the form

ulation of conclusions, limitations and recommendations;

a comparison of eco-efficiency results.

Limitations

In the environmental assessment, the results depend on the conditions of the hybrid methodl!l and the
LIME method!2],

The results of the product system value assessment are concluded with the method[3! and the limited set
of quality characteristics.
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10) Reporting and disclosure of results

B.3.3

B.3.4

An independent review will be conducted. Factor-X, the ratio of eco-efficiency indicator of Product B
compared to that of Product A, is disclosed with a disclaimer to avoid comparative eco-efficiency assertion.

A full report will be available on the Internet.

The product system value factor and the environmental impact reduction factor are shown on the chart so

that the trend of product development and the contribution of both indicators to the improve
efficiency can be visualized.

Environmental assessment

ment of eco-

hybrid method based on IOA[2] was utilized for the background data in the LCI analysis,

he materials and parts used in the final products and the paper bag consumed in-'the use
onsidered. However, for the cyclone-type vacuum cleaner, since the vacuumed dust-is direct
ubbish bin, no paper dust bag is required. In the manufacturing phase, average,energy consu
pplied. Distribution of “20 km by 2 t trucks and 330 km by 4 t trucks” was assumed. In the end
if was assumed that products were transposed to the recycling system, in which iron, copper, a
everal kinds of plastics were recycled and the other materials were incirierated and/or dispog

pplying the LIME method, overall environmental impacts were, calculated so as to avoi
mongst impact categories. LCIl results were summarized inf0ya single index in a mone
Japanese yen, to form the environmental impact indicator.

The indicators of two products were calculated as follows:

environmental impact indicator of Product A = 326,5 [Japanese yen];

environmental impact indicator of ProductB= 318,9 [Japanese yen].

Product system value assessment

The functional performance of the products to express their functional value was defined in
¢omfortable cleaning ability and quantified by comparing various quality characteristics in th

First, customer requirements$ were correlated with the quality characteristics of a productin the
Function Deployment) matrix as shown in Table B.1. Customer requirements and their imp

vere identified fromithe viewpoint of customer satisfaction.

According to_tfie’ method proposed by Kobayashi, Y. et al. (2005)[3], improvement rati
¢haracteristics*were calculated by normalization on the basis of the maximum actual data
products,‘as shown in Table B.2. Finally, the functional performance was quantified as a weig
of improvement ratios to form the product system value indicator.

phase were
y carried to a
mptions were
of-life phase,
uminium and
ed of.

H a trade-off
ary unit, the

erms of their
Bir own units.

QFD (Quality
brtance were

f
f
derived from the markeét survey. By making a QFD matrix in this manner, relative important characteristics
\

bs of quality
pbetween two
hted average

Thejindicators of two products were calculated as follows:

product system value indicator of Product A = 0,74 [- (arbitrary unit)];

product system value indicator of Product B = 0,96 [- (arbitrary unit)].
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Table B.1 — TQFD matrix for a vacuum cleaner

(The full table can be found in Reference [3])

Quality characteristics

3
e
2 7 —
ls|s| |28 g
o =3 =, =, € = — g
o < = - = b o) s
© s | @ | © a | % SAll e
Customer requirements "g 8 g 'g @ 3 2 2
o @ > | = = 3 ) =
- =1 o <) _— [} >
a) (7] [ g > g
° Q¥ 5
n =)
=
(2]
2
11]
Clean exhaugt 3 9
Capacity to gick up anything 9 9 3 1
Silent 3 1 9
Ability to remove dust 3
Capacity to dean in narrow space 3
Capacity to dean flooring 9 3 9 9
Easy-to-contfol body 3 3
Capacity to dean along walls 9
Capacity to dean ceiling, etc. 1
Ease of operation 3 9 9
High dust sug¢tion 9 9 9
Light brush 3
Various optignal units 1
Relative importance~(%) 16,8 | 3,2 2,4 9,8 8,0 9,6 2,4
Relationship
9: Strong relatjon
3: Normal relafion
1: Low relation|
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Table B.2 — Summary of functional value of a vacuum cleaner

(Products assessed were different from those of Reference [3].)

Quality characteristics Importance Actual data Direction Normalization
% Product A | Product B Product A | Product B

Dust suction [W] 16,8 570,0 560,0 0 1,00 0,98
Body weight [kg] 3,2 3,7 3,6 \2 0,97 1,00
Total weight [kg] 2,4 5,3 5,2 \2 0,3 1,00
Brush revolutions per minute [rpm] 9,8 4 200,0 6 000,0 T 0,70 1,00
Degtee of luster [times] 8,0 10,0 2,2 d 0,22 1,00
Noisg [dB] 9,6 55,0 59,0 \2 1,00 0,93
Unique filters [number] 2,4 4,0 3,0 ) 1,00 0,75

Weighted average 0,74 0,96

B.3.

B.3.

B.3

.T Interpretation

% Quantification of eco-efficiency

The eco-efficiency indicator was calculated by dividing thé.product system value indicator throughout its
¢ntire life by the environmental impact for each in the units’of [-/Japanese yen].

The indicators of the two products were calculated as follows:

— eco-efficiency indicator of Product A = 0,048’8 [-/Japanese yen];

— eco-efficiency indicator of Product B %:0,021 1 [-/Japanese yen].

6 Sensitivity and uncertainty analysis

$ensitivity and uncertainty analysis was not carried out in this example.

The ratio of the eco-éfficiency indicator of Product B compared to that of Product A is used|to clarify the
difference of the-eco-efficiencies between the two products assessed.

fFactor-X = 1533 (eco-efficiency indicator of Product B/eco-efficiency indicator of Product A).

This m&ans the eco-efficiency indicator of Product B (cyclone-type home vacuum cleaner) is about
,3 fimes larger than that of Product A (paper-dust-bag-type home vacuum cleaner).

Imaddition, bothrtheenvironmentatimpact reduction factorand-the product systermvatue factor are plotted
in Figure B.2 to clarify the evolution strategies of assessed products. Factor-X can be derived by multiplying
both the product system value factor and the environmental impact reduction factor together.

The environmental impact reduction factor = 1,02 (Environmental impact indicator of Product A/
Environmental impact indicator of Product B).

The product system value factor = 1,30 (Product system value indicator of Product B/Product system value
indicator of Product A).

As a result of the environmental assessment, it was found that environmental impacts in the use phase
account for about 75 % of those in the entire life cycle for both products. CO2 and SOx emissions, which
were mainly derived from electricity consumption in the use phase, were critical to the total results. Due to
the increased electricity consumption of Product B, its global warming potential became worse. However,
resource depletion indicator improved because the weight of Product B was partially reduced and no
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paper dust bag was required. As a result, from a life cycle perspective, the environmental impact indicator
of Product B improved more than that of Product A. Reduction of the environmental impact in both the use
phase and the production phase can make it possible to further improve the eco-efficiency in the future.

— The product system value factor mainly contributes to Factor-X. Although Product B has both superior
and inferior characteristics to Product A, the capacity to clean along walls and floors was improved.
According to the customer requirements in QFD matrix, not only the suction power but also additional
performances, such as the improved capacity to clean floors and along walls, etc., can provide enhanced

value to

customers.

— In the environmental assessment, several assumptions are set in LCIA, for example, transport distances

and the

d be

understd

end-oflife _scenarioThe results dnpnnd on-these conditions and the conclusion shou

od in the application of LCI data and the LCIA method.

— Inthe prpduct system value assessment, the consumer preferences derived from a market sufvey in J
are thought to vary in other regions and also over time, according to the market situation,,the compe

situation
— ltis valy
it is impq
practice

, lifestyles, etc.

able for industry to utilize the eco-efficiency assessment as an internal pmanagement tool.
rtant to analyse trade-off among environmental impact categories carefully in the context o
the definition and formulation of the eco-efficiency indicators depend on the business stratg

each company.

apan
titors’

Vhile
LCA

gy of

— This exgmple was intended to focus on the trade-off between environmental impact and functional yalue,
not the [trade-off in environmental assessment. From the viewpgint of consistency with the weighted
functional value, environmental impacts were summarized into asingle score based on the sophisticated
LCIA. In|this sense, the eco-efficiency indicator in this example,applies when presenting an outline ¢f the
product’s development, as shown in Figure B.2.
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X product system value factor
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Figure B.2 — Factor-X chart
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B.4 Application of eco-efficiency assessment based on integrated assessment

B.4.1 General

A petrochemical company in Mexico conducted an analysis of eco-efficiency to evaluate two technology
options for increasing the production of an ethylene plant. Ethylene is an olefin feedstock used for a variety of
petrochemicals and can join other hydrocarbons such as benzene to produce ethyl benzene, styrene and other
olefins useful in obtaining polymers such as different types of polyethylene.

B.4.2 Goal and scope definition

B.4.2.1 Goal definition

Purppse of the eco-efficiency assessment: Due to the increase in installed capacity’ from §00 000 t to
900 000 t of ethylene in the Morelos Rétrochemi¢al Complex,
Mexico, two options of technological improvemernt have been
evaluated with an eco-efficiency analysis:

Option A: Update of two cracking furnaces, two|new cooling
units in the refrigeration section and replacement|of the tower
which removes the methane (natural gas), minof changes in
compression.

Option B: Update.of two cracking furnaces, a new cooling unit
in the refrigeration section and replacement of the tower which
removes the methane (natural gas) and a new compressor.

Intenfded audience: Internal decision makers.

Intended use of results: To present a factor which expresses the relalive level of
improvement in eco-efficiency in simple numeric tefms (the ratio
of eco-efficiency indicator of Option A vs Option B).

B.4.2.2 Scope definition

1) Product system to be assessed

Name: Ethylene production system

Scalg of production: 600 000 t to 900 000 t per year

Location: Mexico

Time Production: Product A, 2000 model; Product B, 2003 model

2) Function and functional unit

— Production of ethylene to be used as raw material for polyethylene, monomer vinyl chloride, ethylene
oxide, styrene, acetaldehyde, among others.

— The functional unit is 1 t of ethylene produced.
3) System boundary

— The product system begins at raw materials extraction and ends when the ethylene is the raw material for
other processes. Other life cycle stages are excluded because they do not change the overall conclusions
of this study.
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4)

5)

6)

7)

8)

9)

Allocations to external systems

No parti

cular adjacent systems to be allocated exist.

Environmental assessment method and types of impact

Environmental impacts were calculated using the life cycle impact assessment method eco-
indicator 99 (H)['], taking into consideration three category end points: human health, ecosystems quality,
and resources.

The imp

acts were normalized with respect to the base case.

Value assessmentmethodand-type of product systenrvatue

The pro
Choice

In this €
the envi

juct system value is based on the functional value of production of ethylene per day.
of eco-efficiency indicator(s)

kample, the eco-efficiency indicator is defined as the “product system value indicator divid
onmental impact indicator”.

The ecofefficiency indicator is calculated with Formula (B.1) and the factor with.Formula (B.2) as fol

Eco-effigency =

Factor =

Product value
Environmental impact

Eco-efficiency of the evaluated product
Eco-efficiency of the base case product

Interpregtation

In order

to choose between options A and B, the eco-efficiency of these options needs to be compa

that of the current plant.

Limitati

ons

In the environmental assessment, the Galculations exclude:

— Ccon

struction, infrastructure and capital equipment;

— hunpan resources and labour.

The cal

culations also excldde materials used in trace amounts and substances for which thers

insufficignt data.

10) Report

An inter

ng and-disclosure of results

halreport will be made.

bd by

OWS!

(B.1)

(B.2)

ed to

was

B.4.3 Environmental assessment

26

The environmental assessment was carried out using life cycle assessment in accordance with

ISO 14040:2006 and ISO 14044:2006 and the Eco-indicator 99 (H) life cycle impact method.
Figure B.3 shows the impact categories evaluated for options A and B, with respect to the current operation
of the ethylene plant.
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Figure B.4 — Six impact categories for the different options and normalized values

— Table B3 shows the improvement in the end-paint categories. The three categories are reduced. These
data are| considered as the environmental jmpact of the project to calculate eco-efficiency.

Table B.3 — Comparison of the three end-point categorie

Human health Ecosystem quality Resourceg
(eco-points) (eco-points) (eco-pointsg)
Current plant 74,7 7,2 497,0
Ethylene exppnsion 900 (Option’A) 41,8 54 341,4
Ethylene new furnaces (Option B) 40,6 5,3 332,0
Improvemerts (%) <44 Option A <25 (Option A) <31 (Option A)
<45 Option B <26 (Option B) <33 (Option B)

B.4.4 Product system value assessment

— The product system value for the current plant is 1 800 t of ethylene per day (current capacity) and, for
options A and B, 2 702 t of ethylene per day (planned capacity).

— All cases are calculated based on the same days of continuous operation per year.

B.4.5 Calculation of eco-efficiency results

The data used for the calculation of eco-efficiency results are shown in Table B.4.
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Table B.4 — Data used for the calculation of eco-efficiency results

Current plant New expansion New furnaces
P (Option A) (Option B)

Capacity (t/d) 1800 2702 2702
Ecopoints LCA2 4379 288,6 280,5

2  Ecopoints are calculated according to Reference [1].
Eco-efficiency = Product value/Environmental impact

. Pr | 1
CGurrent plant Eco-efficiency = oduct value _18001d _ 4,11

Environmental impact - 437,9 Pt B

Product value _2702td

Option A Eco-efficiency = - - = =9,36
Environmental impact 288,6 Pt
Option B Eco-efficiency = .Product "a'Pe = 2702 Ud =9,63
Environmental impact 280,5 Pt
Hactor = Eco-efficiency of the evaluated product (Option B) 9,63
Eco-efficiency of the base case product (Current plant) ) 4,11
B.4.6 Sensitivity and uncertainty analysis

— q

\

B.4.]

Bensitivity and uncertainty analysis was not carried:ut in this example.

[ Interpretation

2,34

h comparing the two options with respect to the current plant, there is significant improvement in

g¢nvironmental performance.

nh summary, Option B has the highest eco-efficiency.

Application of eco-efficiency assessment — Chelating

General

agents

pco-efficiencysassessment was originally published by Borén et al. (2009), but is revised here to fit the

t of this Intesnational Standard.

Goal and scope definition

Purpose of the eco-efficiency assessment:

Intended audience:

Intended use of the results:

© 1SO 2012 — All rights reserved

With the purpose of assessing different chelating agents from
environmental and financial perspectives, an eco-efficiency
assessment was carried out for European conditions.

Primarily product developers, but also purchasers.

The intended use is for product development and communication
of product performance to business customers
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B.5.2.2 Scope definition

1) Product system to be assessed

Name: Chelating agents made by four different processes; products A, B, C
and D

Scale of production: Industrial scale

Location of life cycle stages: Production: Europe; use and waste management: Europe

Time of life gyete—stages: Pretgtction—200F-tse—200Fwaste-management—200+

Main stakehglders involved: Product developer, purchasers

2) Functioh and functional unit
— Chelating agents are widely used in detergents and cleaners to improve the detergency power.

— In this sfudy, the chelating agents were compared on an equal-weight basis.in order to make the ptudy
independent of the exact amounts used in the many detergent recip€s. The functional unit is 1 t of
chelating agent.

3) System|boundary

— The prdduct system includes flows related to raw materialcextraction, processing of raw matgrials,
manufagturing, use, maintenance, recycling/reuse, waste, management, and transportation (Figure|B.5).
The progluct system excludes the function of different detérgent recipes because it is assumed to be the
same fo[ alternative A, B, C and D.
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