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Preface

To achieve more sustainable production and consumption patterns, we must consider the
environmental implications of the whole supply-chain of products, both goods and services,
their use, and waste management, i.e. their entire life cycle from “cradle to grave”.

In the Communication on Integrated Product Policy (IPP), the European Commission
committed to produce a handbook on best practice in Life Cycle Assessment (LCA). The
Sustainable Consumption and Production Action Plan (SCP) confirmed that “(...) consistent
and reliable data and methods are required to asses the overall environmental performance
of products (...)". The International Reference Life Cycle Data System (ILCD) Handbook
provides governments and businesses with a basis for assuring quality and consistency of
life cycle data, methods and assessments.

This document provides technical guidance for detailed Life Cycle Assessment (LCA)
studies and provides the technical basis to derive product-specific criteria, guides, and
simplified tools. The principle target audience for this guide is the LCA practitioner as well as
technical experts in the public and private sector dealing with environmental decision support
related to products, resources, and waste management.
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Executive summary

Overview

Life Cycle Thinking (LCT) and Life Cycle Assessment (LCA) are the scientific approaches
behind modern environmental policies and business decision support related to Sustainable
Consumption and Production (SCP).

The International Reference Life Cycle Data System (ILCD) provides a common basis for
consistent, robust and quality-assured life cycle data and studies. Such data and studies
support coherent SCP instruments, such as Ecolabelling, Ecodesign, Carbon footprinting,
and Green Public Procurement.

This guide is a component of the International Reference Life Cycle Data System (ILCD)
Handbook. It provides technical guidance for detailed Life Cycle Assessment (LCA) studies
and provides the technical basis to derive product-specific criteria, guides, and simplified
tools. It is based on and conforms to the ISO 14040 and 14044 standards on LCA.

The principle target audience for this guide is the LCA practitioner as well as technical
experts in the public and private sector dealing with environmental decision support related
to products, resources, and waste management.

About Life Cycle Assessment (LCA)

Life Cycle Assessment (LCA) is a structured, comprehensive and internationally
standardised method. It quantifies all relevant emissions and resources consumed and the
related environmental and health impacts and resource depletion issues that are associated
with any goods or services (“products”).

Life Cycle Assessment takes into account a product’s full life cycle: from the extraction of
resources, through production, use, and recycling, up to the disposal of remaining waste.
Critically, LCA studies thereby help to avoid resolving one environmental problem while
creating others: This unwanted “shifting of burdens" is where you reduce the environmental
impact at one point in the life cycle, only to increase it at another point. Therefore, LCA helps
to avoid, for example, causing waste-related issues while improving production technologies,
increasing land use or acid rain while reducing greenhouse gases, or increasing emissions in
one country while reducing them in another.

Life Cycle Assessment is therefore a vital and powerful decision support tool, complementing
other methods, which are equally necessary to help effectively and efficiently make
consumption and production more sustainable.

About the International Reference Life Cycle Data System (ILCD)

The ISO 14040 and 14044 standards provide the indispensable framework for Life Cycle
Assessment (LCA). This framework, however, leaves the individual practitioner with a range
of choices, which can affect the legitimacy of the results of an LCA study.

While flexibility is essential in responding to the large variety of questions addressed, further
guidance is needed to support consistency and quality assurance. The International
Reference Life Cycle Data System (ILCD) has therefore been developed to provide guidance
for consistent and quality assured Life Cycle Assessment data and studies.

The ILCD consists primarily of the ILCD Handbook and the ILCD Data Network. This
document you are reading is part of the ILCD Handbook: The ILCD Handbook is a series of
technical documents providing guidance for good practice in Life Cycle Assessment in
business and government. It is supported by templates, tools, and other components.

The ILCD Handbook equally serves as a "parent" document for developing sector and
product-group specific guidance documents, criteria, and simplified ecodesign-type tools.




ILCD Handbook: General guide for Life Cycle Assessment - Detailed guidance First edition

Such are seen as the most appropriate solutions for enabling the efficient use of reliable and
robust life cycle approaches in Small and Medium Enterprises (SME).

The development of the ILCD has been coordinated by the European Commission and has
been carried out through a broad international consultation process with experts,
stakeholders, and the public.

Role of this document within the ILCD Handbook

This document provides detailed guidance for planning, developing, and reporting both life
cycle emission and resource consumption inventory (LCl) data sets and Life Cycle
Assessment studies. The exact provisions are given at the end of the chapters. These
"Provisions" are also available in a separate 'cook-book' style guide for daily reference for the
more experienced practitioners and reviewers.

This document also serves as an : ;

. . . L. Life Cycle Assessment data and studies
introduction to the AL principles for Sustainable Consumption and Production
and concepts of Life Cycle in government and business
Assessment. It is not intended,
however, to be a comprehensive
and detailed introduction or
training manual for beginners.

Within the ILCD Handbook, this
document has the role of providing
the general, overarching guidance
for detailed Life Cycle Assessment
(see figure).

It is complemented by specific ISO 14040, 14044
guides on the development of Life
Cycle Inventory (LCI) data sets, the development of Life Cycle Impact Assessment models &
indicators, as well as on performing reviews of LCI data sets, LCA studies, and of specific
guides and simplified approaches.

This guide is further supported with an LCA study report template, an LCI data set
documentation format, a document on nomenclature and other conventions, and a
terminology. These supporting documents and applications are available separately.

Review

Life Cycle Impact
Assessment

General guide for Life Cycle Assessment
¢ General guide for Life Cycle Assessment (LCA) -

Life Cycle Inventory }[

Detailed guidance (this document)
General guide for Life Cycle Assessment(LCA) -
Provisions and action steps

Documentation, Nomenclature, Terminology

Approach taken and key issues addressed in this document

This document further details the ISO 14044 provisions and differentiates them for the three
main types of questions that are addressed with LCA studies:

« "Micro-level decision support": Life cycle based decision support on micro-level, i.e.
typically for questions related to specific products. “Micro-level decisions” are assumed
to have limited and no structural consequences outside the decision-context, i.e. they
are supposed not to change available production capacity.

« "Meso/macro-level decision support": Life cycle based decision support at a
strategic level (e.g. raw materials strategies, technology scenarios, policy options).
“Meso/macro-level decisions” are assumed to have structural consequences outside the
decision-context, i.e. they are supposed to change available production capacity.

» "Accounting": Purely descriptive documentation of the system's life cycle under
analysis (e.g. a product, sector, or country), without being interested in any potential
additional consequences on other parts of the economy.

Focus is given to methodological issues that result in relevant differences in current practice
of developing Life Cycle Inventory data sets and performing LCA studies.
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1 Introduction and overview

Overview

This guide is a component of the International Reference Life Cycle Data System (ILCD)
Handbook. It provides a detailed technical guidance to the ISO 14040 and 14044:2006
standards on Life Cycle Assessment (LCA).

The overall objective of the ILCD Handbook is to provide a common basis for consistent
and quality-assured life cycle data and robust studies. These support coherent and reliable
Sustainable Consumption and Production (SCP) policies and solid decision support in the
public and private sectors related to products, resources and waste management.

Scope of this document

This general guide provides comprehensive and detailed method provisions for Life Cycle
Inventory (LCI) and Life Cycle Assessment (LCA) studies as covered by the ISO 14040 and
14044:2006 standards.

The outcome of LCI and LCA studies is the basis for all types of applications of LCA.
Figure 1 shows the Life Cycle Assessment framework.

Life cycle assessment framework

=

[Goal definition

A

\i
N Direct applications:
Scope >
definition |— * Product development
‘ J —®| and improvement
| Interpretation «—— * Strategic planning
Y * Public policy making
Inventory [ * Marketing
analysis - * Other

A

Y
[ Impact }—'

assessment 4—\ /

Figure 1 Framework for life cycle assessment (from ISO 14040:2006; modified)

Table 3 lists the most widely used LCA applications and their relationship to the guidance
provided in this document. The subsequent use of the LCI data and LCA studies in other
LCA applications is not within the scope of this document; this is analogous to ISO
14044:2006.

Since this general guidance document is applicable to a wide range of different decision-
contexts and sectors, it cannot directly provide tailor-made, specific provisions, such as
product-group specific guidance. It can however serve as “parent” document for specific
guidance documents, such as for Product Category Rules (PCR) and other product-group
specific guidance documents and for simplified yet reliable tools, such as ecodesign type
tools.
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Screening or streamlined Life Cycle Assessment studies are typically not compliant with
ISO 14044:2006 and therefore not explicitly addressed as a separate approach in this
document. They are only implicitly addressed in this document as the first iterative step of an
LCA.

Purely methodological LCA studies may not be able to comply with the ILCD Handbook
and the 1ISO 14040 and 14044:2006, since the analysed methodological options may deviate
from the ILCD provisions. Such studies may draw on the ILCD Handbook, but compliance
cannot be claimed and the impression shall be avoided that such would exist.

Approach of this document and added value compared to ISO 14044

Until today, no commonly accepted guidance exists that would complement the general
framework provided by 1ISO 14040 and 14044:2006. The ILCD has been developed to fill this
gap as decision makers in government, public administration and business rely on consistent
and quality-assured life cycle data and robust assessments in context of Sustainable
Consumption and Production.

The relevant ISO 14040 and 14044:2006 standards, a range of Life Cycle Assessment
manuals, and the general LCA literature have been analysed to identify the “needs for
guidance” and to obtain input in the form of good practice approaches and arguments.
Together with the extensive and detailed input and feedback received in the invited and
public consultations, workshops, and other meetings, this analysis provides the evidence
base for this guide. Figure 2 illustrates this approach.

The contributors and the sources consulted are documented in annex 18. An Explanatory
Memorandum is separately available.

XY Association 1

INTERNATIONAL IS0

STANDARD 14044 Method
handbook
it for LCA

National
LCA project
Country X

of XY products

Environmental management — Life cycle
assessment — Requirements and

guidelines accacal2 Manual for LCI
g ey data modelling

General guidance document

XY Research & for Life Cycle Assessment (LCA)

Consulting
1 Centre

Attributional
LCA method
manual

Figure 2 ILCD Handbook approach of harmonising existing practice in line with 1ISO 14040
and 14044:2006

Principles followed in developing the provisions of this document
The following principles were applied:

» ISO compliance: being in line with the requirements of ISO 14040 and 14044:2006
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« Best practice: representing or building on current best practice in LCA in industry,
government, research, and consultancy.

« Reliability: forming a reliable basis for robust life cycle based decision support, for
improving reproducibility and quality of LCI studies and data sets, and for coherent,
ILCD-compliant product-group specific guides and simplified approaches and tools.

« Efficiency: balancing theory with practicality and cost-efficiency.

« Flexibility: permitting exceptions of provisions as and where needed for different
guestions addressed with LCA and for different processes, products and other systems
that are analysed. Deviations need to be documented and explicitly be considered in
the results interpretation.

« Fairness and acceptance: providing a level playing field across competing products,
processes and industries. Exceptions must not relatively disfavour competitors. The role
of interested parties and of review is strengthened for achieving broad stakeholder
acceptance. Protecting confidential and proprietary information in confidential reports
that are available exclusively to the critical reviewers.

- Transparency and reproducibility: request comprehensive documentation and
mechanisms that allow reviewers to verify/review all data, calculations, and
assumptions.

« Assured quality: require qualified and independent and/or external review as indicated
by the type of study and target audience (detailed provisions given in separate
document)

Differentiated guidance for main goal situations encountered in LCA practice

Building on the state-of-the-art analysis of best practice, this document has been
developed to provide comprehensive and generally applicable yet practical guidance. This
involves adding substantial detail and further specifying and clarifying the 1SO provisions
from the perspective of the three main goal situations encountered in LCA studies:

o Situation A ("Micro-level decision support”): Decision support on micro-level,
typically for product-related questions. “Micro-level decisions” are assumed to have only
limited and no structural consequences outside the decision-context, i.e. do not change
available production capacity. The effects are too small to overcome the threshold to be
able to cause so called large-scale consequences in the background system or other
parts of the technosphere

« Situation B ("Meso/macro-level decision support"): Decision support at a strategic
level (e.g. raw materials strategies, technology scenarios, policy options, etc).
“‘Meso/macro-level decisions” are assumed to have also structural consequences
outside the decision-context, i.e. they do change available production capacity. The
analysed decision alone results in large-scale consequences in the background system
or other parts of the technosphere

« Situation C ("Accounting"): Purely descriptive documentation of the system under
analysis (e.g. a product, sector or country), without being interested in any potential
consequences on other parts of the economy. Situation C has two sub-types: Situation
C1 that includes existing benefits outside the analysed system (e.g. credits existing
recycling benefits) and Situation C2 that does not do so.
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Main methodological issues addressed in this document

The key issues in LCA within the scope of 1S014044:2006 and hence of this document
are generally understood to be the questions:

« Which LCI modelling principle to follow (i.e. attributional or consequential)?
« Which LCI method approaches to employ for solving multifunctionality of
processes (i.e. allocation or system expansion/substitution)?

These issues are those where the three goal situations differ most in terms of LCI method
provisions.

In addition, the following main issues need guidance and are hence addressed in detail:

« System boundaries: the definition and application of system boundaries and of
guantitative cut-off criteria (including the question which kind of activities to include in
LCA);

« Avoiding misleading LCA studies: how to avoid misleading goal and scope definition,
results interpretation, and reporting (what relates to a number of more specific issues);

« Transparency: how to meet the principle of transparency in the context of potentially
sensitive or proprietary process data and information;

« Reproducibility and robustness: how to improve reproducibility in data collection and
modelling and the documentation of LCI data sets, and the robustness of conclusions
and recommendations of LCA studies;

« Primary and secondary data: when to use primary data and when secondary data can
be used (and what is a suitable concept for the foreground and the background
system);

Quality: how to capture the various quality aspects of LCI data and of LCA results.

Further topics in focus

Product group and sector specific guidance is outside the scope of this document and will
need product-group specific guides to be developed. However, for certain types of processes
the application of LCA is less straightforward and divergent approaches have been
developed in practice. These types are mainly agricultural and similar processes, waste
deposition, the use stage of consumer products, and services (as opposed to goods). The
first two are addressed in own chapters. The use stage of consumer products is covered as a
smaller sub-chapter. Services are generally addressed throughout the document, explicitly or
in examples; however, more guidance is seen beneficial for services.

One of the methodologically more difficult topics is often understood to be the modelling of
reuse, recycling and recovery of secondary goods from end-of-life products and production
waste. While methodologically these are all cases of multifunctionality, this topic has a longer
dedicated chapter in the annex.

"Time in LCA", finally, is one of the topics that recently gain more attention with various
approaches emerging in LCA practice. Issues such as long-term emissions, temporary and
permanent carbon storage, and delayed emissions of greenhouse gases are hence
addressed in some detail.
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2 How to use this document

2.1 Structure of the document

Building on scope and structure of ISO 14044

This document follows the main structure of ISO 14044:2006. In the ILCD Handbook, the
five main phases of Life Cycle Assessment (goal definition, scope definition, inventory
analysis, impact assessment, and interpretation) each have their own chapter’; see Figure 1.
As in 1ISO 14044:2006, additional principal chapters address reporting and critical review.

A number of issues that are not addressed in ISO 14044:2006 - or to only a limited extent
- have been added or expanded on, typically in the form of individual chapters, such as on
the selection of the appropriate LCI modelling frame. A few key issues that are addressed as
parts of several chapters throughout ISO 14044:2006, such as on the iterative nature of LCA
and how it best implemented, have been combined into individual chapters.

Several key concepts of LCA are explored in more detail, especially where different
meanings or terms are used. Frequently made errors in LCA practice are identified within the
respective chapters, to help avoid and overcoming them.

The special relevance of the scope definition phase of a LCl or LCA study is often
neglected in today’s practice. In the scope phase, crucial decisions are made for the entire
LCI or LCA study; these are derived from the goal definitions. These decisions include the
already named identification of the LCI modelling frame, the selection of Life Cycle Impact
Assessment (LCIA) methods and - if included - the normalisation basis and weighting set, as
well as identifying review and reporting requirements. Actual LCI data collection and
modelling are then addressed in the LCI phase. The LCIA phase serves to calculate LCIA
results and - if included - normalised and weighted results.

Compared to ISO 14044:2006, the structure of this guidance document has been adjusted
to better reflect the workflow steps when performing an LCA. References to the
corresponding chapter in the 1ISO 14044:2006 standard are given in each chapter.

Formatting elements

Five formatting elements have been used throughout the document to address different
aspects:

6.7.3 Geographical representativeness
(Refers to aspect of ISO 14044:2006 chapter 42 36 2)

. ) . . Introduction
Ma' n teX'[ body gIVES the deta'led The geographical representativeness of a process or system identifies how well the

inventory data represents it regarding the location (e.g. market, site(s), region, country, etc.)

eXplanatlonS tO the guldance The brlef |n-||ne that is documented in the descriptive information of the data set or report and where it is
N operated, produced, or consumed.

examples are Set In a grey font SO as to Identifying the appropriate geographical scope of LCI data

mlnlmlse the dlsturbance Of the readlng ﬂOW The level and type of technology that is applied, and the conditions under which it runs

(e.g. in terms of surrounding climate or national legal requirements on emission limits), are
influenced by the geographical location of the process. Also to identify the mix of marginal
processes (for consequential modelling) and the background data (for both attributional and
consequential modelling) a correct identification of the geographical scope is required.

! 1SO 14044 joins goal and scope into one phase. It is argued here to better reflect the different nature and
purpose of these two steps to treat them as separate phases. In addition to the resulting five phases, also
reporting and review could be considered own phases; while this is not done here, they have own main chapters.
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Provisions: 5.2 Six aspects of the goal definition

! ! Provisions: Set within a dashed-dotted
! ! green border, the "Provisions" outline the
IH] Egﬁtgﬁ\-;:zw;tzﬂf?jrsldzegl)nv and detail any initially set limitations for the Lmeolthsl pI’OVISIOI”IS for ILCD_CompIIant StudIeS, as
i I comprehensive yet concise checklists for
1 1

I 1

1
1

)  SHALL - Intended applications: Identify the intended applications of the deliverable of
the LCI or LCA study (5.2.1).

Il.a) Impact coverage limitations such as in Carbon footprint calculations,

Il.Lb) Methodological limitations of LCA in general or of specific method approaches
applied, and/or

daily reference. The combined "Provisions”
Il.c) Assumption limitations: Specific or uncommon assumptions / scenarios are also available as a separate document.

modelled for the analysed system. (ISO+)

Terms and concepts: Subdivision of multifunctional processes

“Subdivision” of multifunctional processes refers to the collection of data individually for those
of the mono-functional processes that relate to the analysed system and that are contained
in the multifunctional process. Subdivision is often but not always possible to avoid allocation

Terms and concepts: In highlighted blug | !feekbeximtprocesesisee auet.
boxes, the more complex terms and concepts
of often diverging use in LCA practice are
explained and illustrated; often supported with : |
graphics. .

Input products
( d Product A

Frequent errors: General or un-eflected exclusion of activity-types Frequent errors: Frequently made errors In

As already addressed in chapter 6.5.2, in LCA practice it can still often be fond that certain
types of activities that should be attributed to the analysed system are omitted without

suficient jusfcaion Among thesc processes, erves and goods r themost LCA practice are addressed in highlighted

common ones, While it might be justified to e.g. ignore the construction and demolishing of

the power plant itself when modeling electricity production (depending on the cul-off criteria HAH

L e B T A e T O T L purple boxes, to help avoiding and
are many services in many cases of no quantitative relevance, but also this can clearly not .

be generalised. A good example is the wind-power plant, where the plant production and

maintenance cbviously makes up the vast majority of impacts, Ove rCO m I n g th e m *

Annexes: The annexes provide detail on broader issues that are relevant but which would
disturb the reading flow if kept within the main text. Annexes are provided e.g. on the data
quality concept of the ILCD, modelling of waste & end-of-life product reuse, recycling and
energy recovery, and on how to avoid misleading LCA studies.

Related topics addressed in other ILCD Handbook components

A number of nomenclature and other conventions help to improve compatibility of data
sets developed throughout this document, and aid an understanding of LCA study reports
developed by different experts. (Further detail is provided in the separate document
"Nomenclature and other conventions").

An electronic LCA report template supports effective and compatible reporting of LCA
studies. The electronic LCI data set format supports effective and compatible reporting of LCI
data sets. It is supported by a data set editor application and a complete set of reference
elementary flows, flow properties and units. Both the report template and the data set format
are referenced from chapters 6.12 and 10.

Guidance for developers of Life Cycle Impact Assessment (LCIA) models, methods and
indicators is given in the separate document "Framework and requirements for Life Cycle
Impact Assessment (LCIA) models and indicators". In this guide, chapter 6.7 points to that
document. This topic is supported by the background document "Analysis of existing
Environmental Impact Assessment methodologies for use in Life Cycle Assessment (LCA)".

The detailed provisions for reviewing LCl and LCA studies and data sets are given in the
separate guidance documents on "Review schemes for Life Cycle Assessment (LCA)",

2 How to use this document 6



ILCD Handbook: General guide for Life Cycle Assessment - Detailed guidance First edition

"Reviewer qualification”, and "Review scope, methods, and documentation”. In this
document, chapters 6.11 and 11 refer to these documents.

General applicability of guidance

The deliverables of an LCA can range in complexity and extent from a single operation
unit process to a comparative assertion of two or more products or strategies (for a complete
list see chapter 6.3). A number of provisions apply only to the more complex deliverables,
while they are inapplicable to the more basic deliverables. This is highlighted at the
beginning of the respective "Provisions". However, this general guide needs to be applicable
(as with ISO 14044) for a wide range of deliverables, for different study objects (e.g. process
step, product, country, etc.), and for a huge variety of questions addressed in the study. This
makes it unavoidable to formulate the provisions in a fairly generic manner. It would be
impractical to approach all the specific kinds of cases specifically. For key types of
deliverables, however, specific guidance documents are seen as beneficial. Such a separate
document is provided for the "Development of Life Cycle Inventory (LCI) data sets".

LCA as an iterative process

The work on an LCA is a systematic process, which involves iterations: Some issues
cannot be addressed initially, or only touched on. However, they will be addressed,
improved, or revised in the typically 2 to 3 iterations of almost any LCI or LCA study. Chapter
4 has more on this. To ease the workflow, it is generally explicitly stated in the "Provisions"
what should be done in the initial round and what in the later iterations. The iterations thereby
draw on steps that have been performed earlier in the study. For example, the iteration of
collecting better data draws on the identification of significant issues carried out in the
preceding iteration based on the preceding LCI model. However, the respective provisions
e.g. on identification of significant issues are necessarily found later in the document. The
need to understand and consider later steps when performing the preceding steps can make
it difficult for less experienced practitioners to find an efficient way to perform an LCA study.
Therefore, cross-references are put in many cases.

2.2 How to work with this document

2.2.1 Overview

The concept of this document is to help practitioners to conduct LCI and LCA studies in
line with the three main goal situations that are encountered in LCA practice.

This chapter aims to support an efficient and effective workflow and focuses on those
steps that are needed for a given study. It provides "guidance to the guide", by giving an
overview of the key provisions, informing which parts of the document differ among the three
archetypal goal situations, and explains how to efficiently work through the "Provisions".

To enable easier identification of the chapters required for a given case, notes at the
beginning of the respective "Provisions" and cross-references are put.

2.2.2 Theoretical approaches and simplifications

In most cases, it is quite straightforward to develop an ILCD compliant LCI data set or
LCA study using this document.

This is because some simplifications are put in place that avoid the need for applying
some of the more complicated procedures, such as those for identifying processes in
consequential modelling including secondary consequences and market constraints. These
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slightly simplified provisions substantially reduce the effort, while not relevantly harming the
accuracy or robustness of the results. They even further increase the general reproducibility
and better reflect established practice in industry.

These simplifications draw on the detailed and differentiated method provisions that are
therefore necessary and that are to be fully applied in a few cases. For these cases they are
essential; hence the detailed provisions need to be kept as well.

Most aspects of doing an LCA are the same for all goal Situations. Among these aspects
are those that are always to be followed or checked. Conversely there are some, often very
specific aspects that apply in only few cases. As an LCA may include many processes, some
of the specific provisions are typically required for each study, but only for selected
processes.

It is also noted that the unit process inventories are basically the same for all Situations,
while some specific, additional information is required when using them in the context of the
specific 'Situation’ (e.g. on the amount of products involved and the size of the respective
market). The main difference between Situation A, B and C lies hence in the selection of the
processes that are included in the system boundary and how the life cycle is modelled by
connecting them.

2.2.3 Overview of differences in the provisions for the
Situations A, B, and C

Overview

This chapter provides a very condensed orientation of the differences in the provisions
that apply to the three goal Situations A, B, and C.

The overview graphic of Figure 3 identifies the chapters which have substantially different
provisions for the individual goal situations A, B, and C. Note that a few other chapters that
apply to all situations have single aspects that are differentiated for the three goal situations.

The detailed method provisions for the differentiated archetypal goal situations A, B, and
C as well as explanations and illustrations are given in the respective chapters.

Orientation for experts: the differentiated LCI modelling provisions for Situations A, B,
and C

The main differences between the archetypal goal Situations A, B, and C lie in the LCI
modelling. In a condensed form for overview, this document makes the following specific
provisions. Effectively, there are only a few but very relevant and necessary differences in
which the provisions for these Situations differ. (NB: If you are not familiar with the used
terms and concepts, please see the later chapters):

Situation A: This comprises micro-level, product or process-related decision support
studies. The life cycle is modelled by depicting the existing supply-chain, i.e. attributionally.
The foreground system should aim at using primary data from the producer / operator and
secondary data from suppliers and downstream users/customers. Background processes
should represent the average market consumption mix. Generic data from third-party data
providers can be used for the background system. They can also be used for the foreground
system if they are of better overall quality for the given case than available primary or
secondary data from direct suppliers or downstream operators. Cases of general
multifunctionality, of recycling, and of reuse and recovery are preferably solved via
subdivision or virtual subdivision. If this is not possible or feasible, then a substitution of the
market mix of the not required co-functions should be performed as second alternative
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(excluding the substituted co-function from this mix). If also this is not possible or feasible,
then allocation is the third, alternative solution. Detailed guidance is given for these three
options. If the second or third alternative is used, the resulting lack in accuracy shall be
explicitly reported and considered in the results interpretation. "Assumption scenarios” of
data, parameters, and method assumptions shall be performed for comparative LCA studies;
exclusively the "shall" provisions cannot be rejected in these scenarios. Uncertainty
calculation can support the analysis of the robustness of the results.

Situation B: This comprises meso-level and macro-level, strategic ("policy”) decision
support studies. The analysed systems shall be modelled as in Situation A, except for those
processes in the background system that are affected by large-scale consequences of the
analysed decision. These are modelled with the mix of the long-term marginal processes /
systems. Contrary to Situation A, the assumption scenarios can also vary the "shall"
provisions; the assumption scenarios and uncertainty calculation shall be defined via a best
attainable consensus among the interested parties.

Situation C: Most monitoring type studies fall into Situation C1; Situation C2 studies are
less common. For Situation C1, the life cycle and all cases of multifunctionality are modelled
as in Situation A. In contrast to Situation A, this also applies to macro-level monitoring
studies under Situation C1, i.e. independent from the absolute size of the system (e.g. 1t or
1 Mio t material X consumed). This means that the data and models of studies performed
under Situation A can be directly used for deriving monitoring indicators under Situation C1.
For Situation C2, the life cycle is equally modelled as in Situation A, but multifunctionality
shall always be solved via allocation, through application of the detailed allocation guidance
provided.

Note that across all goal Situations the same life cycle model can chiefly be used, except
for cases of multifunctionality that need to be switched between substitution and allocation,
depending on the applicable Situation. Additionally, the very few processes that are typically
affected by large-scale consequences under Situation B, need to be modelled differently:
These processes need to be the long-term marginal mixes (note that for these processes the
upstream or downstream life cycles will be different as well).

Other differences in the guidance for Situations A, B, and C

A few more differences exist in the provisions for Situations A, B, and C. The more
relevance ones are:

The general critical review requirements of ISO 14040 and 14044 are specified in the
separate documents "Review schemes for Life Cycle Assessment (LCA)", "Reviewer
qualification", and "Review scope, methods and documentation”. This includes the provisions
on the applicable type of review for different types of studies and audiences, on the
qualification of the reviewer, and regarding what and how to review.

Finally, as another key item of further specification, the 1ISO 14044 provisions for
"comparative assertions disclosed to the public" are extended also to most non-assertive
but comparative LCA studies.
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Iterative approach - Six aspects of For all situations
the goal definition

Classifying the decision context Situation A Situation B Situation C

Optionally extending the goal -
Function, functional unit, For all situations
reference flow

Selection of LCI modeling Situation A Situation B Situation C

System boundary - Preparing
impact assessment - Data quality,
types and source of data — For all situations
Comparisons - Planning critical
review and reporting

Identify processes attributionally Situation A Situation B Situation C

Identify processes consequentially Situation A Situation B Situation C1

Data collection - dealing with
missing data - selecting
secondary data - modeling the
product system

For all situations

Calculating LCI results For all situations

Calculating LCIA results (may

include normalisation, weighting) For all situations

Interpretation For all situations
Reporting For all situations
Critical review For all situations
Annex For all situations
Figure 3 Main differentiation of the document for the three goal situations A, B, and C

(indicative only; few other differences exist).

2.2.4 How to perform an LCI or LCA study in accordance with
this document

The structure of this guide generally orients to the workflow encountered in LCA. It cannot
do this however in a strict sense without jumping forth and back in the formal logic of the
phases of an LCA. The fact that performing an LCA studies is an iterative process, poses an
additional challenge to a workflow-based structure.
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The following steps take this into account and recommend a way to efficiently perform an
LCI or LCA study in line with this document and awith the general frame of ISO 14044:

This chapter: Read the "Provisions" of this chapter; they inform you about the specific
character of the provisions in the "Provisions" of this document and how they relate to
ILCD compliant studies.

LCAs are iterative: Unless you are fully familiar with this, read chapter 4 on the
iterative nature of LCA. It has two graphics that illustrate the steps that are described in
more detail here.

Prepare for documentation: Prepare to document all relevant steps taken, decisions
and assumptions made, data sources used, calculations performed, etc. This is a
valuable basis for correct and efficient reporting. While it is the last step of an LCI or
LCA study before a critical review (if foreseen), reporting actually starts from the very
beginning of the process. Reporting is supported here with a template for LCI and LCA
study reports, and a data set format for LCI data sets; these are available as files and a
supporting editor tool.

Goal definition, key aspects: Define the following of the goal aspects of your study:
the decision context, the intended applications, and the intended audience (chapters
5.2.1,5.2.3, and 5.2.4).

Scope definition - study object: Unless you have defined the study object explicitly in
the goal definition, identify it now as closely as possible (e.g. a specific branded product
or a commodity, a processing step, a policy option, etc.) and specify what its function is
in the sense of LCA (if unclear, see chapter 6.4 and related box on "Function, functional
unit, and reference flow").

Scope definition - classify applicable goal situation A, B, or C: Check in Table 3 to
which archetypal goal Situation A, B, C1 or C2 your study belongs. If in doubt, chapter
5.3 provides the detailed guidance and explains what each class A, B, C1, and C2
implies. Also in Table 3, check which types of deliverable the LCA study can typically
have for your intended application, unless you already have decided that in the goal
definition.

Complete initial round of goal definition: With this information at hand, perform the
outstanding steps of the goal phase. This means to carry out all of the following:

- ldentify pre-set limitations due to method choices, assumptions, or impact
coverage (e.g. Carbon footprint studies) (chapter 5.2.2)

- Name the reasons for carrying out the study (chapter 5.2.3)

- Clarify whether the study involves comparisons and whether they are intended to
be disclosed to the public (chapter 5.2.5)

- Identify the commissioner and other potentially influential actors that are
actively involved in the study (chapter 5.2.6)

Complete the initial round of scope definition: In line with the detailed goal
definition, perform the outstanding steps of the scope phase. Note that many chapters
of the scope phase give provisions that will be applied only in the later Life Cycle
Inventory phase, and hence are defining requirements without direct need for action at
that point. It is however recommended to obtain a general understanding of what is
required, also because it affects some subsequent scope definition steps. What now
needs to be actively carried out in the scope phase is:
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Detail functional unit and reference flow; chapter 6.4: Detail quantitatively and
qualitatively the study object(s)' functional unit(s) and/or reference flow(s) (and
provide technical specifications etc., as required for the type of study object). This
information will later typically be revised to some extent.

Define system boundary; chapters 6.6 and especially 6.6.2: Provide an initial
system boundary definition and a list of potentially excluded life cycle stages, activity
types, processes, and elementary flow, if any. This initial setting will later typically be
extensively revised. Note that at this stage no individual processes will be identified;
this is the first step of the later Life Cycle Inventory work.

Define cut-off; chapter 6.6.3: Define the quantitative cut-off criteria that are aimed
at, unless this has been defined already in the goal definition. This initial aim will
later typically be extensively revised if the study is comparative. If the targeted
completeness cannot be met due to limited access to data or lack of resources, it will
later be revised to some extent. Note that the latter can mean in few cases that the
general goal of the study cannot be achieved and that it needs to be revised.

Prepare basis for LCIA; chapter 6.7: Identify the impact categories to be included,
the LCIA methods to be used, the impact level that will be analysed, and whether
normalisation and weighting will be used for either cut-off and/or in support of the
results interpretation. This decision must not be fundamentally revised later.
However - based on the outcome of the next iterations - irrelevant impact categories
can be excluded, new ones outside the default list may need to be added, the
modification to location non-generic LCIA methods may be necessary, and the
normalisation basis and weighting set may see some adjustments in relation to the
before-mentioned adjustments.

Derive data quality needs; chapter 6.9: Define the other data quality needs apart
from the cut-off criteria, i.e. the study related data accuracy and precision that is
intended, as far as initially possible. Similarly as for the initial cut-off settings, this will
later see more substantial revision if the study is comparative. Finally, if the inventory
data quality cannot be met due to lack of access to data or lack of resources, some
revisions will typically need to be made.

Shortlist information sources; also within chapter 6.9: Principle data and
information sources may now be shortlisted. This can alternatively be carried out in
the later step of planning data collection (chapter 7.3).

Plan reporting; chapter 6.12: Plan the reporting, depending on the type of study
and deliverable, as well as the intended audience.

Plan review; chapter 6.11: Identify, which review type applies and preferably
already who is/are the reviewer(s). Both depend on the type of study and target
audience. Note that for Situation B it is required to involve the interested parties in
some initial steps of the study.

« Life Cycle Inventory work: The main part of an LCA is generally the inventory work,
regarding both duration and resources used:

Identify processes within system boundary: As first step of the LCI phase and
depending on the applicable Goal Situation, identify the to-be-included processes
within your system boundaries. Note that the step relates to the processes of the
foreground system only, and to the product and waste flows that connect foreground
and background system. Chapter 7.2.3 gives the provisions for all Situations, except
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for those processes in Situation B that are affected by large-scale consequences
and for assumption scenarios under Situation B, if these include full consequential
modelling elements. Chapter 7.2.4 gives the provisions for this specific purpose. For
identifying the to-be-included processes, it is recommended to draw on existing
experience only of detailed, high quality studies on sufficiently similar study objects,
or ILCD-compliant product-group specific guides or Product category Rules (PCRs).

o Perform a screening LCA: If the to-be-included processes have been identified,
initially it is recommended to perform a screening LCA: A first, rough life cycle inventory
system model, its impact assessment calculation, and analysis helps in identifying these
"key" processes, parameters, elementary flows, assumptions, LCIA characterisation
factors, etc. that largely contribute to or influence the environmental impacts of the
analysed process or system. This will then help in an iterative way to achieve the
minimum required data quality with minimum necessary effort. In more detail, a
screening LCA comprises the following steps:

Compile initially available LCI data: Supplement any initially available specific
foreground data with secondary data, preferably from the suppliers and/or
downstream users, as applicable. These can be raw data, unit processes, LCI
results, and similar. The provisions for developing new unit processes see chapter
7.4.2. Alternative sources for foreground data for a first screening model can be
third-party data provider with sufficiently representative, methodologically consistent,
generic or average background data sets. For initially missing data use expert
judgement to estimate reasonably worst-case data (see chapters 7.6 and 7.8). A
number of specific requirements on data, inventorying, nomenclature, etc., are
provided in the various subchapters of 7.4.3 and in chapter 7.4.5. Specific provisions
for the cases of agricultural systems and waste management are supplied in chapter
7.4.4. It is recommended to accompany all the LCI steps with an interim quality
control that generally draws on the elements of the interpretation phase while without
going into the same level of detail (chapter 7.4.2.11).

Develop initial life cycle model: Next, model the life cycle of the analysed system
(chapter 7.8). Specific and detailed provisions on the modelling of specific kinds of
systems, how to solve multifunctionality, etc., are given in the subchapters of 7.9, but
note the simplified requirements for solving multifunctionality given in chapter 6.5.4.
Details for modelling reuse, recycling and recovery are given in annex 14; also for
these simplifications apply. Note that this step is also required if the deliverable of
the LCI study is a unit process, as its achieved quality (i.e. completeness, accuracy,
and precision) needs to be judged from the system's perspective. The focus and
principal effort should of course be placed on the analysed unit process.

Calculate initial LCI results: Next, perform a first calculation of the LCI results (see
chapter 7.10) of this initial, rough life cycle model.

Calculate initial LCIA results: Then, calculate the initial LCIA results (potentially
including normalisation and weighting) (chapter 8).

Significant issues: As a first step of the interpretation phase, identify the significant
issues, i.e. the key processes, parameters, elementary flows, assumptions, etc. with
the largest contributions / relevance for the overall environmental impacts, or
individually for each impact category (chapter 9.2).

2 How to use this document 13



ILCD Handbook: General guide for Life Cycle Assessment - Detailed guidance First edition

Sensitivity, completeness, consistency check: Finally, perform an initial
sensitivity check (chapter 9.3.3), completeness check (chapter 9.3.2) and
consistency check (chapter 9.3.4).

« Go to the second iteration: Use the insights of the interpretation / quality checks to
increase the overall quality of the LCI model. This is done in iterative loops of scope,
inventory, impact assessment, and interpretation / quality control until the accuracy,
precision, and completeness of the LCI / LCA study meet the requirements posed by
the intended application of the results. Note that the insights gained in an iteration may
also lead to a necessary revision of the goal of a study, if for example data limitations
cannot be overcome. Especially:

Goal and scope revision needed?: Check whether the goal requirements can still
be met and whether the scope settings still fully apply. If necessary, refine or revise
them (see chapter 6). A key step is to adjust the initial system boundary (see chapter
6.6), identifying which co-functions have been excluded from or have later been
added within the system boundary via system expansion / substitution or allocation
(see chapters 7.2.4.6 or 7.9, respectively)®>. Also other scope items may need
revision, as indicated above.

Improve key LCI data: For the key processes, parameters and elementary flows
introduce or improve the foreground system typically with directly collected or
calculated product- and producer-specific primary and secondary LCI data (see
chapter 7.4). Use more accurate, precise and complete generic or average data sets
for the background system (see chapters 7.5, 7.6, and 7.7)*. Be prepared that it may
be necessary to collect study-specific LCI data also for key processes in the
background system, if existing third-party data is not of sufficient quality or
consistency.

Improve other LCI data: Improve the quality of the LCI data for those life cycle
stages, activity types, processes or elementary flows, which in the initial system
boundary setting were assumed to be of little significance, but which the sensitivity
analysis has revealed to be relevant. Use sufficiently consistent LCI data of sufficient
guality in accordance with the cut-off criteria established in the scope definition and —
in the case of comparisons - the extent of the differences between the compared
systems. Where sufficiently good data are not available, leave out the respective
processes and flows entirely and document the gap (see 7.4.2.11).

Improve method and assumption related data and information: Improve the
quality of the data and information used for method settings and assumptions, such
as allocation criteria, type and amount of superseded processes from recycling,
identified long-term marginal processes for Situation B, etc.

Improve LCIA factors: Improve the quality of key LCIA characterisation factors, if
feasible. The need may arise to use non-generic LCIA factors or to consider the
reduced accuracy if the former would be required but be unavailable.

% Ensure that any scope revision is still in line with the goal. Note that for comparative studies, limitations due to
scope or goal items are to be explicitly considered in the interpretation phase, especially when drawing
conclusions and giving recommendations (see chapter 6.10.4).

® Note that sometimes generic or average data can be more appropriate for specific foreground processes (see
chapter 7.3.2).
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- Calculate LCIA results and perform again a completeness, sensitivity and
consistency check: Calculate the improved LCIA results, check whether the
significant issues have relevantly changed and perform again a completeness,
sensitivity and consistency check as the basis for the third iteration.

« More iterations needed?: Typically, expect in total two to four iterations towards
completing the study. This nhumber will mainly depend on the quality needs or ambition,
the complexity of the analysed process(es) or system(s), on the specifically analysed
guestion(s), as well as on data availability and quality. If another iteration is needed,
start again with checking whether goal requirements can still be met, whether the scope
settings need to be revised or fine-tuned, etc.

« Results interpretation: If the LCl data and model have reached the intended or
required quality, formal results interpretation is the next step (chapter 9). At this stage
and only for LCA studies, it also includes the steps of conclusions and potentially
recommendations, highlighting any limitations that apply. Parts of it - namely identifying
significant issues and performing / reporting on the sensitivity check, completeness
check, and consistency check - can also be applied to LCI data sets and studies.

» Reporting: As a final step prior to a potential critical review, the study report is
prepared (chapter 10). It can be part of a data set and/or be a classical report. Both will
base on the extensive notes that were taken and revised / adjusted along the iterations
of the LCA work. The principles of reporting are reproducibility and transparency.
Confidential and proprietary data and information should be documented in separate
confidential reports that are made accessible only to the critical reviewer(s). For LCA
studies, a third-party study report is required if the target audience is external (see
chapter 10.3.2). For LCI data sets, an LCI study report is recommended. If the data are
intended to be usable in support of comparisons (e.g. as background data sets), the
documentation of the LCI data set should to meet the requirements for reporting of
comparative assertions; otherwise the data has to be revisited to complete the
documentation when the data is used in the comparison, what often will not be possible
(for details see 10.3.3).

« Review: A critical review - if required for your type of LCl / LCA study and target
audience, or for general quality-assurance reasons - is the last formal step of an LCI or
LCA study (chapter 11). The review type and reviewer(s) now have to be fixed, unless
this has been done in the related scope chapter.

« Need for corrections / improvements based on the review outcome?: The review
itself will often lead to certain corrections in the LCI model or other aspects as well as
the related reporting. It might even result in a more fundamental revision of the scope or
even goal of the study. A review that is performed at the end of a study can hence result
in considerable delays and extra work. An accompanying review can help avoiding such
problems or at least identify them earlier.

« Mission completed: The revised final deliverable of the LCI or LCA study, potentially
together with the study report and review report, is finally available to be distributed to
the target audience and in support of the intended applications.
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2.3 ILCD compliance and the "Provisions" within this
document

Overview

The actual provisions and recommendations of this guide are given in the "Provisions" of
this document, with some provisions being outlined in separate, referenced documents of the
ILCD Handbook (e.g. on review). Relevant concepts, explanations and illustrative examples
are also provided in the main text; they may be required for a clear understanding of terms
and concepts used in the respective Provision.

Compliance statements

Life Cycle Inventory and Assessment studies as well as direct applications that have been
developed in line with the provisions of this document can be published as "ILCD Handbook
compliant” studies / documents.

Specific LCI / LCA guidance documents (e.g. product-group specific guides) and Product
Category Rules (PCR) can claim ILCD compliance if their provisions are in line with the
provisions of the ILCD Handbook and they have undergone an ILCD compliant review as
specified in the separate document "Review schemes for LCA".

The compliance statement shall refer to the applicable Situation A, B, C1, and/or C2. ILCD
compliance is structured into five compliance aspects that all shall be met for full compliance:
Data quality, Method, Nomenclature, Review, and Documentation (chapter 12.4 gives the
details).

Partial compliance can be claimed in a structured way by referring to any of the above five
aspects, but it shall be clearly communicated in such cases that full compliance has not been
achieved.

Purely methodological LCA studies may not be able to comply with the ILCD Handbook
and the ISO 14040 and 14044, as the analysed methodological options may deviate from the
provisions. Such studies may draw on the ILCD provisions, but compliance with the ILCD
Handbook cannot be claimed in such cases, and giving any false impression that such would
exist shall be avoided that such would exist. However, partial compliance (see above) can be
reported.

In addition, for LCI data sets, the achieved overall data quality level should be
documented in the data set (see chapter 12.3 for details) as well as the performed review
type and reviewer(s).

When claiming compliance, the applied version or edition of the ILCD "General guide for
LCA" shall be identified in connection to the claim. When a new version of an ILCD
Handbook component has been published, the provisions of that new version shall be
applied, overruling the ones of the former version. The provisions of the preceding version
can per default still be applied for ongoing studies up to a maximum of 6 months after
publication of the new version. These 6 months can be modified and overruled by different
provisions of ILCD system operators. If a new version of any applicable ILCD component has
been published but an older version is used, the name of the component and the publication
date of the new version shall be clearly identified in the study or other deliverable that claims
compliance.

Provisions

To ease developing ILCD compliant studies, all "Provisions" are marked as either "shall",
"should" or "may" to identify the provision’s requirement status:
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o "SHALL": the provision is a mandatory requirement and must always be followed,
unless for specifically named exceptions, if any.

« "SHOULD": the provision must be followed but deviations are permissible only if, for the
given case, they are clearly justified in writing, giving appropriate details. Reasons for
deviations can be that the respective provision or parts of it are not applicable, or if
another solution is clearly more appropriate. If the permissible deviations and
justifications are restricted, then these are identified in the context of the provision.

« "MAY": the provision is only a methodological or procedural recommendation. The
provision can be ignored or the issue can be addressed in another way without the
need for any justification or explanation. NOTE: Instead of "may" the term
"recommended" is sometimes used and equivalent.

The requirement status also applies to all subsequent sub-provisions on a lower
hierarchy-level. However, when a provision is differentiated by weakening the requirement
stats (e.g. a "should" or "may" under a "shall" provision), this is explicitly formulated in the
provision text. In that case the less strict requirement status applies for that level / specific
sub-provision.

Conformity with 1SO 1404 and 14044

This document has been developed with the aim of being in line with (i.e. not
contradicting) ISO 14040 and 14044:2006. This is in the sense that an ILCD compliant
studies will also conform with ISO 14040 and 14044:2006 (while not vice versa, as this
present document is more specific). If conformity with ISO 14040 and 14044:2006 is aimed
at for an LCI or LCA study, it is nevertheless recommended to have this confirmed as part of
a critical review.

To ease identification, the provisions of this document that are marked "[ISO!]" are stricter
than 1SO 14040 and 14044:2006; in addition the right side of the frame next to that provision
is a solid red line (instead of the default dotted-dashed green line). Where additional
provisions are made that are not explicitly addressed in ISO 14040 and 14044:2006, the
provision is marked "[ISO+]"; the right side of the frame is a dashed orange line, in that case.
These marks serve for orientation only, since for some provisions it is a matter of
interpretation whether they are an additional or stricter requirement, or whether they are in
addition or already implicitly covered in the ISO standards. Also, some provisions combine
one aspect that is in addition with another aspect that is stricter.

2.4 Dealing with potential omissions and contradictions
in the ILCD Handbook

Given the complexity of Life Cycle Assessment, the broad range of specific questions that
can be addressed with LCA, and the degree of detail in this document, omissions and
contradictions cannot be entirely ruled out. To avoid problems in application, in such cases
the following overarching provision applies:

In the case of contradictions among provisions or inapplicability of any provision in the
ILCD Handbook (i.e. in this document and in other ILCD Handbook documents), an LCI or
LCA study can claim compliance with the ILCD Handbook if the following three requirements
are met by the study:

a) All other, unaffected provisions of the ILCD Handbook documents have been applied.
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b) The general or case-specific contradiction or inapplicability is clearly identified and
demonstrated. In such cases, the provision shall be used that best meets the 1ISO 14040 and
14044:2006 requirements.

c) If a critical review is required: The reviewer is confirming the compliance of the study or
other deliverable to the above two requirements a) and b).

o e e e o

Provisions: 2 How to use this document 1

[) SHALL* - ILCD Handbook compliance: An LCI or LCA study or data set and direct I
LCA applications can claim compliance with the ILCD Handbook. For this they shall :
have been developed in line with the provisions of this document as specified in the I
"Provisions”, including the provisions made in referenced documents and I
complementing information that may be given in the main part of the document, e.g. in
supporting tables or in the "terms and concepts" boxes. Also specific LClI / LCA
guidance documents (e.g. product-group, sector or process-type specific guides) and
Product Category Rules (PCR) can claim ILCD compliance. This applies, if their
provisions are compliant with the broader provisions of the ILCD Handbook and if they
have undergone an ILCD compliant review as specified in the separate document
"Review schemes for LCA". The following applies to compliance statements (2.3°):

[1ISO+]°
l.a) The compliance statement shall refer to the applicable Situation A, B, C1, and/or
c2.

I.b) ILCD compliance is structured into five compliance aspects that shall all be met
for full compliance: Data quality, Method, Nomenclature, Review, and
Documentation (chapter 12.4 gives the details).

I.c) Partial compliance can be claimed in a structured way by referring to any of the
above five aspects, but it shall be clearly communicated in such cases that full
compliance has not been achieved.

I.d) Purely methodological LCA studies may not be able to comply with the ILCD
Handbook and the ISO 14040 and 14044, as the analysed methodological
options may necessarily deviate from the provisions. Such studies may draw on
the ILCD provisions, but compliance with the ILCD Handbook cannot be claimed
in such cases and the impression shall be avoided as far as possible that they are
compliant. Partial compliance can be reported, as detailed above.

l.e) Additionally, for LCI data sets, the overall data quality level attained should be
documented in the data set as "High quality", "Basic quality”, or "Data estimate"
(see chapter 12.3 and tables of that chapter for details and definitions). The
performed review type and reviewer(s), if any, shall also be identified in the data
set.

I.f)  When claiming compliance, the applied version or edition of the ILCD "General

* The meaning of the SHALL, SHOULD and MAY settings is explained in Provision 1) in this set of "Provisions: 2
How to use this document”.

® The sub-chapter of the main text that has more details on a specific provision is given in brackets at the end of
the main provision.

® The meaning of the (ISO!) and [ISO+] settings is explained in Provision IIl) in this set of "Provisions: 2 How to
use this document".
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[t e e e e e e e

In)

1)

V)

V)

guide for LCA" shall be identified in connection to the claim.

I.g)  When a new version of an ILCD Handbook component has been published, the
provisions of that new version shall be applied, overruling the ones of the former
version. The provisions of the preceding version can per default still be applied for
ongoing studies up to a maximum of 9 months after publication of the new
version. These 9 months can be modified and overruled by different provisions of
ILCD system operators. If a new version of any applicable ILCD component has
been published but an older version is used, the name of the component and the
publication date of the new version shall be clearly and in a prominent place be
identified in the study report or other deliverable that claims compliance.

SHALL - Shall, should, may: The expression "SHALL", "SHOULD" and "MAY" in front
of a (main) provision identifies its requirement status (2.3): (ISO!)

ll.a) "SHALL": the provision is a mandatory requirement and must always be followed,
unless for specifically named exceptions, if any.

II.b) "SHOULD": the provision must be followed; deviations are permissible if they are
clearly justified in writing for the given case, giving appropriate details. Reasons
for deviations can be that the respective provision or parts of it are not applicable,
or if another solution is clearly more appropriate. If the permissible deviations and
justifications are restricted, these are identified in the context of the provision.

Il.c) "MAY": the provision is only a methodological or procedural recommendation. The
provision can be ignored or the issue addressed in another way without the need
for any justification or explanation. NOTE: Instead of "may" the equivalent term
"recommended" is sometimes used.

II.d) The requirement status also applies to all subsequent provisions on a lower
hierarchy-level (e.g. under a provision "II" also all sub-provisions "ll.a", "ll.b", etc.).
If a provision is differentiated (e.g. a "should" or "may" under a "shall" provision),
this is explicitly formulated in the provisions text.

For information/orientation only - ISO specifications and additions: Single
provisions on items that are not covered by ISO 14044:2006 are generally marked as
"[ISO+]"; additionally the right border of the frame next to that provision is a dashed |
orange line (instead of the default dotted-dashed green line). Provisions where the ILCD |
provisions are more strict or specific than that which follows from applying ISOI
14044:2006 are generally marked as "[ISO!]"; furthermore, the right border of the frame !
next to that provision is a solid red line. [ISO+]

MAY - I1SO conformity: The document has been developed with the aim of being in line §
with ISO 14040 and 14044:2006, in the sense that an ILCD compliant study will also j
conform with ISO 14040 and 14044:2006. If conformity with 1ISO 14040 and 14044:2006
is aimed at for an LCI or LCA study, it is nevertheless recommended to have th|S|
confirmed as part of a critical review.

SHALL - Contradictions or inapplicabilities: In the case of contradictions among
provisions, or inapplicability of any provision in the ILCD Handbook (i.e. in this
document and other ILCD Handbook documents), an LCI or LCA study can claim
compliance with the ILCD Handbook if the following three requirements are met by the
study (2.4):

V.a) a) All other, unaffected provisions of the ILCD Handbook documents have been
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V.b) b) The general or case-specific contradiction or inapplicability is clearly identified
and demonstrated. In such cases, the provision shall be used that best meets the
ISO 14040 and 14044:2006 requirements.

V.c) c) If a critical review is required: The reviewer is confirming the compliance of the
study or other deliverable to the above two requirements a) and b).

VI) MAY - How to work with this document: Stepwise recommendations are made on
how to efficiently perform an LCI or LCA study with the help of this document and the
general frame of ISO 14044 (2.2.4). [ISO+]

VII) MAY - Differences A, B, C1, C2: A condensed, indicative overview is given on the
main LCI modelling differences among the Goal Situations A, B, C1, and C2 (2.2.3).
[ISO+]

2 How to use this document 20



ILCD Handbook: General guide for Life Cycle Assessment - Detailed guidance

First edition

3 Key definitions

The following key definitions are newly introduced terms or ISO terms that are used by
different LCA practitioners with different meanings. These definitions should be read first for
a clearer understanding of this document.

Table 1 Key terms and definitions
Term Definition
Allocation [or: | Partitioning the input or output flows of a process or a product system

Partitioning]

between the product system under study and one or more other product
systems. [Source: ISO 14044:2006]

Analysed decision

Decision that is subject to an LCA study. In contrast to LCI studies and
most non-comparative LCA studies stand comparative LCA studies with a
direct decision context. For these the LCA study analysis a decision rather
than a single process or system.

Such can be for example the decision on alternative materials that are
evaluated to be used for a product, the purchase of alternatives products
that are compared, the decision on a policy option that is analysed
regarding its environmental impact implications, and the like.

Assumption scenario

Scenario for the analysed process or system that varies data and method
assumptions with the purpose of evaluating the robustness of the study
results and conclusions. If more than one alternative system or option are
compared, each of them would have its own assumption scenarios.

Attributional LCI modelling frame that inventories the inputs and output flows of all

modelling [or: | processes of a system as they occur.

desc.rlpnve, book- Modelling process along an existing supply-chain is of this type.

keeping]

Best attainable | Partial or full agreement of the involved parties, steered by a chair or

consensus coordinator towards the broadest possible agreement on the issue at
stake. In contrast to an entirely result-open process, here a solution that
fits preset requirements (e.g. "define a reasonably worst case scenario") is
to be found, i.e. the 'zero-option' is not an option.

Co-function Any of two or more functions provided by the same unit process or system.

Co-product Any of two or more products coming from the same unit process or
system. [Source: ISO 14044:2006]

Comparative Environmental claim regarding the superiority or equivalence of one

assertion product versus a competing product that performs the same function. [ISO
14040:2006, 1SO 14025:2006]

Comparative life | Comparison of LCA results for different products, systems or services that

cycle assessment

usually perform the same or similar function.

Consequential
modelling

LCI modelling principle that identifies and models all processes in the
background system of a system in consequence of decisions made in the
foreground system

Disclosed to the
public

The audience is not specifically limited and hence includes non-technical
and external audience, e.g. consumers.
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End-of-life product

Product at the end of its useful life that will potentially undergo reuse,
recycling, or recovery.

Environmental impact

Potential impact on the natural environment, human health or the depletion
of natural resources, caused by the interventions between the
technosphere and the ecosphere as covered by LCA (e.g. emissions,
resource extraction, land use).

Functional flow

One of the (co-)product flow(s) in the inventory of a process or system that
fulfils the process' / system's function

See also: Non-functional flow

Monofunctional
process

Process or system that performs only one function.

Non-functional flow

Any of the inventory items that are not (co-)product flows.

E.g. all emissions, waste, resources but also input flows of processed
goods and of services.

Multifunctional

Process or system that performs more than one function.

process Examples: Processes with more than one product as output (e.g. NaOH,
Cl, and H, from Chloralkali electrolysis) or more than one waste treated
jointly (e.g. mixed household waste incineration with energy recovery).
See also: "Allocation" and "System expansion”

Life cycle inventory | Data set with the inventory of a process or system. Can be both unit

(LCI) data set

process and LCI results and variants of these.

Life cycle inventory | Life cycle study that provides the life cycle inventory data of a process or
(LCI) study system.
Life cycle inventory | Outcome of a life cycle inventory analysis that catalogues the flows

analysis results (LCI
results)

crossing the system boundary and provides the starting point for life cycle
impact assessment. (Source: 1ISO 14040)

Overall
environmental impact

Total of impacts on human health, natural environment and resource
depletion for the considered impact categories.

It can be calculated either as normalised and weighted overall LCIA results
of the analysed process / system, or assuming an even weighting across
impacts, i.e. for each and any of the impact categories.

Product Any good or service; see "System".

Recycling, reuse, | Note: In lack of a common parent term, these three terms are used in this

recovery document to identify these and similar activities, such as refurbishing,
further use and the like. Casewise also the term "recycling" alone is used
and meant to cover the entirety of these activities.
See also "Secondary good".

Relevant For LCI data sets: Having a significant influence on or contribution to the

overall environmental impact of the analysed process or system, resulting
in a different quality level.

For LCA studies: Having a significant influence on or contribution to the
overall environmental impact of the analysed process or system, resulting
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in different conclusions or recommendations.

Secondary good Secondary material, recovered energy, reused part or similar as the
product of a reuse, recycling, recovery, refurbishing or similar process.

Substitution Solving multifunctionality of processes and products by expanding the
system boundaries and substituting the not required function with an
alternative way of providing it, i.e. the process(es) or product(s) that the
not required function supersedes. Effectively the life cycle inventory of the
superseded process(es) or product(s) is subtracted from that of the
analysed system, i.e. it is "credited". Substitution is a special (subtractive)
case of applying the system expansion principle.

System Any good, service, event, basket-of-products, average consumption of a
citizen, or similar object that is analysed in the context of the LCA study.

Note that 1SO 14044:2006 generally refers to "product system”, while
broader systems than single products can be analysed in an LCA study;
hence here the term "system" is used. In many but not all cases the term
will hence refer to products, depending on the specific study object.

Moreover, as LCI studies can be restricted to a single unit process as part
of a system, in this document the study object is also identified in a general
way as "process / system"

System expansion Adding specific processes or products and the related life cycle inventories
to the analysed system. Used to make several multifunctional systems with
an only partly equivalent set of functions comparable within LCA.

System perspective In contrast to a unit process or a part of a life cycle, the system perspective
relates to the entire life cycle of an analysed system or process. For
processes that implies that the life cycle is completed.

This term is used mainly in context of identifying significant issues and
quantifying inventory completeness / cut-off.

Unit process Smallest element considered in the life cycle inventory analysis for which
input and output data are quantified. (Source: ISO 14040)

In practice of LCA, both physically not further separable processes (such
as unit operations in production plants) and also whole production sites are
covered under "unit process". See also "Unit process, black box", "Unit
process, single operation"”, and "System".

Unit process, black | A unit process that includes more than one single-operation unit
box processes.

Unit process, single | A unit process that cannot be further sub-divided into included processes.
operation

Some, more complex terms and concepts are explained in more detail in boxes
throughout the document. See the contents of these "Terms and concepts" after the
"Contents" of this document.
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4 The iterative approach to LCA

(No specific corresponding 1ISO 14044:2006 chapter, but mentioned in several chapters)

Overview

Before starting with the guidance on goal definition as first phase of performing an LCI or
LCA study, in this chapter the iterative approach to LCA is explained.

LCAs are iterative

To carry out an LCI or LCA study is almost always an iterative process: once the goal of
the work is defined, the initial scope settings are derived that define the requirements on the
subsequent work. However, as during the life cycle inventory phase of data collection and
during the subsequent impact assessment and interpretation more information becomes
available, the initial scope settings will typically need to be refined and sometimes also
revised (see Figure 4). Figure 5 gives a more detailed overview of the iterations.

A
Overall data quality
(accuracy, precision, completeness) . : S— -
3" jteration " LCIA
* better data forkey processes and LCI
flgvsébackground and foreground)
-
2nd jteration - ol Evaluation
« revision of scope deﬁpitﬁ? LCIA oa
- better data for key’processes LCI and Scope
(background«&nd foreground)
» more specific data for
fogg ound processes Evaluation
4 Goal
and Scope

1t Iteration 7 LCIA

« full prodl?t {ystem LCI

* specific data as

available
« easfly available .
secondary data Goal Evaluation
L a and Scope .
Time and effort
Figure 4 Iterative nature of LCA (schematic). LCAs are performed in iterative loops of goal

and scope definition, inventory data collection and modelling (LCI), impact assessment (LCIA),
and with completeness, sensitivity and consistency checks (Evaluation) as a steering
instrument. This is done - with a possible, limited revision of the goal and scope - until the
required accuracy of the system’s model and processes and the required completeness and
precision of the inventory results has been attained.

In order to achieve the required precision with the minimum necessary effort, it is
recommended to collect data and select external data sources in an iterative manner.
Especially for fully new technologies and complex product systems on which little previous
experience exists, the first iteration may use generic or average data for the background and
also many parts of the foreground system (see Terms and concepts box "Foreground system
and background system" in chapter 6.6.1). This can be combined with expert judgement to
identify the key processes and elementary flows of the product system. The main effort of
data collection and acquisition can thereby be focussed on the relevant parts of the system.
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Documentation in parallel to work

It is recommended to document the details of the initial goal and scope definition, key LCI
and LCIA items, and the key initial results of the sensitivity, consistency and completeness
checks along the provisions of reporting required for the deliverable. Keep track of data
sources and initial calculations, on paper and/or digitally.

Use this preliminary report as a living reference during the subsequent work and
repeatedly revise and fine-tune it in course of the iterations towards the final report (being a
data set and/or study report).

The iterations

The inventory phase is building on the decisions made during goal and scope definition. It
is preparing the input for the impact assessment and interpretation phases, be it directly as a
step within an LCA study or in other studies that use the resulting inventory data. Findings in
the impact assessment and the sensitivity and contribution analysis, which are performed as
part of the interpretation, help identifying the most relevantly contributing (“key”) processes
and elementary flows of the system. A completeness and consistency check complements
this.

After the initial LCI screening modelling the achieved completeness, accuracy and
precision of the data for some of the key processes, parameters and elementary flows may
be insufficient to meet the overall requirements to the LCI/LCA study (as derived from the
goal definition and intended applications). These key processes, parameters and elementary
flows become the focus of the next iteration: the inventory is improved by further foreground
data collection or by using better and more appropriate generic or average data, to achieve
the required completeness, accuracy, and precision of the overall data and results. The
inventory that results from this second iteration of data collection is again subjected to impact
assessment and to sensitivity and contribution analysis as well as completeness and
consistency check, providing feedback to possible additional iterations of the inventory data
collection until the required overall accuracy, precision and completeness has been reached.

For data that were initially assumed to be of little significance but for which the sensitivity
analysis has revealed relevance, improve the quality of these data. Use sufficiently good
data estimates for these life cycle stages, activity types, processes or specific elementary
flows. In the case sufficiently good data estimates are not available, entirely leave out the
respective processes and flows and document the gap.

This iterative improvement of the inventory is accompanied by a preceding fine-tuning of
the scope definition at the beginning of each iteration. To name some of the relevant scope
aspects often affected:

» The previously included and excluded activities, processes and elementary flows may
need to be adjusted.

« Also the initial specific provisions for solving multifunctionality may need to be further
detailed or revised.

- In comparative studies the initially defined scenarios may need revision or expansion by
additional ones based on new insights during data collection and modelling e.g. of
product use patterns.

« In few cases newly identified and potentially relevant elementary flows may require to
develop additional impact characterisation factors.

« In rare cases newly identified kinds of relevant environmental impacts may even require
to add new impact categories and models.
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Figure 5 gives a more detailed overview.

mm s >| Goal definition |
: \L Goal settings
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r =I Planning data collection I
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\L Validated data \ 4
| Relating data to unit process |<> Sumtit&%%?; oaglsocation

. . /
\L Validated data per unit Obtain secondary data

chp_e or goal | Relating data set to functional unit(s) / reference flow(s) |<— (specific, generic or
revision? Validated data Secondary data average)
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better primary | reference flow(s)

or secondary Data aggregation (possibly averaging) |<—
data required?

Calculated LCI results

LCIA results calculation (may include normalisation, |
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Calculated LCIA results

Interpretation (significant issues, completeness check,
sensitivity check, consistency check - conclusions, [«
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Data, results,
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conclusions and ;Qev:zlogtigfn
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Scope or goal LCI/LCA report and/or glrfg;grretatlon,
revision? | data set reporting?
Critical review '
Additional or better . dd
primary or Reviewed data set or
secondary data report/study
required ? | Application / publication
Figure 5 Details of the iterative approach to LCA, with focus on inventory data collection

and modelling (from ISO 14044:2006, modified).

Critical review

It is recommended to identify and involve critical reviewer(s) from the beginning of the
study, including when defining goal and scope. Review requirements are addressed in
chapter 6.11.

Limitations of reaching the required overall accuracy, precision and completeness

Depending on the specific study, it can happen that also after three or even four iterations
the required precision cannot be achieved. In comparative studies this can be e.g. if the
compared alternatives have a so similar environmental performance that an environmentally
significant "better" alternative cannot be singled out, because the basic uncertainty does not
permit this. As the additional relative effort per improvement increases with each iteration
and as the uncertainty cannot be reduced to zero, in such cases it is practically not possible
to conclude a relevant difference. This however also means that the real difference of the
overall environmental impact is not that big and there is no relevant environmental advantage
of the only slightly better alternative over the less good one.
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Especially for studies on systems that have main parts in the further away future or where
the key processes are new technologies, the high uncertainty may make it impossible to
clearly differentiate even between options that potentially have relevant differenced in their
environmental impact.

In other cases a limited access to required key data or lack of resources or funds may
hinder to further improve the overall data quality. Especially this case shall not be used to
conclude that significant differences do not exist (see also annex 15.3 on preventing
misleading result interpretation).

Sometimes the iterations lead to identification of issues that cannot be resolved and which
require more substantial revisions of the goal or scope definition of the LCI/LCA study. This
is to be documented in the reporting.

T e e e e s -1
Provisions: 4 The iterative approach to LCA |

1

[) MAY - Overview of iterative approach: It is recommended taking an iterative ;
approach to the LCI/LCA study (for more detail see chapter 2.2.4): I

l.a) Define the goal aspects as precisely as possible in the beginning of the studyE

1.b)

1.h)

I) MAY - Early identification of reviewers: From the beginning of the study, it is
recommended to identify and involve critical reviewer(s) and - if required or desired -
interested parties, including when defining goal and scope. [ISO+]

(see chapter 5.2).

Derive an initial scope definition from the goal definition as far as initial knowledge -
permits (see chapter 6).

Compile easily available Life Cycle Inventory data for the foreground and -
background system. Model the process or system (e.g. product) as far as the =
initial information and data permits (see chapter 7).

Calculate the LCIA results (see chapter 8).

Identify significant issues and perform first sensitivity, consistency and =
completeness checks on this initial model (see chapter 9).

Based on this go to the next iteration: Start with fine-tuning or revising the scope
(in some cases even the goal), improve the life cycle model accordingly, etc.

Expect two to four iterations towards completing the study. This will mainly
depend on the quality needs or ambition, the complexity of the analysed
process(es) or system(s), on the specifically analysed question(s), and data
availability and its quality. [ISO+]

Starting from the beginning of the study, document the details of the initial goal
and scope definition, key LCI and LCIA items, and the key initial results of the
sensitivity, consistency and completeness checks. Let this be guided by the main
provisions of reporting required for the deliverable. During subsequent iterations,
use this preliminary core report as work in progress and constantly revise, fine-
tune and complete it towards the final report (be it a data set and/or a study
report). [ISO+]

« All these provisions refer especially to the system(s) modelled under Situation B (i.e. for meso / macro-level «

. decision support studies) . '
s s s i
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5 Goal definition — identifying purpose and target
audience

(Refers to 1ISO 14044:2006 chapter 4.2.2)

5.1 Introduction and overview

(Refers to aspects of ISO 14044:2006 chapter 4.2.2)

Introduction

The goal definition is the first phase of any life cycle assessment, independently whether
the LCI/LCA study’ is limited to the development of a single unit process data set or it is a
complete LCA study of a comparative assertion to be published.

During the goal definition among others the decision-context(s) and intended
application(s) of the study are identified and the targeted audience(s) are to be named.

The goal definition is decisive for all the other phases of the LCA:

» The goal definition guides all the detailed aspects of the scope definition, which in turn
sets the frame for the LCI work and LCIA work.

« The quality control of the work is performed in view of the requirements that were
derived from the goal of the work.

« If the work goes beyond an LCI study, the final results of the LCA are evaluated and
interpreted. Also this is to be done in close relation to the goal of the work.

A clear, initial goal definition is hence essential for a correct later interpretation of the
results. This includes ensuring as far as possible that the deliverables of the LCI/LCA study
cannot unintentionally and erroneously be used or interpreted beyond the initial goal and
scope for which it was carried out.

Annex 15 exemplarily identifies and illustrates issues that must be avoided for a non-
misleading goal and scope definition and results interpretation.

Overview
Six aspects shall be addressed and documented during the goal definition:

Intended application(s) of the deliverables / results (chapter 5.2.1)

Limitations due to the method, assumptions, and impact coverage (5.2.2)

Reasons for carrying out the study and decision-context (5.2.3)

Target audience of the deliverables / results (5.2.4)
- Comparative studies to be disclosed to the public (5.2.5)

» Commissioner of the study and other influential actors (5.2.6)

The various detailed implications on method, documentation, review etc. that these
specific aspects have, are addressed throughout this document.

" The term "LCI/LCA study" is used wherever the text applies to both LCI studies (i.e. with a life cycle inventory as
deliverable, e.g. a LCI data set) and LCA studies (which is often comparative and always includes an
interpretation and potentially conclusions and recommendations).
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Finally, in order to help in the subsequent scope definition, especially regarding identifying
the appropriate LCI modelling frameworks and method approaches:

«» Classification of the decision-context of the LCI/LCA study (5.3).

The methodological provisions for the different decision-contexts and the to-be-derived
archetypal goal situations are addressed in chapter 6.5.4.

5.2 Six aspects of the goal definition

(Refers to 1ISO 14044:2006 chapter 4.2.2)

5.2.1 Intended application(s)

(Refers to aspect of ISO 14044:2006 chapter 4.2.2)

Studies in relationship to decision support and accounting/monitoring

The goal definition shall firstly state the intended application(s) of the LCA results in a
precise and unambiguous way (e.g. “Comparative assertion of the overall environmental
impacts associated with nation-wide recycling (Option I) or incineration (Option Il) of all used
office paper in Australia”)®.

The following LCA applications are the most frequently used ones, but others may be
identified and used as well:

« ldentification of Key Environmental Performance Indicators (KEPI) of a product group
for Ecodesign / simplified LCA

« Weak point analysis of a specific product

« Detailed Ecodesign / Design-for-recycling

« Perform simplified KEPI-type LCA / Ecodesign study

« Comparison of specific goods or services

« Benchmarking of specific products against the product group's average
« Green Public or Private Procurement (GPP)

» Development of life cycle based Type | Ecolabel criteria

« Development of Product Category Rules (PCR) or a similar specific guide for a product
group

o Development of a life cycle based Type Il environmental declaration (e.g.
Environmental Product Declaration (EPD)) for a specific good or service

« Development of the “Carbon footprint’, “Primary energy consumption” or similar
indicator for a specific product

« Greening the supply chain

« Providing quantitative life cycle data as annex to an Environmental Technology
Verification (ETV) for comparative use

« Clean Development Mechanism (CDM) and Joint Implementation (JI)

®To improve the reading flow, longer illustrative in-line examples are formatted in grey.
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« Policy development: Forecasting & analysis of the environmental impact of pervasive
technologies, raw material strategies, etc. and related policy development

«» Policy information: Basket-of-products (or -product groups) type of studies
« Policy information: Identifying product groups with the largest environmental impact

« Policy information: Identifying product groups with the largest environmental
improvement potential

« Monitoring environmental impacts of a nation, industry sector, product group, or product

« Corporate or site environmental reporting including calculation of indirect effects in
Environmental Management Systems (EMS)

« Certified supply type studies or parts of the analysed system with fixed guarantees
along the supply-chain

« Accounting studies that according to their goal definition do not include any interaction
with other systems

» Development of specific, average or generic unit process or LCI results data sets for
use in specified types of LCA applications®

Note that often several, separate applications are intended by a study (e.g. developing an
EPD and performing an internal benchmark). Or the application is combined with cost, social,
or other complementary environmental information (e.g. combining a product comparison
based on environmental LCA results with life cycle cost information when performing an eco-
efficiency type analysis).

Note that certain applications have specific requirements under ISO 14040 and
14044:2006, e.g. regarding review and reporting for comparative assertions disclosed to the
public. Also LCI and LCIA data sets for intended use for EPDs and in comparative contexts
imply additional requirements. Table 3 in scope chapter 6.3 gives more information.

Note also that the different applications require different methodological approaches for
the LCI modelling; details on the directly related three archetypal goal situations that are
differentiated here are given in chapter 5.3. This means that also different background data
might be required for applications of substantially different decision-contexts.

Note finally that the subject of the study is often named during the goal definition for clarity
reasons while it is formally a scoping issue. If however the goal is defined on a more general
level, the specific subject(s) can only be identified during the scope phase.

Purely methodological studies without relationship to decision support and
accounting / monitoring on the studies object

Studies that do not have the goal to provide information in support of any decisions on the
analysed object or accounting / monitoring information, but are LCA studies to analyse
methodological issues need to have the liberty to vary all methodological issues freely. Such
studies may therefore not be able to meet the ILCD requirements or ISO 14040 and 14044
requirements.

° It is important to note that specific types of LCA applications require LCI background data sets that are modelled
in a suitable way. In the ILCD guidance three main types of decision-contexts / goal situations are differentiated.
This will be addressed in chapter 5.3.
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At the same time it is recommended that such studies implement the provisions of ISO
14040 and 14044 and of the ILCD handbook, to ease uptake of the study's methodological
findings in the further development of ISO and the ILCD.

However, accordingly such studies can not claim to be ILCD or ISO compliant. When the
audience of such studies is informed that parts of the ILCD Handbook provisions have been
used, the impression shall be avoided that such studies would be ILCD compliant by
explicitly stating that fact. It should equally be made clear to the audience that such studies
do explicitly not aim at decision support or providing monitoring information on the analysed
objects and must not be used for such purposes or applications.

When such studies contain comparative elements, care should be taken to not give the
impression to the audience that the results of the study imply any comparative message on
the analysed objects. This should be stated explicitly and clearly visible.

The intended application of such studies would hence be to gain purely methodological
insights.

5.2.2 Method, assumption and impact limitations (e.g. Carbon
footprint)

(No corresponding 1ISO 14044:2006 chapter; implicitly covered in various chapters)

Introduction

If the goal definition implies specific limitations of the usability of the LCA results due to
the applied methodology, assumptions made or limited impact-coverage, such shall equally
be clearly identified and later be prominently reported (see chapter 10). The identification and
appreciation of such limitations needs a relevant degree of expertise and experience. Often
the limitations need to be adjusted or expanded during the course of the study.

Carbon footprint and other studies with limited impact coverage

A prominent example of impact-coverage related limitations is the case of Carbon
footprint calculations where exclusively climate change related greenhouse gas emissions
are considered. Such an initial limitation can be fully justified, if the overall environmental
impacts of the analysed product (and its competing products) are by far dominated by
climate change impacts or if all other individually relevant impacts such as Eutrophication
and Acidification are very closely and positively correlated with Climate change. Otherwise
such limitations in the initial settings can result in inadequacy for comparisons (e.g. if two
compared products clearly differ in their environmental impacts in other impact categories).
The same applies analogously for primary energy consumption studies where only energy
consumption related resource flows are included, or other such kinds of limitations.

Method-related limitations

Also methodological limitations can limit the possibility for drawing general conclusions or
for using the resulting LCI data in other studies. Methodological limitations refer for example
to limitations that are inherent to the conventional, site-unspecific LCIA: if the results of such
a study are intended to inform a decision on a specific site with uncommon characteristics
(e.g. being located on an island) they are unsuitable. Other method-related limitations can be
caused by the specific LCI method approach chosen. For example may the use of market
price based allocation partly or entirely prevent the use of the results in eco-efficiency studies
since the environmental results are correlated with the market price.
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Assumption-related limitations

Assumptions on the characteristics of the analysed system® or on specific scenarios
equally can limit the usability and transferability of the results. This can be, for example, if an
analysed product scenario is very specific regarding time representativeness (e.g. "peak
power supply"), location (e.g. in a country of climate zone for which the product was not
designed), use-pattern (e.g. outside the product's main purpose), etc., i.e. in a way that is a-
typical for the analysed system.

Niche markets

A special case in this context are restrictions due to analysing a "niche market": A market
niche is a sub-category of a market segment, where a part of the customers consider only
products with specific properties substitutable (i.e. those properties that characterise the
specific niche (e.g. "refillable packaging” in the market "packaging"), although the majority of
the consumers perceives comparability between products from the niche and other products
in the segment (i.e. in this example including "non-refillable packaging”). Aspects that
separate a niche market from the main market are among others:

« price (i.e. investment cost of a good or life cycle cost / total-cost-of-ownership),

« life-style and value-system related issues (e.g. "green" image in general or more
specific such as "locally produced”, "bio-based", "recycled", "recyclable", "ecolabelled",
etc., or "social" image in general or more specific such as "fair-traded", "free-of-child-
work", etc. or aspects such as "fashionable”, "modern”, "prestige”, "young", etc.)

« high quality, durability / longevity,

« practicality and/or time-saving.

Studies on niche markets hence initially limit the to-be-included types of products,
although from a purely technical perspective also products outside the specific niche would
need to be included to avoid a potentially misleading comparison. In the interpretation phase
of such studies the limited conclusions shall be explicitly and well visibly highlighted.

5.2.3 Reasons for carrying out the study, and decision-context

(Refers to aspect of ISO 14044:2006 chapter 4.2.2)

The goal definition shall explain the reasons for carrying out the LCI/LCA study, hame the
drivers and motivations, and especially identify the decision-context (e.g. for the above
example: “Support decision on governmental non-binding* recommendations for
environmentally preferred future handling of paper waste from commercial and governmental
offices in Australia”).

The decision-context is one key criterion for determining the most appropriate methods for

the LCI model, i.e. the LCI modelling framework (i.e. “attributional” or “consequential’) and
the related LCI method approaches (i.e. “allocation” or “substitution”) to be applied. Chapter

2 The term "system" is used throughout the text instead of the more classical term "product system" because
many other systems are analysed with LCA (e.g. sites, raw material strategies, needs fulfiiment (e.g. mobility
solutions) that go beyond a single product system.

™ In the case the context was to inform the establishment of a legally binding policy, this would imply a different
setting: in that case the future scenarios would assume that the paper waste would be handled almost entirely
according to the assumed legislation. For the here used example of a non-binding recommendation, the future
scenarios would arguably need to model a clearly lower share of implementation, what may effect the LCI model.
This example illustrates the importance of a very clear and well specified goal definition in all its aspects, before
continuing with the scope definition or even LCI data collection.
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5.3 provides the details on the formal approach to derive the applicable goal situation from
the intended application and general decision-context.

The decision-context also directly determines other key aspects of the scope definition, of
decisions to be made during inventory data collection and modelling, the calculation of
impact assessment results, and finally for LCA studies also the LCA results interpretation.

The stated reasons for a study indicate the quality ambitions and are a basis to judge
among others data quality needs but also potential special review needs beyond the
minimum requirements. The latter can be given for example if for a planned national
legislation an involvement of trade partners in the review process would be wanted for
improving international acceptance.

5.2.4 Target audience
(Refers to aspect of ISO 14044:2006 chapter 4.2.2)

The goal definition shall identify the target audience of the study, i.e. to whom the results
of the study are intended to be communicated. This serves among others to help identifying
the critical review needs and the appropriate form and technical level of reporting. For the
above example this could be “The target audience are governmental political decision
makers and main stakeholders of the paper production and waste management sectors in
Australia, as well as operators of offices in the private sectors and in government”.

Different types of target audiences (i.e. “internal” vs. “external” and “technical” vs. “non-
technical”) typically imply different scoping requirements on documentation, review,
confidentiality and other issues that are derived from the audiences’ needs. The target
audience(s) are hence to be identified already during the goal definition.

5.2.5 Comparisons intended to be disclosed to the public

(Refers to aspect of ISO 14044:2006 chapter 4.2.2)

The goal definition shall furthermore explicitly state whether the LCA study includes a
comparative assertion intended to be disclosed to the public*?. In the above end-of-life paper
management example it should hence be stated: “The study includes a comparative
assertion and is planned to be disclosed to the public”.

This aspect entails a number of additional mandatory requirements under ISO 14040 and
14044:2006 on the execution, documentation, review and reporting of the LCA study due to
the potential consequences the results may have for e.g. external companies, institutions,
consumers, etc.

To avoid a by-passing of this ISO requirement by publishing product comparisons that
show e.g. along the numbers or graphics the environmental performance of the compared
products but without explicitly making an assertion as to superiority or equality, also
comparative but not assertive LCA studies shall meet these requirements, as far as

2 All provisions of the entire ILCD Handbook refer to external use only. In-house decision support by LCA may
draw on them but is outside any ruling, of course. "Disclosed to the public”" refers here to the accessibility of the
study or any of its results, conclusions, or recommendations to an audience outside the commissioner of the
study, the involved experts, and any explicitly and individually hamed limited audience (e.g. an identified list of
suppliers, customers, etc.)
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applicable™. Note that "comparison" here refers to a comparison between systems (e.g.
products), but not within a single system (i.e. not to a contribution or weak point analysis).

Note that, also according to ISO 14044:2006, an LCI study alone shall not be used for
comparative assertions intended to be disclosed to the public, i.e. a life cycle impact
assessment and evaluation / interpretation shall be performed as well.

Finally, LCI data sets that are foreseen to be used by other actors as background or
foreground data for comparisons or comparative assertions shall also fulfil those of these
requirements that are applicable®. In this case the data set developer ensures that these
requirements - including the review - are met. This yields “pre-verified data for comparative
assertions”. Otherwise, any steps to meet missing or stricter requirements (e.g. having a
panel review done instead of a single independent external review) have to be taken by the
other actor who uses these data in its comparative study / assertion.

5.2.6 Commissioner of the study and other influential actors

(No corresponding 1ISO 14044:2006 chapter; implicitly covered in various chapters)

Finally, the goal definition shall identify who commissioned the LCI/LCA study (e.g. for the
above example: “The study is commissioned by the Australian Agency for Protection of the
Environment*®, co-financed by the Australian Association of Paper Producers”). Also all (co-
)financing or other organisations that have any relevant influence on the study shall be
named; this includes especially the LCA experts that perform the LCI/LCA study (respectively
their organisation(s)).

[ e e e e

Provisions: 5.2 Six aspects of goal definition

) SHALL - Intended applications: Unambiguously identify the intended applications of
the deliverable of the LCI or LCA study (5.2.1).

) SHALL - Limitations of study: Unambiguously identify and detail any initially set
limitations for the use of the LCI/LCA study. These can be caused by the following
(5.2.2):

[l.a) Impact coverage limitations such as in Carbon footprint calculations

II.b) Methodological limitations of LCA in general or of specific method approaches
applied

[l.c) Assumption limitations: Specific or uncommon assumptions / scenarios
modelled for the analysed system [ISO+]

Note that the initially identified limitations may need to be adjusted during the later LCA phases when all the
related details are clear.

Other possible limitations due to lack of achieved LCI data quality may also restrict the applicability; these
are identified in the later interpretation phase of the study.

13 "applicable” means all requirements except for those that relate to the not covered parts: For product

comparisons without conclusions and recommendations, the assertion-related provisions do not apply / cannot be
applied. For LCI data sets all provisions that relate to the comparison do not apply / cannot be applied, as the
comparison is done in the subsequent, external use of the LCI data set.

 This and all other organisation names, product types / materials, brands and the like are purely illustrative
and/or fictional.
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lI) SHALL - Reasons for study: Unambiguously identify the internal or external reason(s) ;
for carrying out the study and the specific decisions to be supported by its outcome, if §
applicable (5.2.3).

IV) SHALL - Target audience of study: Unambiguously identify the audience(s) to whom
the results of the study are foreseen to be communicated (5.2.4).

V) SHALL - Type of audience: Classify the targeted audience(s) as being “internal”,

“restricted external” (e.g. specific business-to-business customers), or “public”.
Differentiate also between “technical” and "non-technical” audience (5.2.4). [ISO+]

comparisons or comparative assertions across systems (e.g. products) and whether
these are foreseen to be disclosed to the public (5.2.5). [ISO!]

VII) SHALL - Commissioner: ldentify the commissioner of the study and all other influential

I
!
!
!
i
I
I
I
I
I
VI) SHALL - Comparisons involved?: Unambiguously state whether the study involves ‘
:
|
actors such as co-financiers, LCA experts involved, etc. (5.2.6). I

5.3 Classifying the decision-context as Situation A, B,
or C

(No corresponding 1SO 14044:2006 chapter)

5.3.1 Possible decision-context situations

During the goal definition, the decision-context shall be identified. Three different decision-
context situations of practical relevance in LCA can be differentiated. They differ in two™
aspects:

« regarding the question whether the LCI/LCA study is to be used to support a decision
on the analysed system (e.g. product or strategy),

- and, if so: by the extent of changes that the decision implies in the background
system and in other systems and that are caused via market mechanisms. These
can be "small" (small-scale, non-structural) or "big" (large-scale, structural).

- and, if not so: whether the study is interested in interactions of the depicted system
with other systems (e.g. recycling credits) or not

The LCI modelling logic behind this differentiation is necessarily explained in the later
chapters after the related concepts of attributional and consequential modelling and of short-
term and long-term marginal processes have been introduced. The principle considerations

' The "time" a study refers to (e.g. past / retrospective for 1990 or future / prospective for 2025) does not affect
the LCI modelling principles and method approaches but only the required time-representativeness of the used
LCI data. Note that the life cycles of long-living products (e.g. houses) may stretch from the past well into the
future. Hence also the use of e.g. forecasting and other scenario techniques, learning curves etc. are not a
specific characteristic of any single goal situation but go across all of them. It is sometimes argued that the time-
horizon "future" would be associated with "consequential modelling", while the "past" with "attributional modelling".
However also future attributional data can be of interest (e.g. when extrapolating national, annual accounting
data) as well as retrospective consequential modelling (i.e. “How would the inventory of product X have been if in
the past the decision Y would have been made...?”), while this latter case is of only theoretical interest. In
conclusion however "time" is not a discriminating aspect for LCI methodological questions.
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are however briefly sketched here to ease understanding of the implications of this
classification:

5.3.2 Studies on decisions

The first of these two aspects - whether a decision is to be supported - implies whether
the study is interested in the potential consequences of this decision (e.g. whether the
analysed decision on the choice of material X or Y for a product results in an additional
amount of material X or Y to be produced). If this is the case, the LCI model should as good
as possible reflect these consequences, e.g. how is the additionally required material
produced? Does it even mean that new production facilities, employing distinct technologies
need to be built? In contrast, if no decision support is involved, the LCI model should
describe the analysed system as it is, without including any market consequences in the
model (as no decision consequences are related to it).

The second aspect - the extent of changes - further differentiates the decision support
cases: Firstly, there are cases with only small-scale, non-structural consequences in the
background system and potentially on other systems of the economy. These cases imply that
only the extent is changed to which already installed equipment e.g. of a production facility is
used (e.g. the existing technologies that produce material X). In the LCI model, the additional
demand®® would then be modelled with the processes of the existing equipment /
technologies. Secondly, there are cases that have large-scale, structural effects. These
cases imply that the analysed decision results in additionally installed equipment or in its
decommissioning beyond its normal phasing out (e.g. new production plants/technologies for
material X need to be installed or old ones taken out of operation in direct market
consequence of the analysed decision). l.e. at least parts of the technologies / equipment in
the background system and/or other systems in the economy change as consequence of the
analysed decision. Often only a few processes actually have these large-scale effects and
only those need the respective modelling; most of the background system will only have
small-scale effects. However, for those processes affected, the difference between the "big"
and "small" cases can be substantial, as newly installed technologies (e.g. second
generation biofuel production plants) may differ fundamentally from the currently installed
technologies that are modelled in case of small-scale consequences.

It is important to stress that the above refers to changes in the background system or
other systems that are caused via market-mechanisms, i.e. in reaction to changed demand
and supply resulting from the analysed decision. Direct changes in the foreground system,
(e.g. the installation of a new technology that is analysed or is required to be installed at the
producer's site as part of the analysed question) are to be modelled as explicit scenarios in
both cases.

5.3.3 Studies of descriptive character

Coming back to the case of a study that does not imply a direct decision-support in the
way as defined above, i.e. not resulting in additional production, but being of an accounting /
monitoring character: in that case, the LCI model will describe the system as it can be
measured. However, for this case, two subtypes of studies can be differentiated: these are
firstly studies that are interested in including any existing benefits the analysed system may
have outside this system (e.g. benefits of recycling or of co-products that avoid producing

'® This applies analogously to additional supply and substitution, of course. This will be detailed later when the
LCI modelling is explained.
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them in other ways). And secondly studies that aim at analysing the system in isolation
without considering such interactions.

Table 2 gives an overview of the resulting, practically relevant three archetypal goal
situations that will be referred to throughout this document to provide the required,
differentiated methodological guidance:

Table 2 Combination of two main aspects of the decision-context: decision orientation
and kind of consequences in background system or other systems.

Kind of process-changes in background system / other systems

o None or small-scale Large-scale

o o

% Yes Situation B

7 "Meso/macro-level decision support”
c

.g Situation C

g No "Accounting"

(with C1: including interactions with other systems, C2: excluding
interactions with other systems)

The decision-context of the LCI/LCA study to be performed shall be classified as
belonging to any of these three archetypal goal situations that are further characterised and
illustrated as follows (see also Table 3 that maps widely used LCA applications with the
corresponding Situation A, B, or C):

5.3.4 Situation A

Terms and concepts: Situation A ("Micro-level decision support")
Decision support on micro-level (e.g. for product-related questions).
The most relevant applications of this goal situation are:

- ldentification of Key Environmental Performance Indicators (KEPI) of a product group for
Ecodesign / simplified LCA

- Weak point analysis of a specific product

- Detailed Ecodesign / Design-for-recycling

- Perform simplified KEPI-type LCA / Ecodesign study

- Comparison of specific goods or services

- Benchmarking of specific products against the product group's average
- Green Public or Private Procurement (GPP)

- Development of life cycle based Type | Ecolabel criteria

- Development of Product Category Rules (PCR) or a similar specific guide for a product
group

- Development of a life cycle based Type Il environmental declaration (e.g. Environmental
Product Declaration (EPD)) for a specific good or service
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- Development of the “Carbon footprint”, “Primary energy consumption” or similar indicator for
a specific product

- Greening the supply chain

- Providing quantitative life cycle data as annex to an Environmental Technology Verification
(ETV) for comparative use

- Clean Development Mechanism (CDM) and Joint Implementation (JI)

- Development of specific, average or generic unit process or LCI results data sets for use in
Situation A

Situation A refers to decision support directly or indirectly related to inform the purchase of
products that are already offered in the market. Or to inform the design / development of
products that are foreseen to entering the market. Accordingly, the product can be assumed
to be produced only as consequence of the decision to be supported by the LCI/LCA study,
i.e. in addition. Note that these "products” can be any good or service (including materials,
energy carriers, machines, complex consumer products, events, personal services, cleaning,
etc.) both being direct subject of the study or indirectly affected by the analysed decision
(e.g. choice of a material for a product that is produced in the background system).*’

Given the limited share the total production of any single product'® has in an industrial sector,
its production, use and end-of-life can be reasonably expected to cause none or only small
changes in the background system or other systems of the economy that would not directly
or indirectly structurally change it. Structural changes means e.g. the installation of new
production plants or even technologies. Hence the term "micro-level" referring to changes
that are caused via market mechanisms but only with small-scale consequences beyond the
foreground system. These small-scale consequences may change the extent to which
existing equipment / capacity is used, but without resulting in additionally installed or
decommissioned equipment / capacity, beyond the independently ongoing installation and
decommissioning. Small-scale marginal consequences alone are not strong enough to
overcome thresholds and trigger large-scale consequences in the market.

Typical keywords of such Situation A LCI/LCA studies are “decision support” related to
“product comparison”, “comparative assertion”, “product advance development’, “product
development”, “product design”, "weak point analysis", "product benchmarking" “face-lift”,
etc.

Situation A hence covers all studies that are intended to support any kind of product / micro
level comparisons and comparative assertions.

A typical example for a Situation A study is the purchase decision support: “Which of the pre-
selected five technically suitable photocopier models is environmentally best performing over
its life cycle?”

m Typically, but not necessarily, these cases refer to products being made in the short-term (up to 5 years from
present) or mid-term (5 to 10 years from present) future. (The policy usage of "short-term" and "mid-term" is
adopted here.) Note that the use and end-of-life stages of long-living products may continue well beyond this
time-frame.

'8 There are a few cases where the relevance of a single product may be higher, e.g. in highly monopolised
markets. Also, if a product group (e.g. "diesel fuel") is understood to be one product, while more accurate the
product would be the diesel fuel of brand X. In this general form the "product” that can have a high share in the
sector. In such cases where a clear classification of a study as Situation A or B is not possible, see the
explanation and procedure given after the box for Situation B.
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An in-house decision support example would be an ecodesign study modelling a new type of
computer mouse comparing different polymers for the casing.

Equally, developing a product's Environmental Product Declaration (EPD) or its Carbon
footprint data for informing potential customers are examples of Situation A studies.

Situation A also covers the development of LCI and LCIA data that are meant to be used in
LCA-based decision support (e.g. producer specific LCI data sets, LCIA results data sets,
generic and average LCI data sets for background use, etc.).

5.3.5 Situation B

Terms and concepts: Situation B ("Meso/macro-level decision support")

Decision support on a meso or macro-level, such as for strategies (e.g. raw materials
strategies, technology scenarios, policy options, etc.).

The most relevant applications of this goal situation are:

- Policy development: Forecasting & analysis of the environmental impact of pervasive
technologies, raw material strategies, etc. and related policy development

- Policy information: Identifying product groups with the largest environmental improvement
potential

- Development of specific, average or generic unit process or LCI results data sets for use in
Situation B

Situation B refers to life cycle based decision support with consequences that are so
extensive that they overcome thresholds and result in additionally installed or additionally
decommissioned equipment / capacity (e.g. production infrastructure) outside the foreground
system of the analysed system. |.e. the analysed decision and related changes in production,
use and end-of-life activities somewhere in the life cycle will via market mechanisms change
parts of the rest of the economy by having large-scale structural effects'®. Small-scale
marginal consequences alone shall not be considered resulting in large-scale consequences,
as they are too small to overcome thresholds.

As a purely illustrative example, against the base-line scenario of autonomous development,
the environmental implication of incinerating all Russian post-consumer waste might be
analysed, recovering the energy and utilising it for electricity production. This would have
consequences for the overall electricity production and investments into other electricity-
producing technologies in Russia at a large scale. And it would affect the alternative uses of
the waste (e.g. recycling of paper and plastic from packaging and other products, as being
part of the base-line scenario). This would lead to changes of installed recycling capacity at a
sector level. Note however that most background processes will be affected by small-scale
consequences only.

¥ These cases refer typically to the mid-term (5 to 10 years from present) or long-term (beyond 10 years from

present) future.
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Another example would be a study analysing e.g. the mandatory replacement by 2025 of 50
% of diesel fuel in the U.S. by crop-based bio-diesel, what would have substantial effects on
the U.S. and even global agriculture, petro-refineries, and other sectors?.

We are thus looking at changes with structural market implications beyond the foreground-
system. This situation covers scenarios addressing questions like “Which pervasive
technology system, raw material base, etc. is environmentally preferable over its life cycle?”
Such studies are typically strategic political studies or LCA-supported strategic research
studies, which due to the extent of consequences have a high relevance for society and -
next to appropriate LCI modelling - also require special attention regarding review.

It is important to note that also for such studies not all processes throughout the analysed
system's life cycle show these large-scale effects. For example, consumables that are
required only in small amounts are only affected with small-scale consequences. In fact,
under Situation B, the majority of processes by number often will have only small-scale
effects and the respective processes would be modelled according to Situation A. The key
difference between Situation A and B is that under Situation B at least one process of the
background system or other systems show these large-scale, structural consequences. And
only these processes need the different modelling. Typical keywords of Situation B are
among others "strategy analysis", "policy development”, “concept development”, “pervasive
technologies”, and similar and often in combination with “raw material / energy / XY basis /
technology” etc.

5.3.6 Guidance for clearly differentiating between Situation A
and B

There can be cases, where a study cannot easily be clearly assigned to either Situation A
or B.

This is on the one hand the case when a meso-level study of strategic character is
affecting a too small part of the market to trigger any large-scale structural consequences in
the background system or other systems.

2 For an introduction of 50% bio-fuels in the U.S. diesel fuel, the installed capacity for production of petro-based
diesel could reasonably be expected to experience a similar decrease of about 50% (while corrected for
economy-wide consumption level changes), as consequence of this potential decision. This could be expected to
happen e.g. via changing the product profile of existing crude oil refineries, by closing the least market-
competitive refineries, and other measures. Therefore, the LClI modelling also of the petro-based diesel
production would need to be changed. In fact, the consequences would also affect the inventory of other refinery
products. As however counteracting consequences, an increased export of diesel from the US to other markets
could be assumed. Another direct consequence in the above example would be the need of identifying the
agricultural land to produce this big amount of additionally required bio-fuel (e.g. by cropping canola in Canada,
soybeans in the US, or planting oil palms in Malaysia). Under the assumption that the global demand and hence
production for food and other crops would also still to be met, the additionally required land has to come from
somewhere else. Also if existing agricultural land would be used for producing bio-fuels, it could be expected that
the replaced crops, e.g. wheat for bread baking in the US, would be produced elsewhere. While also intensified
production could be assumed to contribute its share to meet the increased demand of agricultural output, an
absolute additional need for agricultural land might be identified that would need to be met by converting a certain
amount of nature to fields or plantations. This could be both nature land in the U.S. but also in other countries,
including the e.g. Brazilian or Malaysian rainforest. This example also illustrates that both e.g. palm oil from
Malaysia and e.g. soybean oil from the U.S. could cause - directly of indirectly and to different degrees - the
conversion of natural forest into fields or plantations. Note that the above examples and potential consequences
are purely illustrative and that a deeper analysis would be required to identify the most likely consequences and
scenarios of such a "50% bio fuels in the U.S. diesel fuel" study.
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On the other hand, there can be studies on a "product” that are in fact more related to a
broader technology, a range of products, or a product group that all further develop and
implement this technology and thereby cause large-scale changes on a meso-level (e.g.
sector). This can especially happen with rather "narrow" sectors, e.g. of basic materials or
energy carriers, where the number of different products (i.e. brands) is far lower than e.g. for
most consumer products.

For deciding whether such a study belongs to Situation A or B, the guiding criteria shall be
whether the analysed decision implies large-scale consequences in the installed equipment /
capacity outside the foreground system of the analysed system that occur via market
mechanisms of demand and supply. In that case Situation B applies. In the case of
exclusively small-scale consequences on the extent to which existing capacity is used,
Situation A applies.

Large-scale ("big") consequences shall generally be assumed if the annual additional
demand or supply that is triggered by the analysed decision exceeds the capacity of the
annually replaced installed capacity that provides the additionally demanded process,
product, or broader function, as applicable; if that percentage is over 5 %, 5 %' should be
assumed instead. An example: the installed capacity for production of the globally?® traded
material X, that might be required in consequence of the analysed decision to produce
product Y, might be e.g. 10 Mio tonnes. The plants for producing material X might have a
lifetime of 25 years (i.e. 4 % of this are replaced annually and on average). In that case, an
annual demand of more than 0.04*10*10”6 t = 400,000 t of material X shall be assumed to
have the large-scale consequence of triggering additional installation of capacity beyond the
replacement of old plants. This applies analogously to strongly falling markets, as the speed
with which equipment is naturally phased out is equally determined by its lifetime.

Next to additional demand, also additional supply (e.g. as co-product from a process of
the analysed system) can have large-scale consequences. The above explanations and
provisions also applies to cases of multifunctionality and provision of e.g. additional goods or
services to a market: if the annually provided amount is larger than the average replacement
rate of the installed capacity of the superseded alternative good or service, this falls under
Situation B and requires a different modelling. Situation A would not be appropriate, as such
big amounts would result in other consequences in the market than merely replacing
alternative production; the market could not absorb them without structural changes. An
example is the production of rapeseed based biodiesel that results in large amounts of
glycerine as co-product that additionally enters the market. This might cause large-scale
consequences in other systems, e.g. in this case that existing glycerine production capacity
is reduced beyond the age-dependent decommissioning of glycerine plants®. In slight
difference to additional demand, this relates only to the alternative routes/processes that
provide the superseded function.

In the case the additional demand or supply does not relate to a specific process or
product (e.g. straw as co-product of rice production) but to a broader function (e.g. dry

2 This acknowledges that the market signal is related to both the equipment replacement rate and the share of
market supply that is related to the analysed decision.

22 For goods almost exclusively traded within one country, the production amount of that country is relevant. For
goods traded across countries or in bigger markets, the approximate production amount in the relevant market is
the relevant production amount to be considered.

% n fact, basically all glycerine plants worldwide have been shut down by now, in response to the large amount of
the biodiesel co-produced glycerine.
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lignocellulosic biomass), the above applies analogously, covering however all relevant
alternative processes / products that provide that function.

Note again that all the above refers to additional demand in the background system and in
other systems. Any newly installed capacity in the foreground system does not result in the
need of a different LCI model as the foreground system is to be modelled explicitly (via
measurement or as explicit scenarios; this is the same for all Situations). Market
mechanisms can only act on processes in the background system.

5.3.7 Situation C

Terms and concepts: Situation C ("Accounting")

Purely descriptive accounting / documentation of the analysed system (e.g. a product, need
fulfilment, sector, country, etc.) of the past, present or forecasted future, and without implying
a decision-context that would account for potential additional consequences on other
systems.

Two sub-cases need to be differentiated: In Situation C1 ("Accounting, with system-external
interactions"), existing interactions with other systems are included in the LCI model (e.g.
considering recycling benefits or avoided production for co-products). Note that these
"interactions" refer to existing interactions with other systems only. This is in contrast to the
additional consequences? that are assumed to occur under Situation A and B, and that are
assumed to be caused by the analysed decision. Situation C2 accounts for the analysed
system in isolation, i.e. interactions with other systems are not accounted for, but cases of
recycling and co-production are solved inside the system model (by allocation)?.

The most relevant applications of this goal situation are, for the two sub-types C1 and C2:
Situation C1:

- Monitoring environmental impacts of a nation, industry sector, product group, or product
- Policy information: Basket-of-products (or -product groups) type of studies

- Policy information: Identifying product groups with the largest environmental impact

- Corporate or site environmental reporting including indirect effects under Environmental
Management Systems (EMS)

- Certified supply type studies or parts of the analysed system with fixed guarantees along
the supply-chain

- Development of specific, average or generic unit process or LCI results data sets for use in
Situation C1

Situation C2:

2 Existing / past interactions between systems as depicted in Situation C1 can also be understood as "existing /
past consequences" on the background system. This is in contrast to the "additional / future consequences" of
Situation A and B. System expansion and substitution could hence also be classified as a third modelling principle
“"interactional" that has applications in both consequential and attributional modelling. This also explains why
system expansion / substitution fits into both the theoretically attributional framework of Situation C1 and the
consequential framework of Situations A and B.

% In economic modelling, C1 is equivalent to calculating the production cost of the analysed good by subtracting
from the total production value the obtainable market prices of all co-products. Situation C2 is equivalent to
allocating the production cost among the co-products using other criteria.
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- Accounting studies that according to their goal definition do not include any interaction with
other systems

- Development of specific, average or generic unit process or LCI results data sets for use in
Situation C2

In Situation C, no direct decision is to be made based on the results of the LCA, as the whole
life cycle has already been decided before the analysis takes place. I.e. the LCI model is only
documenting what has happened (or is going to happen in future during e.g. during the use
of long-living products that have already been produced)?. From a decision-perspective, the
LCI/LCA study is purely retrospective and the results are intended exclusively for accounting-
type purposes. Such studies can hence not be used to directly inform e.g. purchase
decisions or answer political "what if* scenarios. An example would be the analysis of how
various post consumer plastic packaging waste treatment technologies have performed in
the past; this can be analysed under Situation C1 or C2. The future performance of these
technologies - even if the same technologies are used - depends however also on e.g. how
much secondary plastics a technology would produce and which uses exist for these. Hence,
for this kind of decision support Situation A or B would apply.

Among accounting / monitoring type studies of Situation C, two cases C1 and C2 need to be
differentiated that require a different LCI modelling:

C1: For life cycle based monitoring of e.g. all products of a certain product group that are
produced in a certain time-frame (e.g. a given year), the “normal” full life cycle of the
products produced in that time-frame is accounted for, i.e. including the measured or
forecasted life cycle inventory of the later use and end-of-life stage of the respective amount
of these products. An example is the monitoring time-series of the life cycle inventory of e.g.
all cars (or: the average car) produced annually in France. This kind of studies belongs to
Situation C1. Situation C1 studies can be used to compare the past performance of
alternative systems and pointing out the most beneficial alternatives. This however without
implying that the result would be the same for the future if a comparative decision was to be
made between the alternatives, i.e. one alternative would be purchased or politically
promoted and the other not?’.

C2: For monitoring e.g. of product groups with a system boundary that is strictly referring to a
certain time-frame (e.g. a given year), only the interventions that take place in that time-
frame are accounted for. An example is the monitoring time-series of all car-related activities
(e.g. car production, car use, car recycling, etc.) for the total amount of cars operated in a
given year in France. That necessarily leads to a distortion in the life cycle of long-living
goods (here: cars), as the goods that are produced in the reference year are inventoried,

%6 One can also model future-related accounting data (e.g. by extrapolating the life cycle data and model basis
that has been used for calculating past accounting data). This is however more an extrapolation of past data than
an originally future-related accounting model. Much more typical is in any case a backward looking use.

" This can be illustrated with a Cl-type analysis of rapeseed based biodiesel production in the year 1990,
crediting the co-product glycerine with the avoided alternative petro-based glycerine production. In that year 1990,
the co-product gylcerine was entirely absorbed by the market and thereby has avoided petro-based glycerine
production. This is however not necessarily the case when now promoting rapeseed based biodiesel e.g. by
setting the political goal in the U.S. of e.g. 20% of the national diesel production to be biodiesel: the huge amounts
of additional glycerine that would result cannot be absorbed by the market in the same way as a small amount
could be - the demand is not big enough. The glycerine might even potentially be waste instead of a co-product.
The results of the study performed as Situation C1 would hence misinform the policy. If hence the aim of the
study would be to analyse the environmental impact of additional biodiesel production, that study would have to
be performed as Situation A or B study, depending on the scale of production and related consequences.
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while the inventoried use-stage emissions are those of the e.g. cars used in that year, i.e.
including all those still operated older cars with potentially lower emission standards. At the
same time does this kind of inventorying not account for the past production of the cars that
are operated in the given time-frame and not for the future use and recyclability of the cars
produced in that year. Apart from difficulties in interpreting the results of such indicators, this
kind of studies belongs to Situation C2.

Another example are studies that aim at providing accounting type of information, where a
change in demand does not affect the background system in a consequential manner, but via
established supply-chain agreements, requiring to model the supply-chain as Situation C1.
Certification of wood products is an example where the supply-chain steps of using XY
certified wood would be fixed / guaranteed?®, including in the background system?°.

At the same time, accounting data, especially under Situation C1, informs decision and policy
makers about developments e.g. related to a region as a whole or e.g. for specific service /
activity groups (such as e.g. housing, individual mobility, food, etc.). This can be also in a
comparative manner (e.g. when comparing the environmental impact potential of an average
citizen across countries). Such data can for example also show which share different e.g.
housing types (e.g. flats in high-rise buildings, single family houses, etc.) have in the overall
national housing impact, per m?, or per citizen. Accounting studies hence identify unwanted
developments or show the achievements made based on implemented decisions or policies.
However, to develop policy measures or support other decisions, other LCI modelling
methods are to be employed: those used under Situation A or B.

Typical keywords of Situation C LCI/LCA studies are "accounting”, "monitoring",
“retrospective”, “documentation”, etc. in relation to "product”, "basket-of-products”, "needs

fulfilment”, "sector", "country", "average citizen", etc.

5.3.8 Guidance for clearly differentiating between Situation C
and A/B

It is important to clearly differentiate whether a comparative decision support is to be
supported by the study, i.e. whether the study and data shall inform which of compared
alternatives is to be preferred because of better environmental performance.

Often studies are labelled "Monitoring" while they nevertheless involve decision support
questions and directly imply recommendations and/or policy measures and belong hence
under Situation A or B.

Other studies aim at describing systems including their external benefits but without
intending to make recommendations, support purchase decisions, or directly derive policy
measures from them: E.g. "Monitoring of waste management systems in different Eastern
Europe countries" may aim at identifying which waste management systems have been most
or least environmentally advantageous. This question implies that e.g. credits for recovered
energy and recycled materials should be given to the analysed systems to capture their

8 See however chapter 6.8.2 on the restriction on non-scalable processes, e.g. hydropower in some countries,
where the specific supply cannot be extended and the market mix is to be used. This would also apply here, if the
potential of XY certified wood would be relevantly restructured and not scalable to a relevant degree to meet an
additional demand.

2 A certification example where this does not work is a certification system that only relates to the direct supplier,
but not all the way into the background system.
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comparative performance. This study is however not automatically implying direct e.g. policy
measures and hence belongs to Situation C1.

Situation C1 lies hence between A/B and C2, being retrospective but accounting for
benefits on other systems e.g. via co-products and recycling. In practice, a larger number of
accounting-type studies can be found that belong to Situation C1.

In other cases it might be the explicit interest to provide accounting type life cycle
information (e.g. for a product, site, etc.) without including existing interactions with other
systems. In that case Situation C1 applies. The accounting character of these studies shall
be stated explicitly in the goal of the study and the restrictions for decision support and
comparisons the study has are to be clarified in the reporting.

[ -1
Provisions: 5.3 Classifying the decision-context |
1

= Applicable to Situation A, B, and C, differentiated.

) SHALL - Identify applicable goal situation: Identify the type of decision-context of the
LCI/LCA study, i.e. to which of the archetypal goal situations A, B, C1, or C2 the study
belongs. Draw on the goal aspects "intended applications” (chapter 5.2.1) and "specific
decisions to be supported” (chapter 5.2.3)), as follows: [ISO!]

l.a) Situation A - "Micro-level decision support": Decision support, typically at the
level of products, but also single process steps, sites/companies and other
systems, with no or exclusively small-scale consequences in the background
system or on other systems. l.e. the consequences of the analysed decision
alone are too small to overcome thresholds and trigger structural changes of
installed capacity elsewhere via market mechanisms *. Situation A covers among
others the LCA applications listed below; any deviating assignment to another
goal situation than A shall be justified and be in line with the above provisions
(see also the specific provisions below for differentiating between Situation A and
B, and between Situation C and A/B):

« ldentification of Key Environmental Performance Indicators (KEPI) of a product
group for Ecodesign / simplified LCA

« Weak point analysis of a specific product

« Detailed Ecodesign / Design-for-recycling

« Perform simplified KEPI-type LCA / Ecodesign study

« Comparison of specific goods or services

« Benchmarking of specific products against the product group's average
« Green Public or Private Procurement (GPP)

« Development of life cycle based Type | Ecolabel criteria

« Development of Product Category Rules (PCR) or a similar specific guide for a
product group

« Development of a life cycle based Type Il environmental declaration (e.g.

% Note that these small-scale consequences shall not be interpreted, as per se resulting in large-scale

consequences on installed capacity, i.e. shall be covered under Situation A.
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1.b)

l.c)

Environmental Product Declaration (EPD)) for a specific good or service

» Development of the 'Carbon footprint', 'Primary energy consumption' or similar
indicator for a specific product

» Greening the supply chain

» Providing quantitative life cycle data as annex to an Environmental Technology
Verification (ETV) for comparative use

» Clean Development Mechanism (CDM) and Joint Implementation (JI)

» Development of specific, average or generic unit process or LCI results data
sets for use in Situation A

Situation B - "Meso/macro-level decision support": Decision support for
strategies with large-scale consequences in the background system or other
systems. The analysed decision alone is large enough to result via market
mechanisms in structural changes of installed capacity in at least one process
outside the foreground system of the analysed system. Situation B covers among
others the LCA applications listed below; any deviating assignment to a goal
situation other than B shall be justified and be in line with the above provisions
(see also the specific provisions below for differentiating between Situation A and
B and between Situation C and A/B):

» Policy development: Forecasting & analysis of the environmental impact of
pervasive technologies, raw material strategies, and related policy development

» Policy information: Identifying product groups with the largest environmental
improvement potential

« Development of specific, average or generic unit process or LCI results data
sets for use in Situation B

It is important to note that the LCI modelling provisions for Situation B (see chapter 6.5.4.3) refer

exclusively to those processes that are affected by these large-scale consequences. The other

parts of the background system of the life cycle model will later be modelled as "Situation A", i.e.
typically all the processes with a smaller contribution to the overall results.

Situation C - "Accounting": From a decision-making point of view, a
retrospective accounting / documentation of what has happened (or will happen
based on extrapolating forecasting), with no interest in any additional
consequences that the analysed system may have in the background system or
on other systems. Situation C has two sub-types: C1 and C2. C1 describes an
existing system but accounts for interactions it has with other systems (e.g.
crediting existing avoided burdens from recycling). C2 describes an existing
system in isolation without accounting for the interaction with other systems. This
may cover the LCA applications listed below; any deviating assignment to a goal
situation other than C1 or C2 shall be justified and be in line with the above
provisions. See also the specific provision below for differentiating between
Situation C and A/B:

l.c.i)  Situation C1 - "Accounting with interactions":

« Monitoring environmental impacts of a nation, industry sector, product
group, or product

« Policy information: Basket-of-products (or -product groups) type
studies
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1)

1)

» Policy information: Identifying product groups with the largest
environmental impact

o Corporate or site environmental reporting including indirect effects
under Environmental Management Systems (EMS)

« Certified supply type studies or parts of the analysed system with fixed
guarantees along the supply-chain

« Development of specific, average or generic unit process or LCI results
data sets for use in Situation C1

l.c.ii) Situation C2 - "Accounting without interactions":

« Accounting studies that according to their goal definition do not include
any interaction with other systems

« Development of specific, average or generic unit process or LCI results
data sets for use in Situation C2

Note that any decision support that would be derived needs to employ the methods under Situation A or B,
with Situation C having a preparatory role only. Note however that due to the simplified provisions of this
document, the modelling of Situation A studies (micro-level decision support) is identical to that of Situation
C1 studies, but not vice versa.

SHALL - Situation A or B: Where a study cannot initially be clearly assigned to either
Situation A or B, for example when analysing major strategies of market-dominating
companies or product-related questions of market-dominating products. In this situation,
the guiding criteria shall be whether the consequences of the analysed decision alone
are big enough to overcome related thresholds and/or other constraints and result in
large-scale consequences in the installed production capacity outside the foreground
system. Then: Situation B. If not: Situation A. Large-scale consequences shall generally
be assumed if the annual additional demand or supply, triggered by the analysed
decision, exceeds the capacity of the annually replaced installed capacity of the
additionally demanded or supplied process, product, or broader function, as applicable.
If that percentage is bigger than 5 %, 5 % should be used instead. [ISO!]

SHALL - Situation C1 or A/B: In the case a study cannot initially be clearly assigned to
either Situation C1 or A/B, for example when it is a monitoring study but involves a
comparative decision support. In this situation the guiding criteria shall be whether a
comparative decision support is to be given by the LCI/LCA study, i.e. whether the
study shall be used to support decisions on alternatives with better or worse
environmental performance. Then Situation A or B applies, depending on small-scale or
large-scale consequences; see related provisions. If not, i.e. the study is only
retrospectively informing about better performance in the past, then Situation C applies.
[1ISON

Table 3 maps widely used LCA applications to the required study deliverables and the corresponding goal
L situation A, B, or C.

! Chapter 6.5.4 provides the overview of the LCI modelling provisions for Situation, A, B, and C.

= Figure 3 provides an overview on which chapters of this document identify the detailed modelling differences for
! Situations A, B, and C.

I L L L L L L T T T L T I I I I I I T I I I I e I ey
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5.4 Need for flexibility versus strictness

Independently from the specific goal situation, other aspects of the intended applications
determine whether more methodological flexibility is required or whether strictness /
reproducibility is key: as one extreme, in Situation A, the development of an Environmental
Product Declaration (EPD) or of a Carbon footprint indicator require a very high degree of
strictness to enable a high degree of reproducibility and thereby sufficient comparability of
the results for competing products. As the other extreme, in Situation B, comparative
assertions of policy options for different future raw materials strategies (e.g. biofuels vs. fossil
fuels) need to work with extensive scenario analysis including of the LCI method principles
and approaches to ensure the robustness of the conclusions and recommendations.

That means that especially for Situation A, a further narrowed down and specified
guidance would be beneficial. Such would need to interpret the general guidance as laid
down in this document from the perspective of the types of processes and products to be
modelled. It would convert the generic Provisions into more specific Provisions.

Such product-group or process-type specific guidance documents, e.g. in form of Product
Category Rules (PCRs) are hence seen as beneficial for further improving the reproducibility
of studies done under Situation A. The development of such PCR-type guidance documents
is a subsequent step and potentially to be lead by the respective industry sectors.

To ensure consistency with the provisions of this present guidance and the other ILCD
guidance documents, the critical review of such PCR-type documents is covered in the
separate document "Review schemes for LCA".

Provisions: 5.4 Need for flexibility versus strictness

) SHALL - Product-group and process-type specific guides and PCRs: [ISO+]

I.a) Need for specific guides and PCRs: To further the reproducibility of LCI/LCA
studies, the development of ILCD-compliant sector, product-group or process-
type specific guidance documents and/or Product Category Rules (PCR) is
recommended. A specific guide or PCR is ILCD-compliant in its provisions, if
these are in line (i.e. not contradicting) with the provisions of this document and
other referenced ILCD Handbook documents. They can therefore be stricter or
more specific, but not less.

I.b) Specific guides and PCRs overrule ILCD Handbook: If such guides or PCRs
have been developed and approved in an ILCD-compliant review process, the
provisions in these guides or PCRs shall be applied for the product-groups and
process-types they cover. Therefore, they overrule the broader provisions of the
ILCD Handbook. See also chapter 2.3.

The document "Review schemes for LCA" provides information on the applicable review type. The
forthcoming specific documents on "Reviewer qualification” and "Review scope, methods and
documentation" for product-group and process-type specific guides and PCRs give the complementary |
requirements. |
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5.5 Optionally extending the goal

(No corresponding 1SO 14044:2006 chapter)

The foreseen goal of the LCI/LCA study may be extended to include additional
applications of secondary interest, e.g. development of an Environmental Product
Declaration (EPD) for business customers using the same life cycle model that will be
developed for in-house benchmarking, weak point analysis, and/or use in product
improvement / ecodesign, etc. or vice versa. This extension of the goal should be done
initially, as it then typically means little additional effort, while a later expansion might require
substantial additional resources for collection of missing or too coarse data or the need to re-
model the system differently (e.g. with parameters).

Provisions: 5.5 Optionally extending the goal

) MAY - Extending the goal?: Consider extending the goal to further uses / applications
of the LCI/LCA study in order to benefit from synergies. [ISO+]
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6 Scope definition - what to analyse and how

(Refers to 1ISO 14044:2006 chapter 4.2.3)

6.1 Introduction and overview

(Refers to ISO 14044:2006 chapter 4.2.3.1)

During the scope definition phase the object of the LCI/LCA study (i.e. the exact product
or other system(s) to be analysed) is identified and defined in detail. This shall be done in
line with the goal definition. Next and main part of the scope definition is to derive the
requirements on methodology, quality, reporting, and review in accordance with the goal of
the study, i.e. based on the reasons for the study, the decision-context, the intended
applications, and the addressees of the results.

When deriving the scope of an LCI/LCA study from the goal, the following scope items
shall be clearly described and/or defined:

o The type(s) of the deliverable(s) of the LCI/LCA study, in line with the intend
application(s) (chapter 6.3)

» The system or process that is studied and its function(s), functional unit, and reference
flow(s) (chapter 6.4, which names case-specific provisions)

o LCI modelling framework and handling of multifunctional processes and products
(chapter 6.5)

» System boundaries, completeness requirements, and related cut-off rules (chapter 6.6)

« LCIA impact categories to be covered and selection of specific LCIA methods to be
applied as well as - if included - normalisation data and weighting set (chapter 6.7)

« Other LCI data quality requirements regarding technological, geographical and time-
related representativeness and appropriateness (chapter 6.8)

« Types, quality and sources of required data and information (chapter 6.9), and here
especially the required precision and maximum permitted uncertainties (chapter 6.9.2)

« Special requirements for comparisons between systems (chapter 6.10)
« ldentifying critical review needs (chapter 6.11)

« Planning reporting of the results (chapter 6.12)
The procedure is described in more detail in the further subchapters.

The order of the subchapters follows the main LCA workflow logic. At the same time the
interrelatedness of some items and the iterative nature of LCA limits this somewhat.

In the subsequent iterations the initial scope definition of the LCI/LCA study (and in some
cases even the goal) often is to be fine-tuned or even revised due to unforeseen limitations
or constraints or as a result of other additional information. The final documentation of the
LCI/LCA study shall reflect this, including the consequence for the achieved levels of
completeness, precision, accuracy, etc. and intended applications.

Before addressing the different aspects of the scope definition in more detail, two
crosscutting requirements on LCA will be briefly addressed. Note that these require being
explicitly checked and referred to in the sub-sequent work and be documented:

« Consistency of methods, assumptions, and data (chapter 6.2.1)

« Reproducibility (chapter 6.2.2)
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6.2 Overview and basic requirements

(Refers to ISO 14044:2006 chapter 4.2.3.1)

6.2.1 Consistency of methods, assumptions, and data

(Refers to aspect covered under ISO 14044:2006 chapter 4.2.3.6.2)

An important underlying requirement in LCA is to ensure sufficient consistency of methods
and assumptions as well as data throughout the LCI/LCA study. This relates to all phases
and aspects of LCA work and is a prerequisite for validity of results and appropriateness of
any comparison.

The following is to be kept in mind throughout all steps of the scope phase:

« In order to ensure the quality of the results, all assumptions shall be made in a
consistent way for the different parts of the analysed system (e.g. whether energy
calculations use the upper or lower calorific value). The used LCI data shall also be
consistent across the system to the extent required to meet the overall necessary
accuracy, completeness and precision of the study (as to be identified in chapter 6.9.2).
For comparisons e.g. of products this means among others that the same product use
patterns are assumed, that the same life cycle stages are included, that the inventory
data has approximately the same degree of accuracy and precision, etc.

- Likewise, the application of all methods (e.g. for estimating emissions from unit
processes or for calculating impacts from these emissions in the impact assessment)
shall be foreseen to be done in a uniform way throughout the study and in accordance
with the goal and scope definition. In particular it shall be ensured that the life cycle is
modelled applying the same methodological provisions (e.g. as defined for Situation A)
and uses the same elementary flow nomenclature throughout the whole system model
and also across all compared systems in case of comparative studies. This applies to
both all the background data set and the specific foreground data that will be collected
(see chapter 6.9). This equally implies that the same LCIA methods (e.g. impact
indicators, spatial and/or time differentiation, etc.) shall be applied for all systems in
comparative studies (see chapter 6.7).

» Foresee that any inconsistencies of the above shall be documented and should be
demonstrated / justified as being insignificant for the environmental impact results of the
system(s). If this insignificance cannot be shown, this shall be explicitly considered
when stating the achieved quality (in case of an LCI or LCIA data set or study) or
drawing the conclusions and recommendations (in case of an LCA study).

In summary: during scope definition and in the later inventory and impact assessment
phases, efforts must be made to ensure a high degree of consistency regarding all important
methodological and data aspects of the LCA and for all relevantly contributing processes of
the system. The actually achieved consistency is to be checked as part of the evaluation step
in the interpretation phase (see chapter 9.3) and is to be considered in drawing conclusions
and recommendations and in communication.

[ -1
i Provisions: 6.2.1 Consistency of methods, assumptions and data |
I 1
I

= Applicable to all types of deliverables, implicitly differentiated.

1 D SHALL - Methods and assumptions consistency: All methods and assumptions shall §
I be applied in a sufficiently consistent way to all life cycle stages, processes, j
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background system(s) as required in line with the goal of the study. This also applies to !
LCIA methods and factors and normalisation and weighting, if included. ;

Il) SHALL - Data consistency: All LCI data shall be sufficiently consistent regarding
accuracy, precision, and completeness, in line with the goal of the study. I

) SHALL - Dealing with inconsistencies: Any inconsistencies of the above shall be=
documented. The inconsistencies should be insignificant for the environmental impact
results of the analysed system or, for LCA studies, for the conclusions and j
recommendations drawn. Otherwise, this should result in revising the goal settings or |
the inconsistencies shall be explicitly considered when later reporting the achieved |
quality (in case of an LCI or LCIA data set or study®") or drawing the conclusions and i
recommendations (in case of an LCA study). |

6.2.2 Reproducibility

(Refers to aspect covered under ISO 14044:2006 chapter 4.2.3.6.2)

Reproducibility is another important requirement for LCA that shall be met: the achieved
reproducibility of an LCI/LCA study is a qualitative assessment in how far the documented
methods, assumptions, and data / data sources would allow an independent practitioner to
sufficiently reproduce the results of the LCI/LCA study and any conclusions or
recommendations drawn. This is important for the credibility of the LCI/LCA study and an
important item for review.

A good reproducibility of LC/LCA studies is supported by a clear guidance for the LCA
work (e.g. the one defined in the ILCD Handbook), by applying it in a consistent and
transparent way, and by documenting this appropriately in the report of the study and/or data
set. The ILCD LCA report template and LCI reference data set format support an appropriate
and efficient technical documentation for informing expert users and reviewers and for being
a starting point and reference to develop communication means for non-technical audience.

In many cases of published LCI/LCA studies, there is a need to balance the reproducibility
and confidentiality. An independent and external critical review of the data is the suitable
means to guarantee data quality of LCI data sets and the robustness / reproducibility of the
results of comparative LCA studies, while equally meeting confidentiality needs: Public
transparency on all data and parameters should be provided as far as confidentiality allows
for it. If public transparency is not possible, the evaluation of the reproducibility shall be
supported via giving confidential access to the confidential information (typically unit process
and/or raw data, as well as related assumptions and parameters) exclusively to the critical
reviewer(s). Public access shall be given in any case to the appropriate meta-documentation
of the modelled system(s) including on applied LCI and LCIA methods, the main data
sources used, relevant assumptions and limitations made, etc.

For comparative LCA studies, the LCI results and LCIA results shall always be public, i.e.
cannot be exclusively put into the confidential report.

% See 6.3 for different types of deliverables of an LCI/LCA study.
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Provisions: 6.2.2 Reproducibility

) SHALL - Documentation for reproducibility: Documentation of the methods,
assumptions and data / data sources used in the LCI/LCA study (see chapter 10) shall
be appropriate and transparent to the extent that would enable another LCA practitioner
to sufficiently reproduce the results.

l.a) In the case of an LCI or LCIA data set or study*?, this refers to the LCIA results.

I.b) In the case of an LCA study, this refers to any conclusions or recommendations
drawn.

) MAY - Accompanying documentation process: It is recommended to begin the
documentation from the beginning of the project, electronically or on paper, and guided
by the final need for reporting, and to revise / fine-tune the initial documentation over
the course of the study. [ISO+]

[I) SHALL - Confidential information: For underlying confidential or proprietary data and
information that cannot be published, a separate confidential report may be foreseen.
This report shall be made available to the critical reviewer(s) under confidentiality (in
case a critical review is required or anticipated). See also chapter 10.3.4.

= Note: The separately available LCA report template and LCI data set format support an appropriate and efficient
. technical documentation for informing expert users and reviewers. It is a starting point and reference to develop
! communication for a non-technical audience. [ISO+]

6.3 Types of LCI and LCA deliverables and intended
applications

(No corresponding 1SO 14044:2006 chapter)

The appropriate type of deliverable is derived from the goal of the LCI/LCA study,
especially the intended applications. This is unless the type is already directly specified in the
goal. This step is typically done very early in the scope definition, as the necessary depth
and the width of LCI/LCA study can differ considerably among the types. In ISO 14044:2006
this issue is addressed only implicitly throughout the standard; there is hence no clear
corresponding chapter in ISO 14044:2006.

The most commonly used possible types of deliverables are as follows from the basic to
the more comprehensive ones:

- Life Cycle Inventory ("LCI") study and/or data set, in the following variants:
- Unit process study and/or data set, with two sub-types (concept see Figure 7):
> Single operation unit process (variants: fixed or parameterised)
> Black box unit process (variants: fixed or parameterised)
- Partly terminated system data set (variants: fixed or parameterised)
- Life Cycle Inventory results ("LCI results") study and/or data set
« Life Cycle Impact Assessment results ("LCIA results") study and/or data set

- Non-comparative Life Cycle Assessment study ("LCA study"), i.e. including impact
assessment and interpretation
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- Comparative Life Cycle Assessment study ("Comparative LCA study"), in the
following variants:

> Non-assertive comparative Life Cycle Assessment study ("Non-assertive
comparative LCA study")

> Comparative assertion Life Cycle Assessment study ("Comparative assertion LCA
study™), with superiority, inferiority or equality of any compared alternatives are
explicitly concluded

« Detailed LCI model of the analysed system (if more detailed scenario analysis is
intended (e.g. in detailed ecodesign).

Note: For studies that develop LCIA models, methods and factors see the separate
guidance document "Framework and requirements for Life Cycle Impact Assessment (LCIA)
models and indicators".

Table 3 gives an overview, which type(s) of deliverables of the LCI/LCA study are required
as input for each of the intended application®. It also shows to which of the three archetypal
goal situations each intended application typically belongs and which specific ISO standard
relates to that type of deliverable, if any.

The required form of reporting depends on several factors; next to the type of deliverable
and the intended applications also e.g. the addressees influence this; the related detailed
provisions are found in chapter 10.

32 All LCA studies ultimately go back to unit processes and beyond that to the original measurements or modelling
of the process emissions etc. However, the kind of LCI/LCA deliverable that is to be developed as direct starting
point for the named LCA application can be e.g. an LCA study, an LCI results data sets, a product-groups specific
KEPI-based tool, etc. LCI results and unit process data sets are also always interim steps of any specific LCA
study. Note that typically a range of other information and data, specific software tools, as well as specific
expertise and experience is required, of course. This is not further detailed here as out of the scope of this
document.

6 Scope definition - what to analyse and how 55



ILCD Handbook: General guide for Life Cycle Assessment - Detailed guidance

First edition

Table 3

are to be decided upon depending on the specific case.

Most common types of LCI/LCA study deliverables required for specific LCA applications (indicative overview). The most suitable ones

Application areas | LCA applications LCl/ LCA type of deliverable | Applicable Related 1SO
/ Purposes (from perspective of life cycle information user or provider) and /or application required | goal standard
persp y P as direct input for the "LCA | situation (next to 14040
application"33 34 3 and
14044:2006)
Identification of Key Environmental Performance Indicators (KEPI) | d or e or iii; and f A
of a product group for Ecodesign / simplified LCA
Product Weak point analysis of a specific product fand d A ISO/TR 14062
improvement
Detailed Ecodesign / Design-for-recycling f A ISO/TR 14062
Perform simplified KEPI-type LCA / Ecodesign study i A
Comparison of specific goods or services e, ii,oriv A
Product. Benchmarking of specific products against the product group's | e A
comparisons and
average
procurement
Green Public or Private Procurement (GPP) e, ii, oriv A ISO 14015
Communication Development of life cycle based Type | Ecolabel criteria d, e, i, oriii A ISO 14024

% Basic type as input for LCA application: a = Unit process data set; b = LCI results data set; ¢ = LCIA results data set; d = LCA study, non-comparative; e = Comparative LCA
study; f = Detailed LCI model of system. Application as input for other LCA applications: i = KEPIs-based tool; ii = EPD; iii = Criteria set for life cycle based Type | Ecolabel; iv =
Life cycle based Type | Ecolabel of the system.

3 Several LCA applications typically use at least alternatively the outcome of other LCA applications as input, e.g. Green Procurement often works with KEPI or Type | Ecolabel
criteria. This is additionally indicated in the table.

% Note that LCA studies (d and e) as basic form of application can already directly provide the required LCA application, e.g. a weak point analysis of the specific product or the
comparison of products in support of procurement. In that case the letters d and e are_underlined.
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Application areas | LCA applications LCI / LCA type of deliverable | Applicable Related 1SO
/ Purposes (from perspective of life cycle information user or provider) and / or application required | goal standard
persp y P as direct input for the "LCA | situation (next to 14040
application"® 34 % and
14044:2006)
Development of Product Category Rules (PCR) or a similar | eord; andf A ISO 14025
specific guide for a product group
Development of a life cycle based Type Il environmental | dori; and f A ISO 14025
declaration (e.g. Environmental Product Declaration (EPD)) for a
specific good or service
Development of the ‘'Carbon footprint', 'Primary energy | d,i,orf A ISO 14025
consumption' or similar indicator for a specific product
Calculation of indirect effects in Environmental Management | bord C1 ISO 14001
Systems (EMS)
Greening the supply chain ii, iv, or e A ISO 14015
Providing quantitative life cycle data as annex to an | ii,d,ori A
Environmental Technology Verification (ETV) for comparative use
Development of specific, average or generic unit process or LClI | aorb A, B, C1, or
Across  several results data sets for use in different applications Cc2
areas Clean Development Mechanism (CDM) and Joint Implementation | d,ii, i, orf A
n
Policy development: Forecasting & analysis of the environmental | e B
impact of pervasive technologies, raw material strategies, etc. and
Strategic related policy development
decision support
Policy information: Identifying product groups with the largest | e B
environmental improvement potential
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Application areas | LCA applications LCI / LCA type of deliverable | Applicable Related 1SO
/ Purposes (from perspective of life cycle information user or provider) and / or application required | goal standard
persp y P as direct input for the "LCA | situation (next to 14040
application"33 34 3 and
14044:2006)
Accounting Monitoring environmental impacts of a nation, industry sector, | dorb C1
product group, or product
Policy information: Basket-of-products (or -product groups) type | e C1
of studies
Policy information: ldentifying product groups with the largest | e C1
environmental impact
Certified supply type studies or parts of the analysed system with | b, d, e, orii C1
fixed guarantees along the supply-chain
Corporate or site environmental reporting d C1 ISO 14015,
ISO 14031
Accounting studies that according to their goal definition do not | d Cc2
include any interaction with other systems
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[rrm -
Provisions: 6.3 Types of LCA deliverables and intended applications

« Applicable to Situation A, B, and C, differentiated.

1)

SHOULD - Types of deliverables: Derive from the intended application(s) identified in
the goal definition (see chapter 5.2.1) and any potential pre-settings, the appropriate
type(s) of deliverable(s) that the LCI/LCA study should provide. Table 3 gives an
overview. The following types are most common, listed in order of increasing
comprehensiveness and/or complexity: [ISO!]

l.a)

l.c)

1.d)

l.e)

Life Cycle Inventory ("LCI") study and/or data set, in the following variants:

l.a.i)

1.aii)

l.aiii)

Unit process study and/or data set, with two sub-types:

l.a.i.1)  Single operation unit process (variants: fixed or parameterised)
l.a.i.2)  Black box unit process (variants: fixed or parameterised)

Partly terminated system data set (variants: fixed or parameterised)

Life Cycle Inventory results ("LCI results") study and/or data set

Life Cycle Impact Assessment results ("LCIA results") study and/or data set

Non-comparative Life Cycle Assessment study ("LCA study"), i.e. including
impact assessment and interpretation

Comparative Life Cycle Assessment study ("Comparative LCA study"), in the
following variants:

1.d.i)

1.d.ii)

Non-assertive comparative Life Cycle Assessment study ("Non-assertive
comparative LCA study")

Comparative assertion Life Cycle Assessment study ("Comparative
assertion LCA study"), with superiority, inferiority or equality of any
compared alternatives are explicitly concluded

Detailed LCI model of the analysed system

= Note that the different types of deliverables imply different requirements e.g. regarding reporting and review.

« Note: For development of LCIA models, methods and factors as a special kind of LCA deliverable see the !

! separate guidance document "Framework and requirements for Life Cycle Impact Assessment (LCIA) models and
I indicators”. [ISO+]

6.4 Function, functional unit, and reference flowess

(Refers to ISO 14044:2006 chapter 4.2.3.2 and aspects of 4.2.3.3.1)

6.4.1 Detailed identification of the process(es) or system(s) to

be analysed

(Refers to aspects of ISO 14044:2006 chapters 4.2.3.2 and 4.2.3.3.1)

Based on the initial information on the process(es) or system(s) to be analysed given in
the goal definition, details often need to be added in the scope definition. Especially when the

goal of the LCI/LCA study is of a less specified nature (e.g. "Comparative assertion on

36 A detailed example of function, functional unit, reference flow etc. is found in chapter 6.4.4.
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market prevailing packaging options for fresh vegetables in the UK"), the to-be-analysed and
compared systems (here: the specific packaging options) still need to be identified and
specified in detail. This shall be done in the scope phase of the LCI/LCA study. The need for
such a better specification in the scope definition is always found when the goal relates to

e.g. “generic”, “average”, “concept’ or other insufficiently defined characteristics that need
interpretation.

This system specification closely interrelates with the system(s)’s function(s), its functional
unit(s), and its reference flow(s):

Terms and concepts: Function, functional unit, and reference flow

The system's function and functional unit are central elements of an LCA. Without them, a
meaningful and valid comparison especially of products is not possible:

An LCA is always anchored in a precise, quantitative description of the function(s) provided
by the analysed system (e.g. "covering an outdoor wall against the weather, etc."). Note that
also study objects such as analysed policy option or a strategy, or whole countries that are
monitored with LCA-based indicators have a 'function’; in the sense of an LCA function
means to quantitatively and qualitatively specify the analysed object:

This is generally done by using the functional unit that names and quantifies the qualitative
and quantitative aspects of the function(s) along the questions “what”, “how much”, “how
well”, and “for how long”. For a product this could be e.g. "Complete coverage of 1 m2
primed outdoor wall for 10 years at 99.9 % opacity"). For a policy option this applies
analogously. To make it clearer, the following examples splits the four aspects: it could be
e.g. a product policy setting minimum requirements (i.e. "hnow much and "how well") on all
products of product group X that are sold in the U.S. market (i.e. "what"), from 2012 onwards
until policy revision in 5 years (i.e. "how long"). For a country indicator this would be e.g. all
goods and services that contribute to mobility (i.e. "what") in South Korea (i.e. "how much"),
for one year for the baseline year 2006 (i.e. "how long"). The "how well* would be part of the
definition of mobility (e.g. is walking included). Key is that the functional unit allows to make
comparisons that are valid, as the compared objects (or time series data on the same object)
are comparable. These definitions and quantification of the functional unit often draw on
technical measurement standards.

The reference flow, finally, is the flow (or flows in case of multifunctional processes) to which
all other input and output flows (i.e. all elementary flows and non-reference product and
waste flows) quantitatively relate. It is realising the functional unit: The reference flow can be
expressed in direct relation to the functional unit (e.g. “Complete coverage of 1 m? primed
outdoor wall for 10 years at 99.9 % opacity with paint A") or in a more product-oriented way
(e.g. "0.67 | paint A"). The choice of the preferred type of reference flow depends firstly on
the kind of product: for products with only one relevant function both options are possible.
For products with several alternative functions (e.g. "1 kg steel-sheet; type XY...") it is more
useful to use a measured amount (e.g. mass in kg) of the product with its technical
specification as reference flow instead of a reference flow related to a specific functional unit
measured e.g. in m?, as that can complicate other uses of the data set. Note that also the
modelling logic of the used LCA software can require or prefer using one of the two,
depending on their flexibility to connect processes with differently named reference flows.

Note that one aspect of both the functional unit and the reference flow is the location (and
type of location) where a product is available. E.g. the location "in Germany" / "DE" and “1 |
beverage carton packed fresh milk at point of sale” or “... to consumer”, i.e. identifying as
location type which transport and/or storage steps are included in the inventory. This is to be
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identified as part of the reference flow name, unless the data set refers to a location
unspecific process step (e.g. "High pressure injection moulding machine for HD-PE, etc.").

For more on the quantitative and qualitative aspects of the functional unit see chapters 6.4.2
and 6.4.3 and the example in chapter 6.4.4.

It is recommended to also provide a detailed description of the analysed system plus
photos (especially in case of consumer products).

Often the goal of the LCI/LCA study determines which of its single functions will be in
focus and what will be the analysed object, or whether the whole system is object of the
analysis: e.g. can a waste incineration plant be looked at from waste management
perspective, making just one of the individual household waste components (e.g. polymer
fraction, inert materials, organic biomass fraction, etc.) to its reference flow and functional
unit*’. If a data set “electricity from household waste incineration” would be required, the
produced electricity would be set as reference flow. If, in a third perspective, a detailed
analysis of the incineration plant is goal of the LCI/LCA study, the plant as a whole would be
targeted and technically specified and potentially also parameterised instead of defining any
specific functional unit.

6.4.2 Quantitative aspects of the functional unit
(Refers to aspects of ISO 14044:2006 chapter 4.2.3.2)

First step of defining the functional unit is to identify and quantify the relevant quantifiable
properties and the technical / functional performance of the system. An example for a good is
a shopping bag of which the strength, volume, and other properties would be relevant
gquantitative aspects. But also how often the bag can be used (or is used based on surveys)
is important. For services the example of cleaning services would give the floor type and
area cleaned (to a given specification of cleanliness). Note that although here the
gquantitative properties are addressed these always necessarily also relate to a certain
quality; however they are and can be quantified.

For quantifying the functional unit of many products, two aspects of the extent of the
provided function are to be differentiated: the duration of use (in time) and the extent/quantity
of actual function provided. An example: a car may have an average lifetime of 12 years.
However, for the comparison with other car models, the lifetime in terms of driven km are the
more suitable, i.e. functional information. For products with continued function (such as e.g.
housing, fridges) this case does not apply typical, but wherever the use intensity plays a
dominant role, the choice of the appropriate functional unit becomes crucial. The same
applies for e.g. clothes, mobile phones, TV sets, etc. where the duration that the product is
kept in possession before discarding it is not suitable for comparisons. While this information
might be important for issues such as carbon storage or for identifying the time horizon when
recycling takes place (e.g. mobile phones are often kept for many years in possession after
end of use, as waste management requirements are unclear and the product does not need
much space).

ltis equivalent to use an e.g. ,organic waste fraction“ waste flow as reference flow or the ,organic waste
fraction treatment® product flow. The choice has however influence on how the product system will be modelled,
as in the first option (that follows a “process flow” logic) the waste flow would be an input flow to the waste
treatment process, while in the second option (that follows a “services are always inputs” logic) the waste
treatment product flow would be an output flow of the waste treatment process.
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It is also to be highlighted that for many services, but also for complex multifunctional
goods (e.g. Personal Computers) the identification and quantification of the functional unit is
not straightforward but it depends among others on a combination of specific use profiles.

Additional quality aspects are addressed in chapter 6.9.2.

Frequent errors: Comparisons not based on the relevant functional unit

Comparisons shall not be performed on basis of any other reference than equivalent
functional units. Comparisons between different materials on a mass basis (e.g. “1 kg glass”
vs. “1 kg PET”) are thus meaningless and misleading. A comparison of materials can only be
done in context of the products in which they are used. This is to consider their function by
specifying and quantifying them in the functional unit (e.g. “1 | one-way glass bottle” vs. “1 |
one-way PET bottle”, and: “... both for still water delivery to final consumer”)*®. Regarding
limited substitutability of products in niche markets see chapter 5.2.2.

A comparison on the level of materials can only be done in a meaningful way if this is done
for the same material by comparing different technologies or production routes (e.g. “1 kg
polyamide 6.6 from crude oil via classical chemical route” vs. “1 kg polyamide 6.6 from corn
stalks via combined biotechnological / chemical route”). In this example the comparison is in
fact between technologies/routes (with the same functional unit of “output of 1 kg polyamide
6.6”) and NOT between materials. Note that also for such comparisons the same quantitative
and qualitative properties of the two polyamide 6.6 variants must be ensured, e.g. in terms of
molar weight, colour etc. to allow for a valid and fair comparison.

6.4.3 Qualitative aspects of the functional unit

(Refers to aspects of ISO 14044:2006 chapter 4.2.3.2)

Difference between quantitative and qualitative aspects

The qualitative definition of the system’s function(s) is a description of the way in which
the function(s) are provided and of other qualities of the product. These qualitative aspects
are to include those aspects that are not easily quantifiable. Examples are e.g. the resistance
to humidity (e.g. of a shopping bag) or aspects that relate to the user's perception of
equivalence and substitutability if the compared product and that are therefore important to
ensure a fair comparison. Perception aspects can be e.g. the perception of the product as
being fashionable or of possessing specific design-features such as shape, touch, etc.

Using qualitative aspects for better informed comparisons

The relevant qualitative aspects shall be documented, as they can be decisive for the
user’s acceptance of the product. This is necessary to ensure that the compared products
are indeed comparable — for the user. In the end the central stakeholders of the study (e.g.
the customer, competitors, etc.) determine, which qualitative aspects need to be documented
in support of a fair comparison. The definition of a functional unit must hence include both the
quantitative and the key qualitative aspects to avoid subjectivity when subsequently defining
equivalence. Especially for complex products, that may differ in a number of qualitative
aspects (e.g. two cars of different levels of comfort), it is important that the equivalence of the
“functional unit” is carefully ensured to ensure valid and defendable comparisons and even
more so for comparative assertions disclosed to the public. It shall be highlighted in the

% 1n this specific case, the functional unit is to be complemented by other quantitative/qualitative information such
as migration, taste preservation, gas permeability or shelf life that needs to be addressed at least qualitatively to
ensure the comparability in view of the consumer.
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interpretation in which qualitative aspects the alternatives differ and clarify that the
acceptance of equivalence exclusively lies with the user, i.e. the alternatives are technically
equivalent and can technically be compared.

The use of Quality Function Deployment (QFD) approaches can help to improve
comparability of alternatives; for more see chapter 7.9.3.3.

Comparison of systems that are not fully comparable

The above can be expanded on studies that compare alternatives where the equivalence
and comparability is even predominantly a matter of customer perception. For these
comparability cannot be measured objectively. This is the case e.g. for many services: for
one customer two four-star hotels may not be comparable, while for others a four-star hotel
might be comparable with a three-star hotel (or actually prefer a private pension), given the
specific characteristics, location, etc. For one individual watching TV for one hour is
equivalent to reading a book for one hour, for another not at all (see also chapter 6.4.6 under
"Non-technical functions and functional units").

The results of such comparative studies shall hence be presented with the explicit
statement that comparability is not assumed per se, but lies with the individual preference
and judgement.

Separation of impacts within the technosphere that are related to product properties

In the special case of products that have relevant impacts on humans directly within the
technosphere (e.g. food, drink, tobacco products etc.) and not via emissions to the
environment, such impacts should be generally identified and documented in the description
of the product or can be inventoried in separate inventory lists and undergo a specific,
separate impact assessment. These impacts shall not be combined with interventions with
the ecosphere in the life cycle inventory (see chapter 7.1). Such complementary information
is to be explicitly considered in the LCA results interpretation, to avoid misleading
interpretation. Other tools, such as e.g. risk assessment, may be used to appropriately
capture and assess these properties in a modular way together with those covered by the
LCA, i.e. interventions with the ecosphere.

6.4.4 Working with obligatory and positioning properties
(No corresponding 1ISO 14044:2006 chapter)

In product development the concepts of 'obligatory properties' and 'positioning properties'
are sometimes used. Wherever available, these may be used in LCA when determining the
functional unit of a product.

The obligatory properties are features that the product must possess for the user to
perceive it as a functionally useful product (e.g. for exterior wall paint this would be among
others the ability to cover and protect the wall against the weather). Also all legal
requirements belong to the obligatory properties (e.g. limits / ban of toxic compounds in the
paint).

The positioning properties, on the other hand, are optional features which can be used to
position the product in the market as more attractive to the customer than other, similar
products (e.g. for the above paint example: drip-free application, large selection of different
colour tones, guarantee to be available for order for next 10 years, etc.). Examples include
comfort, image, and aesthetic aspects of the product. A complete example with the "paint” as
case see Table 4.

Regarding limited substitutability of products in niche markets see chapter 5.2.2.
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The quantitative definition of the function of the product and some key qualitative aspects
will typically be based on the obligatory properties of the product, while other qualitative
aspects that typically relate to the user perception may be identified among the positioning
properties.

Table 4 Example for function, functional unit and reference flows in a comparative case:
Outdoor wall paints comparison ( 2 alternatives)

Obligatory properties = quantify in | Positioning properties 2 document
functional unit

« Cover wall with uniform colour «» Drip-free application

« Protect wall against the destructive » Many different colour tones to select from

agents rain, sun, and microalgae . Water-based system

« Provide surface which is easy to . Fast applicaton (needs only one

clean application as well covering or very
« Meet health requirements during Viscous)
application

Functional unit

Coat and cover 1 m2 outdoor wall according to standard XYZ (under defined (e.g. per-
humid tropical) weather conditions) with a red colour (colour code XYZ) for 10 years.

Reference flow

« Paint A: 6.5 | solvent-based paint A (needs two applications and a re-paint39 after 5
years, i.e. twice 3.25[)

» Paint B: 3.8 | water-based paint B (drip-free, needs only one application and lasts 10
years)

6.4.5 Using technical standards for defining function and
functional unit

(No corresponding 1SO 14044:2006 chapter)

The quantitative definition of a product’s functional unit should refer to technical standards
wherever possible and appropriate (e.g. standards on the thermal conductivity for
determining the insulation capacity of insulation materials for exterior house walls; or
standards on opacity measurement for determining the opacity of a wall paint). Whether a
standard is appropriate depends on whether it captures the functional unit in the way the
LCA requires it, i.e. in a comparable, differentiated way, capturing the different process
operation cycles in a averaging way and so on.

% Note that in this example the need for re-painting may result in the need for additional processes to be included
in the system boundaries, e.g. for removing loose paint layers of the first application when applying the second
one etc. Note also that for the repainting - as occurring in the future - a potentially further developed paint would
be used, i.e. this is not equivalent to twice painting the same, "old" paint.
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Frequent errors: Using inappropriate technical standards to quantify the functional
unit

Standardised measurement protocols are an indispensible means to improve the
comparability of products. However, not all technical standards are directly or at all suitable
for LCA. Such negative examples are e.g.

- the direct use of 5 minutes average peak-measurements of emissions instead of mass-flow
averaged data,

- the use of base-load measurements excluding start/shut-down cycles instead of covering
the entire cycle (see also chapter 7.4.2.7),

- the direct use of maximum electricity uptake information on energy-using devices instead of
the actual consumption (e.g. "2 kW" for a cooling fan, which may however run usually only on
e.g. 80 % of its capacity and only for parts of the time),

- the reported "driving cycle mix" fuel consumption of vehicles that may not necessarily
reflect the average consumption in normal use but serve for general comparability / legal
purposes only),

- the initial capacity of a starter battery that will be reduced with ageing; even more this
ageing might differ between different battery concepts, or

- the initial light-intensity of a halogen light bulb that does not account for specifically reduced
values after ageing during use stage, etc.

The key question is whether the measurement method is appropriate for a comparison of the
life cycle performance of the analysed systems.

The technical understanding of the analysed technologies or service operations combined
with LCA expertise is the indispensible pairing that is needed to appropriately quantify the
functional unit of products for the comparative use in LCA.

Harmonised standards under ISO should be preferred for this purpose wherever available.

In the case of lack of applicable and appropriate technical standards, and only then, it is
permissible and required as part of the LCI/LCA study to specify in an appropriate and
reproducible way and clearly document how the functional unit has been measured.

If qualitative properties play a relevant role in the market for a product group, also they
should be documented using technical standards, if available and appropriate.

6.4.6 Functional unit and/or reference flow?

(Refers to aspects of ISO 14044:2006 chapter 4.2.3.2)

Application-unspecific products: Reference flow as 'declared unit' and product
specification instead of functional unit

It is important to note that not all systems have clear or unique functional units:

For application-unspecific materials such as steel, gypsum, etc. but also for multiple use
machines such as trucks, waste incinerators, etc. the number of possible applications and
hence functional units is often extremely large to virtually indefinite. In such cases where one
or few, relevant functional units cannot be given, it is crucial to clearly and both quantitatively
and qualitatively identify the reference flow as the detailed name of the product plus further
information that identifies its relevant characteristics and the location-type. This supports a
correct subsequent selection and use of the data in other systems.

For example would a cradle-to-gate steel data set obtain the detailed reference flow of 1
kg of “Stainless Steel Hot Rolled Coil, Annealed and Pickled; Electric Arc Furnace route;
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production mix, at plant; grade 304 (Austenitic, 18 % chromium, 10 % nickel)”. This is also
called 'declared unit', as a general functional unit cannot be given and a simpler mass,
volume, area, pieces, or similar unit is used instead. Additional information about technical
applicability of this steel further guides the correct use of the data set. In the subsequent
uses of the data set in another (product) system, the exactly required amount would be
specified (e.g. 0.753 kg of the “Stainless Steel Hot Rolled ...”), ensuring proper identification
of the process and its quantification via the reference flow.

In the example of a truck, a specific transport scenario would be defined in the study that
uses the data set for the specific truck used, ensuring again a clear identification and
guantification. E.g. the transport scenario “150 km overland transport of bulk sand transport
at 90 % load factor” with the quantity and unit of e.g. 1 t*km and the data set “Truck bulk
transport; Euro 0, 1, 2, 3, 4 transport mix; 22 t total weight, 17.3 t max payload”.

Multifunctional processes: Functional units and reference flows

If a process has more than one product as output (co-production e.g. of different
chemicals in a synthesis process with valuable by-products), or is treating more than one
waste on the input side (co-services), it is called a multifunctional process (see also Figure
6). In consequence, it has more than one reference flow and all of them shall be well defined
and specified.

Whether all of the reference flows also have one (or even more) corresponding functional
units depends on the kind of functions or products (see the provisions above and below in
this subchapter).

Multifunctional products with additive/parallel functions: one reference flow (or one
per function, depending on model needs), detailed technical specifications,
additive/parallel functional units as for the given case appropriate

Methodologically equivalent to multifunctional processes but typically in need of a
different way of specification are multifunctional products: a product can have several
functional units with functions that may be used subsequently or even in parallel (e.g. a
mobile phone that can be used for phoning, storing and playing music, receiving SMS, as
alarm clock, etc.).

The actually used functions and the extent of use depends however on the individual user.
However, a set of functional units that represent a typical or average use profile and that
accounts for the technical lifetime can and should be provided as a minimum. Additionally or
alternatively the technical product specification serves the purpose to inform the data set
user and should be documented. In product comparisons, the typical or average use case or
specific use scenarios would then be defined and compared, combining the various aspects
of the quantitative product specification.

The reference flow of such LCI data sets would identify the type of product and its brand
name, model, etc. while the technical specification would overload the reference flow name
and may hence be provided in the data set documentation.

Systems with alternative functions: one reference flow, detailed technical
specifications, alternative functional units as for the given case appropriate

Next to multifunctional products or processes that provide more than one function (e.g.
mobile phones) or produce more than one product (e.g. co-production of wheat grain and
straw), some systems can have several, alternative functional units depending on the context
in which they are used in (e.g. a specific paint for both indoor and outdoor use with different
life-time/resistance).

6 Scope definition - what to analyse and how 66



ILCD Handbook: General guide for Life Cycle Assessment - Detailed guidance First edition

These products are not multifunctional in the sense of an LCA, as they can only perform
one of the alternative functions. In such cases and if comparisons are among the intended
applications, the main or application-unspecific functional unit should be documented as
default. It is recommended to additionally document and define the main other functional
units to ease subsequent comparisons and the technical product specifications should be
provided.

Highly variable functions of processes and products: parameterised data sets

The use of parameterised data sets or even system models can provide quantitatively
usable information on functions that are highly variable. This is the case when different e.qg.
use patterns result in strongly changed LCI data, such as for many flexible machines and
processes, such as waste processing (with varying waste composition), transport (with
different load factors and road types used). Such supports a much better and accurate
subsequent use.

Regarding the functional unit, reference flows, etc., see the other recommendations in this
subchapter.

Non-technical functions and functional units

Next to the specific, often technical functions that goods and services have, they have
often other, non-technical functions that can be of interest in life-style type studies. As an
example, the function of personal entertainment is illustrated:

A number of products and personal services (e.g. watching TV, receiving a massage,
riding a bicycle, etc.) that we use in our leisure time, have the special property of also relating
to the duration of our personal time that we spend with them. Hence, products with
technically entirely different functions may usefully be compared from the perspective of how
much of our personal time they fill with 'entertainment’. This can be used e.g. in life-style
analysis or to position and improve leisure-oriented goods and services environmentally.
“The duration of filling one’s (leisure) time with entertainment” is hence a special and
additional property that can be used as functional unit. Restrictions as to the interpretation of
the results and the equivalence of the compared activities are to be carefully observed when
doing so. However, it is argued that in this specific case the risk of being misleading is low:
other than when comparing other types of products that differ in the qualitative aspects of
their functional units, in this case it is obvious that they differ regarding the technical function
they perform. It is argued to be fully within the judgement of the consumer to decide whether
he or she considers one hour watching some entertainment program on TV is equivalent (in
the view of the consumer!) as is one hour reading a book or one hour playing chess. The
related issue of positioning principles has already been addressed.

It is acknowledged also that further work on a more comprehensive guidance would be
beneficial in this field of non-technical functions and related studies.

6.4.7 Comparisons of systems and the functional unit
(Refers to aspect of ISO 14044:2006 chapter 4.2.3.2)

Special provisions on the functional unit apply to comparisons and especially comparative
assertions disclosed to the public; details see chapter 6.10.3.

In the case of only partial equivalence, mechanisms exist to render them comparable in
many cases. The details depend on the applicable LCI modelling principle and approaches
that are still to be identified; details on rendering systems comparable are addressed in
chapter 7.9.3 for attributional modelling and chapter 7.2.4.6 for consequential modelling; the
simplified provisions for Situation A, B and C are found in chapter 6.5.4.
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Provisions: 6.4 Function, functional unit, and reference flow

= Note that for further processes that were identified as part of the life cycle model beyond the central process(es)
' that can be identified in the initial scope phase, these provisions will be applied only in the later iterations and in
I the LCI phase.

1)

In)

1)

V)

V)

V)

VII) SHOULD - Alternatives and complements to the functional unit: It is noted that a

SHALL - Identify system or process: ldentify in line with the goal and with the other
scope settings the to-be-analysed system(s) or process(es)” (e.g. good, service,
technology, strategy, country, etc.) and describe it/them in an unambiguous way (6.4.1).

MAY - Photos, specifications: Provide photos, and/or technical specifications, and/or

-1
I
!
I
]
!
I
]
I
I
descriptions of the system(s), if and as appropriate for the addressees (6.4.1). [ISO+] I

SHALL - Identify function(s) and functional unit(s): One or more function(s) and j
quantiative, measurable functional unit(s) of each of the system(s) shall be clearlyi
identified, if applicable and appropriate for the type of system (for exceptions see the | I
following provisions on subchapter 6.4.6) (6.4.2).

SHALL - Functional unit, details: The functional unit(s) shall be identified and
specified in detail across all the following aspects (6.4.2, 6.4.3):

IV.a) Function provided (what),
IV.b) in which quantity (how much),

Note that, even though the "how long" information is important, the use intensity and resulting
overall quantity of the performed function is key to valid comparisons.

IV.c) for what duration (how long), and
IV.d) to what quality (in what way and how well is the function provided).

IV.e) Changes in the functional performance over time (e.g. due to ageing of the
product) shall be explicitly considered and quantified, as far as possible. [ISO+]

MAY - Obligatory and positioning properties: If product systems are analysed, it is
recommended to use obligatory and positioning properties for the quantitative and
gualitative aspects of their function, respectively (6.4.4). [ISO+]

SHALL - Measurement methods: ISO or national harmonised standards shall be used |
as measurement methods, as far as possible and wherever available and appropriate
for use in an LCA context. Own measurement methods should only be used in case of i
unavailable or inappropriate harmonised standards only. They shall be clearly specified | I
and documented and later be subject to critical review (6.4.5). i

functional unit cannot always be given or is not appropriate / useful. In such cases, it
should be replaced or complemented by another clearly defined, quantitative and
measurable item as outlined below; deviations shall be concisely justified (6.4.6): [ISO!]

Vll.a) Materials and other application unspecific products: A functional unit cannot
generally be given. Only the reference flow that includes the main technical
specification of the product should be provided. In this case, the reference flow is

% Plural in case of comparisons.
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Provisions: 6.4 Function, functional unit, and reference flow

also the declared unit, but not the functional unit.

VIl.b) Multifunctional processes: For each function one functional unit and/or
reference flow should be given, as appropriate, depending on the kind of co-
function / co-product (see other items in this sub-list). Otherwise the technical
specification of the process and functions should be provided in the
accompanying documentation.

VIl.c) Monofungtional systems: For systems (e.g. products) with only one relevant
function or combination of functions, the functional unit(s) should be specified. In
addition, one reference flow with a clear and detailed system name should be
provided. The functionally relevant technical specification should be provided as
part of the reference flow name and/or in the accompanying documentation.

I

:

:

|

!

|

!

|

!

|

!

|

!

|

: VII.d) Multifunctional systems: For multifunctional systems with multiple, parallel
: functions, the detailed technical specification should be provided. The
i corresponding functional units should be given in addition and when appropriate
i to the given case. One reference flow with a clear and detailed system name
i should be provided. (This one reference flow can be split up into each one
i reference flow for each function in case the data set is directly used in
I comparative studies. This to allow substitution of single functions to achieve
i equivalence of compared alternatives.)

i

I

!

|

!

|

!

|

!

|

!

|

!

|

!

|

i

VIl.e) Systems with alternative functions: For systems with alternative functions, the
most relevant alternative functions and functional units should be specified. In
addition, one reference flow with a clear and detailed system name shall be
provided. The functionally relevant technical specification should be provided as
part of the reference flow name and/or in the accompanying documentation.

VIII) SHOULD - Highly variable functions: For highly variable functions of processes and ;
systems, the way that the variable and parameters relate to the system's performance
and to its inventory should be documented. This should be in form of mathematical |
relations or in another suitable form. The use of parameterised data sets is |
recommended to support appropriate documentation and efficient use. I

IX) SHALL - Comparative studies: For comparative studies, see the additional special
provisions in chapter 6.10.3 (6.4.7). Among others, they shall be compared based on
their reference flow.

= Detailed recommendations on the use of flow properties and units for product and waste flows are given in the

! separate document 'Nomenclature and other conventions'.
B o o o o N N N N R N R N R R N N N NN N NN N NN N NN N N N N NN N NN N NN N NN N NN N NN N NN N M N NN -
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6.5 Life Cycle Inventory (LCI) modelling framework

(No directly corresponding ISO 14044:2006 chapter4l; subchapters relate to aspects of several ISO 14044:2006 chapters)

6.5.1 Introduction and overview

(No corresponding ISO 14044:2006 chapter)

Introduction

Early in the scope definition an important decision must be made on the life cycle
inventory modelling principles and method approaches that are to be applied in the modelling
of the system: attributional or consequential modelling and allocation or system expansion /
substitution approaches. This has implications for many of the later choices including on
which inventory data are to be collected or obtained.

This decision is to be made in accordance with the goal of the LCI/LCA study. Especially
does it depend on the decision-context of the LCI/LCA study as well as a number of other
criteria such as reproducibility and robustness, practical feasibility, stakeholder acceptance,
and others. The choice of the LCI modelling framework and approaches is hence not an
independent one but is to be derived individually for each study along the study's goal.

Frequent errors: Subjective or unsystematic choice of LCI modelling principles and method
approaches

It is a frequent and severe error in LCA practice to “always perform attributional (or
consequential) LCA” and to “always allocate” (or “do substitution”). Equally is it incorrect to
unsystematically combine attributional and consequential modelling in the same system
model on an ad hoc basis, e.g. allocating among the co-products of one multifunctional
process and substituting the co-products of another. Instead a systematic approach needs to
be followed; chapter 6.5.4 gives guidance on this.

Overview

After an introduction to the two main LCI modelling principles (attributional and
consequential) and the related main LCI method approaches (allocation and system
expansion / substitution), the LCI methodological provisions are detailed for the three earlier
identified archetypal goal situations A, B, C into which the LCI/LCA study belongs.

Guidance on how to in practice identify processes for attributional or for consequentially
modelling is given in chapters 7.2.3 and 7.2.4. How to solve the specific multifunctionality of
recycling / end-of-life treatment is explained in detail in the annexes 14.4 (attributional
modelling) and 14.5 (consequential modelling). The simplified provisions for Situation A, B,
and C are found in chapter 6.5.4.

6.5.2 The two main LCI modelling principles

(No corresponding ISO 14044:2006 chapter)

Two main LCI modelling principles are in use in LCA practice: attributional and
consequential modelling, with the former being more widely used for historical and practical

“L While the issue of allocation/multifunctionality is well covered in ISO 14044, the initial and more fundamental
issue of determining the appropriate LCI modelling framework is not addressed in any detail in ISO 14044 and
hence has no corresponding chapter there.
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reasons. They represent from their logic the two fundamentally different situations of
modelling the analysed system (e.g. a product):

« The attributional life cycle model depicts its actual or forecasted specific or average
supply-chain plus its use and end-of-life value chain. The existing or forecasted system
is embedded into a static technosphere.

. The consequential life cycle model depicts the generic** supply-chain as it is
theoretically expected in consequence of the analysed decision. The system interacts
with the markets and those changes are depicted that an additional demand for the
analysed system is expected to have in a dynamic technosphere® that is reacting to
this additional demand.

The following boxes explain and illustrate these two principles in a bit more detail:

Terms and concepts: Attributional modelling

The attributional life cycle inventory modelling principle is also referred to as "accounting”,
“book-keeping”, “retrospective”, or “descriptive” (or sometimes and potentially confusing:
“average” or “non-marginal”). It depicts the potential environmental impacts that can be
attributed to a system (e.g. a product) over its life cycle, i.e. upstream along the supply-chain
and downstream following the system's use and end-of-life value chain. Attributional
modelling makes use of historical, fact-based, measureable data of known (or at least know-
able) uncertainty, and includes all the processes that are identified to relevantly contribute to
the system being studied.

In attributional modelling the system is hence modelled as it is or was (or is forecasted to be).
This also applies to its background processes: As background data, producer-specific LCI
data is ideally used where specific producers provide a background good or service (e.g. a
single tier-two supplier is producing the required bricks for a large office building). Average or
generic data is typically used where the goods and services stem from a wide mix of
producers or technologies (e.g. for electricity consumed by a consumer product in Austria the
Austrian consumption mix of electricity with the actual quantitative share of power plants
using hydro-power, natural gas, hard coal, fuel-oil, nuclear power, biomass, etc. would be
used, including the specific electricity imports and exports to/from the Austrian market). The
change from specific to average or generic data is only done for practicality reasons and is a
simplification that is justified from the averaging effect that typically occurs several steps up
and down the supply-chain and value chain.

More details on how to model a system with the attributional modelling principle are given in
chapters 7.2 and 7.8.

Terms and concepts: Consequential modelling

The consequential life cycle inventory modelling principle is also called “change-oriented”,
"effect-oriented”, "decision-based", “market-based” and (older and incompletely /
misleadingly capturing the issue: “marginal” or “prospective”). It aims at identifying the
consequences that a decision in the foreground system has for other processes and systems

2 These "generic" and "specific / average" supply-chains are not to be confused with generic and specific /
average LCI data.

a3 Additionally also the interactions with the political system and society may be included by modelling possible
public and private policy and behaviour consequences.
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of the economy, both in the analysed system's background system and on other systems. It
models the analysed system around these consequences. The consequential life cycle
model is hence not reflecting the actual (or forecasted) specific or average supply-chain, but
a hypothetic generic supply-chain is modelled that is prognostizised along market-
mechanisms, and potentially including political interactions and consumer behaviour
changes.

To better reflect market constraints and supplier-related explicit decisions, some researchers
constrain the market-mechanism models by explicitly considering existing supply-contracts
and planned future suppliers. Other constraints in use are existing or expected policy
measures such as e.g. green taxes / incentives and material bans.

A key step in consequential modelling is the identification of the marginal processes, i.e. the
generic supply-chain, starting from the decision and building the process chain life cycle
model around it (details see chapter 7.2.4). Some experts identify each one single marginal
process, others identify a combination of several of the most likely marginal processes to
have a more robust estimate.

A wide range of mechanisms is discussed among LCA practitioners, how a decision affects
other processes and products, and which type of consequences follow: These mechanisms
range from causing the need to build new production plants for additionally required
materials, parts, etc. (or taking plants out of operation), to market displacement of competing
products, consumer behaviour changes, and the like. Secondary consequences may
counteract the primary consequences (then called 'rebound effects’) or further enhance the
preceding consequence.

Regarding modelling the main market consequences, components of general (and in some
cases partial) equilibrium models are employed. Central in modelling market consequences
is a quantitative understanding of the markets and how direct and indirect changes in supply
and demand of the analysed good or service act in the markets to cause specific changes in
demand and supply of other goods and services.

More details on how to model a system with the consequential method principle are given in
chapter 7.2.4 and 7.8.

Closely related to the choice of the appropriate LCI modelling framework is the choice of
how to solve multifunctionality of processes and products (grouped under the common
heading “allocation” in ISO 14044:2006). This issue is therefore explained and illustrated
before detailing the provisions on the LCI modelling framework and how to deal with
multifunctionality for the three distinct archetypal goal situations A, B, and C:

6.5.3 LCI method approaches for solving multifunctionality

(Refers to ISO 14040 chapter 4.2.3.1)

6.5.3.1 Introduction

Multifunctional processes

If a process provides more than one function, i.e. delivering several goods and/or services
(often also named simplified "co-products"), it is “multifunctional” (see Figure 6).

A classical example is the electrolysis of sodium chloride solution, providing the co-
produced goods sodium hydroxide solution, chlorine gas, and hydrogen gas. The co-
treatment of different wastes in a waste incinerator is another example; in that case the
process provides several co-services of treating distinct wastes.
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In most LCI/LCA studies of simple goods and services, one is interested in the specific life
cycle inventory of only one** of the co-functions (e.g. only of the sodium hydroxide solution
OR the chlorine gas, of the above example). To achieve this, only the appropriate inputs and
outputs of the process (i.e. consumed materials, energy carriers and parts, resource flows,
emissions, wastes, etc.) are to be counted for the analysed function. l.e. the inventory of the
specific function is to be isolated.

Emissions
b

Input products —>( \

(goodsand ~ — — Product A

services) —>
Process

— Product B

Resources ---#

-l /

R

Wastes

Figure 6 Multifunctional process with several input products and resources consumed
and various wastes and emissions generated as well as providing the two co-products 1 and 2.

Multifunctional processes with multiple sets of co-functions

In rare cases, a multi-functional process may have more than one set of co-functions. An
example is the incineration of different wastes that result in the production of electricity and
steam as co-products. It depends on the perspective of the study, i.e. the question posed,
which of the here two sets of co-functions is the set that will effectively be considered to be
the relevant co-functions of the process: In the case the study aims at calculating an
inventory for one of the wastes, the services of the treatment of the different wastes are the
co-functions. If the study in contrast aims at calculating the inventory for the electricity or the
steam, these two are the relevant co-functions. For the latter example and in case of
allocation, the inventory would be allocated between these two only and all other flows
including the waste treatment services would be considered non-functional product flows
only. In the case of substitution only the not required co-function (i.e. steam or electricity,
depending on which of the two is the required co-function) would be substituted.

Multifunctional products

A variant of multifunctional processes is the multifunctional product (e.g. a mobile phone),
which is methodologically equal, but is modelled typically differently in LCI data sets: while
each co-function of the before-mentioned multifunctional processes has a separate reference
flow, in this case typically only one reference flow is used. This is justified not only as the

4 This holds true also when the whole technology (e.g. a waste incineration plant) is to be analysed and improved
with help of the LCA results: it is necessary to get comparative values for the co-products/-functions and therefore
one needs to single out the inventories of all the individual co-products.
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user perceives e.g. the named mobile phone as one product, but also as it is further
managed (e.g. packaged), transported, used and discarded as one item, i.e. different from
the other cases that have physically distinct goods (or services).

For LCI/LCA studies on complex goods and services (e.g. the mobile phone), that often
combine several functions in one physical unit of a product, in contrast, the product as a
whole with all its functions is of interest. However, when it comes to comparisons with similar
products, the need comes up to make the alternatives fully comparable, e.g. the to-be-
compared mobile phone model may lack at least one the functions (e.g. MMS) or differs in
guantitative aspects of at least one of the functions (e.g. storage space for pictures and
music clips).

Solving multifunctionality

Different approaches are used for solving multifunctionality. The choice of the most
appropriate approach depends among others on the goal situation of the study, available
data and information, and the characteristics of the multifunctional process or product.

The most appropriate way how to solve this multifunctionality is to be identified already in
the scope phase of the LCA (or at least in the inventory phase when planning data
collection), as it affects which inventory data and other information is required. This topic and
the related concepts are hence introduced in the remainder of this chapter; they serve also
as basis for the later application of the approaches as part of the inventory work.

6.5.3.2 The ISO hierarchy for solving multifunctionality

Introduction

Under the heading “Allocation”, ISO 14044:2006 presents a hierarchy of different
approaches to this multifunctionality problem®. This hierarchy is the starting point for
developing the ILCD guidance to this problem that is provided in detail for full attributional
modelling in chapter 7.9 and for full consequential modelling in chapter 7.2.4.6. The
systematic and somewhat simplified provisions for the main three goal situations A, B, and C
that are encountered in LCA practice are given in chapter 6.5.4.

First approach: Subdivision of multifunctional processes

The ISO hierarchy starts with the subdivision of multifunctional black box unit processes to
mono-functional single operation unit processes® and thereby cutting free the actually
required processes, avoiding the need for allocation (see Figure 7 and Figure 8).

“5 As the hierarchy covers other approaches than only allocation and also identified the first two approaches as
"avoiding allocation", it is argued that clearer and more appropriate would be the encompassing title ,Solving
multifunctionality of processes".

“5 The two sub-terms of "unit process" are introduced here to be able to differentiate between a) "single operation
unit processes" that can physically not be further subdivided and b) "black box unit processes" that can be further
subdivided. Allocation of black-box unit processes can result in distortions of the results if they include
multifunctional processes.
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Figure 7 Black box unit process and single operation unit process. Both can have one or
more (co-)functions (e.g. co-products as shown here).

Terms and concepts: Subdivision of multifunctional processes

“Subdivision” of multifunctional processes refers to the collection of data individually for those
of the mono-functional processes that relate to the analysed system and that are contained
in the multifunctional process. Subdivision is often but not always possible to avoid allocation
for black box unit processes; see Figure 7.

Thereby the actually required processes are cut free and the multifunctionality problem is
solved. This is unless any of the included single-operation unit processes is still
multifunctional. However, even then the data accuracy has been improved, often
substantially. Note that subdivision is the only correct / exact solution under attributional
modelling to solve multifunctionality of further sub-dividable processes; the 'short-cut' of
allocation of black box unit processes will often result in distorted inventories, as explained in
the text.

Under consequential modelling subdivision is also applicable’.

See also chapter 7.4.2.2 with more details on subdivision, partial subdivision, and virtual
subdivision.

*" However, it could be argued that the logic of consequential modelling might request to account for synergies
and other interrelations of processes that operate e.g. on the same site. This foreground-system internal
interrelations and consequences needs still further methodological clarifications. Similarly, the synergies on site-
level might even need to be considered in attributional modelling by an allocation of synergies. E.g. on a site a
small steam consuming process may benefit from a big steam consuming process that has lead to the installation
of a very efficient steam generating process.
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Figure 8 Solving the multifunctionality problem (see Figure 6) by subdivision of the black

box unit process. Subdivision yields exclusively the process-chain of mono-functional unit
processes “P1” to “P3” that result in the analysed “Product 1”.

Subdivision can serve this purpose only, if the separated unit processes are not also
multifunctional (as the example in Figure 8). However, next to potentially solving the
multifunctionality, singling out the 'true' unit processes has other advantages for quality
control and review, as the inventories do not combine several processes or even a whole site
in a 'black box'. It is also noted that in case allocation is done on black box unit processes,
the results are regularly distorted / incorrect, as normally not all processes inside a black box
unit process relate to all co-functions to the same extent (see e.g. Figure 7).

In addition to what ISO says on the general case, it is noted that also under consequential
modelling, substitution of co-functions of in principle subdividable unit processes will distort
the results, hence, subdivision or virtual subdivision should be preferred.

Black box unit processes should be subdivided also if this does not solve the
multifunctionality problem, as it renders it smaller and often easier solvable and as it
improves reviewability”®. Otherwise, the potentially distorting effect shall be explicitly
considered when stating accuracy of results and drawing conclusions and recommendations.
Note that, while subdivision requires collecting more specific data, it often avoids the need for
otherwise required data: in the illustrative Figure 8, this is data for the treatment of the
wastes A and C and in case allocation would be chosen, this is the allocation criteria
information (e.g. physical properties, market prices etc.).

Second approach: System expansion (including substitution)

As second option for avoiding the need for allocation the ISO hierarchy names the
approach of system expansion. This can mean to add another, not provided function to make
to system comparable (i.e. system expansion in the stricter sense) or to subtract not required
function(s) substituting them by the ones that are superseded / replaced (i.e. substitution by
system expansion).

“ltis recognised that budget or time restrictions may often limit this possibility.
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Terms and concepts: System expansion / substitution

“System expansion” and its variant “substitution” are also called “system enlargement” and
“crediting” / "avoided burden approach”, respectively. This is a combined concept for
ensuring the equality of multifunctional systems with each other.

In practice two different situations can be encountered:

The first one is to solve the multifunctionality by expanding the system boundaries and
substituting the not required function with an alternative way of providing it, i.e. the process
that the not required function supersedes (“substitution”).

An example: Blast furnace slag is a joint co-product of steelmaking (typically in the range of
0.2 to 0.35 kg per kg hot metal). It is mainly used in cement making (superseding Portland
cement) and in road building (superseding primary aggregates), while a smaller part is not
used, i.e. deposited. If we want to obtain exclusively the life cycle inventory of producing
blast furnace steel, the inventory of the co-function blast furnace slag will be eliminated from
the process by subtracting the inventory of the superseded processes / systems®. In this
way, we can obtain an LCI data set exclusively for the production of the steel from this
process/plant. Here we have expanded the system's perspective by subtracting the not
wanted function(s) via the life cycle inventory of alternative means to provide it. See Figure 9
for a schematic representation.

The other situation is when several multifunctional systems (e.g. different brands of a
complex consumer product) are to be made comparable in a comparison study. This would
be done by expanding the system boundaries and adding for the given case missing
functions and the inventories of the respective mono-functional products: E.g. when
comparing a combined copier, printer, scanner, fax machine with a combined copier,
scanner, fax machine, the missing function "printer" would be added to the inventory of the
second product system; see upper part of Figure 10 for the schematic representation.

The term system expansion is more illustrative in the second situation where we add one or
more missing function(s).>

Note that both uses are mathematically equivalent as Figure 10 demonstrates (while not
necessarily in their meaning and interpretation).

System expansion and substitution are the corresponding method approaches under
consequential modelling for solving multifunctionality.

Substitution is also applicable for attributional modelling that is interested to include existing
interactions with other systems (e.g. credits to existing / past recycling operations for avoided
primary production), i.e. under Situation C1.

Substitution means to subtract the inventory of another system from the analysed system.
This often leads to negative inventory flows. It can even result in negative overall

“9 Note that in full consequential modelling, any additional BOF slag would go to landfill, as the supply is already
higher than the demand. In that case, nothing is superseded and landfiling would be modelled. Looking in
contrast at the existing average situation, a high share of the already produced BOF slag is replacing e.g.
Portland cement and avoids its production. In that perspective, it is appropriate to substitute the mix of alternative
uses (and have only a share modelled as landfilled). As a second comment it is interesting to note that the
modelling of "additional BOF slag" changes if the BOF slag would be already fully used e.g. in the named cement
applications. In that case, also any additionally co-produced BOF slag would supersede Portland cement, since
the market demand would be higher than the supply.

* The case of substitution could actually also be called "system reduction".
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environmental impacts for the analysed system. This means that there is a net benefit of
producing the analysed system as the overall impact is more than compensated by the
avoided impact the co-functions have elsewhere. This is the correct interpretation, if made
within the assumptions of the study, including on the amount of co-functions produced.

This has nevertheless often lead to communication problems, especially to non-experts, as
negative emissions and negative impacts are not directly intuitive. If such occurs, this needs
special attention, including already in the reporting of results.

At the same time, such results can also be misleading, if wrongly interpreted that an
unlimited production of the analysed system will lead to unlimited benefits. This however
ignores that an ever-increased amount of production will produce very large amounts of the
co-function, while the market for the superseded processes that was originally modelled
might be much smaller. l.e. if the amount of the production is increased, the modelling would
need to be changed to reflect whether the market can still take up the bigger amounts and
these would still actually supersede any other process or system. This means that a study
under Situation A can only be used to provide decision support under the original assumption
that the not required co-functions are absorbed by the market and supersede the identified
alternative processes / system and without large-scale consequences. Otherwise, for larger
amounts, another mix of process / system might be superseded or the system would even
need to be modelled under Situation B. Also a study under Situation B, e.g. on "10 % biofuels
in China", cannot be used to support a decision on e.g. "50 % biofuels in China", as other
large-scale consequences would likely occur in the rest of the society and industry that were
not considered in the initial study but that would change the results.

: Alternative Alternative
Co-production : ~ :
of A+B — production ~ production
of B of A
Figure 9 Solving the multifunctionality problem by substitution of the not required co-

functions, schematic.

In practice, system expansion can lead to the need of further system expansion as the
additionally included systems often are again multifunctional. This can be addressed in many
cases via cut-off rules. There are however systems for which no alternative production /
process for exactly the same function exists (e.g. rice grains and straw always grow together,
i.e. there is no alternative production of rice grains to be substituted). A substitution of the
function that the rice grains provides is however feasible, i.e. other grains and staple fruits
can be assumed to be superseded. Depending on the specific situation this can however
need to a large number of superseded systems, so that in the balance of effort and accuracy,
pragmatic but systematic approaches are required.

In other cases, the alternative processes exist only in theory or are of no quantitative
relevance in practice (e.g. Sodium hydroxide is basically exclusively produced from sodium
chloride electrolysis, hence there is no truly superseded process of industrial relevance).
Another challenge is that it is not straightforward to identify the one or more superseded
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processes that should be integrated into the expanded system; the necessarily complex
approach is detailed in chapter 7.2.4.

Co-production Alternative » Alternative

of A+B — production ~ production
of B of A

Co-production ~ Alternative Alternative

of A+B ~ production + production
of B of A

8\

Figure 10 Equivalence of additive and subtractive ("substitution") system expansion:
Achieving functional equivalence of compared systems by either adding functions (system
expansion, top) or subtracting them (bottom)

Third approach: Allocation

As last step in the ISO hierarchy, allocation is named, partitioning the inputs and outputs
between the co-functions according to some allocation criterion. ISO gives a preferred order
of potential criteria; see box.

Terms and concepts: Allocation

“Allocation”, also called “partitioning”, solves the multifunctionality by splitting up the amounts
of the individual inputs and outputs between the co-functions according to some allocation
criterion, being a property of the co-functions (e.g. element content, energy content, mass,
market price etc.); see Figure 11.

If possible, according to ISO 14044:2006, allocation should be performed in accordance with
the underlying causal physical - and implicitly also covered: chemical and biological -
relationship between the different products or functions. This should reflect the way in which
the individual inputs and outputs are quantitatively changed by quantitative changes in the
multiple functions delivered by the process or system. When it is not possible to find clear
common physical causal relationships between the co-functions, 1SO 14044:2006
recommends performing the allocation according to another relationship between them. This
may be an economic relationship or a relationship between some other (e.g. non-causal
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physical) properties of the co-functions such as energy content that is often used in the
allocation between different fuels co-produced in a refinery™".

Note that if subdivision cannot provide exclusively mono-functional unit processes that can
be attributed to the analysed function, allocation is the corresponding method approach
under attributional modelling for solving multifunctionality of processes.

Emissions

|nput products ~ = ‘ .....

(goods and > Product A
services)
oroduct B
RESOUICES - - = et

T

Wastes

Figure 11 Solving the multifunctionality problem by allocation of the inventory to the co-
functions (illustrative). The thickness of the lines inside the process indicates which share of
each non-functional flow is allocated to each of the two co-functions (here: "Product A" and
"Product B"). The flows can be quantitatively allocated to only one (blue, solid lines) or to
several (red, dotted lines) of the co-functions. Different allocation criteria can be applied that
need to be appropriately identified. The sum of the allocated amount of inventory flows shall be
identical to the un-allocated inventory of the process.

In practice there is often the difficulty to clearly identify the most appropriate allocation
key, as the following examples illustrate. There is also often a lack of data (e.g. in the above
example case data on how a varying amount of carbon and chlorine in the waste
gquantitatively changes effects the amount of dioxin formation), what renders the use of
physical causality as solemn allocation criteria not always feasible or at least reduces the
robustness. In chapter 7.9.3.2 some examples are given to illustrate this.

On using the market price as allocation criterion

The use of the market price as allocation criterion is hence often found in practice. In
many cases however the co-products are not directly traded but further processed internally
e.g. compressed, purified, packaged etc. first. Hence the market price of the resulting
product that is old is to be adjusted (i.e. reduced) for these additional steps, before using it as
allocation key. Some interim co-products are not at all or at least seldom traded externally
(e.g. refinery gas); market price information is to be approximated in such cases. Market

*! Note that the use of e.g. the lower calorific value for allocation across refinery products for the black-box unit
process refinery is not a causal physical relationship, but a simplified allocation of a not causal physical
relationship in the sense of ISO.
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price based allocation on site level (i.e. of black box unit processes) disregards that emission
abatement technologies often treat emissions that are related to only one of the co-products.
A general disadvantage of using market prices in allocation is that this assumes a positive
correlation of impacts with the market price, disregarding that environmental measures such
as emission reduction technologies in fact increase the production cost while reducing the
environmental burden. Using the market price for allocation also leads to some degree of
correlation of the environmental impact with the price of the product, what limits the
meaningfulness of such environmental impact data in eco-efficiency analysis.

The ILCD provisions solving multifunctionality of processes

How to identify the most appropriate, specific allocation and substitution approaches is
detailed in the following subchapters for the general cases.

6.5.4 LCI modelling provisions for Situations A, B, and C

(Refers to aspects of ISO 14044:2006 chapter 4.3.4 and 4.2.3.6.1)

6.5.4.1 Introduction and overview

In preparation of identifying the most appropriate LCI modelling principles and method
approaches oriented to the goal of the LCI/LCA study, in chapter 5.3 the LCA work to be
performed has been classified as belonging to one of three distinct decision-context
situations A, B, or C.

In practice and next to the formal decision-context there is a wide range of other aspects
that finally determine the most appropriate LCI modelling principles and method approaches
to be applied. These aspects comprise among others reproducibility, information and data
availability, precision and robustness, practicality, communicatability, cost-effectiveness,
coherence with other instruments, and stakeholder acceptance. Taking into account all these
aspects, the modelling provisions for Situations A, B, and C are derived, as follows:

6.5.4.2 Situation A: "Micro-level decision support”
(Refers to aspects of ISO 14044:2006 chapter 4.3.4 and 4.2.3.6.1)

6.5.4.2.1 Overview

Situation A relates to a life cycle based decision support on micro-level (e.g. for product-
related questions). It is typically, but not necessarily referring to the short-term (up to 5 years
from present) or mid-term (5 to 10 years from present) future. l.e. the analysed changes
directly or indirectly relate to inform the purchase of products that are already offered in the
market or the design / development of products that are foreseen to entering the market
typically. Key criteria is that the analysed e.g. product has a limited share of the total
production of its sector, so that its production, use and end-of-life can be reasonably
expected to have no large-scale consequences in terms of additionally installed or reduced
capacity in the background system or other systems, i.e. not structurally change it>2.

1. °* Sometimes it is theoretically assumed that any small-scale decision would have long-term
consequences on installed capacity (e.g. the purchase of 500 polypropylene-based ball pens would
result in marginally increased capacity of polypropylen production by resulting in a marginal extra of
newly installed polypropylene plants). This is understood to need further research before it can be
considered for inclusion under Situation A, as a valid, efficiently applicable and robust guidance is
required. Especially investment decisions under market, policy and other constraints as well as the
specific effect of secondary consequences that counteract or block any such large-scale consequences
need to be better understood.
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In condensed form and for orientation only, the following guidance is given: The most
appropriate LClI model for Situation A shall represent the supply-chain of the analysed
system, applying attributional modelling. For cases of system-system relationship and
multifunctionality of processes and products that cannot be solved by subdivision or virtual
subdivision, the system expansion approach shall be adopted, substituting the avoided
process as its market mix (excluding the to-be-substituted function/route). Value-correction
may be needed to adjust for differences in performance. In the case of large complexity,
allocation is the next option to solve multifunctionality.

The following paragraphs provide further details. Details on modelling are given in the
respective Life Cycle Inventory chapters.

6.5.4.2.2 LCI modelling provisions

General life cycle model
The following general guidance shall be applied:

« attributional modelling shall be used for the general system LCI modelling, i.e. depicting
the existing supply-chain, use and end-of-life downstream chain, as for the given to be
included in the model.

Multifunctionality

For solving multifunctionality, subdivision or virtual subdivision shall be aimed at, cutting
free non-multifunctional processes (see chapter 6.5.3). For system-system relationships and
for solving multifunctionality where this is principally not possible OR where other reasons
such as data availability or cost considerations hamper this, the appropriate LCI method
approaches shall be:

« Cases of system-system relationship (see box in chapter 7.2.2): if the secondary
function acts within another system where it only affects the existing processes’
operation (and potentially also the installed capacity, e.g. because this secondary
function had been considered when planning the affected system), system expansion
shall be done via substitution of the short-term marginal. In more detail: the system-
system relationship related multifunctionality does not lead to installation of new
processes or their taking out of operation, but only to changes in their operation (i.e.
'short-term marginal' consequences). This is given for those cases where the secondary
function of the analysed product acts directly in context of another system, the 'context
system'. An example is a coffee-machine that generates heat as co-function that lowers
the heating demand for the building in which it is operated (and/or increases the cooling
demand, depending on the region and season) (details see box of system-system
relationships in chapter 7.2.2). The superseded process is hence directly the one
affected in its operation (e.g. in case of the above example the average house heating
and cooling systems in the analysed country). Note that in case the existence of the
coffee-machine was anticipated in the building design and the installation of
heating/cooling capacity, the same applies, just that in that case other heating/cooling
systems are in use and to be modelled.

« Cases of multifunctionality - general:

- If for the not required co-function functionally equivalent alternative processes /
products are operated / produced in a suffient®® extent, the not required co-function
shall be substituted with the average market® consumption mix of the processes or
products that are superseded, excluding the to-be-substituted process-route/product
from this mix. The reasoning for this simplification compared to a full consequential
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modelling is that a high effort is required to identify among the potential processes
those that are most likely superseded and calculate the superseded mix: In full
consequential modelling the mix of the most likely superseded processes would
need to be identified. The limited benefit of a potentially more accurate, but also less
certain selection of processes is not found justified for Situation A studies. The
market mix is used as a realistic and robust approximation that additionally considers
the existence of various secondary consequences and constraints that can be
assumed to often reduce or fully compensate/avoid the theoretical primary
consequences.

- If such alternative processes / systems do not exist or are not operated to a
sufficient extent, alternative processes / systems of the not required co-function in a
wider sense should be used for substitution, along the same provisions as set in the
preceding sub-provision.

- If also such alternative processes / systems for the wider function do not exist or do
not meet the named requirements, the study is in fact a Situation B type study, as
this implies large-scale consequences on other systems: the amount of not required
co-function is more than the market can easily absorb without structural changes

- It can be that modelling of substitution is not feasible. This can be e.g. as very many
alternative processes / systems or alternatives for the function in a wider sense exist
(e.g. over 10 alternative processes / systems make up over 80 % of the market for
the to-be-substituted function and/or the superseded processes [/ systems
themselves have a number of co-functions)). The effort for modelling and quality-
controlling this system would counteract applicability and practicality for Situation A
studies. For this reason a simplification is applicable, compared to the theoretical full
consequential model: In such cases and also if otherwise usable generic data is not
sufficiently accurate to represent the superseded processes / systems, the two-step
allocation procedure of chapter 7.9.3 can be applied instead. This shall however not
be done if it would relevantly favour the analysed process / system; this should be
argued or approximated. Note that if allocation is done, the resulting lack of accuracy
shall be reported and later be considered in the interpretation.

- Another simplification applies compared to the theoretical full consequential model:
Substitution of the determining co-function(s) shall not be done. If they cannot be
identified, the determining co-function(s) should be assumed to be those that jointly
contribute more than 50 % to the combined market value of all co-functions of the
analysed multifunctional process or system. That implies that in fact the main,
determining co-function(s) of the process would be substituted. In this case, the two-
step allocation procedure shall be applied (see chapter 7.9.3).

- Differences in functionality between substituted and superseded function shall be
considered either and preferably by substituting the actually superseded amounts
(e.g. the amount of Portland cement that the steel making co-product BOF slag
actually replaces in cement). Or, as second priority, these differences shall be
considered by market value correction of the amount of the substituted function and
its inventory, i.e. the ratio of market price between the co-function and the ones it is
supposed to supersede.

- As special case of the above, for waste and end-of-life treatment (for all cases, i.e.
"closed loop", "open loop - same primary route”, and "open loop - different primary
route"): system expansion shall be done, substituting the avoided primary production

using the recyclability substitution with the average primary route market mix of the
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market where the secondary good is produced; differences in functionality shall be
considered by substituting the actually superseded amounts or by market value
correction (details see annex 14). An example: recycled, untreated wood from
construction waste®® might be chipped and used in particleboard production in
Europe. Primary produced wood chips (European market consumption mix) would
be superseded and their inventory used in substitution. If the secondary wood chips
would have a lower functionality than the primary wood chips (e.g. more would be
needed for a particleboard of the same performance specifications), the respectively
reduced amounts of superseded primary wood-chips is substituted. Or, if this is not
identifiably and quantifiable, but the market value of primary wood chips would differ
to the secondary ones, the substituted inventory is corrected by their market price
ratio. Any efforts of sorting, transport, chipping, etc. of the construction wood waste
would be part of the building inventory from which the construction wood waste
stems. The simplified substitution of the market mix of primary production is
reasoned the same way as the use of the market mix for the general case of
multifunctionality, as explained more above. An example is the electricity produced
from production waste or end-of-life product incineration with energy recovery. The
superseded and to be substituted process is the electricity mix of the market (e.g.
country, region, sub-grid) where the waste / end-of-life treatment takes place,
excluding the to-be-substituted electricity source

- Especially for the case of "open loop - different primary route" in addition it shall be
checked whether for the reused part, recycled material, or recovered energy
functionally equivalent, alternative processes / systems, or functional equivalents in
a wider sense exist and are operated to a sufficient extent (as detailed above for the
general cases of multifunctionality). Otherwise, the study is in fact a Situation B type
study, as this implies large-scale consequences on other systems. Analogously to
the general case of multifunctionality, the amount of secondary good provided is so
high that the market cannot absorb it without structural changes. Note that this
usually does not apply to closed-loop cases, as the secondary good enters the same
kind of system, i.e. the market can always absorb the secondary good. This is unless
the quality is too low and it cannot replace the functions of the primary good.

- Similarly as for the general case, very complex and expanded substitution systems
can render the study impractical, as data is not available or accessible for all parts,
or lead to inappropriately high costs. In that case (see above), allocation can be
done, applying the procedure for waste / end-of-life treatment multifunctionality; this
is detailed in annex 14.4 and chapter 7.9.3. Allocation shall however not be done if it
would relevantly favour the analysed process / system. This can be analysed
gualitatively or semi-quantitatively argued or approximated. If allocation is done, the
resulting lack of accuracy shall be reported and later be considered in the
interpretation.

Comparative studies

For comparative studies of Situation A the main model for each of the compared
alternatives shall be complemented with assumption scenarios of reasonably best and
reasonably worst cases and (optionally) further assumption scenarios within the reasonably
best and worst cases. Uncertainty calculation shall be performed, unless it has already been

%% Methodologically identically for wood waste collected during production of a building and from decommissioning
of an old building.
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used to derive the reasonably best and worst case scenarios. The interested parties shall be
involved towards a best attainable consensus on the definition of the reasonably best and
reasonably worst assumption scenarios that can in principle vary all data and method
provisions and assumptions for Situation A, except for the "shall" provisions and
assumptions.

Note that the comparative case under Situation A (e.g. procurement of cleaning services)
in most cases assumes that one of the compared alternatives will be procured. The LCA-
based decision support hence only compares the alternatives. There is hence usually no
'zero' option.

If among the to-be-compared systems, one or more systems have additional functional
units, comparability shall be achieved by system expansion.

6.5.4.3 Situation B: "Meso/macro-level decision support”
(Refers to aspects of ISO 14044:2006 chapter 4.3.4 and 4.2.3.6.1)

6.5.4.3.1 Overview

Situation B refers to life cycle based decision support on a meso or macro-level, such as
for strategies (e.g. raw materials strategies, technology scenarios, policy options, etc.). It
typically refers to the mid-term (5 to 10 years from present) or long-term (beyond 10 years
from present) future, given the nature of the study. Key criterion is that the analysed decision
has consequences on changes in production, use and end-of-life activities that will directly or
indirectly change relevant parts of the economy by having large-scale structural effects.

In condensed form and for orientation only, the following guidance is given: The analysed
systems or alternative scenarios shall be modelled, applying the modelling guidance of
Situation A (see chapter 6.5.4.2). Those processes that have been identified as being
affected by "big" large-scale changes as consequence of the analysed decision shall be
modelled as the market mix of the long-term marginal processes (details see chapter 7.2.4).
This shall be complemented with assumption scenarios of reasonably best and reasonably
worst cases. Also uncertainty calculation can support the analysis.

The following paragraphs provide further details with the full details are given in the
respective chapters:

6.5.4.3.2 LCIl modelling provisions

General life cycle model and multifunctionality

Situation B shall apply the LCI modelling guidance of Situation A, with one exception:
processes that have been identified as being affected by big® changes as consequence of
the analysed decision shall be modelled as mix of the long-term marginal processes.

Comparative studies

Comparisons of alternatives would then be made among the various alternatives,
considering the assumption scenarios and uncertainty analysis (unless such has already
been used to derive the reasonably best and worst case scenarios).

Note that in contrast to Situation A, the comparative case (e.g. options for recycling
policies) in most cases also has a 'zero' option of 'business as usual', i.e. that a new policy

* Definition and guidance see chapter 7.2.4.
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would not be put in place (or that no change would be made to an existing policy). The LCA-
based decision support hence usually also has one scenario of 'no action'.

For comparative studies the systems or alternative scenarios shall be complemented each
with further scenarios (here called "assumption scenarios") to improve the robustness of the
analysis, by varying the key data related assumptions (e.g. recycling rates, use intensity, life
times, etc.) and potentially the relevant method assumptions. The assumption scenarios shall
combine variations of the most influencing assumptions aiming at representing reasonable
worst and reasonable best cases around the system(s).

These reasonable worst and reasonable best cases should be derived by expert
judgement aiming at capturing the upper and lower 90 % percentile of error around the
system / alternative scenario (including accounting for co-variance among assumptions).
This scenario analysis shall be combined or integrated with stochastic uncertainty calculation
e.g. applying Monte-Carlo Simulation, unless such has already been used to derive the
reasonably best and worst case scenarios.

The assumption scenarios may deviate from all LCI modelling requirements of Situation B,
including the "shall". The necessary reasonable worst and reasonable best scenarios shall
be agreed among the involved interested parties of a public stakeholder hearing aiming at
the best attainable consensus™®. These scenarios can hence include e.g. full consequential
scenarios for the entire system life cycle and attributional (allocation) for cases of
multifunctionality. Details on which consequences should be included by default in case
consequential modelling is done and guidance on determination of the marginal processes is
found briefly in chapter 7.2.4.

If an LCI data set is the deliverable of the study, the modelling of assumption scenarios is
recommended, only. If performed, the outcome may be documented together with the data
set. Note that this is a "shall" requirement if the data set is intended to be used in subsequent
comparisons.

6.5.4.4 Situation C: “Accounting”

(Refers to aspects of ISO 14044:2006 chapter 4.3.4 and 4.2.3.6.1)

Overview

Situation C relates to studies that require a entirely descriptive, accounting-type of life
cycle model, typically referring to the past or present (while individually also to the future via
extrapolation). The object of the analysis can be both on a micro-level and on a meso or
macro-level; the amount of production or consumption and of co-functions does not change
the modelling. Key difference from Situations A and B is that the study is interested in
documenting what has happened (or will happen) based on decisions that have already been
taken; there is hence no small-scale or large-scale consequences on the background system
or other systems in the rest of the society that would be in the interest of the analysis.
However, existing benefits and negative interactions with other systems (e.g. recycling
credits) may be included. This leads to the two differentiated cases C1 and C2.

For the two sub-types of Situation C, the key difference is whether existing benefits
outside the analysed system are considered or not: In Situation C1, this is the case (e.g. the

%5 As the review requirements for such Situation B studies foresee an external review (for the exact type of review
see the review guidance document), it is one possibility to fulfil this hearing requirement by joining it with the
stakeholder involvement in this review: the reviewer / review chair can invite affected stakeholders and steer a
process towards the best attainable consensus on the primary and secondary consequences that are to be
included into the scenarios of the respective study.
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benefit of a process of the analysed system is producing a co-product that actually
supersedes another product). This is hence to be credited. Note that in difference to Situation
A (or B), here this benefit is already existing (as an existing system is described). In Situation
A (or B) this benefit is assumed to occur only in consequence of the decision that is
supported with the study, i.e. in addition. This "addition" is the key: only if the additional
amount of co-product can be used in the market, only then the crediting is appropriate in
Situation A, otherwise the structural consequences are to be modelled (Situation B). For that
reason in Situation A, the credit is only given if it can be shown that the superseding actually
takes place (or is likely to take place as the amount is relatively small). In Situation C1, the
fact of superseding can actually be measured by inventorying how much of the co-product is
actually used and for which purposes and how much may be deposited. This results in the
following, general modelling provision:

LCI modelling provigions

For both Situation C1 and C2 the life cycle of the analysed system(s) shall be modelled as
attributional model of the supply-chain, i.e. as in Situation A (details see chapter 7.2.3; see
also again 6.5.2).

Multifunctionality

For solving multifunctionality, subdivision or virtual subdivision shall be aimed at, cutting
free non-multifunctional processes (see chapter 6.5.3). For system-system relationships and
for solving multifunctionality where this is principally not possible OR where other reasons
such as data availability or cost considerations hamper this, the appropriate LCI method
approaches shall be:

« For Situation C1 multifunctionality of processes and systems should be solved with
substitution via system expansion, similarly as in Situation A but independently of the
amount of secondary function. That means hat studies done under Situation A are
identical to studies done under Situation C1 (while not vice versa).

« For Situation C2, multifunctionality of processes and systems shall be solved with
allocation. This also applies to all end-of-life product and waste management including
material recycling, energy recovery, part reuse, product further use, etc. The guidance
on the two-step procedure for applying allocation is provided in chapter 7.9.3. Details on
modelling recycling are provided in annex 14.4.

Note that given the purely descriptive character of the model, the resulting accounting-
type data of Situation C1 — while informing decision makers about developments and hot
spots — cannot DIRECTLY be used for decision support or comparisons of alternative
measures: this requires the subsequent use of the modelling under Situation A or B.

T e e s

Provisions: 6.5.4 LCI modelling provisions for Situations A, B, and C

1 step of determining the LCI modelling and method approaches is part of the scope definition, the provisions are

The following modelling provisions can be applied only in the Life Cycle Inventory phase. However, because the

given here. They are also required to provide orientation to some of the remaining steps of the scope phase.

Note that the inventory of a unit process is basically identical for Situation A, B, and C, although some differences
apply e.g. for required additional information, e.g. market size. What differs is which processes are within the
system boundary, especially in the background system (what is addressed in chapter 7.2), and how the
processes are combined to represent the life cycle model and how multifunctionality is solved; both are addressed
in this chapter.

The following provisions draw on the provisions in the referenced LCI chapters. They are partly simplified
compared to the 'full' consequential and attributional modelling provisions to improve practicality and applicability;
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Provisions: 6.5.4 LCI modelling provisions for Situations A, B, and C

this is highlighted in the respective provision.

1)

SHALL - LCI modelling provisions to be applied: A specific combination of LCI
modelling framework (attributional or consequential) and LCI method approaches
(allocation or system expansion / substitution) is identified for each of the goal situations
A, B, C1, and C2. The provisions cover scenario and uncertainty calculation. The
provisions shall be applied as follows (6.5.4.1): [ISO!]

l.a) Situation A - "Micro-level decision support": (6.5.4.2)

l.a.i)

l.a.ii)

1.aiii)

l.a.iv)

Life cycle model: The life cycle model of the analysed system(s)®® shall
be modelled as an attributional model, i.e. depicting the existing supply-
chain processes (for details see chapter 7.2.3).

Subdivision and virtual subdivision for black box unit processes
and multifunctionality: It shall be aimed at avoiding black box unit
processes and solving multifunctionality by subdivision or virtual
subdivision (see chapter 7.4.2.2), as far as possible. The following
applies for cases of system-system relationships and cases of
multifunctionality, if subdivision / virtual subdivision is not possible or not
feasible:

Cases of system-system relationship: if the analysed system's
secondary function acts within a context system, where it only affects the
existing processes’ operation, system expansion shall be performed via
substitution with the short-term marginal (for terms, concepts, and details
see boxes in chapter 7.2.2 and chapter 7.2.3).

Note that the analysed system may also have influenced the installed capacity of the
context system, if it had been considered when planning the context system. For example

the heat generated by office equipment may have been considered when dimensioning
the heating and cooling system of an office building.

Part-system relationships require no specific modelling provision, but the correct
identification of the processes within the system boundary; see boxes in chapter 7.2.2.

Cases of multifunctionality - general: (For terms, concepts, and details
see chapter 7.2.4.6, but note the simplifications given here for Situation
A):

l.a.iv.1) Substitution of market mix of specific alternatives:
(Simplification compared to full consequential model): If for the
not required® specific co-function, functionally equivalent
alternative processes / systems are operated / produced to a

% Plural in case of comparisons.

®"|.e. in contrast to the one that is analysed or within the system boundary in the background system.
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Provisions: 6.5.4 LCI modelling provisions for Situations A, B, and C

sufficient®® extent: the not required co-function shall, as far as
possible, be substituted with the average market® consumption
mix of the processes or systems that it supersedes, excluding
the to-be-substituted function from this mix. If the to-be-
substituted function has a small share in the overall
environmental impact of the market mix, the market mix can be
used instead, if the results are not relevantly changed.

l.a.iv.2) Substitution of market mix of general, wider alternatives: If
such alternative processes / systems do not exist®® or are not
operated to a sufficient extent, alternative processes / systems
of the not required co-function in a wider sense should be used
for substitution®, applying the same provisions as set out in the
preceding sub-provision.

l.a.iv.3) Situation B?: If also such alternative processes / systems for
the wider function do not exist or do not meet the named
requirements, the study is in fact a Situation B type study, as
this implies large-scale consequences on other systems.

l.a.iv.4) Allocation: (Simplification compared to full consequential
model): if modelling of substitution is not feasible® and generic
data is not sufficiently accurate to represent the superseded
processes / systems: the two-step allocation procedure of

%8 "gufficient” means that the not required co-function can quantitatively be absorbed by the market. That shall be

assumed to be the case, if the annually available amount of the to-be-substituted co-function is not more than the
annual amount produced by the annually replaced installed capacity of the superseded alternative process(es) or
system(s) (see also paragraph on "Guidance for differentiating between Situation A and B" in chapter 5.3.6). !
Note that this refers to the amount of co-function provided by the analysed process. E.g. if the study refers to a
specific producer that contributes only a small share to the total production of the co-function, only this small
amount counts. l.e. it is very likely that it can be absorbed by the market. If the study refers to the total production
of a certain product that has the not required co-products, there is the chance that this much larger amount of co-
products cannot be absorbed by the market.

% This "market" is the market where the secondary function is provided. E.g. for products produced from end-of-
life and waste management this is the market of the primary production at the time and the location (e.g. country,
region or global etc. market) where the end-of-life product or waste is known or forecasted to undergo recycling,
reuse, or energy-recovery. If this market cannot be clearly determined, the most likely market shall be assumed
and well justified; this most likely market shall be on a continental scale or at least cover a group of countries /
markets. For explanation of the "market" concept see chapter 6.8.3.

% As is the case e.g. for wheat grain and straw production, many oil refinery products, etc.

®1 E.g. for NaOH, as co-product of Chlorine production, apart from NaCl electrolysis no alternative route is
operated to the sufficient extent. However, NaOH provides in a wider sense the function of neutralising agent
(next to some other, quantitatively less relevant functions) and hence other, technically equivalent and competing
neutralising agents such as KOH, Ca(OH),, Na,COs, etc. can be assumed to be superseded; their mix would be
used to substitute the not required NaOH. For the example of a wheat grain study and the not required co-product
straw: instead of straw, other dry biomass (e.g. Miscanthus grass, wood for heating, etc.) provides equivalent
functions and its market mix can be assumed to be superseded.

82 "not feasible" refers to cases where many alternative processes / systems or alternatives for the function in a

wider sense exist (e.g. where over 10 alternative processes / systems make up over 80 % of the market for the to-
be-substituted function, and/or where the superseded processes / systems themselves have a number of co-
functions.
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Provisions: 6.5.4 LCI modelling provisions for Situations A, B, and C

l.a.v)

l.a.iv.5)

l.a.iv.6)

chapter 7.9.3 can be applied instead. Allocation shall however
not be performed if it would relevantly favour the analysed
process / system. This fact shall be argued or approximated. If
allocation is performed, the resulting lack of accuracy shall be
reported and explicitly be considered later in the results
interpretation. For multifunctional products and the alternative
second step in allocation, Quality Function Deployment (QFD)
is the preferred alternative to market price allocation.

No substitution of main function(s): (Simplification compared
to full consequential model): The determining co-function(s)
shall not be substituted (for term and concept see chapter
7.2.4.3). In the case the determining and dependent co-
functions cannot be clearly identified, the determining co-
function(s) should be assumed to be those that jointly
contribute more than 50 % to the combined market value of all
co-functions of the analysed multifunctional process or
system®. (The market value is for this purpose the value of the
co-functions as provided by the multifunctional process, i.e.
without any further processing). In this case, the two-step
allocation procedure shall be applied (see chapter 7.9.3).

Considering functional differences: Differences in
functionality between substituted and superseded function shall
be considered either preferably by substituting the actually
superseded amounts, or by substituting the market value
corrected amount of the function (details see chapter 7.2.4.6).

Cases of multifunctionality - waste and end-of-life treatment: (For
terms, concepts, and details see chapter 7.2.4.6 and annex 14.5, but
note the simplifications given here for Situation A):

l.a.v.1)

l.a.v.2)

Recyclability substitution of primary route market mix:
(Simplification compared to full consequential model): For
waste and end-of-life treatment as cases of multifunctionality:
system expansion shall be performed in accordance with the
provisions for the cases of general multifunctionality. The
avoided primary production of the reused part, recycled good,
or recovered energy shall be substituted. This shall apply the
recyclability substitution approach, with the simplification of
substituting the average primary route market consumption mix
of the market where the secondary good is produced.

Recyclability substitution of general, wider alternatives:
For "open loop - different primary route" cases, the market
consumption mix of alternative goods in a wider sense should
be used for substitution, along the same provisions as set out in
the preceding sub-provision.

® The reasoning is that in that case it is likely that the determining co-functions would be substituted.
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Provisions: 6.5.4 LCI modelling provisions for Situations A, B, and C

l.a.vi)

l.a.v.3)

l.a.v.4)

l.a.v.5)

Situation B?: Especially for the case of "open loop - different
primary route"” and for secondary goods with relevantly
changed / downcycled properties, in addition verification is
needed on whether for the reused part, recycled material, or
recovered energy, functionally equivalent, alternative processes
or systems, or functional equivalents in a wider sense exist. If
this is the case it needs additional verification whether these
are operated to a sufficient extent (as detailed above for the
general cases of multifunctionality, see also footnote 58).
Otherwise, the study is in fact a Situation B type study, as this
implies large-scale consequences on other systems.

Allocation: (Simplification compared to full consequential
model): if modelling the substitution is not feasible (see footnote
62) and generic data is not sufficiently accurate to represent the
superseded processes / systems, then the two-step allocation
procedure applied to waste/end-of-life given in annex 14.5 and
chapter 7.9.3 can be applied instead. This shall not be done if it
would relevantly favour the analysed process / system; this fact
shall be argued or approximated. If allocation is performed, the
resulting lack of accuracy shall be reported and explicitly be
considered later in the results interpretation.

Considering functional differences: Differences in
functionality between substituted and superseded function shall
be considered either and preferably by substituting the actually
superseded amounts. As second priority and if the superseded
amounts are not known, market value correction of the amount
of the substituted function shall be performed.

Note that this applies to all cases of waste and end-of-life treatment that generate any
valuable secondary good, i.e. "closed loop", "open loop - same primary route", and "open
loop - different primary route" (concepts see 14.3).

Comparative studies, scenarios, uncertainty calculation:

l.a.vi.1)

l.a.vi.2)

If among the to-be-compared systems, one or more systems
have additional functional units, comparability shall be achieved
by system expansion.

For comparative studies of Situation A, the main model for each
of the compared alternatives shall each be complemented with
assumption scenarios of reasonably best and reasonably worst
cases. Optionally further assumption scenarios can be defined.
Uncertainty calculation shall be performed, unless it has
already been used to derive the reasonably best and worst
case scenarios. These scenarios serve to later perform the
sensitivity check (see chapter 9.3.3). The interested parties
shall be involved towards a best attainable consensus on the
definition of the reasonably best and reasonably worst case
assumption scenarios (and uncertainty calculation) that can in
principle vary all data and method provisions and assumptions
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Provisions: 6.5.4 LCI modelling provisions for Situations A, B, and C

for Situation A except for the "shall" provisions and
assumptions / conventions. It is recommended to also perform
and report such assumption scenarios and uncertainty
calculations for non-comparative LCl and LCA studies.

Note that for LCI data sets that are intended to support comparative studies, the reasonsbaly best and worst case
scenarios may be included within these data sets or be provided as complement.

I.b) Situation B "Meso/macro-level decision support" (6.5.4.3):

1.b.i)

Provisions as for Situation A with two differences: The above
provisions for Situation A shall also be applied for Situation B, with two
differences:

.b.i.1)

.b.i.2)

Large-scale consequences: Processes that have been
identified as being affected by "big"®* large-scale changes as a
consequence of the analysed decision shall be modelled as the
expected mix of the long-term marginal processes (for details
see chapter 7.2.4).

Comparative studies, scenarios, uncertainty calculation:
(Additional flexibility for assumption scenarios), for comparative
studies of Situation B: The assumption scenarios and
uncertainty calculation can in principle vary all data and method
provisions and assumptions for Situation B including the
"shall" provisions and assumptions / conventions of the ILCD
Handbook, while not those of ISO 14040 and 14044%,

Note that comparative Situation B studies often include a "zero" option, i.e.

include a scenario of "no action" (e.g. "no change in existing policy Y", or "no
strategic measure on raw material X security of supply").

I.c) Situation C -"Accounting" (6.5.4.4):

l.c.i)

1.c.ii)

Provisions as for Situation A with two differences: The provisions for
Situation A shall also be applied for Situation C. With two differences:

Remaining cases of multifunctionality: These shall be solved as

follows:

l.c.ii.1)

Situation C1: Multifunctionality of processes and systems shall
be solved with substitution via system expansion, as in
Situation A, but independently of the absolute amount of the not

64 Large-scale ("big") consequences shall generally be assumed if the annual additional demand or supply that is
triggered by the analysed decision exceeds the capacity of the annually replaced installed capacity of the
additionally demanded or supplied process, product, or broader function, as applicable (see also chapter 5.3.6,
under the paragraph heading "Guidance for clearly differentiating between Situation A and B").

%% | e. these scenarios and uncertainty calculation aloow to apply the full range of method and modelling options of

of ISO 14044.
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Provisions: 6.5.4 LCI modelling provisions for Situations A, B, and C I
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required co-function(s) that will be substituted®. The other
provisions apply analogously.

l.c.ii.2) Situation C2: General cases of multifunctionality of processes
and systems shall be solved with allocation (i.e. applying the
two-step allocation procedure; for details see chapter 7.9.3).
Cases of waste and end-of-life treatment shall be solved via
allocation, as described in annex 14.4.1 (with the provisions
being included in the 'Provisions' of chapter 7.9.3).

l.c.iii) Comparative studies: Note the restrictions for direct comparative
decision support of accounting data (see chapter 5.3.7).

Note that Situation C1 is thereby modelled identically to Situation A, while independently of the size
of the system or processes.

Note that substitution can lead to negative elementary flows or in rare cases even negative overall environmental «
impacts of the analysed systems. This must be explicitly addressed in reporting, explaining all implications and 1
helping to avoid misinterpretation and misleading conclusions.

The main guidance on attributional LCI modelling is given in chapter 7.2.3.
Guidance on the two-step procedure for applying allocation is provided in chapter 7.9.3.
Main guidance on consequential LCI modelling is given in chapter 7.2.4.

Details on LCI modelling of reuse/recycling/recovery are provided in annex 14.4 (attributional) and annex 14.5

:
!
:
:
I
(consequential). :

6.6 Deriving system boundaries and cut-off criteria
(completeness)

(Refers to ISO 14044:2006 chapters 4.2.3.3.1, 4.2.3.3.2, AND 4.2.3.3.3)

6.6.1 Introduction and overview

(Refers to ISO 14044:2006 chapter 4.2.3.3.1)

Overview

The system boundaries define which parts of the life cycle and which processes belong to
the analysed system, i.e. are required for providing its function as defined by its functional
unit. They hence separate the analysed system from the rest of the technosphere. At the
same time, the system boundaries also define the boundary between the analysed system
and the ecosphere, i.e. define across which boundary the exchange of elementary flows with
nature takes place®’.

 The reasoning is that the effect of superseding alternative processes / systems is existing, other than in
Situation A where an additional amount of co-function is pushed into the market. l.e. in Situation C1, the check
whether alternative processes / systems are operated or produced to a sufficient extent is unnecessary, as the
superseding factually already occurs.

" This is not always straightforward, e.g. for agricultural systems that need a clear definition where the
technosphere (i.e. the managed field) ends and nature begins. See chapter 7.4.4.1.
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Terms and concepts: Technosphere and ecosphere — clearer defining the boundary

The terms technosphere and ecosphere are central and it can often be observed that these
two terms are interpreted differently by different practitioners: in ISO 14044:2006 the
ecosphere is referred to as “environment” what can be confusing as in LCA practice e.g. also
buildings and dams are referred to as “man-made environment”. In addition, the elementary
flows that cross the system boundary are defined as “material or energy entering the system
being studied that has been drawn from the environment without previous human
transformation, or material or energy leaving the system being studied that is released into
the environment without subsequent human transformation” . This brings ambiguity in cases
such as e.g. tailings from ore mining, fertiliser applied in agriculture, but also non-managed
waste land-filling in general as such 'materials’ are sometimes wrongly interpreted as being
an elementary flow to the environment.

The difficulty of impact assessment of complex flows such as land-filled end-of-life products
or tailings is that LCIA relates to single substances and energy flows. In order to ensure
reproducibility and an appropriate and working link with impact assessment it is necessary to
completely model the named cases until emissions of single substances enter the natural
environment. l.e. instead of inventorying “tailings” (which moreover can mean very different
things in practice and for which no impact factors exist) the leaching of e.g. sulphuric acid
and specific metals from the tailings is to be modelled and inventoried as "Emissions to
water". The same applies to land-filled waste with both the emissions accounted for and the
resources/products to operate the land-fill (if any). The boundary technosphere / ecosphere
can hence be more suitably be defined by defining the elementary flow as “single
substance®® or energy entering the system being studied that has been drawn from the
ecosphere without previous human transformation, or single substance or energy leaving the
system being studied that is released into the ecosphere without subsequent human
transformation”.

A precise definition of the system boundaries is important to ensure that all attributable or
consequential processes are actually included in the modelled system and that all relevant
potential impacts on the environment are appropriately covered.

The levels of cut-off criteria and the maximum permissible uncertainty are - together with
the achieved technical, geographical and time-related representativeness as well as method
consistency - the key measure for the overall quality (i.e. accuracy, completeness, and
precision) of the outcomes of the LCI/LCA study.

% Note that while not being single substances, sum indicators such as VOC, COD can be addressed in LCIA by
assuming a breakdown list of single substances. While the inventorying of actual single substances is to be
preferred, LCIA can be operationalised also with such sum indicators (as long as they are sufficiently
homogenous). Analogous considerations apply for energy resources such as e.g. hard coal. See however also
chapter 7.4.3 on this and other overarching LCI modelling and inventorying issues.
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Limitations of the system scope of the LCA approach (Accidents and other non-LCA
impacts)

Note that LCA only accounts for impacts related to normal and abnormal operation of
processes and products, but not covering e.g. impacts from accidents, spills, and similar®®.

The health impact (or improvement) that products may directly exert on humans is equally
not covered by LCA. This is because these impacts (or beneficial effects) occur within the
technosphere and are not subject to any environmental fate and exposure chain. This
applies to the use stage of a range of products such as food and drink, personal hygiene,
healthcare products, tobacco products, etc. Use-phase related impacts that these products
exert via an emission to the ecosphere (e.g. smoke emissions to the environment,
wastewater-discharge) are however to be included.

Equally, not explicitly addressed are impacts that occur directly within the technosphere
(e.g. workplace exposure)’®. In summary, accidents, social and other work environment
aspects including workplace-exposure, and indoor-emissions are not normally covered by
LCA (and not addressed in this guidance).

If included they must be inventoried, aggregated and interpreted separately from the life
cycle inventory that relates to inventions between the technosphere and the ecosphere and
related to normal operation of the involved processes.

Limited guidance in ISO on types of processes to include in attributional modelling

In ISO this step is only addressed implicitly for attributional modelling; no clear guidance is
given which activities or processes actually relate to the analysed system. While it is
generally agreed that extraction and direct processing of a material that ends up in the
analysed good is part of the system, the general inclusion of investment goods,
administration activities, marketing services, staff commuting, etc. is done differently by
different practitioners.

In any case depends the setting of the system boundaries on the LCI modelling
framework: in case of attributional modelling the system is modelled as it is, following a
existing or forecasted, specific or averaged supply-chain logic.

In consequential modelling, in contrast, the consequences that the analysed system
exerts on other systems are modelled, why these are the processes of a theoretically
modelled supply-chain are to be included in the system boundaries. For consequential
modelling, the informative ISO/TR 14049 gives illustrative guidance on the identification of
these processes. This serves as starting point for updated and further detailed guidance; see
chapter 7.2.4.

% Accidents and accident-type leakages and spills shall not be inventoried as part of the normal life cycle
inventory since they are fundamentally different in nature from the production or operation related normal and
abnormal operating conditions that LCA relates to (OTHER than e.g. fugitive emissions through sealings and
other “engineered losses” that are included in LCA). Accident modelling necessarily requires dealing with
frequencies and with cause-effect chains (to assign them to the causing unit processes). Work on this Life Cycle
Accident Assessment is still under methodological development, while a number of explorative case-studies have
been published.

© Methods to capture work-place exposure and other social work-place aspects are in between more advanced
under the Life Cycle Working Environment approach, while still lack broader application in practice.
Methodological work on indoor-exposure in private households is equally ongoing. It is unclear and widely
discussed whether both these types of impacts inside the technosphere belong under “environmental impacts” or
should be addressed separately, while within the same life cycle analysis frame. Within this ILCD guidance they
are not addressed for the time being until methods have been advanced and more practice experience has been
gained.
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On a higher level, widely different practices are found in relation to a systematic inclusion
or exclusion of accidents, the direct ingestion of food, application of e.g. cosmetics to the
skin, indoor exposure at workplace and home, etc.

The basic guidance for the question which activities at all are to be related to a product or
process are given in the LCI work chapters 7.2.3 and 7.2.4, separately for attributional and
consequential modelling, respectively. This question is to be answered early in the scope
phase as one basis for identifying principle data needs. The identification of the specific
processes takes then place in the LCI phase of the LCA.

System boundaries of unit process data sets

For unit process data sets and regarding product and waste flows, the system boundary is
the boundary between the modelled process and the rest of the technosphere. I.e. all product
and waste flows that enter or leave the process cross the boundary and hence appear in its
inventory. Also all the elementary flows that directly leave the process towards the ecosphere
or directly enter from there cross the system boundary are to be inventoried.

System boundaries of LCl results, LCIA results, and LCA studies

For LCI result and LCIA result data sets and for full LCAs, the system boundaries should
ideally be set in a way that all flows crossing the boundaries are exclusively elementary flows
plus the reference (product) flow(s). In other words: all’* other product and waste inputs and
outputs should be completely modelled until the final inventories exclusively show
elementary flows.

Material and End-of-life
Extraction part Assembly Retail Use
: managament
production

[C;c;mpany A]—>[ Company B]—>[Compan); \C]

< Cradle to gate (B) >
< Cradle to grave >

Figure 12 Cradle to grave, cradle to gate and gate to gate data sets as parts of the complete
life cycle; schematic. Each type fulfils a specific function as module for use in other LCA
studies.

Terms and concepts: Foreground system and background system

The analysed system is typically differentiated into the processes of the foreground system
and those of the background system. Two different purposes are behind this differentiation
that lead to two different concepts and usages, however: The first is the purpose of
identifying where specific data should be used versus where average or generic background
data can typically be used by default ("specificity perspective"). The second is the purpose of
identifying which processes can be managed by direct control or decisive influence from the
point of view of the decision-context of a study ("management perspective"). In context of this

" Note that exclusively for partly terminated systems selected product and/or waste flows may stay in the
inventory; the life cycle data of these are then completed by the user of the data set.

6 Scope definition - what to analyse and how 96




ILCD Handbook: General guide for Life Cycle Assessment - Detailed guidance First edition

guidance and for the purpose of data collection and compilation, the definition related to the
"specificity perspective" is applied.

Note that the specificity perspective related distinction is only indicative, as key is the
accuracy, precision and completeness of the data - especially generic data can for a given
case be more suitable for the foreground system (see also chapter 7.4.2.5). Note that also
for the management perspective related distinction many processes cannot be clearly
assigned to either foreground or background, as they can only be partially influenced.

Specificity perspective

Definition foreground system: In context of the "specificity perspective"”, the foreground
system is defined as those processes of the system that are specific to it. This means that
data for the specific e.g. technology, supplier etc. is most appropriate. These are in the
example of a study on a producer-specific product the processes that are operated at the
producer's facilities, but also all those processes at suppliers and downstream where only
one or few operators are involved, i.e. where the specific processes cannot be replaced by
e.g. market average supply data. These are hence typically the tier-one suppliers, but also
suppliers more up the supply-chain, if specific relations exist, e.g. by using certified green
energy or certified wood sources and the like.

Definition background system: The background system is then those processes, where
due to the averaging effect across the suppliers, a homogenous market with average (or
equivalent, generic data) can be assumed to appropriately represent the respective process.
Use stage and end-of-life stage related processes belong hence to the background system
from the perspective of the producer, in so far as the average use and end-of-life
management processes are to be depicted. However, the specific characteristics of the
product that is used and end-of-life treated are to be considered, hence combining specific
properties with average/generic processes. Moreover, in case specific scenarios of use or
end-of-life treatment technologies are investigated, these become part of the foreground
system of the analysis and specific data is preferable.

Management perspective

Definition foreground system: In context of the "management perspective", the foreground
system is defined as those processes of the system that are regarding their selection or
mode of operation directly affected by decisions analysed in the study. The foreground
processes are hence those that are under direct control of the producer of the good or
operator of the service or user of the good or where he has decisive influence. This variant of
the foreground / background definitions is relevant for ecodesign studies. This covers firstly
all in-house processes of the producer or service operator of the analysed system. Secondly,
while only for attributional modelling’?, also all processes at suppliers of purchased made-to-
order goods and services, i.e. as far as the producer or service operator of the analysed

2 Consequential modelling has no logic to depict existing supply-chains but models future supply-chains in
consequence of the analysed decision (considering ideally constraints and secondary consequences): not the
supplier-specific processes would be modelled but the general marginal / consequential processes, which at the
most may consider certain supplier-characteristics (e.g. with which technology and in which country the supplier
produces). It can even be in consequential modelling that processes under direct control of the producer or
operator belong to the background system: That is if a specific decision is made that has consequences on other
processes under direct control that are not directly decided upon but only via the consequence of the specific
decision. That is unless a constraint applies that makes it unlikely that the concerned process is actually changed
from its current technology in consequence of the analysed decision.
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system can influence them by choice or specification”. Thirdly also all product and waste
flows that cross the system internal boundary to the background system can be decided
upon, as it can be decided which goods or services are purchased, even though the way how
they are produced can be beyond this influence. Next, the use-phase is considered part of
the foreground system from the perspective of the product developer in so far as the
developer strongly influences the design-related use stage characteristics. Note that this
influence exists, even though e.g. wholesale and retail may be processes in between
production and use, and even though the use pattern influences the final inventory. Finally,
also some key aspects of the end-of-life management of the product are part of the
foreground system, as far as design-related properties (e.g. upgradability, reusability,
disassembility / recyclability, etc.) influence these processes. For attributional studies build
around the use stage of consumer products, the foreground system would accordingly be the
product use and the selection of the initial waste management (if the user has a choice of
different options).

Definition background system: In contrast, the background system comprises those
processes that are operated as part of the system but that are not under direct control or
decisive influence of the producer of the good (or operator of the service, or user of the
good). For attributional modelling these are typically processes at tier-two suppliers and
beyond, both upstream and downstream the supply-chain. Examples are steel production for
steel parts purchased by a manufacturer of computer-casings, or the production of the
electricity used by a tier-one supplier of injection moulded plastic parts. The background
processes and systems are hence outside the direct influence or choice of the producer or
service operator of the analysed system.

This includes hence processes at those tier-one suppliers with which long-term contractual
relations exist and which hence cannot be changed.

For consequential modelling the background system comprises everything except processes
at the producer / operator and those tier-one suppliers with which long-term contractual
relations exist and which hence cannot be changed.

The foreground and background system interact with each other directly by exchanging
goods or services.

In a simple picture, the background system in attributional modelling of a certain market and
moment in time (typically year) is the weighed average mix of the economy of that market
and time into which the analysed system is embedded (and to which different processes it
has quantitatively more or less relevant links via demand and supply). In consequential
modelling the background system of a certain market and moment in time can be understood
as the weighed future shift of the economy of that market at that moment or time-period (e.qg.
year ... decade), i.e. it is the quantitative mix of the newly installed and de-installed capacity
of that market and during that time.

Figure 13 systematically illustrates the foreground and background system and the general
system boundaries as well as the flows within and those that that cross them.

% |.e. this can also includes external waste management services purchased, as far as the product system
producer/operator can choose the way the waste is managed (within technical and legal limits).
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Figure 13 Foreground system and background system in the specificity perspective (see
box); (illustrative): The analysed system has boundaries (dashed border), separating it from
the remainder of the technosphere and from the ecosphere. The system may be divided into
the foreground system of processes that are specific to the analysed system i.e. own
operations and fixed suppliers. The processes in the background system are not specific but
purchased via a (theoretically fully homogenous) market. The system is the exact sum of the
background and the foreground systems. Quantitatively irrelevant flows can be excluded, i.e.
cut-off (dotted arrows).”

Completeness / cut-off

In reality however, even for simple products, all economic activities globally are somehow
part of the system. However, the number of processes that contribute in a quantitatively
relevant degree to the system is typically rather limited, why this theoretical problem has little
relevance in practice: In practice, all quantitatively not relevant non-reference product flows,
waste flows, and elementary flows can be ignored - they are 'cut-off'’>. Care must be taken
that not more flows and related impacts are cut-off than acceptable to still meet the goal of
e.g. a comparative study. Respectively, that the data sets that are used to model a system
do meet this need of completeness. Chapter 6.6.3 provides further details on cut-offs.

Loops

In addition, for system models virtually eternal loops exist: The production of e.g. steel
requires coal, the extraction of which requires equipment made from steel, the production of
which requires again coal, etc. These loops can be solved by LCA software either

" As the example shows a complete life cycle the system function is not shown; otherwise it would be
represented by one flow that would leave from the last process step and cross the boundary to the rest of the
technosphere. Note that the graphic is only illustrative and by no means complete. Also does the background
system almost always contain a by far larger number of processes than does the foreground system.

S Note that this .incompleteness” of the inventory is fully acceptable and has no consequences on the validity of
the LCA, as the extent of the incompleteness (i.e. the quantitative cut-off criteria) are set in line with the goal and
scope of the study.
