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l. Preamble

The Administrative Committee of the 1958 Agreement (AC.1) and the
Executive Committee of the 1998 Agreement (AC.3),

DESIRING to harmonise technical requirements while ensuring high levels of
safety, environmentalprotection, energy efficiency and anti-theft performance
of wheeled vehicles, equipment and parts which can be fitted and/or be used
on wheeled vehicles,

BEARING IN MIND thatthe 1958 Agreement established on 20 March 1958
provides for the adoption of uniform technical prescriptions for wheeled
vehicles, equipment and parts which can be fitted and/or be used on wheeled
vehicles and the conditions forreciprocal recognition by Contracting Parties of
approvals granted on the basis of these prescriptions,

BEARING IN MIND thatthe 1998 Agreement provides for the establishment
of global technical regulations for wheeled vehicles, equipment and parts
which can be fitted and/or be used on wheeled vehicles was opened for
signature in Geneva on 25 June 1998,

BEARING IN MIND that both Agreements facilitate the trade of wheeled
vehicles, equipment and parts with harmonised performance requirements
among the respective Contracting Parties,

BEARING IN MIND that this Resolution does not hold regulatory status
within ContractingPartiesand doesnot constitute a globaltechnicalregulation.

RECOMMENDS that Contracting Parties and manufacturers refer to this
Mutual Resolution when establishing studies used for the assessment of life
cycle CO2 equivalent emissions in the framework of the 1958 or 1998
Agreements respectively.

1. Statement of technical rationale and justification

1. Introduction

The 2030 Agenda for Sustainable Development,adopted by all United Nations
Member States in 2015, provides a shared blueprint for peace and prosperity
for people and the planet, now and into the future. At its heart are the 17
Sustainable Development Goals (SDGs), which arean urgent call foraction by
all developed and developing countries in a global partnership.

UN SDG 12 on "responsible consumption and production"and 13 on "climate
action" encourage efficient use of natural resources and to limit climate
warming through long-term societal goals. Sound and reasoned resource use
and climate change mitigation are key preoccupation of citizens, corporations,
investors, legislator and society as a whole.

The Paris Agreement hasset ambitioustargets to limit global warming to well
below 2 degrees, preferably to 1.5 degrees Celsius, compared to pre-industrial
levels. To achievethis long-term temperature goal, stakeholdersaim to reach
a global peak of greenhouse gas (GHG) emissions as soon as possible and
transition towards achieving a climate neutral world by mid-century.

In 2010 the transport sector was a major contributor to global GHG emissions
(23% of global GHG emissions!) and road transport had the majority of the
overall transport sector emissions (72.06%?1).

1 https:/Awww.ipce.chisite/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf
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Inthe eventthata contracting party seeksto have comprehensive, comparable
and consistent values for the carbon footprint over the whole life of new
automotive productsacross the globe, from materialextraction and processing,
to manufacturing, use and dismantling / recycling at the end-of-life (EoL), it is
desirable to define and develop an internationally unified methodology for
GHG Life Cycle Assessment (LCA).

The 1SO 14040 series hasbeen in effect since 2006 asan international standard
on LCA for environmental management, and automotive manufacturers have
been publishing results of LCA in accordance with these 1SO standards for
several types of vehicles.

However, the ISO standards state that the scope of the investigation and the
preconditions for conducting LCAs should be determined by the investigator,
such as the automotive manufacturer, and since each investigator conducts
LCAs according to their own method, an internationally harmonised LCA
methodology designed for the automotive industry with global business
activity is needed. While LCA is intended to be a multi-impact toolaccounting
for impact trade-offs, the 1SO standards allow for single impact assessments
provided such a choice is acknowledged at the outset and the resulting
limitations are noted. This LCA effort focuses entirely on GHG emissions and
makes no claims regarding other potential impacts that may arise throughout
the life cycles of the assessed technologies.

2. Methodology background

During the 85th GRPE session in January 2022, Japan and Korea proposed to
work on clarifying methodologies for assessing life cycle GHG emissions of
automotive products in the context of GRPE (GRPE-85-29rle). GRPE agreed
to organise a dedicated workshop during the 86th GRPE session in June 2022.
Following the successful workshop, GRPE agreed to putthe automotive LCA
(A-LCA) methodology on its priority list and agreed to createa new Informal
Working Group (IWG) on A-LCA under GRPE
(ECE/TRANS/WP.29/GRPE/86/Rev.1). Accordingly, the first session of the
IWG on A-LCA was held in October 2022 in Okinawa, Japan.

The IWG on A-LCA is an open structure that will enable the exchange of
information and experiences on relevant regulations, policy measures, and
standardisation efforts. It is intended that the discussions will encompass all
types of road automotive products with different technologies for energy
pathways.

The 1958 Agreement and the 1998 Agreement do not define methods of
measuring GHG emissions from automotive life cycles. The objective of the
IWG on A-LCA is to develop an internationally harmonised procedure
methodology determine the carbon footprint (CFP) for all stages of the life
cycle of a light-duty vehicle, also considering energy use for energy pathways
and automotive types from production to use and disposal as a Resolution
under the framework of WP.29. The 1SO 140xxx series of LCA standardsand
definitions serves asthe foundation of the A-LCAmethodology. The definition
of CFP used within this methodology is based upon the 100-year global
warming potentials (GWP100) — as defined by the United Nations
Intergovernmental Panel on Climate Change (IPCC).

This Mutual Resolution can inform policy and can help encourage automotive
industries to reduce CFP via improved efficienciesat all stages of the life cycle.
The methodology shall be has been developed respecting the principles of
transparency and consistency. It also strikes a balance between accuracy and
workload, considering the automotive industry's complex supply chain.
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3. Existing guidelines, regulations and standards

Several countries and organisations throughout the world have already
introduced guidelines and standards related to the Life Cycle Assessment of
vehicles. However, these guidelines and standards differ in terms of
methodology, scope of application, objectives and targeted audiences.

Examples of existing standards:

(a) ISO 14040:2006 & 14044:2006: describing the principles and
framework for general LCA.

(b)  ISO 14067:2018 Greenhouse gases — Carbon footprint of products —
Requirements and guidelines for quantification.

Examples of existing guidelines from the automotive industry:

(a) EPD PCR passenger cars®: providing rules for the assessment of the
environmental performance of passenger cars including internal
combustion engine vehicles ICEVs, battery electric vehicles BEVs, fuel
cell electric vehicles FCHVs, hybrid electric vehicles HEVs ...

(b)  PFA LCA guidelines®: where the French automotive platform provided
methodological guidelines on vehicle and component LCA for 7
environmental indicators.

©) VDA LCA guidelines 4 : where the German Association of the
Automotive Industry provided methodological guideline on vehicle and
component LCA for 5 environmental indicators.

(d) JAMA LCA guidelines 5 : the Japanese Automobile Manufacturers
Association provided a certified methodology for passenger car, truck,
bus and motorcycle, focusing on GHG emissions only.

Examples of existing regulations:

(a) The Renewable Fuel Standard®7-®: Establishes life-cycle emissions,
including land use effects, for existing biofuels in order to determine
renewable identification number credits and establishes methods for
determining life-cycle emissions from future biofuels.

4. Technical rationale and justification

The purpose of this Resolution is to support the global automotive sector's
effortsto reduce GHG emissions throughout the supply chain. In other words,
it is intended to provide a process methodology forautomotive manufacturers,
component suppliers and government authorities to assess CFPs.

[https:/Avww.environdec.com/pcr-library/pcr_30d0eef5-9d45-4641-6e9d-08da5dd0027d]
https://pfa-auto.fr/wp-content/uploads/2023/04/DT_Me%CC%81thodologie_2023 V15 _ENGLISH.pdf
https://webshop.vda.de/VDA/en/vda-900-100-082022

https:/Aww.jama.or.jp/operation/ecology/ LCA/pdflIJAMA _guidelines_CFP_2024_en.pdf

U.S. Title 40 CFR Part 80, Subpart M. https://www.ecfr.gov/current/title-40/chapter-1/subchapter-C/part-80/subpar t-
M.

U.S. EPA (2023). Lifecycle Greenhouse Gas Results. https://www.epa.gov/fuels-registration-reporting-and-
compliance-help/lifecycle-greenhouse-gas-results.

U.S. EPA (2023). Renewable Fuel Standard (RFS) Program: Standards for 2023-2025 and Other Changes - Regulatory
Impact Analysis. EPA-420-R-23-015. https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P10170W2.pdf.
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1.2

13.

14.

2.1.

Text of the Mutual Resolution

Purpose and principles

This Mutual Resolution provides an internationally harmonised methodology
to determine the CFP for light-duty vehicles, also considering energy use for
energy pathwaysand automotive typesfrom production to use and disposal, as
a Mutual Resolution under the framework of WP.29. Note that the
methodology is specifically limited in scope to light-duty vehicles.

This Mutual Resolution inform policy and can help encourage automotive
industries to reduce CFP via improved efficienciesat all stages of the life cycle.
The methodology shall be developed respecting the principles of transparency
and consistency and shall be consistent with the 1SO 140xxx series of LCA
internationalstandards. It shall also strike a balance between the accuracy and
the workload considering the complex supply chain of the automotive industry.

To produce reliable, reproducible, verifiable and comparable A-LCA studies,
a core suite of analytical principles shall be adhered to. They shall be
considered with respect to each phase, from defining the goal and the scope,
through data collection, impact assessment, reporting and verification of study
outcomes.

Practitioners of this methodology shall observe the following principles in
conducting a CFP study:

(@) Relevance

The selection of data and methods shallbe appropriate to the assessment
of the GHG emissions and removals arising from the system under
study.

(b)  Completeness

Quantification of the CFP shall include all GHG emissions and
removals that provide a significant contribution to the CFP of the
product system under study. The level of significance is determined by
the cut-off criteria.

(©) Consistency

Assumptions, methods and data shall be applied in the same way
throughout the A-LCA study to arrive at conclusions in accordance with
the goal and scope definition.

(d)  Accuracy

Quantification of the CFP shall be accurate, verifiable, relevantand not
misleading, and bias and uncertainties shall be reduced as far as is
practical.

() Transparency

All relevant issues shall be addressed and documented in an open,
comprehensive and understandable presentation of information. Any
relevant assumptions shall be disclosed, and methodologies and data
sources used shall be appropriately referenced. Any estimates shall be
clearly explained, and bias shall be avoided so that the A-LCA study
report represents what it purports to represent.

Scope and application

Product Category
This Mutual Resolution applies to light-duty vehicles.
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2.2.

Figure 1

Level Concept

The Level Concept was developed in UNECE IWG A-LCA to reflect the
different motivationsand goals of determination of CFP for light-duty vehicles
and indicates four classes or levels which correspond to intended use cases of
anautomotive LCA. The importance of LCAhasgrown considerably in recent
yearsand the numberand type of use cases for LCA expanded asa result. The
Level Conceptalso considersthe increasing demand for primary data to inform
LCA results. By addressingvariationsin availability and quality of data inputs,
the Level Concept helps to ensure a consistent analysis across all product
systems and goals. By transparently addressing these new forms of vehicle
LCAs and their input data variation, the Level Concept helps to ensure a
consistent application of the vehicle LCA method and the appropriate selection
of a product system model for an intended application and scope.

Life cycle assessment framework based on 1SO 14040:2006

/ Life cycle assessment framework \

( Direct applications ) / \ / \

)
—>
Goal and e  Product development
scope and improvement
definition € —>» e Strategic planning
—> e Informing public
€
. policy
Inveilto.ry Interpretation \. Marketing /
analysis —>
<—

Impact
assessment

Based on the ISO 14040:2006 standard, a life cycle assessment (LCA) consists
of foursteps (Figure 1). Goal and scope definition is the first step of these four.

Inthis step the study is defined in detailand centralchoicesare made regarding
its conduct.

“The goal definition shall firstly state the intended application(s) of the LCA
results in a precise and unambiguous way. The decision-context is one key
criterion for determining the most appropriate methods for the LCI model.”®

For the practitioner it is crucial to define appropriate requirements for
modelling the product system according to the intended purpose and
application of an LCA.

At the sametime, vehicle LCAs are used by a growing number of stakeholders
for an increasing range of different purposes and applications. Traditionally,
vehicle LCAs were mainly used in R&D for technology comparisons and
support of strategic decision making (e.g. which powertrain / material /
production technology / ... is environmentally superior?) or by OEM’s
(Original Equipment Manufacturer)to show that their successor models were
more environmentally friendly than the previous ones (continuous

% ILCD handbook
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2.3.

improvement). This is also reflected in the list of direct applicationsin 1SO
14040:2006 (compare Figure 1, box on the right). Currently, an extension of
applications towards implementation and reporting of reduction measures —
especially in the context of GHG reduction and circular economy (CE) — can
be observed by various stakeholders with different expectations from
automotive LCAs.

Potential stakeholders are listed below, but are not limited to:
(@)  Society/ Policy makers

(b)  Green finance & ESG rating

() Customer

(d) OEM

(e) Suppliers

Potential motivations are listed below, but are not limited to:
(@)  Decision support of policy making

(b)  Comparison / rating

(© Communication /marketing

(d)  Fair competition

) Incentivisation

® Internal steering of decarbonisation

@ Proof of decarbonisation

() Identification of reduction potentials

As a consequence, this Mutual Resolution on A-LCA addressesdifferent types
of use cases by using the Level Concept, and highlights where these require
different scope definitions and requirements concerningmethodology and data
granularity.

Use cases and application of Level Concept

The Level Concept distinguishes fourdifferent levels based on the underlying
questions of the assessment. This could range from “what is the right mobility
concept for a city?” to “what is the carbon footprint of a certain vehicle
model?”. This leads to different requirements for the product system model
especially with regard to the upstream life cycle phases in the foreground
system (supply chain and vehicle production).

According to questions of the assessment granularity, product specificity and
the scope of the foreground and background is chosen. To put it the other way
round: whereas Level 1 study is representative of a broad range of products,
e.g. all vehicles, Level 4 is more focused on the fine variations of individual
vehicle models and the supply chain of their specific components (parts).

The choice of representativity and specificity also concerns downstream life
cycle stages (Well To Wheel (WtW) / use stage, End-of-Life (EoL)) or
background system processes (e.g. energy production). Also, for the use stage
or EoL the data fora specific vehicle could be used. This implies however that
the LCA is done retrospectively. For many use casesthe analysis (declaration)
point in time is the moment the product is put on the market. Consequently,
the following life cycle stages can only be analysed prospectively. For
predictive data, average data (e.g. for lifetime milage) can be used. For
predictive data there is no way to provide primary data.

In general, every LCA practitioner who has the necessary data (granularity)
available for the respective level, may conduct an LCA study for this level.
However, in practice mainly OEMs have accessto the bills of material (BoM)
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and the material data system (MDS) which are required as basis of the vehicle
models for Levels 2 to 4. Level 1 can be used by government officials for
public policy making or by researchers for general research purpose, since it
doesn’t require proprietary information by OEM, such as BoM.

It is crucial to understand that emission magnitudes are only comparable
between studies that use the same combination of methodologies applied to
each life stage. Vehicle LCAs thatdifferin their combination of methodologies
shall not be compared on a quantitative basis. Since Level 1 and Level 2 studies
can have multiple combinations of approachesdependingon the practitioners
or the study purposes, comparability across the studies is not typically
recommended.

However, Level 3 and Level 4 studies allow improved comparability between
studies depending on the choices made by practitioners.

This does not imply any rating on the quality of studies. Level 1 LCA is not
necessarily of lower quality than Level 4 study. Both serve different purposes
[/ use cases (strategy focused orreporting focused) and therefore have different
underlying “models of reality”. The following provides intended use cases and
general approaches for each level.

Description of Level 1
@) Intended use case:

0] General uses, including research and public policy makingbased
on generic data sources

(i) Industry strategic planning: future projection, fleet modelling,
etc.

(b) Approach:

() Multiple approaches possible by combiningmethodologies from
different life cycle stages in this Resolution, depending on the
purpose of the study, availability of data, etc.

(i) For comparability and transparency, practitioners shall specify
and maintain the discrete combination of methodologies used for
their applications.

Description of Level 2
@) Intended use case:

(i Research and public policy developmentbased on specific data
sources relevant to the use case (e.g. bill of material, material
data system)

(i) OEM’s internal assessment and strategic planning
(i) Product development and improvement
(iv) Marketing, e.g. of technology choices

(b) Approach:

(i) Multiple approaches possible by combiningmethodologies from
different life cycle stages in this Resolution, other than vehicle
modelling, depending on the purpose of the assessment

(i) For comparability and transparency, practitioners shall specify
and maintain the discrete combination of methodologies used for
their applications.

Description of Level 3

@) Intended use case:
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0] OEM’s official reporting for public information, marketing, etc.

(i)  Hotspotpartsupplier’s official reporting forpublic information,
marketing, etc.

(iii) OEM’s official reporting for government programs
(b) Approach:

() Each lifecycle stage provides one fixed methodology for one
harmonised A-LCA approach.

Description of Level 4
@) Intended use case:

() OEM’s and supplier’s official reporting for public information,
marketing, etc.

(i) OEM’s and supplier’s
programs

(b) Approach:

official reporting for government

0] Each lifecycle stage provides one fixed methodology for one
harmonised A-LCA approach.

Table 1 summarises the general structure of the Level Concept, while the
practitioner can refer to Chapter 6 for the detailed application of the level

concept to different life cycle stages.

[Table 1
General structure of the Level Concept
Items Level 1* Level 2* Level 3** Level 4**
Purpose Strategy Reporting
. Company
Life cycle . . Policy strategy/product
Possible audiences makers, Government programs, customers
stage developers,
researchers
customers
Activity data Primary and
. Material weight seconda Primary data
Material ( g i Y
roduction [kg]) data
stffl) e (See 6.1) Carbon intensity of Primary and
g ' material production Secondary data seconde;y data Mainly Primary data
[kg-COzea/kg] Y
Average for
vehlcle_s .Of a Average for
specific o .
seaqment or a specific vehicle
. Average fora g models with Specific vehicle
Vehicle model . vehicle chosen .
vehicle fleet as different mode
. equipment
Parts representative |z ants
production ora specitic
and vehicle segment S =
assembly Supply chain model Generic fo?hg/tsspsfl ;(;t Mainly specific for
stage (See 6.2) PRl potp whole supply chain
supply chain
Implicit in
surcharge
Waste Implicit in surcharge factor factor except Fully explicit
explicit for
hotspot part

10
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Items Level 1* Level 2* Level 3** Level 4**

Purpose Strategy Reporting
Implicit in
Gross vs. net s surcharge .

L - Implicit in surcharge factor factor except Fully explicit
material input (yield) .

explicit for

hotspot part
Implicit in

surcharge
Transport of parts Implicit in surcharge factor factor except Fully explicit
explicit for
hotspot part
Explicitly reported from OEM gate to

Transport of vehicles Generic
customer
Implicit in
material

. S . . roduction
Primary/secondary Implicit in material production P -
. - . carbon Fully explicit

material use carbon intensity

intensity except
explicit for
hotspot part
Most recent
data except

Temporal validity Most recent data Annual update
annual update
for hotspotpart
As specific as
Geographical Determined based on the possible while
. . Plant level
representativeness research question plant level for
hotspot part
Lo Officially available data by CPs; if not available, the values in some peer-
Service life . X .
reviewed reports or methodology or adopt values from this Resolution
Use stage ReQ'?;:}LZT?%LEZ?EJC?F tion Official certification values; if not
available, OEM-specific data

consumption . -
P representative realistic data

Officially available

data by CPs; if not

available, verifiable
OEM-specific

OEMY/CPs/ Suppliers-specific
average data

data ; if not available official Default values

[Discrepancy factor monitoring info, inventories like provcl:dssd by matched to the
EMEP/EEA, etc. or assume 1.0 region of operation,
for informational
Use stage
purposes.

(See 6.3)

OEM/supplier-
specific data on
fuel cell life (to

o .
Efficiency loss of 10% over the 12\:76'85;:3 OEM/supplier-
L lifetime (6000 hours for LDVs), P specific approach or
Deterioration factor . - " average .
assuming a starting efficiency of . data, validated by
for fuel cell . operational ! .
55% and running at an average independent third
of 25% of the peak power rating power level (as party expert
% of the peak
power of the
fuel cell,

according to

11
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Items Level 1* Level 2* Level 3** Level 4**
Purpose Strategy Reporting
regulatory
testing cycles)

Deterioration factor
for battery SoH in
PHEV

OEM/supplier-
specific approach or
data, validated by
independent third
party expert]

SoH loss of 20% over the operational life cycle of
2000 charge/discharge cycles hours for LDVs

Future changes in
energy mix

[A scenario for the expected future evolution of the fuel or electricity grid
mix in the geographical region of interest shall be selected: 1. Official,
government published energy mix or emissions factors (where these are
consistent with the defined scope) based on currently implemented policy for
a country or geographical region of interest, 2. If 1. above is not available,
the Stated Policies Scenario (STEPS) from the most recent International
Energy Agency’s World Energy Outlook (IEA WEO) report, for the
geographical region of interest, shall be used. In addition, the IEA WEO
Sustainable Development Scenario (SDS) shall also be used asa sensitivity
case (or equivalent scenario taking into account international commitments
under the UNFCCC). 3. Only if none of the previous options above are
available forthe geographicalregion of interest, a projected future electricity
grid mix (or emissions factors for this) from either dispatch modelling or
peer-reviewed published literature-based dispatch modelling may be used.
Due to the inherent uncertainties involved, any such analysis shall include a
sensitivity case consistent with the goals of the IEAWEO SDS (or equivalent
scenario taking into account international commitments under the
UNFCCC). For fuel mix a peer-reviewed published literature modelling may
be used, provided that such scenarios are strictly aligned with the regulatory
frameworks in force in the relevant country or region of use (for example,
the RED |11 Directive in Europe the EU or the Renewab le Fuels Standard in
the US). In the equivalent approach for the average fuels mix, only those
scenarios from peer-reviewed data reflecting implemented policies shall be
considered that are based on announced production capacities]

Maintenance

Optional: maintenance frequency | List of maintenance parts/consumable
factors based on practitioner’s and associated frequency provided by

Determination of
traction battery and
fuel cell system
replacement

technical assessment OEM
Excluded by Excluded by default,
default, unless | unless OEM

methodology /supplier-specific

Excluded by default, unless a

End-of-life
stage (See 6.4)

Activity data of EoL
processes (e.9.,
weight of vehicle,
parts, materials, etc.)

simple assumption on from this approach to define
replacement is provided Resolution to the need fora
be followed replacement over the
upon operational life is
justification provided
Global
secondary Primary data based on BoM and MDS
data

Carbon intensity data
of EoL processes
(e.g., dismantling

and
shredding/sorting,
ASR thermal
recovery, materials
recycling, etc.)

Global, regional, or country
specific, primary or secondary
data can be chosen, depending

on the study

Global or Region or Country primary
data or secondary data shall be
specified and provided by CPs

12
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Items

Level 1* Level 2*

Level 3** Level 4**

Purpose

Strategy

Reporting

Recovered parts
disposal and
recycling process
(e.g., tyre, lead
battery, driving
battery, etc.)

Global, regional, or country
process can be chosen,
depending on the study

Global or Region or Country process
shall be specified and provided by CPs

Material recycling
modelling

RCM or CFF

(*) There are multiple approaches possible for Level 1 and Level 2. The descriptions for each item in
the rows of Level 1 and Level 2 are the minimum requirements for calculation. In other words, the
practitioners can adopt any methodologies for each item from the designated or higher levels. For
example, for material weight, Level 1 practitioner can use either secondary data or primary data, and
Level 2 practitioner shall use primary data.

(**) Level 3 and Level 4 shall be carried on the single fixed approach throughout the life cycle stages,
and the practitioners shall follow the descriptions for each item in the designated row.

3.

3.1.

3.2.

3.3.

34.

3.5.

3.6.

3.7.

3.8.

Definitions

"Allocation" means: partitioning the input or output flows of a process or a
product system between the product system under study and one ormore other
product systems?®

"Attributable process" means those processes that consist of all service,
materialand energy flows thatbecome, makeand carry a product throughout
its life cycle.*

"Attributional” means process-based modelling intended to provide a static
representation of average conditions, excluding market-mediated effects.*?

"Background System" means in contrast (to the foreground system) ...
processes thatare operatedas part of the system but are not under direct control
or decisive influence of the producer of the good (or operatorof the service, or
user of the good). *®

"SLI battery” means a battery that is specifically designed to supply electric
power for starting, lighting, orignition andthatcan also be used for auxiliary
or backup purposes in vehicles, other means of transport or machinery

"Traction battery” means a rechargeable electrical energy storage system
(REESS) installed in an electrified vehicle and used mainly for traction
purposes

"Bill of Material(s)" means a list of raw materials, sub-assemblies,
intermediate assemblies, sub-components, parts and the quantities of each
needed to manufacture the product in the scope. In some sectorsit is equivalent
to the bill of components.*

"Biogenic carbon" means Carbon derived from biomass.*®

[N

0

11

[N

2

[N

3

-

4

[N

5

ISO 14040:2006

WBCSD Pathfinder
PEF guidelines (EC-JRC, 2021)
ILCD Handbook - General guide on LCA

Adapted from PEF guidelines (EC-JRC, 2021)
ISO 14067:2018

13



ECE/TRANS/WP.29/GRPE/2026/2

3.9. "Biomass" means material of biological origin, excluding material embedded
in geological formations and material transformed to fossilised material.
Biomass includes organic material (both living and dead), e.g. trees, crops,
grasses, tree litter, algae, animals, manure and waste of biological origin.
Biomass excludes peat. 15 1

3.10. "Product Carbon Footprint (PCF)" means the sum of GHG emissions and
GHG removals in a product system, expressed as COz equivalents. 15

3.11. [Reserved]

3.12. "Characterisation factor” means a factor derived from a characterisation

model, which is applied to convert an assigned life cycle inventory analysis
result to the common unit of the category indicator. *'

3.13. "Circular Footprint Formula (CFF)" means a framework for evaluating the
environmentalimpactsof a productthroughout its entire life cycle, particularly
based on the principles of a circular economy. This method calculates the
environmental burdens and benefits obtained from recycling a product and
aims to improve resource use efficiency. 8

3.14. "Climate Change" means the environmental footprint impact category
considering all inputs and outputs that result in greenhouse gas (GHG)
emissions. The consequences include increased average global temperatures
and sudden regional climatic changes. 12

3.15. [Reserved]

3.16. "Carbon dioxide equivalent (CO2eq) " means the unit for comparing the
radiative forcing of a greenhouse gas to that of carbon dioxide L1

3.17. "Co-product” meansany of two or more products coming from the same unit
process or product system. 15

3.18. [Reserved]

3.19. "Cradle-to-gate™ means a system boundary that is applied for a partial PCF

assessment that includes a part of the product’s life cycle. Cradle-to-gate
represents the GHG emissions and removalsarising from all life cycle stages,
up to the point where the product leaves the production site (the “gate”). This
explicitly excludes the life cycle stages use and end-of-life. 19

3.20. "Cut-off criteria” meansthe specification of theamount of material or energy
flow or the level of significance of GHG emissions associated with unit process
or the product system, to be excluded from a PCF study. 1°

3.21. "Primary data"meansa quantified value of a process, or an activity obtained
from a direct measurement, or a calculation based on direct measurements.
Primary data can include greenhouse gas emission factors and/or greenhouse
gas activity data. Average data from industry associations or global averages
do not qualify as primary data. 16

3.22. "Secondary data" means any data which do not fulfil the requirements for
primary data. 16

Note 1: Secondary data can include data from databases and published
literature, default emission factors from national inventories,
calculated data, estimates orotherrepresentative data, validated
by competent authorities.

[N

6 1S0O 14021:2016

-

7 1S0 14050:2020

[N

8 EC recommendation 2021/2279 Annex |

[N

® adapted from TFS PCF Guideline and in reference to 1SO 14067 6.3.4.2 System boundary options
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3.23.

3.24.

3.25.

3.26.

3.27.

3.29.

3.30.
3.31.

3.32.

3.33.

3.34.

3.35.

3.36.

3.37.

Note 2: Secondary data can include data obtained from proxy processes
or estimates.

"Declared unit" meansthe quantity of a product for use as a reference unit in
the quantification of a partial PCF.15

“Deterioration factor” means the quantitative measure of the progressive,
irreversible decline in performance characteristics—such as energy capacity
(for batteries) or power output/voltage (for fuel cells)—compared to their
initial, brand-new (factory) condition.

"Direct emissions™ means the GHG emissions from the processes that are
owned or controlled by the reporting company. 11

“Discrepancy factor” means the ratio between vehicle real-world and
certification fuel and/orenergy consumption, calculated at the beginning of
vehicle’s life.

"Elementary flow" meansthe material or energy entering the system being
studied that has been drawn from the environment without previous human
transformation, or materialor energy leaving the system being studied thatis
released into the environment without subsequent human transformation.
153.28. [Reserved]

"End-of-life" meansthe point in time during the life cycle atwhich a product
or resource is taken out of use and is disposed. 2°

[Reserved]

"Exergy" meansthe proportion of the totalenergy of a system or material flow
thatcan perform work when brought into thermodynamic equilibrium with its
environment.

"Foreground system™ means processes of the system that are regarding their
selection or mode of operation directly affected by the decisions analysed in
the study. The foreground processes are hence those thatare under direct
control of the producer of the good or operator of the service or user of the
good or where they have decisive influence. 13

"Functional unit" means the quantified performance of a product system for
use as a reference unit. 1521

"Global warming potential (GWP)" means an index, based on radiative
properties of GHGs, measuring the radiative forcing following a pulse
emission of a unit mass of a given GHG in the present-day atmosphere

integrated over a chosen time horizon, relative to that of carbon dioxide (CO2).
15

"Greenhouse gases" (GHGs) meansthe gaseous constituent of the atmosphere,
both naturaland anthropogenic, that absorbs and emits radiation at specific
wavelengths within the spectrum of infrared radiation emitted by the Earth’s
surface, the atmosphere, and clouds. 15

"Hotspot" refers to an input, a process or a life cycle stage thathasthe highest
contribution to the impact category of the product system under consideration
ora group of these inputs or processes or life cycle stages.

Note: Definitions forhotspotsexist in otherreferences such asthe 2017 UNEP
report, the EU Environmental Footprint method (PEF, 2021)

[Reserved]

20150 59004:2024

2L 1SO 14040:2006
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3.38.
3.39.
3.40.

3.41.

3.42.

3.43.

3.44.

3.45.

3.46.

3.47.
3.48.

3.49.

3.50.

3.51.

3.52.
3.53.

3.54.

[Reserved]
[Reserved]

"Input" means the product, material, or energy flow that enters a unit
process. 10

"Land use" means the human use or management of land within the relevant
boundary. 15

"Life cycle™ meansthe consecutive and interlinked stages related to a product,
from raw material acquisition or generation from naturalresources to end-of-
life treatment. 15

"Life cycle assessment (LCA)" means the compilation and evaluation of the
inputs, outputs and the potential environmental impacts of a product system
throughout its life cycle. 1°

"Life cycle emissions” means the sum of GHG emissions resulting from all
stages of the life cycle of a productand within the specified boundaries of the
product. 11

"Life Cycle impact Assessment” (LCIA) means the phase of life cycle
assessment aimed at understanding and evaluating the magnitude and
significance of the potential environmental impacts for a product system
throughout the life cycle of the product. 10

"Life cycle inventory"” (LCI) meansthe phase of life cycle assessmentinvolving
the compilation and quantification of inputs and outputs for a product
throughout its life cycle (such as a product’s GHG emissions and sources). 1°

[Reserved]

['Market-mediated effects" means the indirect impacts that arise from the
market dynamics associated with a product or service throughout its life cycle.
These effects can occur due to changes in supply and demand, price
fluctuations, and shifts in consumer behaviour that are influenced by the
introduction or modification of a product.]

"Material® means physical goods that are further processed (and not
consumed) in manufacturing processes. 22

"Modular Burdens and Benefits Method" (MBBM) means a concept defined
in the UNECE A-LCA Circular Footprint Formula (CFF). It refers to
mathematical terms that are used to calculate the emission shares related to
burdens and benefits associated with secondary materials input and output in
the material recycling or with energy recovery. The MBBM concept is also
applied to the traction battery repurposing and to the incineration with energy
recovery. The MBBM conceptis based ontheavoided burden in the expanded
system boundary.

"Primary material” means material extracted from nature also referred to as
virgin material.

"Secondary material” means any material taken from a recycling flow.

"Raw material” means any primary or secondary material that is used to
produce a semi-finished good, product or service. 23

[Reserved]

22 adapted from WBCSD Pathfinder
2 Adapted from 1SO 14040:2006/44
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3.55.

3.56.
3.57.
3.58.
3.59.

3.60.

3.61.

3.62.

3.63.

3.64.

3.65.

3.66.

"Negative carbon footprint” means the removal of greenhouse gases (GHGs)
from the atmosphere by deliberate human activities, i.e., in addition to the
removal that would occur via natural carbon cycle processes. 24

[Reserved]
[Reserved]
"Output" meansany product, material, or energy that leaves a unit process. 10

"Packaging™ means any product to be used for the containment, protection,
handling, delivery, storage, transport and presentation of goods, from raw
materials to processed goods, from the producer to the user or consumer,
including processor, assembler or other intermediary. 2°

"Partial PCF" means the sum of GHG emissions and GHG removals of one
or more selected process(es) in a product system, expressed ascarbon dioxide
equivalents. 15

"Process" meansthe set of interrelated or interacting activities that transforms
inputs into outputs. 15

"Product" means any good or service. 10

Note 1: The product can be categorised as follows:
(@)  services (e.g. transport);

(b)  software (e.g. computer program, dictionary);

© hardware (e.g. engine mechanical part);

(d)  processed materials (e.g. lubricant).

Note 2: Services have tangible and intangible elements. Provision of a
service can involve, for example, the following:

(@) an activity performed on a customer-supplied tangible product (e.g.
automobile to be repaired);

Software consists of information and is generally intangible and can be in the
form of approaches, transactions or procedures.

Hardware is generally tangible, and its amount is a countable characteristic.
Processed materials are generally tangible and their amount is a continuous
characteristic.

"Product category" means a group of products that can fulfil equivalent
functions. 1°

"Product category rules (PCR)" meansa set of specific rules, requirements and
guidelines for developing Type 111 environmental declarations. 10

"Product system" meansthe collection of unit processes with elementary and
product flows, performing one or more defined functions, and which models
the life cycle of a product. 26

"Recycled Content Method (RCM)" means a technique used to assess the
contribution of recycled materials to the environmental impact of new
products. This method quantifies the extent to which the use of recycled
materials reduces the environmental impact of new products (as long as the
secondary material has less environmental impact than the virgin material).
Specifically, it considers the environmental benefits gained by substituting a
share of the virgin (primary) raw materials with recycled (secondary)

24 IPCC Glossary

% 1S0 21067:2007
% Adapted from I1SO 14067:2018
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materials. The RCM does not consider any benefit for the provision of
recyclable materialsat the end-of-life of a product and allocates the fullimpact
of the recycling process (production of the secondary material) to the recycled
content (secondary material used in the vehicle production). 27

3.67. "Reference flow" means a measure of the inputs to or outputs from processes
in a given product system required to fulfil the function expressed by the
functional unit. 15

3.68. "Renewable Energy"” meansenergy from renewable non-fossil sources, namely
wind, solar (solar thermal and solar photovoltaic) and geothermal energy,
ambient energy, tide, wave and other ocean energy, hydropower, biomass,
landfill gas, sewage treatment plant gas, and biogas. 28

3.69. "Sectoral guideline” means PCFreporting rules issued by industry associations
or initiatives as guidance for their members. 1°

3.70. "Sensitivity analysis" means systematic procedures for estimating the effects
of the choices made regarding methods and data on the outcome of a CFP
study. 15

3.71. "Supply chain" means a network of organisation involved, through upstream

and downstream linkages, in process and activities relating to the provision of
products to the user. 15

3.72. "Sustainability" means a dynamic process that guarantees the persistence of
natural and human systems in an equitable manner. 24

3.73. "System boundary"” means a boundary based on a set of criteria representing
which unit processes are a part of the system under study. 10

3.74. [Reserved]

3.75. ['Type 1l environmental declarations” means declarations which present

quantified environmental information on the life cycle of a product to enable
comparisons between products fulfilling the same function. Such declarations

3.76. "Unit process” means the smallest element considered in the life cycle
inventory analysis for which input, and output data are quantified. 1°

3.77. "Use stage" meansthat part of the life cycle of a product that occurs between

the transfer of the product to the consumerand the end-of-life of the product.
22

3.78. "Value chain" means all upstream and downstream activities associated with
the product system.

3.79. "Waste" means materials, co-products, products, or emissions that the holder
intends or is required to dispose of. 1511

4. Abbreviations
A-LCA - Automotive Life Cycle Emissions
AC - Air Conditioning
ASR - Automobile shredder residue
BEV/PEV - Battery Electric Vehicle / Pure Electric Vehicle
BoM - Bill of Materials

2T \Weidema, B. P., et al. (2008). "Overview of the Recycling Credit Method." International Journal of
Life Cycle Assessment.

%8 Renewable Energy Directive (2018/2001)

18



ECE/TRANS/WP.29/GRPE/2026/2

CD
CFF
CFP
CNG
CO
COzeq
CP

CS
DLUC
EA
EAC
EAER
EEF
EF
EGU
ELV
EMEP
EoL
EPD
EPDM
ESG
EU27
FC
FCEV
FCHV
FCV
FTP
FU
GCD
GHG
GO
GREET

GRPE
GWP
HC
HCFC
HDV
HEV
HFC

charge-depleting electric

Circular Footprint Formula

Carbon Footprint

Compressed Natural Gas

Carbon Dioxide

Carbon Dioxide equivalent

Contracting Party (to an agreement of WP.29)
charge-sustaining

Direct Land Use Change

European Aluminium

Energy Attribute Certificate

Equivalent All Electric Range

EoL Emission factor

Emissions Factor/ Environmental Footprint
Electricity Generation Units

End-of-Life Vehicle

European Monitoring and Evaluation Programme
End-of-Life

Environmental Product Declaration
Ethylene Propylene Diene Monomer
Environnement, Social and Governance
The 27 Member States of the European Union
Fuel Cell

Fuel Cell Electric Vehicle

Fuel Cell Hybrid Vehicle

Fuel Cell vehicle

Federal Test Procedure

Functional Unit

Great Circle Distance

Greenhouse Gas

Guarantee of Origin

The Greenhouse Gases, Regulated Emissions, and Energy Use
in Transportation

(UNECE) Groupe de Rapporteurs Pollution et Energie
Global Warming Potential

Hydrocarbon

Hydrochlorofluorocarbons

Heavy-Duty Vehicle

Hybrid Electric Vehicle

Hydrofluorocarbons
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HFET
ICE(V)
IEA

- Highway Fuel Economy Test
- Internal Combustion Engine (Vehicle)

- International Energy Agency

ILCD Format- International Life Cycle Data Format

ILUC
IPCC
1SO
IT
IWG
JAMA
KPI
LCl
LDV
MAC
MBBM
(HMDS

- Indirect Land Use Change

- (United Nations) IntergovernmentalPanelon Climate Change
- International Organisation for Standardisation

- Information Technology

- Informal Working Group

- Japanese Automobile Manufacturers Association
- Key Performance Indicator

- Life Cycle Inventory

- Light-Duty vehicle

- Mobile Air Conditioning

- Modular Burdens and Benefits Method

- (International) Material Data Sheet

NOVC-HEV - Not Off-Vehicle Charging Hybrid Electric Vehicle

OBFCM
OEM
OVC-HEV
PCF
PDS
PEF
PFA
PHEV
PPA
RCM
REC
RFS
REEV
RV
SDG
SFD
SLI
SOCE
SoH
t-km
TtW
UEF
UF

- On-Board Fuel Consumption Monitoring
- Original Equipment Manufacturer
- Off-Vehicle Charging Hybrid Electric Vehicle
- Product Carbon Footprint

- Primary Data Share

- Product Environmental Footprint

- Plateforme Frangaise Automobile

- Plug-in Hybrid Electric Vehicle

- Power Purchase Agreements

- Recycled Content Method

- Renewable Energy Certificate

- Renewable Fuel Standard

- Range-Extended Electric Vehicle

- Representative Vehicle

- Sustainable Development Goals

- Shortest Feasible Distance

- Starting-Lighting-Ignition (Battery)
- State of Certified Energy

- State of Health

- tonne-kilometres

- Tank to Wheel

- Upstream Emission Factor

- Utility Factor
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51.1.

51.2.

UN GTR - United Nations Global Technical Regulation
UNECE - United Nations Economic Commission for Europe
VDA - German Association of the Automotive Industry
WEO - World Energy Outlook

WLTP - Worldwide Light-duty Test Procedure

WP.29 - (UN-ECE) Working Party 29

WIT - Well to Tank

General methodology

Environmental impact category and indicator
The calculation of the CFP shall include non-CO2> GHGs.

The GHGs to be included shall be considered with reference to the latest IPCC
Assessment Report. The potential climate change impact of each GHG emitted
and removed by the product system shallbe calculated by multiplyingthe mass
of GHG released or removed by the 100-year GWP given by the IPCC in units
of kgCO2eq per kg emission.

Where GWP values are amended by the IPCC, the latest values shall be used
in the calculations. For example, once IPCC releases a new Assessment
Report, the GWP100 valuesshall supersede those of the previous Assessment
Report. In any case, there should be a clear statement by the LCA practitioner
regarding which AR is used. All life cycle stagesinclude fuel and energy cycle.
For reference, the AR6 characterisation factors for the substancesthatare not
listed in case of ARG in Table 7.15 of the IPCC ARG6 shall be extracted from
Table 7 SM6 in Section 7 Supplementary Materials of the AR6 Climate
Change 2021.

Inclusion of specific GHG emissions and removals

Biogenic GHG emissions and removalsshallbe calculated in an A-LCA study
and be expressed separately.

All relevantunit processes of the life cycle of biomass-derived products shall
be included in the system understudy, including, but not limited to, cultivation,
production and harvesting of biomass.

A product’s biogenic carbon content shall be calculated and documented
separately in the CFP study report. In addition, the biogenic carbon content and
totalcarbon content (optional) of productsshallbe reported separately. If mass
balanced materials are used in the supply, the attributed biogenic carbon
contentshalladditionally be reported to accurately account foremissions from
combustion of these materials.

Specific emission values shall be reported as follows:
(@)  Net fossil GHG emissions and removals

(b)  Net biogenic GHG emissions and removals otherthan biogenic CO; (if
applicable)

() Net biogenic GHG emissions and removalsincluding biogenic CO2 (if
applicable,

(d)  GHG emissions resulting from combustion emissions (if applicable)
() Biogenic carbon content (if applicable)

)] Total carbon content (optional)
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5.1.3.

5.2.

If separate emission values do not occur, these emission values may be
reported as zero.

Removalsin the CFP shall notinclude any measures not related to the product
system, usually referred to as carbon offsets.

Land Use Change emissions

Land use change (LUC) occurswhen the demand fora specific land use results
in a changein carbonstocks of thatland. LUC is differentiated in direct land
use change and indirect land use change. Direct land use change (DLUC) is
generally defined as a localized process where cropland expansion result into
land competition between croplandsandnatural lands. Indirect land use change
(ILUC), which is generally defined as including broader, market-mediated
effects interactions and trade among regions describe a global phenomenon
that goes beyond the regions expanding biofuels production.

Both DLUC and ILUC are already taken into account within life-cycle
emissions intensity provided by some national and regional governments for
biofuels. For example, biofuels life-cycle emissions intensity life-cycle
emissions intensity from the RFS? % 3 Program in the United Statesserves as
the official source of life-cycle emissions intensity life-cycle emissions
intensity forbiofuels use by light-duty vehicles and engines used in heavy-duty
on-road applications and incorporate DLUC and ILUC.

Similarly, the EU Renewable Energy Directive (RED) includes criteria for
determining biofuel impactsdue to DLUC and addresses ILUC by capson the
counting of food and feed-crop-based biofuels.

Official, government-provided life-cycle emissions intensity life-cycle
emissions intensity for biofuels, including treatment of DLUC and ILUC, shall
be used within national and regional jurisdictions whenever available.

For circumstances under which there is no available government life-cycle
emissions intensity for biofuels, other approaches may be acceptable and
should be reported and verified if used. The DLUC emissions should
encompass the annualized emissions and sequestration resulting from carbon
stock changesin biomass, dead organic matter and soil organic matters, etc.
ILUC cannot be directly measured and must be projected with economic
models.

The emissions due to ILUC, and the spatial/temporal impacts of the ILUC
effects, are dependent on factors such as local/regional conditions and
agronomical practices, regional food import demand and related projections,
alternative economic uses of the same feedstock, etc. Given the variability of
assumptions underlying the evaluation of indirect effects, quantitative
assessment of GHG effectsof ILUC is subjectto additionaluncertainty. ILUC
results shall be subjected to a sensitivity analysis within projected economic
bounds, consistent with the goal and scope of the study.

Land use change for bio-based materials may be considered in next phase of
this resolution.

Functional Unit and reference flow

2 U.S. Title 40 CFR Part 80, Subpart M. https:/Avww.ecfr.gov/currentftitle-40/chap ter-1/subchapter-
Clpart-80/subpart-M.

% U.S. EPA (2023). Lifecycle Greenhouse Gas Results. https:/iwww.epa.gov/fuels-registration-
reporting-and-compliance-help/lifecycle-greenhouse-gas-results.

81 U.S. EPA (2023). Renewable Fuel Standard (RFS) Program: Standards for 20232025 and Other
Changes - Regulatory Impact Analysis. EPA-420-R-23-015.
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P10170W?2.pdf.
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The primary function of a light-duty vehicle is to transport passengers and/or
goods from one location to another. The functional unit (FU) for light-duty
vehicles is defined as the passengers and/or goods transported over vehicle
lifetime in kilometres.

FU shall be consistent with official national regulations and/or legislation
according to each jurisdiction.

In regions without fixed loading conditions that have been pre-defined by the
relevant government authority, the FU shall be defined in the following
manner: for vehicles carrying passengers, the default functional unit for
vehicles is defined as “passenger-km” (p-km). A default functional unit for
vehicles carrying goods is defined as “tonne-km” (t-km), based on assumed
carriage of goods.

However, for vehicles carrying goods, which are designed primarily for goods
transport but often serve mixed functions such ascarrying tools, equipment, or
passengers, the choice of an appropriate functional unit is challenging.

Given these considerations, a more conservative approach should be
considered and the occupancy rate and/or loading conditions mandated by the
regional certification protocol per vehicle should be assumed. This will also
ensure comparability between different vehicles within a single jurisdiction.

Considering the above assumption, the functional unit (FU) for a light-duty
vehicle is defined as the transportation of y passenger per km of distance
travelled over the vehicle lifetime (or alternatively y tonne per km distance
travelled over the vehicle lifetime, only for commercial vehicles that are
primarily designed to carry goods). Where y is the number of passengers and/or
loading conditions dictated by the jurisdiction under consideration.

However, since lifetime distance is different in each region, each regional
authority, upon providing a thorough explanation and documentation, is
entitled to adopt a distinct functional unit (e.g. per vehicle service life). This
unit shall be based on well-founded assumptions that are reflective of the
respective jurisdiction under consideration

The reference flow for a vehicle is defined asthe measurable quantity of inputs
and outputs necessary to meet the defined functional unit of the product over
its lifecycle. The reference flow in automotive LCAs translatesthis functional
unit into specific, quantifiable measures of resources consumed and emissions
produced, covering aspects such as:

(@)  Vehicle components and materials (e.g., steel, aluminium, plastics
required to manufacture the car),

(b)  Fuel and/or energy consumption over the vehicle’s lifetime,

(© Maintenance and replacement parts (such as tyres, fluids, SLI
batteries®?, etc.),

(d)  End-of-life treatment for disposal or recycling.

The standardised reference flow enables consistent and comparable
assessments across different automotive products, focusing on the impacts
associated with achieving the defined service.

Given the current scope of these methodologies, certain definitions,
methodologicalapproaches,and calculation rules—including those pertaining
to the functionalunit, vehicle service life, certification protocols, discrepancy
and deterioration factors, leakages, and maintenance partsand activities—are

%2 Batteries for starting-lighting-ignition (SLI)and auxiliary applications only - does not apply to primary
battery packs used for electric-drive powertrains
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53.

presently limited to the passenger car framework. The processes listed above
serve as illustrative examples and are not intended to be exhaustive.

System boundaries

Life cycle stages

The following life cycle stages are covered (Figure 2):

@)
(b)
©
(d)

Material production stage
Parts production and vehicle assembly stage
Use stage

End-of-life stage

All life cycle stages include fuel and energy cycle.

The second life of components afterthe recycling of the recovered partsat EoL
are excluded from the scope of this Resolution.

More details regarding system boundaries per life cycle stages are given in
dedicated life cycle stage chapters.
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Figure 2
Life cycle stages covered by this Resolution
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53.1.

53.2.

5.3.3.

Infrastructure and capital goods

This section provides rules for infrastructure and capital goods, such as the
building in which the product or upstream materials or components are
produced, machinery used in the manufacturingof the product or its materiak
or components, vehicles used for transportation in the product system, the
equipment used in the production and supply of energy (e.g. electricity
generation equipment), the construction and maintenance of roads and
production of charging infrastructure (list without claiming completeness).
The applicable infrastructure and capitalgoodsare limited to those that are not
consumed and retain their function for a certain period.

In general, the production and end-of-life processes of infrastructure and
capital goods used in the product system shall be excluded from the system
boundaries. The exception are those infrastructure and capital goods for the
production of fuels and for generation of electricity, which should be included
by default within the system boundary for the vehicle use stage unless
otherwise required to ensure consistency with the selected regional energy
modelling approach (e.g. RED) (as is also the best practice adopted by
UNECE publicationson LCA of electricity generation®, the GREET model*,
and other models and publications available in different global regions). The
general cut-off criteria apply.

Deviations from the above requirements may be possible in the following case:

Infrastructure/capital goods (i.e. also others in addition to those for/resulting
from production of fuelsand generation of electricity) may be included for any
lifecycle phase if a dataset used for A-LCA already includes
infrastructure/capitalgoods, and it is not possible, within reasonable effort, to
subtract the data on infrastructure/capital goods from this dataset.

Cut-off rule

In general, all processes and flows thatare attributable to the analysed system
shall be included. The analysed system can be the complete productto which
the functional unit is associated, (e.g. a passenger car,) but also a subsystem
(component, part) to the product or an individual life cycle stage that
contributes additive to the life cycle GHG emissions of the final product. For
practical reasons (see 1SO 14067, PEF method), process modules, inputs and
outputs may only be excluded if their sum represents less than 3% of the GHG
emissions over the whole life cycle of the analysed system. Itis not permitted
to cut-off an entire life cycle stage, evenif that falls below the threshold value.
GHG emission reported from upstream entities shallbe regarded ascorrect and
complete and may not be subject to any further cut-off. A documentation shall
be provided to give evidence that the cut-off criterion is met, and which cut-
offswere applied. The documentation can be given in the form of a screening
analysis.

Compliance with the cut-off threshold value can be proven on a product
category or sectorallevel and doesnothave to be executed on a product level.
Product category rules or sectoral guidelines can lay down simplified rules for
the evidence to be provided.

Screening Analysis

A screening analysis ensures that cut-offs in total do not exceed a threshold
value of the GWP impact.

The screening shall allow further refinement of the LCI and the associated
emission factors of the system in scope in an iterative manner. Within

% Life Cycle Assessment of Electricity Generation Options | UNECE
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screening, no exemption of flows is allowed, and readily available primary or
secondary data may be used. If data, such asemission factors, activity data, or
measurementsare unavailable orchallenging to identify, it is essential to find
the most appropriate data or proxy emission factors, in case of doubt a
conservative choice shall be taken. Emission factors or activity data received
from upstream reporting entities shall be regarded ascorrect and complete. The
scope of the finalscreening iteration shall be documented to inform on the cut-
offs and prove compliance with the cut-off threshold value.

Data collection requirements and data types
Data quality

Data selection should follow data quality requirements outlined in 1SO
14044:2006 (see sec. 4.2.3.6 of 1SO 14044:2006) including:

Temporal representativity:

The data collection period must correspond to the activity data that is most
relevant to the process.

For retrospective data emissions shall by default be reported averaged overthe
period of one year (reporting or calendar year) to avoid seasonal fluctuations
and e.g. reflect typical production and operation conditions. Shorter periods
may be considered if data on a fullyearare not yetavailable. Longeraveraging
periods may be considered but shall not exceed three years. Any averaging
period deviating from the default shall be flagged and justified.

Geographical representativity:

The geographical location of data collection must correspond to the activity
data that is geographically representative to the process.

For material, parts and vehicle production emissions shall be reported as
geographically specific as possible by default (e.g. on the plant level).
Averaging over a region or country may be considered but shall be flagged as
such.

Technological representativity:

The data shall be collected/selected for the processes used in the activity to
ensure technological representativeness.

If the practitioner cannotaccess such information and instead refers to data of
a technically similar process from a secondary dataset or other sources, the
reason shall be documented and justified.

Completeness:

The Life cycle assessment shall include all processes and flows that are
attributable to the analysed system. Processes and flows being able to exclude
are determined according to the cut-off threshold (see paragraph 5.3.2).

Consistency:

The data selection shall ensure uniform application of the methodology to the
various components of the analysis.

Traceability:
The source of data used in a study shall be documented.

Primary data are to be prioritised if available, otherwise secondary data shall
be used.

Specific details on data quality requirements are provided for individual life
cycle stages in paragraphs 6.1 - 6.4.
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Data types

GHG emissions can either be directly measured or quantified based on a
calculation that in general takes the form

Cong = CEFgne X Agne 1)
Cene means greenhouse gas emissions, [kgCO2eq];
CEFgy¢ means greenhouse gas emission factor, [kgCOz2eq per
activity];
Acne means quantitative measure of activity that results in

greenhouse gas emission or removal [unit of activity];

Activity data can be an amount of energy, fuel or electricity consumed, the
amount of material, auxiliary materialor number of number of parts required
for the manufacturing of products, the amount of services provided or the area
of land affected.

Emission factors can be characterization factors as defined by ICCP or
stoichiometric relations or the carbon footprint of energy carriers, materiak
and products.

Primary data is a quantified value of a process, or an activity obtained from a
direct measurement, ora calculation based on direct measurementsthat canbe
traced back to the party causing the GHG emission. Primary data caninclude
greenhouse gas emission factors and/or greenhouse gas activity data.

Primary data may be obtained through meterreadings, purchase records, utility
bills, direct monitoring, material or product balances, stoichiometry or other
methods for obtaining data from specific processes in the value chain of a
company.

Average data from industry associations or global averages do not qualify as
primary data.

GHG emissions are considered as primary information if quantified by direct
measurement of the emissions or they are considered primary to the extent that
activity data and emission factor are primary.

Secondary datado not fulfilthe requirements for primary data. Secondary data
caninclude data from databasesand published literature, prospective emission
factors from national inventories, estimates or other representative data,
validated by competent authorities. Secondary data caninclude data obtained
from proxy processes or estimates.

Requirementsregarding data collection and data types (primary or secondary)
are given foreach life cycle stages in dedicated paragraphs (see paragraph6.1
-6.4).

Primary data share

To create visibility on the share of primary data-based emission in CFP
calculationsfor vehicles, a primary data share (PDS) indicator can be defined.
The PDS is the proportion (percentage) of a greenhouse gas emissions that s
derived from primary data separately, one foractivity data and anotherone for
intensity data.

The PDS is basically determination and communication tool [for the
calculation of CFP according to Level 4 in material production stage
(paragraph 6.1.5.2), parts production and vehicle assembly stage (paragraph
6.2.5.4)] but optionally be determined and communicated for use (paragraph
6.3) and end-of-life phases (paragraph 6.4).

Allocations
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In case a process has more than one output, the question how to allocate the
CO2eq-burden to the outputs arises. Outputs of a process can be viewed as
products, co-products or waste. Products or co-products share the CO2eq-
burden of the production/generation process, whereas waste eventually
increases the CO2eq-burden for the product. In a first step the question: ‘Is this
a waste or a product?’ must be answered (see Figure 3).

Co-Product Apply multi-
functionality allocation
hierarchy

Waste Criteria: No
Multiple Process 4

Outputs:
Waste or Co-Product? .
™ Waste Criteria: Yes Recycle Apply recycling
accounting
Waste

Discard Apply waste treatment
rules

Waste is any material or process output which is not deliberately produced as
an integral part of a multi-output production process. No further use of the
material or process output is certain. Additionally, the holder discards or
intendsto discard or is legally required to discard the residue based on national
waste legislation.

Figure 3
Product, Co-Product or Waste

54.4.1. Waste vs Co-product

Waste materials with certain further use but requiring further treatment other
than normalindustrial practice before use (i.e., waste recovered by recycling)
shall follow the requirements on material recycling.

“Normalindustrial practice” can include all steps which a producer would take
fora product, such as the material being filtered, washed, or dried; or adding
materials necessary for further use; or carrying out quality control. However,
treatments usually considered as a recovery operation cannot,in principle, be
considered asnormalindustrial practice in this sense. Some of such processing
tasks considered as normal industrial practice can be carried out on the
production site of the manufacturer,some on the site of the next user, and some
by intermediaries, aslong asthey also meet the criterion of being ‘produced as
anintegral part of a production process’ (adopted from the EU’s Guidance on
the interpretation of key provisions of Directive 2008/98/EC on waste®).

A co-product in contrast is produced as an integral part of a multi-output
process where its furtheruse is certain. Typically, co-products directly replace
a raw material or fuel without requiring further processing other than normal
industry practice. For co-product allocation, multi-output allocation applies
(please refer to paragraph 5.4.3.2).

The following hierarchy shall be applied (please refer to ‘Guidance on the
interpretation of key provisions of Directive 2008/98/EC on waste’ 3% for

definitions of the respective criteria):

% https:/lens.dk/sites/ens.dk/files/Affald/guidance_on_the_interpretation_of key provisions_on_waste.pdf
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Figure 4
Waste vs. co-product classification hierarchy
Yes No
1. Is the material/component deliberatel;
Product produce d?p ¥ » Waste
Yes + No
2. Is furtheruse of the material/component certain? p|  Waste
Yes *
3. Can the material/component be used directly without No
any further processing other than normal industrial Waste
practice?
Yes +
4. Is the material/component producedas an integral part No
of the production process? P Waste
Yes ¢ Yes No
P 5. Is the further use lawful under regional waste
Co-Product < o P Waste
legislation?

Note: This is based on EU Waste Framework Directive

54.42.

Residues classified as waste following the hierarchy can also be transfommed
into recycled feedstock. However, this transformation would require further
processing other than normalindustry practice (see point 3 in Figure 4), such
that the residue would be classified as waste in the first instance.

Pre-consumer scrap thatis not reintroduced into the same process (i.e., all scrap
except run-around scrap) shall be defined as waste unless legal evidence
(following legislation of the region where scrap is generated, e.g., legal
judgementor legal report from regional waste legislation) exists that classifies
the pre-consumer scrap material as co-product.

Multi-output allocation

Allocation shall be avoided whenever possible by dividing the unit process to
be allocated into two or more sub-processes and collecting the input and output
data related to these sub-processes, or. expandingthe product system to include
the additional functions related to the co-products.

If allocation cannot be avoided, allocation shall be carried out in accordance
with the methods specified by 1SO 14044:2006:

. The inputs and outputs of the system should be partitioned between its
different products or functions in a way that reflects the underlying physical
relationships between them; i.e. they should reflect the way in which the inputs
and outputs are changed by quantitative changes in the products or functions
delivered by the system.

. Where physical relationship alone cannot be established or used as the
basis for allocation, the inputs should be allocated between the products and
functionsin a way that reflects otherrelationships between them. For example,
input and outputdata might be allocated between co-productsin proportion to
the economic value of the products.

In 1SO 14044:2006, allocation may be conducted on economic value basis,
when physical relationship alone cannot be established or used as the basis for
allocation; however, no specific criterion is provided to determine whether to
adopt economic instead of physical allocation. Therefore, at the stage of
drafting this resolution, economic allocation is recommended when the
economic value ratio, defined asbeing the ratio between the reference product
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to one co-product per declared unit, is equal or higher than 5. For the use of
economic values, the global sales prices should be averaged.

(@) over the last 10 years for metals, ores and metal compounds
(b) over the last 5 year for all other commodities
(c) over the last 3 years in the case that the preferred data is not available

considering the practices of A-LCA. This approach is expected to practically
cover cases such as rare metals used in the automotive industry. However,
since economic value ratio may not be applied consistently with existing
databases, its use should be properly reported, including the applicable
economic value ratio and the rationale behind its determination, to ensure
validation during the verification process defined in Chapter 8.

In case of fuel, multi-outputallocation shall be determined in proportion to the
energy content of the products, determined by lower heating value in the case
of co-products otherthan electricity and heat, or otherallocation methods using
the allocation method hierarchy in 1ISO 14040:2006; ordeveloped fornational
programs, for example the U.S. RFS.

5.4.5. [Chain of custody]

[In the automobiles supply chain, the multiple inputs (resources), outputs
(products), and processes exist, and the LCA of automotive products is
generally conducted within a complex system. As a method forthe appropriate
allocation and management of environmentalattributes within such a system,
Chain of Custody may be applied. 1SO 22095:2020 specifies five models of
Chain of Custody (Table 2, Figure 5).

Table 2
Chain of Custody Models

Identity Controlled Mass Book and
Input/Output Relation preserved Segregated blending balance claim

All input characteristics N4 — — — —
translate unchanged to
output characteristics

Mixing of inputs from — — v v v
different sources

Output characteristics reflect v — v — —
the average of input flow
characteristics

Physical connection v v v v -
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Figure 5

Overview of chain of custody models
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The Mass Balance model and Book and Claim model may enable a flexible
allocation of environmental attributes; however, in order to ensure
transparency and credibility, its application requires prudent consideration.
More detailed provisions on Mass Balance are currently under discussion in
I1SO 13662, while 1SO 14077 is addressing its application to LCA.

Accordingly, in automotive LCA, minimum requirements shall be established
to prevent diverse interpretations and misuse of Mass Balance and Book and
Claim. These requirements shall be continuously reviewed and revised, taking
into account the developments of global standards such as 1SO and the GHG
Protocol.

Verification and Assurance Requirements for Mass Balance and Book and
Claim

(@)  The reliability of these models shall primarily be ensured through
verification, and at a minimum, an equivalent independent and
transparent certification scheme shall be required.

(b) If these models are used, they shall be clearly explained to the verifier
with sufficient information so that the verifier can judge the
appropriateness and correct application of the model.

()  When the environmental attributes of products using these models are
claimed, clear and transparent information shall be provided to
stakeholders.

Applicability and Certification Requirements for Book & Claim

In this resolution, Book and Claim may only be applied to energy carriers such
aselectricity, fuels, and biomethane. Itshall be noted that the Book and Claim
model is intended to be applied in the electricity domain, and electricity
certificates shall follow Chapter5.5.1.2 (Electricity). When a similar approach

Mass Balancing

Out

Out
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is applied to other energy carriers, the same level of reliability of contractual
instrument defined in Chapter 5.5.1.2 shall be demonstrated and verified.

Operational and Technical Requirements for Mass Balance

This model shall correspond to “ Mass Balance” as defined in 1SO
22095:2020.

(@)  This model shall only be applied in principle when a physical
connection between input and output can be established. However,
establishing the physical connection is not required if it would lead to
additional GHG emissions due to, such as, transportation of products
between multiple separate manufacturing sites within the system
boundary.

(b)  This model shall be operated under the management of the same
company, corporate group, or joint venture.

(c)  This model shall be operated under accounting controls so that the
claimed output exactly matchesthe actualinputalso takinginto account
material yields and scrap, to avoid any double counting.

(d)  Technical feasibility: This modelshall only be applied within the range
thatis technically feasible to produce the output from the input, and the
environmental attributes allocated shall not exceed that range.

(e)  Technical equivalence: When this model is applied, the environmental
attributes shall only be allocated among products that have the same
technical properties.

) This model shall only be applied to additional CFP reduction measures
relative to the residual product. The residual product is the product
without reduction measuresused in mass balance within the respective
reporting year. When this model is applied, the allocation of the CFP
reduction resulting from the measure shall reflect anactualincrease in
green inputs, rather than a redistribution that merely makes some
products appear greener without any change in production]

5.5. Treatment of specific GHG emissions

55.1.
55.1.1.

Energy modelling
Fuel modelling

The definition of emission factors for fuels follows the methodology outlined
in the EU Renewable Energy Directive 2018/2001 and other systems such as
the U.S. EPA Renewable Fuel Standard and shall include:

(@)  Upstream processes referring to the extraction or cultivation of raw
materials.

(b)  Processes related to the fuel’s processing,
(©) Transport and distribution processes at each life cycle stage.
(d)  Emissions from the fuel in-use.

As regards infrastructure and capital goods, referto Section 5.3.1 Infrastructure
and Capital Goods.

Additionally, concerning fuels originated from bio-materials, the following
conditions shall be considered,;

(@)  Additional emissions related to changes from soil carbon stock caused
by land use change (e.g. wetlands conversion, some specific forest
areas, etc.). See Section 5.1.3 on Land Use Change Emissions.

(b)  Emission savings from soil carbon accumulation via improved
agricultural management (e.g. shifting to reduced or zero-tillage, using

33



ECE/TRANS/WP.29/GRPE/2026/2

34

55.1.2.

cover crops, etc.), COz capture and geological sequestration, and CO>
capture and replacement. Refer to section 5.1.2 Inclusion of specific
GHG emissions and removals, for reporting of such emissions.

In the case of one or more other products (co-products, e.g. sugar beet pulps,
Distillers Dried Grains with Solubles), allocation shall be determined based on
Section 5.4.3.2 Multi Output allocation.

Electricity modelling

Government authorities shall establish, within their respective territories, how
electricity modelling is to be defined.

The following approaches exist for modelling electricity consumption by a
product system:

@)

(b)

©

The location-based approach is a method of allocating electricity
impacts among end-users based on geographical representativeness
(economicarea, country, bidding zone, etc.); this approachiscurrently
the most commonly used by LCA practitioners, with main LCA
databasesofferingdetailed modelsata relatively fine geographic scale.
The same GHG intensity (gCO2eq per kWh)is applied to all electricity
consumerswithin a single area. The GHG Protocol definesit as follows:
“A location-based method reflects the average emissions intensity of
grids on which energy consumption occurs (using mostly grid-average
emission factordata).” [Inthis approach subnational consumption grid
mix (i.e. for the USA California grid mix) or a national consumption
grid mix (i.e., country-specific), or supra-nationaleconomic integration
areagrid mix (i.e. EU grid mix) ora supra-nationalconsumption grid
mix (i.e., EU grid mix, Africa grid mix, North America) can be used
based on Section 5.4.1.2 Geographical representativity]

The market-based approach allocates electricity impacts amongend-
users based ona principle of individual contractual instruments, which
can be claimed by different consumers. The GHG Protocol defines it as
follows: “A market-based method reflects emissions from electricity
that companies have purposefully chosen (or their lack of choice). It
derives emission factors from contractual instruments, which include
any type of contract between two parties for the sale and purchase of
energy bundled with attributes about the energy generation, or for
unbundled attribute claims.” [In this approach, every electricity
consumption process is modelled using either:

) Processes that reflect the electricity mix purchased via specific
contractual instruments related to the considered process and
including losses during transmission and distribution of the
purchased electricity

(i)  Or, if no contract exists for the given process, a residual
consumption mix related to it, which can be derived either at a
national level, a sub-national level or supranational level.]

The contractualinstruments that are used shall comply with the specific
requirements as stated in the following sections 5.5.1.2.1.

[Further, this approach should only be used if the entity has enough
data (i.e. secondary databases and datasets using residual consumption
mixes for every process in the upstream value chain of the product).]

[In circumstances where industries lack sufficient or appropriate data—
whether concerning processes required for residual mixes or the
processes utilizing them—orwhen they do not have the time necessary
to develop such data, and likewise in situations pertaining to Level 3
and Level4, they may employ the following mixed-method approach.
The mixed method approach uses available location-based electricity
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mixes consumption processes from the LCA databases as generic
default while using specific processes that reflect the electricity mix
purchased via specific contractual instruments from suppliers and / or
the electricity mix produced within the factories and including losses
during transmission and distribution of the purchased electricity. [This
approach should be carefully applied as risk of double counting of
inventories and impacts can happen.]

For some geographicalregion of interest already prescribing officialguidelines
forsuch modelling, practitionersshall rely on such specific regulations, or data
from governmentalbodies, e.g. EU RED, mostrecent U.S. EPA Power Sector
Reference Case. Furthermore, temporal and geographical consistency should
be ensured.

Further development of electricity emission factors can be based on 1SO
14067:2018 and can include upstream processes and production of electricity
generation infrastructure forthe electricity supply system (e.g. mining of fuels,
transport of fuels to power plants, growing and processing of biomass fuel
feedstock, and production of equipment generating renewable energy, such as
photovoltaic installations).

Electricity from the grid via a contractual instrument

Electricity data from electricity certificates for a specific generator site or
supplier documented by energy certificates may be used in the calculation of
emission factors for electricity supplied from the grid if it can be ensured that
all the following conditions are met. [The contractual arrangement should:

(@)  conveytheinformation associated with the unit of electricity delivered;

(b)  assurewith a unique claim,to avoid double countingof GHG emissions
and GHG removals within the boundary of the subject;

(©) be tracked and redeemed, retired or cancelled by, or on behalf of, the
reporting entity.

(d)  beproduced within a yearduring which electricity was produced within
the country, or within the market boundaries where consumption occurs
and to which the grid is interconnected.

() be produced within the country, or within the market boundaries where
consumption occurs if the grid is interconnected.

() [The environmentalvalue of electricity certificates must not be biased
and should come from a generation plant in the same market boundaries
as where the consumption takes place];

Information about the electricity certificate should be clearly stated in
the LCA report:

0) Name and location of the generating facility;

(i) Method of generation;

(iiiy  Amount of electricity generated and amount of electricity certificates issued;

(iv) Ifavailable, tracking number assigned by the electricity certificate system.

Detailed conditions shall be based on 1SO 14068 -1:2023.

In ISO 14067:2018, there are examples of certificates that can be used by
contractualinstruments, such as European Guarantee of Origin (GOs) and US
Renewable Energy Certificates (RECs) which meet the above conditions.
Electricity certificates that do not guarantee compliance with the above
conditions shall not be used. Contractual instruments may include utility tariffs,
power purchase agreements (PPAs) or energy attribute certificates (EACs)
themselves.
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If processes within the subject are located in Small Island Developing States
(SIDS)[3)], the carbon footprint may additionally be quantified using
contractual instruments for such processes, irrespective of grid
interconnectivity.

Notes on handling power certificates
Electricity from a directly connected supplier

Site-specific electricity data maybe used in the calculation of emission factors
for electricity supplied directly from electricity generators via dedicated
transmission lines to facilities manufacturing the respective products and
consumed in the manufacture of such products, if no contractual instruments
have been sold to a third party.

[Electricity from on-site generation

On-site electricity production can only be accounted for under the following
conditions:

(@)  The production assetis owned by the same entity as the factory, or the
asset hasa direct connection to the factory and is not connected to the
grid.

(b)  Only thefraction of electricity thatis used on-site and not sourced from
the grid shall be accounted for.

(© No credits can be claimed for electricity produced in excess and sentto
the grid.

(d)  For electricity thatis claimed to be auto consumed, no contractual
instruments have been sold to a third party]

Any deviation, along with detailed explanationsof the calculation methodsor
models used to revise emission factors, must be reported in the LCA report]

[Electricity from the grid without contractual instrument

The emission factors of average consumption electricity grid mix shall be
calculated based on:

@) The consumption per country of the different electricity sources (coal,
naturalgas, nuclear, hydropower, wind, solarPV) [Importsshould be modelled
as the average production mix of the country from which the electricity is
imported. The consumption mix and the exported mix are the same.]

(b) The emission factors per country of each primary electricity source
(coal, naturalgaz, nuclear, hydropower, wind, solar PV), provided by a same
database (Ecolnvent, Sphera ..). These emissions factors should include

) Upstream processes referring to the extraction of raw materials,
(i)  Processes and direct emission during electricity production
(iiiy  Transportation, distribution, and losses

(Refer to Section 5.3.1 Infrastructure and Capital Goods.)]
Prospective energy modelling

To model energy at use stage and EoL stage, a consistent approach between
fuel and electricity modelling is required. Modelling should be temporally and
spatially matched to both use stage and EOL.

A scenario for the expected future evolution of the fuel or electricity grid mix
in the geographical region of interest shall be selected, according to the
following order of preference.
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@) Official, government published energy mix or emissions factors (where
these are consistent with the defined scope) based on currently
implemented policies for a country or geographical region of interest
shall be used if available.

(b) If1.aboveis not available, the Stated Policies Scenario (STEPS) from
the mostrecent International Energy Agency’s Wotld Energy Outlook

(IEAWEDO) report, forthe geographical region of interest, shall be used.

In addition, the IEA WEO Sustainable Development Scenario (SDS)
shall also be used as a sensitivity case (or equivalent scenario taking
into account international commitments under the UNFCCC).

(©) Only if none of the previous options above are available for the
geographical region of interest, a projected future electricity grid mix
(or emissions factorsfor this) from either dispatch modelling or peer-
reviewed published literature-based dispatch modelling may be used.
Due to the inherent uncertainties involved, any such analysis shall
include a sensitivity case consistent with the goals of the IEA WEO
SDS (or equivalent scenario taking into account international
commitments under the UNFCCC). For fuel mix a peer-reviewed
published literature modelling may be used, provided that such
scenarios are strictly aligned with the regulatory frameworks in force
in the relevant country or region of use (for example, the RED Il
Directive in Europe the EU or the Renewable Fuels Standard in the
US). In the equivalent approach for the average fuels mix, only those
scenarios from peer-reviewed data reflecting implemented policies
shall be considered thatare based on announced production capacities

This Resolution does not recommend to use the 3" preference for level 3 and
level 4 as these levels are used for comparison of vehicles of different OEMs.

The selected scenario should be communicated and justified. The detailed
calculations of the fuel orgrid mix composition and average representative fuel
or grid mix composition over the full service life of the vehicle should be
communicated. Details must be referred to in the “Reporting” section.

For any prospective LCA, secondary data will be needed. Secondary LCI data
should be sourced from data sets provided directly by governmentor relevant
authorities. If such data is not available, region-specific secondary data from
IEA should be used.

(Note) Dispatch modelling: An electric power sector dispatch model is a
mathematical representation of how sources of electricity generation are
chosen and scheduled (i.e., “dispatched”)to meet a given electricity demand.
It essentially models the decision-making process of electricity system
operatorsand is capable of makingprojections of future generation and future
emissions given cost constraints, environmental policy and emissions
constraints,and constraints related to resource adequacy. Dispatch models ako
include representations of individual electricity generation units (EGU) and
regional interconnection of EGUs as part of regional, national, and
international electricity grids.

Waste treatment, disposal and recycling modelling

Any GHG emissions arising from the treatment of production waste shall be
included in the total CFP. Waste can be generated during different stages of a
product’s life cycle (cradle-to-grave), including:

(@) Resource extraction, raw material sourcing;
(b)  Production of materials, semi-finished products;

(©) Production of vehicle parts and components;
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(d Logistics to supplier, OEM, customer and recycler (including internal
logistics);

(e) EoL of the vehicle.

All inputsand outputs shallbe fully considered in the calculation of the product
carbon footprint. Cut-off rules as described in 5.3.2 shall be applied.

The party generatingwaste is responsible for treatment until finaldisposal (for
example, incineration or landfill). This is also referred to asthe “polluter pays
principle”. Ifthereis no final disposal, then the further processes are attributed
to the company using the recycled or reused material flow as a secondary
material (see Section5.4.3.1).

The impact of preparatory steps and supporting activities such as collection,
transportation, sorting, dismantling, or shredding shall be added to the
inventory results of the product system generating the waste.

The impact of the process treating waste with energy recovery (e.g.,
incineration) shall be added to the inventory results of the product system that
generated the waste treated in the process. Burdens and benefitscoming from
energy recovery are calculated based on paragraph 5.5.2.2.

Production processes may also generate materialscrap that is recycled. In this
case, please see paragraph 5.4.3.

Material recycling modelling

The Circular Footprint Formula (CFF) or Recycled Content Method (RCM)
shall be applied to the evaluation of materialrecycling for all levels, based on
regulation or market observation. The selected method shall be clearly
indicated in the vehicle CFP declaration.

In the present methodology, the material part of the CFF, as originally
introduced in the EC recommendation 2021/2279 Annex |, hasbeenrearranged
assum of the three components, having, overall, the same mathematical results
of the original CFF introduced in the EC 2021/2279 Annex .

The rearranged CFF presented in this document is indicated hereafter as
“UNECE A-LCA CFF concept”, and it is composed by the three following
elements:

(@)  Production burdens (this term constitutes the RCM method);
(b)  Burdens and benefits related to secondary materials input;
(©) Burdens and benefits related to secondary materials output.

Circular Footprint Formula (CFF) as per EC recommendation 2021/2279:
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(1 —R,)E, + R, X (AETEC + (1 - A)E, x Q@—:) + (1 - AR, x (ErechL — E; x QQ—:f>

Rearranged structure of the CFF, as introduced in this Mutual Resolution.

mProduction burdens (1 = R)E, + R, XE,,, ] \

as Recycled Content Method (RCM)

2) Burdens and benefitsrelatedto  —(1 — A)R, X <Em —E, x %)
14
secondary materials input

3) Burdens and benefits related to (1 - AR, x (ErechL —E; X QL”)

%7
secondary materials output
wModuIar Burdens and Benefits method (MBBM) which is the sum of 2) and 3) /

When applying the material part of the CFF, in the production stage for
materials, the RCM term (corresponding to CFF part 1) shall be evaluated. For
the complete vehicle CFP in additionto CFF part 1, the emission shares from
recycling (corresponding to CFF parts 2 and 3) shall be evaluated with the
Modular Burdens and Benefits Method (MBBM) term in the EoL stage.

Overall, the terms of the UNECE A-LCA CFF concept for materialrecycling
have been defined as following:

CEFy = CEFy cpp = CEFy pem + CEFy mpsM )

Where;

CEF, meansthe specific GHG emissions of a material in kilogram
of carbon dioxide equivalent per kilogram of material.
[kgCO2eq/Kgmaterial]

CEFy cpr means the specific GHG emissions of a material calculated

with the CFF in kilogram of carbon dioxide equivalent per
kilogram of material. [kgCO2eq/Kgmaterial]

CEFy rey  Meansthe specific GHG emissions of a materialcalculated with
the RCM in kilogram of carbon dioxide equivalent per kilogram
of material. [kgCO2eq/Kgmaterial]

CEFy e Meansthe specific GHG emissions of a materialcalculated with
the MBBM in kilogram of carbon dioxide equivalent per
kilogram of material. [kgCO2eq/Kgmaterial]

The CEFy gey and CEFy yppy €mission contributions are defined as follows:

CEFy pew = 1 — RDE, + Ry X E,,. ; CFF part 1 (3)

Q .
CEFy mppy = —(1 — AR, x (Erec —E, X QS‘"
P

+ (= DR, % (Ereep, — B % %) . CFF part 2 and 3 (4)
p

39



ECE/TRANS/WP.29/GRPE/2026/2

40

55.2.2.

Where;

A means the allocation factor of burdens and credits between
supplier and user of recycled materials.

Qsin meansthe quality of the ingoing secondary material orparts, i.e.
the quality of the recycled material at the point of substitution.

Qsout means the quality of the outgoing secondary material or parts,
ie. the quality of the recyclable material at the point of
substitution.

Qp meansthe quality of the primary material or parts, i.e. quality
of the virgin material.

R, meansthe proportion of materialinput to the product that has
been recycled from a previous system. [%]

R, means the proportion of the material in the product that will
be recycled (or reused) in a subsequent system. [%]

E, . meansthe specific emissions and resources consumed (per unit
of analysis) arising from the recycling process of the recycled
(reused) material, including collection, sorting and
transportation process. [kgCO2eq/Kgmaterial]

ErecEoL meansthe specific emissions and resources consumed (per unit
of analysis) arising from the recycling process at EoL, including
collection, sorting and transportation process.
[kgCO2eq/Kgmaterial]

Ey, means the specific emissions and resources consumed (per
unit of analysis) arising from the acquisition and pre-processing
of virgin material [kgCO2eq/Kgmaterial]

Ey means the specific emissions and resources consumed (per

unit of analysis) arising from the acquisition and pre-processing
of virgin material assumed to be substituted by recyclable
materials. [kgCO2eq/Kgmaterial]

Inthe case of CFFapplication, both Cy; zcp, Which is total RCM value specified
in paragraph 6.1. and Cy; ypgy Which is total MBBM value specified in
paragraph 6.4. shall be reported as the part of the total vehicle CFP. The
materials to which the CFF is applied shall be reported.

Inthe case of RCM application, only Cy, zcy, shall be evaluated in the material
production stage and reported in the total vehicle CFP.

The meaning and definition of the parameters of the CFF are the same of the
ones reported in the EC recommendation 2021/2279 Annex | Chapter4.4.8.1.

Data set (Ey,Ey, Erocr Evecror, ) 10 be used in CFF and CFF parameters
(A, Ry, Ry, Qginy Qsour» @) may be referred to the secondary data set and
reference documents in paragraph 6.4.

Parts recycling modelling is specified in paragraph 6.4.
Incineration with energy recovery

The incineration with energy recovery shall be evaluated by following the
energy formula in the Circular Footprint Formula (CFF). (Equation 5).

Even in the case in which only RCM was applied in the material recycling
modelling defined in paragraph 5.5.2.1.,the incineration with energy recovery
shall be anyway evaluated by following Equation 5.
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CEF,=(1— B)R; X (EER — LHV X Xgg heat X Esg pear — LHV X Xpp ejec X ESE,elec) =

55.23.

(1 = B)R; x (EER - CEFI,MBBM)

©)
Where;

CEF, means the specific GHG emissions of a material arising from
incineration with energy recovery in kilogram of carbon dioxide
equivalent per kilogram of material. [kgCO2eq/Kgmaterial]

CEF; yggy  means the specific GHG emissions related to the credit
obtainable by an energy recovery process calculated perMBBM
for energy in kilogram of carbon dioxide equivalent per
kilogram of material. [kgCO2eq/Kgmaterial]

means the allocation factor of energy recovery processes.

R meansthe proportion of the material in the productthat is used
for energy recovery at EoL.

Egr meansthe specific emissions and resources consumed (per unit
of analysis) arising from the energy recovery process (e.g.
incineration with energy recovery, landfill with energy recovery,
...). [kgCO2eq/kgmaterial]

Esk heat meansthe specific emissions and resources consumed (per unit
of analysis) that would have arisen from the specific substituted
energy source (heat). [kgCO2eq/MJ]

Esk elec meansthe specific emissions and resources consumed (per unit
of analysis) that would have arisen from the specific substituted
energy source (electricity). [kgCO2eq/MJ]

XgR heat means the efficiency of the energy recovery process for heat.

Xer elec means the efficiency of the energy recovery process for
electricity.

LHV means the Lower Heating Value of the material in the product

that is used for energy recovery. [MJ/KQmaterial]

Thermal energy deduction (—=LHV X Xz neqt X Esg neae) and electric energy
deduction (=LHV X Xgg prec X Esg erec ) Shall be evaluated and merged as
Modular Burdens and Benefits method for energy.

C, which is total GHG emissions arising from incineration with energy
recovery shall be reported as the part of the total vehicle CFP. In addition,
C; mpgy Which is total MBBM value for energy specified in paragraph 6.4.
shall be reported separately, as single contributions to the overall C,. The
materials contained in the product that are sent to incineration with energy
recovery shall be reported.

The meaning and definition of the parameters of the CFF are the same of the
onesreported in the EC recommendation 2021/2279 Annex 111 Chapter4.4.8.1.

Data set ( Ezz, Esg pear+Ese eec) 0 be used in CFF and CFF parameters
(B, R3, Xer neatr Xgr elec) LHV ) may be referred to the secondary data set and
reference documents in paragraph 6.4..

Disposal

The disposal shall include all of waste treatment except for the material
recycling and the incineration with energy recovery, e.g. landfill. The disposal
shall be evaluated by following disposalformula in Circular Footprint Formula
(CFF) (Equation 6).
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Even in the case in which only RCM was applied in the material recycling
defined in paragraph 5.5.2.1., the disposal shall be anyway evaluated by
following Equation 6.

CEF, = (1—R,—R;) X E, (6)

Where;

CEF, meansthe specific GHG emissions of a materialarising from the
disposal in kilogram of carbon dioxide equivalent per kilogram
of material. [kgCO2eq/kgmaterial]

R, meansthe proportion of the material in the product thatwill be
recycled (or reused) in a subsequent system. [%]

R4 meansthe proportion of the material in the productthat is used
for energy recovery at EoL.

Ep: means the specific emissions and resources consumed (per

functional unit) arising from disposal of waste material at the
EoL of the analysed product, without energy recovery.
[kgCO2eq/Kgmaterial]

The meaning and definition of the parameters of the CFF are the same of the
ones reported in the EC recommendation 2021/2279 Annex |1l Chapter4.4.8.1.

Dataset (Ep) to be used in CFF and CFF parameter (R2, R3) may be referred to
the secondary data set and reference documents in paragraph 6.4.

55.3. Logistics

In addition to emissions from production, manufacturing, use stage and EoL,
there are also emissions from the transportation and logistics of vehicles,
products, or materials.

Emissions from transportation shall cover emissions from well to wheel, i.e.,
the system boundaries span from energy provision, production and distribution
ending at the transportation operation itself, and should be compliant with
paragraph 5.3.1.

Figure 6
System boundaries for transportation
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In case of transport chains (transport of a product by more than one transport
mode) the chain links shall be individually quantified and subsequently
summed up.

The ultimate approach of quantifying transportation emissions shall be based
on measuring the fuel and energy consumption of a trip and multiplying it by
the emission factorof the fuel/energy that coversall upstream emissions of the
fuel/energy. Only transport emissions quantified on the basis of measured
fuel/lenergy consumption shall be considered as primary data. In case of
collective transport, the primary data based transport emissions require
allocation to the individual product. Such allocations do not change the
classification of emission data as being primary data.
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Direct measurement of fuel/energy consumption of a transport operation may
however notalwaysbe possible and modelling transport emissions is required.
Calculation of transport emissions shall follow the recommendation set out in
the GLEC Framework V3.1 or latest, except for the mandate to include
emissions from the construction and dismantling of energy infrastructure. The
GLEC framework allows forthree approachesto establish transport distances:
Shortest feasible distance (SFD), great circle distance (GCD) and actual
distance. These approachesshallbe used accordingto the following hierarchy:

(@)  Actualdistance
(b) SFD
() GCD

Emissions reduction from the use of low-carbon fuels may only be claimed if
a statement of sustainability (origin and emissions reduction) for the fuel is
provided as issued by a bonded warehouse.

Determination of Vehicle CFP

Accurately estimating the CFP of vehicles is essential for understanding their
environmental impact and guiding efforts to reduce emissions, ultimately
contributing to the decarbonisation of the automotive industry.

Vehicles are highly complex products composed of numerous parts
manufactured through complex supply chains. Each vehicle’s unique
configuration and customisable options make providing and managing LCAs
forindividual vehicles administratively burdensome for OEMs and but also for
authorities. To address this, the methodology introduces the concept of a
modular approach.

Comparability is a central challenge. For Level 1 and Level 2 LCA studies,
different options (vehicles, technologies, powertrains, materials) are compared
within one LCA study. In contrast, for Level3 and Level4 it is the aim to allow
comparability between the individual vehicle LCA studies.

Level 1 and Level2 LCAs are mainly conducted to support strategic decisions.
Itis recommended to modela vehicle which is representative of the considered
entity of vehicles / vehicle fleet. Regarding all parameters relevant for the
intended research question, it should have generic & average value depending
on the availability of the data (e.g. public studies or literature data). For
comparison of vehicle LCAs this requires special attention.

For level 3 & level 4, the objective is to rationalise the high administrative
burden of LCA reporting, while a modularapproach (5.6.1) ensures that the
declared vehicle accurately reflects the characteristicsand impacts of the entire
group of vehicles, which is clearly defined. The level of detail provided should
be appropriate to the level of LCA undertaken and sufficient to ensure accuracy
in the determination of CO2 emissions of the representative vehicle and
comparability across reported vehicles. In moving from a generic assessment
toward a more granular evaluation (level 4), the rigour, specificity and
completeness of the inputs should correspondingly increase.

This is in line with the terms of reference outlined by UNECE IWG A-LCA,
Article 2.3, “The methodology shall be developed respecting the transparency
and consistency. It also shall have balance between the accuracy and the
workload considering the complex supply chain of automotive industry”.

This paragraph provides a solid foundation on how to determine carbon
footprint of vehicle, by considering the entire lifecycle of vehicles.

Modular Approach

Given the complexity of vehicle production and use, a ‘modular approach’ is
considered for carbon footprint calculation in this Mutual resolution. This
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5.6.2.1.

involves separately calculating each stage of the vehicle lifecycle, according
to the methodology described in paragraph 6, and then combining the results
for the given vehicle.

(@)  Production stage GHG Emissions: These emissions are associated with
production, including material production, part production and vehicle
assembly, they depend on the production region.

(b) Use phase GHG Emissions: These emissions, which occur during the
use phase, are well-documented in certified fuel and energy efficiency
data under the specific test procedure in each region. Discrepancy
between the certified value and real-world value, consumablesand parts
used for the scheduled maintenance, according to the manufacturer
specifications, shall considered under consistent boundaries defined by
CPs

(©) EoL stage GHG Emissions: These emissions, which occur during the
recycling processes, depend on region of sell/use or recycling

Production Stage GHG emission

Due to the large numberof equipment variants for vehicles it is impractical to
quantify production emissions for each vehicle individually. Alternatively, a
‘LCA group — Production’ (LGP) approach is followed. From this LGP a
representative vehicle (RV) is chosen, for which the GHG-emissions are
quantified following the methodology defined in paragraph 6.1 and 6.2.

To report on a specific vehicle variant that is member of the LGP (declared
vehicle) the GHG-emissions for production of that vehicle are calculated by a
mass-based extrapolation described in paragraph 5.6.2.3.

The procedure to identify the RV from the LGP is described in paragraph
56.2.2.

The criteria that define the LGP are detailed in paragraph 5.6.2.1.
Definition of LCA Group — Production stage

The LCA group definition shall be determined in a conservative manner, based
on specific parametersasdetailed below and in a way thataccurately reflects
the characteristics and impacts of the entire LCA group. These parameters will
be monitored during the testing phase and refined as necessary to ensure
accuracy and alignment with evolving data. The main factors that greatly
impact the production carbon footprint of a vehicle are the body structure,
powertrain, energy storage system (only in case this is presentin the drivetrain
system), refer to Ricardo®® & CATARC® study and production region.

Based on these factors, vehicles can be grouped into clusters (LCA group —
production):

(@)  Vehicle Structure Family: Meansa cluster of vehicles of anautomobile
manufacturer’s vehicle fleet shall consist of vehicles that have the
following features in common:

0] Mass variation (excluding the traction battery mass) among
vehicles within the group should not be greater than [X %]

(i)  Vehicle with similar material composition of ‘body in white’
(i.e., vehicle frame)

% Ricardo study: Determining the environmental impacts of conventional and alternatively fuelled
vehicles through LCA, Section A1.1.2.1 Figure A13

87 CATARC study: Exemplary research cases of the different levels and Hotspot analysis, LCA-SG3-04-

03
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(i)  Additional parameters will be declared by the OEMs (with
justifications) if required to specify the definition of the LCA
group (e.g. characteristics like vehicle type, modelname, brand,
marketing division, or roof line, number of doors, seats,
windows or level of décor etc)

(b)  Powertrain (drive System) type: to reflect the impact of the energy
storage system/traction system e.g. ICE, OVC-HEV, NOVC-HEV,
PEV, FCEV and FCHV.

(©) Region of final vehicle value chain: The region shall be defined by the
location of the production plant, refers to a single marketarea, such as
the European Union, Japan, Korea, or the United States. The modelling
of the supply chain should follow the level concept, since vehicle
assembly is the final step in the supply chain, this regional definition
shall link the RV to the production plant region. RV’s supply chain shall
represent the supply chain of its LCA group, for example, vehicles
assembled in Europe will typically reflect European consumption mixes
and production processes. If vehicles are assembled in multiple regions,
separate upstream LCA groups must be defined accordingly.

5.6.2.2. Representative Vehicle selection during production stage

A Representative vehicle characterizes all vehicles within a defined LGP, as
specified in section 5.6.2.1.

To ensure that the pars-pro-toto-approach® of a RV does not deliver skewed
results on GHG emissions of production within that LGP, vehicles that deviate
from the standard series purpose of the LGP can be excluded from the selection
with respective evidence. The RV during production stage is selected based on
the highest technical mass, considering all series-available options and
configurations. This mass-based approach ensures a consistent and
conservative representation, independent of fluctuating customer preferences
or market trends. If multiple vehicles exhibit the same maximum technical
mass 5%, any of these may be selected as the RV.

Additionally, equipping the vehicle with options until the maximum vehicle
weight is reached secures the usage of a technically clear and conservative
vehicle setup.

This approach ensures that the RV:
(@) Reflectsthe worst case configuration intermsof environmentalimpact,
(b)  Supports consistency and comparability across vehicle LCA studies,

(©) Aligns with the principles of transparency, technical clarity, and
conservative estimation as outlined in the UNECE A-LCA
methodology.

When a new vehicle development requires the creation of a new LGP
comprising multiple vehicles, the representative vehicle is defined based on
the vehicle with highest weight within that group.

Ifa newly launched vehicle variantis subjectto calculation afterthis LGP has
been established, and this variant qualifies for inclusion within this existing
LGP, the highest weight of the newly launched vehicle variant shall be less
than that of the designated representative vehicle with a tolerance of [+5%].

Documentation for the choice and configuration of the representative vehicle
shall be provided during the third-party certification (see verification chapter
8).

% The phrase "pars pro toto" is a Latin expression meaning “a part (taken) for the whole.” It refers to a
figure where a specific part of something is used to represent the entire thing.
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5.6.2.3.

Important Considerations:

@) If the LGP includes vehicles with a traction battery, the battery shall be
excluded from the calculation of the production emission factor. This is
due to the fact that the capacity of a traction battery and its weight do
not have a proportional relationship, which would distort the correlation
via vehicle mass.

(b)  The carbon footprint of the traction battery, if applicable, must be
calculated separately.

(©) For the calculation of the total vehicle carbon emissions, the carbon
footprint of the traction battery shall be subsequently added to the
carbon emission of the vehicle production (CFP).

(d) A similar approach (a —c) should also be adopted for vehicles which
have a high-pressure hydrogen storage vessel.

Production stage: Estimated value for the declared vehicles

The production emissions factors within an LGP [broadly] correlate to the
mass of the vehicle fora given LGP, dueto similar production characteristics.
The RV serves asthe baseline for estimatingthe carbon footprint forthe values
of the other vehicles from the LGP, for which declaration is required.

The Production Emission Factors (EFerod) (i.€. carbon emission per kilogram
of vehicle weight) is calculated by the ratio between the production stage
carbon emissions of the RV and its weight (excluding the weight of the traction
battery and/or hydrogen storage vessels).

Figure 7
Explanation of the estimated value for the declared vehicles — production
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The correlation of CFP value according to the ‘RVs’, should be allowed both
below and beyond the mass of the RV,

The production stage GHG emission for the declared vehicles within the same
LGP is estimated using the following formula:

Cypi= EFprog X m; (7
CVP,i =Cyp+ Cpyat+ Crp (8)

Where;

Cvp, i means the production stage carbon emission of the declared
vehicle, including [kgCO2eq]; including material production,
component and vehicle manufacturing.

Cwmp means carbon emissions due to material production in

kilogram of carbon dioxide equivalent [kgCO2eq]
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Cpva means carbon emissions due to parts production and vehicle
assembly in kilogram of carbon dioxide equivalent [kgCO2eq]

Crp means the carbon emissions due to transport of the fully
assembled vehicle to customerin kilogram of carbon dioxide
equivalent [kgCO2eq]

EFpro4 means the production emission factor, defined in the
paragraph 5.6.2.4 [kgCOzeq/kg]; including material
production, component and vehicle manufacturing.

EFProd is describing the correlation between vehicle mass and the
production CFP value of the RV, as defined below in
5.6.2.4.

m; means the actual mass of the declared vehicle (with the

accessories & options).

For vehicles with traction batteries and/or hydrogen storage vessels:

Cvpi = EFprog X (My — Mpar ves) + Cyppat/ves )
Where;
Cvppat/ves meansthe carbon emission of the traction battery or hydrogen

storage vessels, [kgCO2eq];

Mpat ves means the weight of the traction battery and./or hydrogen
storage vessels, [kgl;

Determination of Production Emission factor

The production emission factor (EFerod), shall be calculated as follows:

EFProd = C;’nP_RV (10)
RV

Where;

EFpr04 means the production emission factor, [kgCO2eq/kg]
including material production, component and vehicle
manufacturing;

Cypry meansthe production carbon emission of the RV, [kgCO2eq];
including material production, component and vehicle
manufacturing;

Mgy means the actual mass of the RV, [kg];

In case of powertrain using traction battery and/or hydrogen storage vessels of
the RV the emission factor shall be calculated as follows:

Cyp,RV—CvP,Bat/Ves
EFpypq =~ —tnbatlves (1)

MRy —MBat/Ves

Where;

Cypry meansthe production carbon emission of the RV, [kgCO2eq];
including material production, component and vehicle
manufacturing;

Cvp,Bat/ves meansthe production carbon emission of the traction battery
or hydrogen storage vessels of the RV, [kgCO2eq];

Mgy means the actual mass of the RV, [kg];

Mpat /ves means the weight of the traction battery and/or hydrogen

storage vessels of the RV, [kq];
The EFprod shall be included in all relevant test reports.

The EFerod shall be rounded to 2 points of decimal, the unit is kgCO2eqg/kg.
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5.6.3.

5.6.3.1.

5.6.3.2.

5.6.4.

5.6.4.1.

5.6.4.2.

5.6.4.3.

Use stage GHG Emission

[Carbon emissions related to use stage emissions of the declared vehicle should
be calculated according to the method described in paragraph 6.3. These
emissions are typically derived from certified fuel consumption and energy
consumption data, which are included in official homologation documents and
regulatory certifications.

Use stage GHG emission: Energy consumption

Itis recommended to group vehicles and or powertrains in a manner consistent
with emissions certification and/ortype approvalcriteria of the region.. Incase
of WLTP it is defined in UN GTR 15/ UN Regulation No. 154. The vehicle
‘energy consumption value’ of the declared vehicle should be as described in
the Certificate Of Conformity or equivalent document for that vehicle.

Use stage GHG emission: Maintenance and leakage

The carbon footprint duringthe maintenance andleakage doesnot vary in each
powertrain family and hence it is recommended to determine this value for the
selected RV of the powertrain family.]

EoL stage GHG Emission

Due to the large numberof equipment variants for vehicles it is impractical to
quantify EoL emissions for each vehicle individually. Alternatively, a ‘LCA
group - EoL’ (LGE) approach is followed. From this LGE a representative
vehicle (RV) is chosen, for which the GHG-emissions are quantified following
the methodology defined in paragraph 6.4.

To report on a specific vehicle variant that is member of the LGE (declared
vehicle) the GHG-emissions for EoL of thatvehicle are calculated by a mass-
based extrapolation described in paragraph 5.6.4.3.

The procedure to identify the RV from the LGE is described in paragraph
5.6.4.2.

The criteria that define the LGE are detailed in paragraph 5.6.4.1.
Definition of LCA group EoL stage

The main factors that greatly impact the end-of-life carbon footprint of a
vehicle is sameas that of the production stage exceptthe region of recycling.
Based on these factors, vehicles can be grouped into clusters (LCA group —
EoL) according to their common traits such as:

(@)  All criteria defined for production stage emission except the region of
production (see paragraph 5.6.2.1)

(b)  Expected region of vehicle end-of-life: the region refers to a single
marketarea, such as European Union, Japan, Korea, orthe united states,
if the vehicle is produced in the sameregion as the expected region of
EoL, then both “LCA group —Production” and “LCA group — EoL” are
the same.

Representative Vehicle selection during EoL selection
Referto 5.6.2.2 for EoL stage representative vehicle selection.
EOL stage: Estimated value for the declared vehicles

The EoL emissions factors within an LGE [broadly] correlate to the mass of
the vehicle fora given LGE, dueto similar EoL characteristics. The RV serves
as the baseline for estimating the carbon footprint for the values of the other
vehicles from the LGE, for which declaration is required.

The EoL Emission Factors (EFprod) (i.e. carbon emission per kilogram of
vehicle weight) is calculated by the ratio between the EoL stage carbon
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emissions of the RV and its weight (excluding the weight of the traction battery
or hydrogen storage vessels).

Figure 8
Explanation of the estimated value for the declaredvehicles — EoL carbon
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The correlation of CFP value according to the ‘RVs’, should be allowed both
below and beyond the mass of the RV,

The EoL stage GHG emission for the declared vehicles within the same LGE
is estimated using the following formula:

Cpoi = EFgop, X my (12)
Where;
CroLi means the EoL carbon emission of the declared vehicle,
[kgCOzeq];
EFg,, means the EoL emission factor, [kgCOzeq/kg], defined in
paragraph 5.6.4.4. Determination of EoL stage Emission
factor;

EFeoL is describing the correlation between vehicle mass and the EoL CFP

value of the RV, as defined below in 5.6.4.4.
m; means the actual mass of the declared vehicle

4

For vehicles with traction batteries and/or hydrogen storage vessels:
Croi = EFgor, X (M; — Mpge pves) + Crorpatves (13)

Where;

means the EoL carbon emission of the traction battery or
hydrogen storage vessels, CO2eq, [kg];

CEoL,Bat/Ves

Mpat /ves means the weight of the traction battery or hydrogen storage
vessels, [kg];

Determination of EoL stage Emission factor

The EoL emission factor, EFeoL, shall be calculated as follows:

_ CEoLRV

EFg, = - (14)
Where;
EFg,,, means the EoL emission factor, [kgCO2eq/kg];
CroLrv means the EoL carbon emission of the RV, [kgCOzeq];
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5.6.5.

5.6.5.1.

Mmpy, means the actual mass of the RV, [kg].

In case of powertrain using traction battery or hydrogen storage vessels of the
RV the emission factor shall be calculated as follows:

CEoL,RV—CEoL,Bat/Ves

EFgo =

(15)

MRy —MBat/Ves
Where;
CroLrv means the EoL carbon emission of the RV, [kgCO2eq];

CrovBat ves meansthe EoL carbon emission of the traction battery and/or
hydrogen storage vessels of the RV, [kgCO2eq];

Mgy means the actual mass of the RV, [kq];

Mpat /ves means the weight of the traction battery or hydrogen storage
vessels of the RV, [kg];

The EFgoL shall be included in all relevant test reports.
The EFeoL shall be rounded to 2 points of decimal, the unit is kgCOzeq/kg.
Total carbon footprint of declared vehicle

The configuration of a declared vehicle shall be approved by the regionally
responsible authorities.

The total carbon footprint of a vehicle is the sum of:
@) Production stage Emissions (see paragraph 5.6.2.)

(b)  Production stage Emissions: Traction Battery or hydrogen storage
vessels Emissions (if applicable)

(© Use stage Emissions: energy consumption and maintenance (see
paragraph 5.6.3.)

(d)  End-of-Life Emissions (see paragraph 5.6.4.)

() End-of-Life Emissions: Traction Battery Emissions or hydrogen
storage vessels (if applicable)

Steps to DETERMINE carbon footprint value of the ‘declared vehicle’
Step 1: Production carbon footprint (depend on mass)

(@) Step 1.1: Define/ldentify the ‘LCA Group — Production (LGP)’
(paragraph 5.6.2.1.)

(b)  Step 1.2: Define/ldentify an RV out of the LGP (paragraph 5.6.2.2.)

(©) Step 1.3: Calculate the production carbon footprint of the RV (excl.
traction battery or hydrogen storage vessels)

(d)  Step 1.4: Calculate the Production Emission Factor (EFprod) of the LGP
(paragraph 5.6.2.4.)

(e) Step 1.5: Calculate the production carbon footprint of declared vehicle
(paragraph 5.6.2.3.)

()] Step 1.6: Add production carbon footprint of traction battery or
hydrogen storage vessels if available

Step 2: Use stage carbon footprint (depend on the regional approach)

(@)  Step 2.1: Calculatethe use stage carbonemissions of selected vehicle
(RV or the declared vehicle)) (see paragraph 5.6.3.).

These emissions are typically derived from certified fuel consumption
and energy consumption data, which are included in official
homologation documents and regulatory certifications.
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6.1.1.

Step 3: EoL carbon footprint (depend on mass)

(@) Step

3.1: Define/ldentify the ‘EoL LCA group (LGE)

(paragraph5.6.4.1.)
(b)  Step 3.2: Define/ldentify an RV out of the LGE (paragraph 5.6.4.2.)

© Step 3.3: Calculate the EoL carbon footprint of the RV (excl. traction
battery or hydrogen storage vessels)

(d)  Step 3.4: Calculate the EoL Emission Factor (EFeoL) of the LGE
(paragraph 5.6.4.4.)

() Step 3.5: Calculate the EoL carbon footprint of declared vehicle
(paragraph 5.6.4.3.)

() Step 1.6: Add EoL carbon footprint of traction battery or hydrogen
storage vessels if available

Step 4: total carbon footprint

The total carbon footprint of the declared vehicle should be calculated as

follows :

Where;
Ctot

Cvp

Cwp
Cpva

Cre

C Use Stage

CeoL

Ctot = CVP + CUseStage + CEoL (16)

Cvp = Cyp+ Cpyat Crp a7

means the total carbon emission of the declared vehicle,
through its entire life cycle [kgCOzeq];

means the production stage carbon emission of the declared
vehicle, [kgCOzeq], including material production,
component and vehicle manufacturing;

means carbon emissions due to material production in
kilogram of carbon dioxide equivalent [kgCO2eq]

means carbon emissions due to parts production and vehicle
assembly in kilogram of carbon dioxide equivalent [kgCO2eq]

means the carbon emissions due to transport of the fully
assembled vehicle to customerin kilogram of carbon dioxide
equivalent [kgCO2eq]

means carbon emissions for the whole use stage [kg CO2eq];

means the total GHG emissions in EoL stage [kgCO2eq]

Methodology per life cycle stages

Material production stage

System boundaries

Figure 9 shows a system boundary of the material production stage.

51



ECE/TRANS/WP.29/GRPE/2026/2

52

Figure 9

A system boundary of materials production stage
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[A-1] Processes related to material mining, refining, and impurity removal
(defined as upstream process in material production)

[A-2] Processes related to material production (defined as downstream process
in material production)

Inthe material production stage, an actual production flow foreach automotive
part shall be reflected.

These materials production stages are mainly divided into two processes.

The first is ‘upstream process in material production” which has mining,
refining, and impurity removal with relatively high CO. impact.

Then, ‘downstream process in material production’ which has from the
intermediate material stage (e.g. crude steel, aluminium ingot) to the material
product stage (e.g. steel sheet, aluminium extruded bars).

After that, it is transferred to the Parts production and vehicle assembly stage.

System boundaries of the main dominant materials (steel, aluminium, copper,
plastic, Lithium-lon Battery)in automotive are shown in Figure 10, Figure 11,
Figure 12, Figure 13 and Figure 14.
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Figure 10
A system boundary of steel material production stage
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A system boundary of aluminium material production stage
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Figure 12

A system boundary of copper material production stage
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A system boundary of plastic material production stage
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[Figure 14
A system boundary of Lithium-lon Battery material production stage
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6.1.2. Automotive material classification

In Level 3, material classification is basically extracted by investigating
composed materials species in typical automotive vehicle models, i.e., ICE,
HEV, FCV and PEV. As materialinformation, BoM and IMDS are commonly
referenced in worldwide automotive industry. The materialclassification shall
be in accordance with other stages as Parts production and vehicle assembly,
Use, and EoL.

Then the number of material types shall be set by taking cut-off into account
afterpractitioners calculated GHG emissions of each materialto total vehicle.
The cut-off criteria should be in line with paragraph 5.3.2.

As a base example of material classification in Level 3, Table 3 shows an
automotive material list.

To reduce GHG emissions of material production stage, LCA practitioners
shall determine cut-off criteria of the number of material classification and
investigate a system boundary for the target materials. Especially, material
upstream process is known to be relatively higher GHG emissions than
material downstream process in Figure 9. Practitioners should identify hotspot
process in the system boundary. System boundaries of typically high GHG
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emissions materials (steel, aluminium, copper, plastic and Lithium-ion battery
materials) are shown in Figure 10, Figure 11, Figure 12, Figure 13 and Figure
14 referring to the documents from international institutions e.g., worldsteel,
IAl (International Aluminium institute), EA (European Aluminium), ICA
(International Copper Association), and TfS (Together for Sustainability) .
Since the material classification and the system boundary dependsona target
vehicle specification, proceduresto select materialclassification and to assign

carbon intensity shall be reported.

Table 3

Automotive material list

Material group

Material classification

Steel

Aluminium

Copper

Plastic

Non-ferrous
metals

Other organic
materials

Other materials

Cast iron, Cast steel, Hot-rolled steel sheet, Cold-rolled steel sheet,
Electromagnetic steel sheet, Hot-rolled hot-dip galvanised steel sheet, Hot-rolled
electro-galvanised steel sheet, Cold-rolled hot-dip galvanised steel sheet, Cold-
rolled electro-galvanised steel sheet, Carbon steel bar/wire rod, Special steel
bars, Special steel wire rod/spring steel, Stainless steel sheet/bar, Sintered steel

Cast aluminium, Die cast aluminium, wrought aluminium(sheet), Wrought
aluminium(extruded)

Tough pitch bare/coated copper wire, Oxygen free bare/coated copper wire,
Tough pitch copper strip/bar, Oxygen free copper strip/bar

PP(Polypropylene), PE(Polyethylene), PVC(Polyvinyl Chloride), ABS
(Acrylonitrile Butadiene Styrene), PA (Nylon), PC (Polycarbonate), PET
(Polyethylene Terephthalate), PBT (Polybutylene Terephthalate), PUR
(Polyurethane), POM (Polyacetal), ASA (Acrylonitrile Styrene Acrylate),
PMMA (Acrylic resin), EP(Epoxy resin), PPS (Polyphenylene Sulphide), TPO
(Thermoplastic Olefin), TPV (Thermoplastic Vulcanisate)

Magnesium alloy, Zinc alloy, Platinum/Rhodium, Lead, Other metals

SBR (Styrene-Butadiene Rubber), EPDM (Ethylene Propylene Diene
Monomer), Other thermoplastic resins, Other thermosetting resins, Natural
rubber, Synthetic rubber, Anti-rust oil, Leather, Adhesives

Laminated Glass, Paints, Electrodeposition Coating, Electronic Components
(Populated PCB :Printed Circuit Board, i.e. substrate plusassociated components
like capacitors, resistors, integrated circuits etc.), Engine oil, Brake fluid,
Coolant, Refrigerant, Other inorganic materials, Tyres, Battery materials (Lead-

Acid battery, Ni-MH battery, LiB: Lithium-lon Battery)

6.1.3.

6.1.3.1.

56

Data collection and data type

Material data collection foractivity and intensity are conducted with data types
of primary and secondary, and their related information as follows; material
name, material classification (VDA, 1SO code, and other standards), the
number of materials, material weight, chemical substance composition,
recycled material ratio, biomass blended ratio, yield, electricity, and fuel
consumption, etc.

For a material production stage, the carbon footprint shall be calculated based
on per 1 kg of material products, regardless of its state,as its specific density
is considered.

Primary data collection

In level 3, the weight of the material used, its yield, and material carbon
intensity are collected as primary data as much as possible, considering
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6.1.3.2.

6.1.4.

6.1.5.

Table 4

hotspotsin the system boundary. The following points should be considered to
clarify transparency and accuracy.

(@) High GHG emissions in the system boundary should be extracted to
clarify hotspots.

(b)  Unit process data of material production process should be confirmed

(i) country or region where material production was conducted

(ii) amount of electricity and fuel used, rate of renewable energy
used

(iii) usage rate of recycled material and bio-derived material to

total material weight

Then the environmental impact of primary data is assessed with data quality
and shall be reported. The prerequisites shall be clarified as self-declaration of
practitioners and related companies or certificated by external parties.

Secondary data collection

In case primary data is not practically collected, secondary data should be
collected. When collecting secondary data from available databases, data
quality shall be explained, and the following points should be considered to
clarify transparency and accuracy.

(@) High GHG emissions in the system boundary should be extracted to
clarify hotspots.

(b)  Unit process data in material production process should be confirmed.

(© It shall be utilised as attributional data and not be utilised as
consequential data to avoid an assumption in the future.

d Material carbon intensity using anallocation between some life cycle
generations shall not be utilised to assure data consistency.

Energy Modelling
For general rules refer to paragraph 5.5.1.6.1.4.1. Energy Mix

Practitioners shall account for the fuel or electricity production pathways
associated with the production locations of each material. (detailed
methodology shall be considered)

The energy mix shall be based on the latest dataset associated with the location
or region of production in question.

The methodsdescribed in paragraph [3.2.8.] shall guide the modelling of fuel
and electricity for these regions.

Levels in material production stage

Table 4 shows a level concept of material production phase. The development
of the assessment method will be focused only on Level 3, and forother levels,
only the concept and overview will be described.

Level concept of material production stage

ILevel Uctivity Data \Intensity Data
WMaterial weight [kg] Carbon Intensity of
Material production
[kg-CO2eq/kg]
Level 1 Primary and secondary data Secondary data
Level 2 Primary data Secondary data
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ILevel

ctivity Data Intensity Data

Material weight [kg] Carbon Intensity of
WMaterial production

/kg-CO2eq/kg]

Level 3

Primary data Primary and
secondary data

Level 4

Primary data Mainly primary data

6.15.1.

6.1.5.2.

Level 1,2

The specific GHG emissions of a material are basically calculated with
material weight multiplied by carbon intensity of the material production.

As for yield during material production process, it is practically complicated
due to material related manufacturers as upstream side and couldn’t be
traceable. On the other hand, the ratio of input to output of material weight
during parts production and vehicle assembly process could be traceablk.
Therefore, yield shall be considered as partsproductionand vehicle assembly
stage .

In Level 1, the materialweight of the vehicle and the carbon intensity of each
material (in kg CO2eq per kg) are secondary data. LCA practitioner should
assume a proportion of each material to vehicle weight.

In Level 2, the material weight of the vehicle are primary data. The carbon
intensity of each material production are secondary data.

1
Crrem = z:i(CMPi,RCM) = Zi (mMPi,RCM X Ya X CEFMPL‘,RCM) (18)

Pi
Where;

Crrem means the specific GHG emissions of a material in carbon
dioxide equivalent [kg CO2e]

i means each material classification

My means material weight which is mass of a material product
output [kq]

Yupirem means yield which is the mass proportion of material product
output compared to the material input used in material
production.

CEFyp; ey Meanscarbonintensity of a material calculated with the RCMin
kilogram of carbon dioxide equivalent per kilogram of input
material production process [kg COzeq. / kg material] (Specified
in paragraph 5.5.2.1. Material recycling modelling)

Level 3,4

In Level 3, the specific GHG emissions of a materialshould be calculated with
virgin material and recycled material separately based on the equation (18).
When that’s not possible, it is applicable to the equation (17) with the
description of recycled material information.

Details of Level 3will be described in a later paragraph, butthe assessment of
the produced vehicle is set as the purpose of use. The weight of the material
and carbon intensity should be collected as primary data as much as possible
considering hotspotsin the system boundary. The environmentalimpactshall
be assessed compared to the actual process.
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6.2.1.

Figure 15

One of other factorswhich affectscritically GHG emissions can be considered
electricity utilised during materialproduction stage. LCA practitioners should
incorporate electricity effect which includes regionality and regenerated power
in the equation.

Finally, in Level 4 isanideal LCA, with the goal of compiling the basic carbon
intensity of all materialsas primary data. However, it is challenging to collect
data on hundreds of thousands of items per vehicle. Secondary data applied
due to any reason must be justified accordingly.

1
Cvprem = Zi(CMPi,RCM) =X [mMi X Yurr {Ry; x CEFypirem rup t
(1 - Ry x CEFMPi,RCM,VMP}] (19)
Where;

R, means the proportion of material input to the product that has
been recycled from a previous system. [%]

CEFyp; rem ymp means carbon intensity of virgin material primary
data [kg COzeq./kg material]

CEFyp; rem rmp means carbon intensity of recycled material primary
data [kg CO2eq./kg material]

Parts production and vehicle assembly stage
System boundaries

The system boundary of the parts and vehicles production stage is outlined in
Figure 15.

System boundaries in production
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The system boundary towards material production is generally defined by the
outbound gate of the production site processing material inputs to a neat
material or an initial semi-finished product in a tradable form, e.g. steel bar,
aluminium ingot, plastic granulate.

Transport of the final assembled vehicle to the end customer is also included
in the partsand vehicle production and therefore to be included in the CFP of
the vehicle in production.

The cradle-to gate CFP includes all attributable upstream and direct emissions
of producing a product, including all upstream transportation activities.
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When accounting for emissions all attributable processes shall be listed to
clearly define the cradle-to-gate boundary of their studied product.

The system boundaries for parts/components and vehicle production are
therefore including:

(@)  Production of, semi-finished products
(b) Production of vehicle parts and components

(©) Auxiliary production processes (e.g., lighting, air conditioning, storage
facilities)

(d)  Disposal of production waste

(e) Packaging of vehicle parts and components, including all operations
required for performing packaging

) Disposal of production waste (incl. packaging waste, see 5.5.2.)

(@@ Logistics (including internallogistics and transport packaging, see 5.5.3.
and 6.2.4.)

(h)  Quality control in production
(i) Energy consumption of IT for process and manufacturing control

Despite of being included in the system boundaries in principle, insignificant
processes may be excluded based on the cut-off rules (see 5.3.2.).

In general, GHG emissions not connected directly to the production system
relevant for the product shall be excluded from the system boundaries. These
are amongst others:

(@) Employee commuting and work travel
(b)  Research and development, administration, or sales processes

()  Auxiliary inputs not directly related to the production process (such as
heatingand lighting of associated office rooms, secondary services like
maintenance, sanitary facilities, canteen services, facility management
e.g., plant security and fire safety and general IT)

(d)  Auxiliary inputs to maintain the manufacturing equipment

(e) Emissions from construction or dismantling of capital good (such as
buildings, manufacturing equipment or any other infrastructure for
transport, media orenergy distribution and energy generation, within or
outside the control of the reporting company).

Data collection and data types

Emissions shall by default be reported averaged over the period of one year
(reporting or calendar year) to avoid seasonal fluctuations and reflect typical
production conditions.

Shorter periods may be considered if data ona full yearare not yet availablke.
Longer averaging periods may be considered but shall not exceed five years.
Any averaging period deviating from the default shallbe flagged and justified.

Emissions shall by default be reported for the most recent year (reporting or
calendaryear). In casethere is the intention to extend the validity period of the
CFP report beyond the reference year of reporting, an annual check is
recommended to ensure that data is up to date.

To perform the annualcheck, the initial screening analysisshould be updated
based on data for the most recent year. An update of data is recommended if
the reported emission increases by 10% or more based on the screening
analysiscompared to the previous reporting period. Additionally, an update of
data is mandatory in the following situations.
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6.2.3.

6.2.4.

Figure 16

(@)  Structural changes in operation to the product system under study,
including significant process change in operation, change in production
technologies or technology advancement, as well as changes in raw
material or energy supply.

(b)  Changesin calculation methodology or improvements in the accuracy
of emission factorsoractivity data orinclusion of new typesof sources
that result in a significant impact on the emissions data.

(©) Discovery of significant errors, or a number of cumulative errors that
are collectively significant.

Emissions shall by default be reported as granular as the purpose of the CFP
study allows for. Averaging globally or over a region, country, continent may
be considered but shall be flagged as such. Reasoning shall be provided if
continentalorglobal average valuesare used in caseswhere the use of primary
data is recommended.

Declared unit

The product carbon footprint shall be assessed for a declared unit. A functional
equivalent is established by the data recipient and is defined from a product
use perspective .

For countable products, i.e., a componentor part, the declared unit shall be 1
piece as described in the part description including a defined weight and a
unique identifier (part number).

For materials, i.e., massproducts or commodities, the declared unit shall be 1
kg of products, regardless of its state (solid, liquid, gas), as its specific density
is considered.

If packaging is included, the declared unit is 1 kg or 1 piece of unpackaged
product at the factory gate. The PCF however includes the PCF contribution
of packaging.

For the vehicle manufacturer the declared unit it the fully assembled vehicle
delivered to customer at show room.

Energy modelling
For the general rules reference is made to paragraph 5.5.1.
Logistics

This section deals with transportation from a supplier to its customer. The
general rules for logistics apply (see paragraph 5.5.3)

Definition of scopes

AP sBLea e

Production

Components

Mine-to-Gate Gate-to- Transport

Gate

Cradle-to-Gate Tiern

Cradle-to-Gate Tier 1 OEM
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As for the product carbon footprint, the cradle-to-gate boundaries end at the
suppliers' outbound gates (cf. paragraph 5.3 System Boundaries). This
boundary applies independently from the responsibilities in economic or
operative terms for transportation processes.

In case the transport details are known the following section defines the
reporting responsibilities of supplier and customer.

Nonetheless, if a supplier is responsible in economic or operative termsfor the
outbound logistics (i.e., transportation from the supplier to its customer), the
supplier shall report the product carbon footprint from this transportation in
addition to and separately from the product carbon footprint (Table 5).
Otherwise, the customershallaccount fortransportation between the supplier’s
and its own shipping site (factory gate or distribution centre, see Figure 17 and
Figure 18).

The table below describes different cases of responsibility and accountability
for transportation from supplier to customer:

Table 5
Transportation between supplier and customer.
Case Description Economic/operative Accounting for
responsibility for transportation emissions

transportation from
supplier to customer

1 Multiple shippingsites, and/or multiple Inbound transportation Customer responsible for
unloading sites contracted or operated by ~ quantification of transporta-
customer tion emissions.

As for multiple

] transportation relations,
® o emissionsshall be attributed
by mass between the
@ respective products
e o
o -
Supplier Customer
2 Multiple shipping sites,and/or multiple ~ Outbound transportation ~ Transportation emissions to
unloading sites contracted or operated by be reported separately by
supplier supplier to the customer
(additionally to supplier's
. PCF).
e As for multipl
! s for multiple
.. i ® transportation relations,
BE—— emissionsshall be attributed
by mass between the
respective product
. .
o ®
. I
Supplier Customer

Transports from production sites to suppliers' distribution centres are deemed
as suppliers' in-house logistics, i.e., the distribution centre is regarded as the
shipping point (Figure 17).
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Figure 17
Distribution

@ :

Suppiiér

Figure 18
Distribution

Supplier
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centre on supplier side.

Customer

Transports from customers' distribution centres to production sites are deemed
as customers' in-house logistics, i.e., the distribution centre is regarded as the
unloading point (see Figure 18).

centre on customer side.

Customer

Regardless of whether transportation emissions are quantified by a supplier or
a customer, they shall be consolidated within the customers' PCFs.

Levels in parts production and vehicle assembly

The analysis of global warming potential can also be carried out for parts
production and vehicle assembly in different levels of detail. In case the goal
of theanalysis is e.g. concerned with mobility conceptsratherthan individual
vehicles or the specific details of the vehicle production are not the main
interest, an archetypal vehicle production is included in the analysis. The
cradle-to-gate carbon footprint of parts production or vehicle manufacturing
can thus reflect:

(@) anaverage for a vehicle fleet (various segments, models on global or
national level) —> Level 1

(b) anaverage forvehicles of a specific segment (various models on global
or national level) or a vehicle chosen as representative for a specific
segment both based on BoM-Data —> Level 2

© an average for specific vehicle models (with different equipment
variants on global, national or local production site level) —> Level 3

(d)  a specific vehicle model. —> Level 4

In the ideal case, the average values are calculated as weighted averages of a
population of individual vehicles. If the analysis of the individual vehicle were
based onrealemission data (primary data), even the averages would reflect the
correct averages of real emissions. As there is no abundance of analysis data
onindividual vehicles very often the average vehicle is defined by assumptions
and modelling, and secondary data is used to quantify the environmental
impact.

Within this Resolution four levels detail are differentiated.
Level 1

As described in Section 2.2 there are multiple approaches possible for Level 1,
the following section minimum standard for calculation. GHG emissions due
to the production of vehicle parts and vehicle assembly are quantified with a
(lump) carbon emission factor which is a function of net vehicle weight. All
specific emission effects due to different materials, gross material input,
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6.2.5.2.

6.2.5.3.

different production processes or transport of parts or vehicles are included in
the carbon emission factor. The calculation of GHG emissions from vehicle
parts production and vehicle assembly is given by:

Cpya = CEFpyy X myy (20)
Where;
Cpva means carbon emissions due to parts production and vehicle
assembly in kilogram of carbon dioxide equivalent [kg CO2eq]
CEFpva means carbon emission intensity of parts/componentand vehicle
manufacturing in kilogram of carbon dioxide equivalent per
kilogram of vehicle net mass [kg CO2eq/kgnm]
MM meansthe net mass of the vehicle in kilogram [kg], i.e. massof

the vehicle in running order minus the mass of the driver minus
the mass of any fluids and fuels.

The CEFpva may be determined from literature, OEM publications or
secondary databases. The factormay reflect geographical differences, if there
is evidence that parts/component and vehicle production is more CO2eq-
intense in some parts of the world than in others. For transparency all the
factors used in calculation shall be reported.

Level 2

GHG emissions due to the production of vehicle parts and vehicle
manufacturingare quantified by breaking down the vehicle asdelivered to the
customer by mass of materials. Breaking down by material is common in
automotive industry because material and mass declaration systems are
mandatory for decades. The calculation of the cradle-to-gate vehicle carbon
footprint is given by:

The calculation of GHG emissions from vehicle parts production and vehicle
assembly is given by:

Cpva = Cop + Xi(CEFpy 1 X my) (21)
Where;
Cpva means carbon emissions due to parts production and vehicle
assembly in kilogram of carbon dioxide equivalent [kg CO2eq]
Cor means carbon emissions due to manufacturing processes at the
OEM in kilogram of carbon dioxide equivalent [kg CO2eq]
CEFpva,i means carbon emission intensity of parts/componentand vehicle
manufacturing in kilogram of carbon dioxide equivalent per-
kilogram of material i [kg CO2eq/kgi]
m; meansthe net mass of material i in the vehicle in kilogram [kg].

Again, all specific emission effects due to different production processes,
production rejects or transport of parts or vehicles is included in the carbon
intensity factor. Cop may be determined from literature or OEM publications.
For transparency all the factors used in calculation shall be reported.

Level 3

The contribution of different subsystemsof a vehicle to the GHG emissions of
vehicle production is by far not evenly distributed. Accounting these most
relevant subsystems in terms of GHG emissions from vehicle production (so
called ‘hotspots’) in a more detailed mannerdifferentiates Level 3 from Level
2 in the calculation of the cradle-to-gate vehicle carbon footprint.]
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For a hotspot, company-specific (OEM-specific / supplier-specific) data shall
be used for at least one material or component of choice.

This means, for the selected component / material:

@) for at least one process at OEMs’ and/or preceding suppliers’
production sites (depending on availability and vertical integration);

(b) it is required to collect primary information on,

(©) which is then utilised for the calculation of the cradle-to-gate carbon
footprint.

The selected componentaswell as the chosen process or materialor supplier
component shall be named including type of primary information collected.

As a recommendation forthe choice of hotspots, the following aspects should
be considered:

(@) parts/components of interest: e.g. body-in-white, traction battery, wheel
rims, tyres,

(b)  parts/components with high content of materials of interest: e.g. steel,
aluminium,

(©) parts/components with production processes of interest: e.g. painting,
deep drawing.

For hotspot primary data-based reportingis the preferred approach and the use
of available site-specific primary data ismandated. In case primary data cannot
be obtained, secondary data shall be used. Secondary data shall be traceable
and based on field survey data and designated by government authorities, if
available.

The calculation of GHG emissions from vehicle parts production and vehicle
assembly is given by:

Cova = Li(Cus) + Cpy (22)
Where;
Cpva means carbon emissions due to parts production and vehicle
assembly in kilogram of carbon dioxide equivalent [kgCO2eq]
Chs means the carbon emissions due to manufacturing of hotspot
subsystems and their assembly to the vehicle in kilogram of
carbon dioxide equivalent [kgCO2eq]
Index i refers to a specific hotspot subsystem.
Cayv means all carbon emissions due to component production, and

vehicle manufacturingexcept forthose componentsand parts of
the vehicle defined as hotspots in kilogram of carbon dioxide
equivalent [kgCO2eq].

Chs is calculated according to Level 4 definitions. Cgyv for the remaining
vehicle materials, partsand production processes excluding hotspots followthe
calculation defined for Level 2. Intermediate transport operationsare covered
by Chs and Cgy.

Level 4

GHG emissions due to the production of vehicle parts and vehicle assembly
are quantified by a stepwise attributional reporting of real emissions (site-
specific, primary data) forthe materialand componentsalongthe supply chain
until the final assembly in the vehicle. For each Tier level this requires to add
the GHG emissions forthe manufacturingof a product in its own operationsto
the sum of GHG emissions of the purchased partsormaterials forthat product.
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6.2.5.5.

Transport within the supply chain is accounted accordingto the definitions in
paragraphs 5.5.3 and 6.2.4.

The calculation of GHG emissions from vehicle parts production and vehicle
assembly is given by:

Cpya = Zi(CTPl,i + CTl,i) + Cop (23)
Crj= Zi(CTPj—l,i +Crj_1)+ Copj (24)
Where;

Cpva means carbon emissions due to parts production and vehicle
assembly in kilogram of carbon dioxide equivalent [kgCO2eq]

Cop means the carbon emissions due to manufacturing processes at
the OEM in kilogram of carbon dioxide equivalent [kgCO2eq]

Crp1 meansthe carbon emissions due to transport from Tier 1 supplier
tothe OEM in kilogram of carbon dioxide equivalent [kgCO2eq]
per part

Cn meansthe carbon emissions reported from the Tier 1 supplier for
supplied parts in kilogram of carbon dioxide equivalent
[kgCO2eq] per part

Cri meansthe carbon emissions reported from the Tier j supplier for
the component production of supplied parts in kilogram of
carbon dioxide equivalent [kgCO2eq]

Crpj means the carbon emissions due to transport of parts from Tier
j-1 supplier to Tier j in kilogram of carbon dioxide equivalent
[kgCO2eq] per part

Cop,j means the carbon emissions due to manufacturing processes at
the Tier j in kilogram of carbon dioxide equivalent [kgCO2eq]
per part

In case primary data cannot be obtained, secondary data shall be used.
Secondary datashallbe traceable andbased on field survey dataand designated
by government authorities, if available.

Any product during partsand vehicle production generating material/parts for
recycling, reuse or remanufacturingfollows a cut-off approach in a cradle-to-
gate scope, i.e. only the RCM methodology is applied. Preparatory steps for
recycling shall generally be allocated to the waste receiving system (i.e., the
product system using the (to be) recycled material/parts). This deviation from
the polluter paysprinciple is a pragmatic exemption as following the polluter
paysprinciple in this contextwould require defining material and component
specific system boundaries. Other than the emissions from the respective
preparatory steps and the recycling, reused or remanufactured treatment
emissions, to be recycled, to be reused, or to be remanufactured materials/parts
enter the product system using recycled material/parts burden-free.

For pre-consumer scrap, preparatory steps shall be accounted for by the
producer of the waste (they might be insignificant; cut-off rules apply).

Level overview

Table 6 gives an overview how relevantaspectsin vehicle and parts production
should/shall be handled in the different levels.
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Table 6

Level overview for parts production and vehicle assembly stage

Level 1

Level 2

Level 3

Level 4

Waste

Gross vs. net
material input
(Scrap/yield)

Transport

Temporal
validity

Geographical
Representativity

Energy
Modelling

Included in
CEFpva

Included in
CEFpva

Included in Ctp
& CEFpva

Most recent
data

As specific as
possible for the
study purpose

Recommendatio
n: Location-
based

Included in
CEFpva

Included in
CEFpva

Included in Ctp
& CEFpva

Most recent
data

As specific as
possible for the
study purpose

Recommendatio
n: Location-
based

Hotspot:

Considered
explicitly.

Rest of vehicle:

Included in
CEFpva

Hotspot:

Considered
explicitly.

Rest of vehicle:

Included in
CEFpva

Transport from
OEM gate to
customer

reported
explicitly.

Hotspot:

Considered
explicitly.

Rest of vehicle:

Included in
CEFpva

Hotspot:
Reference year
Rest of vehicle:

Most recent
data

Hotspot:
Plant level
Rest of vehicle:

As specific as
possible

Hotspot:
Marked based
Rest of vehicle:

Location-based

Considered
explicitly

Considered
explicitly

Considered
explicitly

Reference year

Plant level

Marked based
approach
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6.3. Use stage
6.3.1. System boundaries

When defining the system boundaries, it is pivotalto highlight that the scope
is to provide a comprehensive methodology for calculating realistic GHG
emissions and energy consumption over vehicle use stage at various levels
while detail and considering the availability of different information and
datasets. As outlined in the figure below, the use stage encompasses the
operation of the vehicle itself and direct impacts from this, aswell asimpacts
from the production and distribution of fuel/electricity, and forimpacts relating
to vehicle maintenance and replacement parts.

Impactsdirectly from the energy used in operation of the vehicle include in the
COz2 equivalent calculation the tank to wheel (TtW) contribution are hereby
addressed, hence:

(@)  Electric energy: from vehicle charging port to the wheels, if already
included in the certification protocol i.e. includes vehicle internal
charging losses);

(b)  Fuel: CO2e emissions related to fuel use from tank to wheel.

Conversely, impactsresulting from the production and distribution of fuel and
electricity forthe operation of the vehicle, i.e. well to tank (WtT), shall follow
the methodology outlined in paragraph 5.5.1.

These latter WtT GHG emissions shall be covered in the conversion factor of
each energy type according to paragraph 5.5.1 .

Use stage boundaries are depicted in the figure below:

Figure 19
Use stage Life cycle flow schematic
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As a matterof fact,the use stage covers mainly two aspects of the whole life
cycle, such asthe “In-use energy consumption and GHG emissions” (covering
WtT and TtW impacts), and the “Maintenance and consumables” impacts. It
is relevant to address also leakages such as emissions of methane and other

Fuel Combustion
/Energy
consumption

Processes

68



ECE/TRANS/WP.29/GRPE/2026/2

Figure 20

hydrocarbons, together with emissions of climate active species from the
vehicles (e.g. methane leakage from CNG cars) and the formation of non-CQO.
GHG gasses (e.g. N20) during the fuel combustion. More in detail, the figure
below shows the system boundaries related to vehicle operation.

Vehicle operation system boundaries

Finished
vehicle
transport

6.3.1.1.

Driving Fuel Maintenance

Consumption Consumables

EoL

and Energy & Regular Leakage > vehicle
transport

The handoverpoint from the “Parts Production and Vehicle Assembly” stage
is defined at the point of delivery to the final customer, once the finished
vehicle has been handed over. On the disposal and recycling side, GHG
emissions after the vehicle service lifetime fall within the EoL (End-of-Life)
domain. Therefore, it is acknowledged that the transportation of the vehicle to
EoL treatment facilities is included within the EoL domain.

Considering the proposed system boundaries, the CO2 equivalent emissions for
the use stage comprise emissions from in-use consumption, emissions due to
maintenance parts and consumables, and the contribution of leakages and
fluorocarbon emissions. The following equation highlights these components:

C Use Stage = CEnergy + CLeakages + CMaintenance (25)
Where;

C yse stage means carbon emissions for the whole use stage [kg COzeq];

C Energy means carbon emissions due to the electricity consumption at

vehicle level and/or fuel combustion, including both CO2 and
non-CO; exhaust emissions [kgCO2eq];

C Maintenance Means carbon emissions due to maintenance and consumables
[kg CO2eq];

C Leakages ~ Means carbon emissions due to leakages, including unbumt
GHG species emissions [kg COzeq];

In the following paragraphs, the methodology for assessing each term of the
equation is detailed.

Quantification of vehicle emissions exported out of region of sales

Ideally, the GHG emissions related to operation of vehicles exported from the
country where they are sold/used shall be evaluated by using energy
consumption performance (and fuel mix) and vehicle lifetime (and km activity)
of the country where they are exported, used and eventually disposed/recycled.
However, to avoid unnecessary complexity, if data in the region to which they
are exported cannot be trackeddown oritis difficult to grasp the needed values
of the country where they are exported, used and eventually disposed/recycled,
a simplified approach canbeadopted. Hence, the full lifetime period (and km
activity) shall be considered but the energy consumption performance (and fuel
mix) and vehicle life (activity) of the primary region of sale/use are adopted
for the calculations. For those countries and regions thatexport used vehicles,
the actual average vehicle lifetime is higher than the average period during
which the vehicles are used domestically.
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6.3.2.

6.3.2.1.

Therefore, for all vehicles, the lifetime used to calculate life cycle emissions
shall align with the average age of vehicles at the time of recycling, considering
only those registered and recycled within the same country.

Service life/Vehicle lifetime activity

The vehicle lifetime (or service life) is defined asthe full period of time during
which a vehicle is operated and thereby contributes to GHG emissions. This
lifetime is expressed in terms of kilometres (km) driven and is chosen to
represent typical usage patterns. Alongside the distance travelled, the years of
operation fora vehicle is defined asthe assumed totalnumber of years a vehicle
remains in active use between point of sale and point of recycling/scrapping.
Both are relevant for the purpose of the methodology.

Vehicle lifetime mileage is required to translate vehicle production emissions
(in tonnes of CO2eq) into the functional unit defined in Section 5.2 Vehicle
lifetime in years is needed to calculate the lifetime mileage, but also to
determine the period of time over which the changesin the emission intensity
of the fuel and electricity will be accounted for. Lifetime duration is also
needed to calculate the number of replacements/refills for certain maintenance
and consumable items.

Service life: methodology and guideline

Precisely assessing these values for each region may present further
challenges, underscoring the need for flexibility and regional adaptation in
their definition and application.]

The actual service life and lifetime distance reference flow of a vehicle can
vary significantly dependingon the region and its specific applications. This
variability makesit challenging to accurately estimate these values universally.
Therefore, this Resolution proposes to define service life for each region or
country of usage.

De-registration in a country (i.e., as indicated by “survival curves”) can be
significantly earlier than reaching end-of-life. In some countries, a significant
share of vehicles is exported before reachingthe end of service life. Hence, the
average age when being de-registered is lower than the average age when being
recycled. In general, these guidelines recommend to consider statistical
evidence on the average vehicle age atthe point of recycling. For the reasons
discussed above, statistics on the average age at the point of de-registration in
a country is notrecommended, asthese values exclude the potential export and
continued operation of a proportion of the vehicle in other countries. Therefore,
for all vehicles, the lifetime used to calculate life cycle emissions should align
with the average age of vehiclesat the time of recycling, considering only those
registered and recycled within the same country.

Some frameworks adopt different lifetime values by vehicle segment. There
areboth advantagesand disadvantages to offering differentiation by segments.
(1) Differentiation offers a more accurate representation of the typical usage
expected, which also partly highlights the greater potential utility that larger
vehicles can provide. (2) However, near the boundaries between segments, it
may unintentionally influence consumer decisions (for instance, a specific user
is unlikely to choose a vehicle solely because it belongs to a different segment
— it's typically bought for a particular use). Until further in-depth analysis is
conducted, this Resolution does notrecommend differentiating service life by
segment.

Although statistics indicate that service life varies considerably between
powertrains, this may be influenced by user behaviour, as well as current
economic/taxation policies, which are subject to change. Since one of the
objectives of LCA is to compare different powertrains, based on the same
functionality, i.e., the same use case, this Resolution does not recommend
assigning different service lives to different powertrains.
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Generally, the annualmileage of vehicles decreases as they age. Therefore, it
is important to assign greater weight to the higher mileage recorded in the
initial years, asthe emissions intensity of electricity mixes is generally higher
during this period. For regions that have officially adopted a method for
modelling the distribution of annual vehicle activity over time, data from
government authorities should be prioritised.

Although the methodologies do not prescribe a specific method to model the
annualmileage distribution asfunction of the vehicle age, it is permissible to
assume a constant value only in cases where the public authority does not
require to use officialdata regarding age-dependantvehicle annualmileage. In
that case, the constant average annual mileage should be based on gathered
data ontotalvehicle activity (in kilometres) and vehicle lifetime., (i.e., L/N km
are driven each of the N years of lifetime operation, where L = total lifetime
activity in km). The method should be clearly documented and transparently
reported. Section 6.3.3.3.2.2 deals with the calculation for the average
representative energy mix composition over the full-service life of the vehicle,
for both homogeneous and age-dependant annual mileage approaches.

Some vehicles, such asspecial purpose or sports vehicles, have very low usage,
leading to a significantly reduced service life. Practitioners could in principle
indicate a shorter service life, where justified and supported by primary data,
for communication purposes (in addition to default value). On the other side,
the guidelines currently do not advise declaring a longer service life than the
regional default value.

Service life values

Service life (in both km and years) will be defined by each contractingparties
according to official available data on vehicle service life until point of
recycling.

In the absence of the above values, the following values as defined in official
databases or peer-reviewed reports (see the Annex 1 to this Resolution for
reference) can be used asan indication of typicalservice life asfall-back option
for passenger cars only.
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Table 7
[Average age of end-of-life vehicles reported in a selection of countries]

Duration

Region / Country Year of publication (Years) Source

EU27 2024 20 Multiple sources as
in the Annex 1 to
this Resolution

United Kingdom 2022 18 Centre for Economic
Performance
(Nguyen-Tien etal.,
2025)*

Japan 2024 17 Ministry of
Economy, Trade and
Industry, 2025 -
Status of the
Enforcement of the
Automobile
Recycling Law

USA?° 2025 varies MOtor Vehicle
Emission Simulator
(MOVES)*

Brazil 2020 22 Ministry of Science,
Technology and
Innovations of
Brazil, 2020

Table 8
Average annual mileage of end-of-life vehicles reported in a selection of countries

Year of Service Life (km) Annual Mileage

Region / Country publication (km) Source

EU27 2024 240,000 km 12,000 km Kraftfahrt-Bundesamt (2025);
Agence de la Transition
Ecologique, Enerdata, &
Fraunhofer I1SI (2025)

ACEA 2025 #

https://www.acea.auto/fact/fact-
sheet-cars/*

United Kingdom 2022 210,000 km 11,424 km Vehicle mileage and occupancy -
(7,100 miles GOV.UK (2025)

39 Data for the UK from the Centre for Economic Performance (Nguyen-Tien et al. (2025) does not reflect

a full vehicle lifetime, but instead estimates the average period that vehicles are used on UK roads.

40 Annual vehicle distance travelled and vehicle scrappage are functions through an analytical end date

(e.g.,2050 for AEO 2025) and vary by vehicle type and by location (U.S. state)

41 U.S. EPA (2024). Population and Activity of Onroad Vehicles in MOVES5. EPA-420-R-24-019.
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P101CUN7.pdf.

42 ACEA 2025 fact sheet reports the average European travels around 12,000 km per year.
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https://urldefense.com/v3/__https:/www.gov.uk/government/statistical-data-sets/nts09-vehicle-mileage-and-occupancy__;!!DOxrgLBm!Aw9yp3deuPbGvF9OHWecKucZlFeKzXZSGLsG8rGEdPQhMMnCUC3DpaX0LbRFxfa_LcLk0KMM3RnKjuEE8tmJ-cUhaXio-pDQuUM$
https://urldefense.com/v3/__https:/www.gov.uk/government/statistical-data-sets/nts09-vehicle-mileage-and-occupancy__;!!DOxrgLBm!Aw9yp3deuPbGvF9OHWecKucZlFeKzXZSGLsG8rGEdPQhMMnCUC3DpaX0LbRFxfa_LcLk0KMM3RnKjuEE8tmJ-cUhaXio-pDQuUM$

ECE/TRANS/WP.29/GRPE/2026/2

Region / Country

Year of
publication

Service Life (km)

Annual Mileage
(km)

Source

Japan

USA

Brazil

2025 Varies Varies

2012 288,000 km

per year forall
powertrains)

No statistics available

MOtor Vehicle Emission
Simulator (MOVES)*1)#1

13,000 km
(Derived from
service life
over the first
22 years of
usage)

Ministry of Environment (2013)

6.3.3.

Use stage consumption

Usage of light-duty vehicles depends on regional customer behaviour. To
provide a standard approach that ensures repeatability, comparability and
verifiability by authorities, each region has defined homologation driving
cycles and test conditions to be followed. In some regions, these certification
values are repeatedly found to underestimate the average fuel consumption in
real-life operation. Inthisregard, Table 10 providesan overview of the primary
certification protocols used globally. This table serves as an illustrative
example of the methodologies employed in key regions to determine fuel and
energy consumption for light-duty vehicles, depending on the powertrain type.
The selection and verification of the appropriate homologation procedure
remain the responsibility of each contractingparty, to be determined on a case-
by-case basis. As a result, using regional certification values is considered to
be a good starting point to later reach an accurate representation of in-use
energy consumption.

The scientific community widely acknowledges that there remains a
substantial disparity between certification values and actual energy or fuel
consumption in real-world conditions across all types of powertrains in some
regions. The gap may vary per powertrain, region, driving behaviourand other
variablesthat have to be taken into account. However, in some regions such as
Europe and Japan, real-world fuel consumption can be monitored through on-
board systems. This data is compiled annually and shows the gap between
certified values and actual usage for each powertrain. To address this, the
Resolution proposes using a "discrepancy factor" if data are available for the
region in question. If the factoris not available for a specific region, then the
factor should be calculated based on best available data and expert qualified
assumptions with a minimum value of ‘1°. For vehicles that have more than
one mode of operation (e.g. OVC-HEVs working in Charge-Depleting and
Charge-Sustaining mode), distinct discrepancy factors should be applied to
accurately characterise each operational mode.

As a matterof fact, for Level1 and Level 2 analysis, projections or estimations
canbe made based on available information such as certification values. These
should be considered as minimum requirements and do not prevent the use of
more realistic or detailed data to better characterise vehicle behaviour, where
such data isavailable. For Level 3and Level 4, where stricter requirements are
in place, please refer to methodologies in table 10.

In a ‘Level 4’ calculation context (see paragraph 2.2.) the substitution of
publicly available official data, such as the EU OBFCM data, with OEM -
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specific average data is not permitted. In instances where publicly available
official data is unavailable fora particular manufactureror model, related to a
specific powertrain type or region underconsideration, OEM-specific average
data, if allowed and approved by relevant government authorities may be
employed to determine the "Discrepancy Factor." This factorshould be based
on ananalysis of real-world data from vehicles with similar powertrains (e.g.,
internal combustion engine vehicles (ICEVs) or zero-emission/electric
powertrains such as plug-in electric vehicles (OVC-HEVs), fuel cell hybrid
vehicles (FCHVs), etc.) and aligned with the specified region of operation (i.e.,
sale region). OEM-specific average data, if allowed and approved by relevant
government authorities may also be utilized to provide supplementary
information. Itis imperative forto disclose detailed information aboutthe fleet
sample used to derive the data, including, but not limited to, the sample size
and period of data collection. These factors should be defined and updated
regularly by the relevant authorities.

Vehicle performance and efficiency may change over time due to wear,
componentdeterioration and other factors, thus effecting fuel consumption and
CO2 emission. If "Deterioration factors” * for the specific modules are
available for a particular region, they should be used to account for this issue.
Deterioration factorsbased upon measurementand used for vehicle emissions
certification and/or type approval shall be considered primary data. If a
deterioration factoris not available for a region, then a deterioration factor
could be calculated based on best available data and expert qualified
assumptions with a minimum value of “1°. Since the deterioration effect covers
vehicle aging, it is important to note that this factor may also be reflected in
on-board fuel consumption monitoring data used to quantify the “Discrepancy
factor”, and hence double counting shall be avoided.

As farasthe mere Fuel and/or Energy consumption is considered, the in-use
consumption, ECinuse shall be calculated as follows for vehicles with
powertrains with only one mode of operation:

ECin—use = ECcertification X fdiscrepancy X ﬁieterioration (26)
Where;
EC certification means the energy consumption or fuel consumption

[M]/km or Wh/km];

Jfaiscrepancy ~Means the discrepancy factor (if not available for a region,
then 1 should be used)

faeterioration Means the deterioration factor (if not available for a region,
then 1 should be used)

[For vehicles with powertrains with two modes of operation the in-use energy
consumption shall be defined separately for each mode of operation, so that
overall in-use energy consumption may be defined. An additional formula shall
be used to account also for changes to the share of operation in Mode 1 and
Mode 2 that may result from accounting for the discrepancy and deterioration
factors for each mode of operation.

In the specific case of OVC-HEVs, also called plug-in hybrid vehicles
(PHEVSs), including range-extended electric vehicles (REEVS), the two main
modes of operation are the vehicle battery charge-depleting (CD) mode and
the charge-sustaining (CS) mode. In some OVC-HEV architectures (e.g.,
REEVs), this may be 100% operation on electricity. In other OVC-HEV
architectures, depending also on factors like power demand and
temperature, the CD mode also includes a contribution of the combustion

43 While the term "deterioration factor" is commonly used for emissions certification, note that emissions
deterioration may be expressed as a multiplicative term, an additive term, or a complex polynomial
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engine. Therefore, the energy consumption in the CD mode need to
account for both electricity and fuel consumption. In the CS mode, the on-
board battery is not being depleted, and the vehicle is essentially
operating as a non-plug-in hybrid vehicle mode. In this case there is only
fuel consumption and no net consumption of electricity. The share of
operation in CD mode is typically expressed by the utility factor (UF),
which is estimated as a function of the vehicle’s range in CD mode.

Based on the mode of operation, both the in-use fuel and electricity
consumption should be calculated as follows:

EECin—use = EECin—use [CD mode] X (UFin—use [cD model )

Where;

FEC;,_,s  Mmeans the weighted in-use fuel consumption of driving in CD
and CS mode combined [L/100 km].

EEC;,_,,. meanstheweighted in-use electricity consumption of driving in
CD and CS mode combined [MJ/km].

FECn_yse[cp mode] meansthein-use fuel consumption of driving in CD
mode [L/100 km)].

EEC 5 _yse[cp mode ] means the in-use electricity consumption of driving
in CD mode [MJ/km].
FECn_yse[cs mode) meansthe in-use fuel consumption of driving in CS
mode [L/100 km].
UF i3 —yse [CD mode] meansthein-use utility factorrepresenting the share
of operation in CD mode.
And,
Mode 1 FECin—use [cp model
(e.g., CD mode) = FECcertification [CD mode]
X fdiscrepancy,fuel [CD mode]
X fdeterioration ,fuel [CD mode]
EECin—use [cp model
= EECcertification [CD mode]
X fdiscrepancy,electricity [CD mode]
X fdeterioration ,electricity [CD mode |
Mode 2 FECin—use [cs model
(e.g., CS mode) = FECcertification [csmodel
X fdiscrepancy,fuel [cs model
X fdeteriuration fuel [cs model
Where;

FEC certification [cp moae] MEANSthe certification fuel consumption of driving
in CD mode [L/100 km].

= FECin—use [CD mode] X (UFin—use [cp mode]) + FECin—use [CS mode] X (1 - UFin—use [cp mude])

(28)

27)
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faiscrepancy fuel imode] Means the real-world discrepancy factor for fuel

consumption ineach (i) mode. One forCD and one for CS mode
shall be derived [-].

Sfaeterioration, fuel [imode] MeANS the real-world deterioration factor for fuel

consumption in each (i) mode. One for CD and one for CS mode
shall be derived [-].

EEC certification [cp moae) M€ANS the  certification electric-only  energy
consumption in CD mode [Mj/km];

faiscrepancy etectricity [CD mode] meansthe real-world discrepancy factor for
electricity consumption in CD mode [-].

Sfaeterioration etectricity [cD mode] ~M€@NS the real-world deterioration factor
for electricity consumption in CD mode [-].

FEC certification [cs moae] M€ANS the certification fuel consumption of driving
in CS mode [L/100 km].

In many certification procedures, the UF of OVC-HEVs initially has been
estimated underthe assumption that the vehicle’s battery is fully charged once
per driving day and the vehicle drives in the CD mode until the battery is
depleted and continuesdriving in the CS mode forthe remainderof theday. In
real-world operation, however, it is observed that OVC-HEVs on averageare
charged less frequent than once per driving day, resulting in a lower share of
driving in CD mode and thereby higher fuel consumption than the values
considered in certification values.

Inreaction to the large-scale evidence on the difference in observed in-use and
certified fuel consumption values for OVC-HEVs, the governmentsin some
major markets including China, the EU and the US have updated the official
UF assumptionsand will gradually introduce these forthe certification of new
vehicles. For vehicles in markets with such updated certification UF
assumptions, such as the European Union*, the United States**and China®,
the in-use distribution between of CD and CS mode operation shall be based
on the in-use CD mode range and the most recent certification UF curve
throughout the vehicle’s lifetime. If new UF values are anticipated and
officially released for future years, these valuesshould be adopted and replace
the previous UF figures in the lifetime assessment.

For vehicles in markets where the official certification UF has not yet been
updated based on the large-scale evidence of the average real-world operation
of OVC-HEVs, the same UF as in markets with such updated certification UF
shall be used. This is justified by the finding that the updated certification UF
in China, the EU, and US reflect a similar OVC-HEV usage across these
regions. Also forother markets, the updated UF curves from these regions are
thus likely to be more representative than earlier UF curves thatare not based
on large-scale evidence.

The in-use UF shall consider such updated certification UF and be based on
the in-use instead of the certification electricity consumptionin Mode 1 (e.g.,
CD mode). As the range of OVC-HEVs in Mode 1 (e.g, CD mode) is
determined by the electricity depleted from the battery, only the electricity
consumption in that mode needs to be reflected. The in-use range in Mode 1
shall be determined according to the following equation:

4 https:/feur-lex.europa.eu/eli/reg/2023/443/ojleng

4 https://www.epa.gov/regulations-emissions-vehicles-and-engin es/final-rule- multi-pollu tant-emissions-standards-
model

4 http://zxd.catarc.org.cn/zxd/portal/detail/ zqyj/622
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Rangein—use [CD mode] = Rangecertification [CD mode] X

EECcertification [CD mode]

(29)

EECin—use [CDmode]

Where;

Range ccrtification [cD Mode] MeANS the certified range in CD Mode, e.g. Mode

1, as defined in the regional certification procedure. In some
procedures, this may be defined as the full or equivalent all-
electric range. In other regions, such asthe EU WLTP, the CD
mode range may include also some use of the combustion engine
in mixed operation, which is included in the certified charge-
depleting cycle range (Reoc).

Note thatin WLTP, the equivalentall electric range (EAER) is
the proportion of the Rcpc where the combustion engine is not
running. Although the EAER typically is included in public
disclosures, it is the Rcpc that is used for the weighting of the
CD and CS drive modes in WLTP.

Alternatively, in situationswhere Contracting Parties require the exclusive use
of real-world data, such as OBFCM for the EU, to determine the UF, this
guideline shall be adhered to. Practitioners shall utilize official certification
values and, if these are unavailable for specific calculations, OEM -specific
data. The entire process must be thoroughly documented, asstipulated by the
Contracting Parties.]

Table 9
Level Concept for Use stage Energy Consumption values*
Level Representativeness Energy Consumption certification
Level 1 LCA family representative vehicle (at |Regional typical consumption values
the practitioner’s discretion) or other local representative realistic
Level 2 data**
Level 3 Specific vehicle configuration Official certification valuesor OEM-
specific data in case the former are
Level 4

not available, if allowed and
approved by relevant government
authorities.

Note *: in defining regional discrepancy and deterioration factors for different
modesof operation based on real-world energy consumption monitoring, care
should be taken to avoid double counting of the effects of the Utility Factor.

Note**: for Level 1 and Level 2, these guidelines are considered asminimum
requirements and do not prevent the use of more realistic or detailed data to
better characterise vehicle behaviour.
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Table 10
Energy consumption and GHG certification protocols for main regions
Region Powertrain Protocol
EU27 ICE, HEV, OVC-HEV, FCHV, PEV WLTP (WLTC 4 phases)*
United Kingdom ICE, HEV, OVC-HEV, [FCHV], PEV WLTP (WLTC 4 phases)®
Japan ICE, HEV, OVC-HEV, FCHV, PEV WLTP (WLTC 3 phases)*
China ICE, HEV, OVC-HEV WLTP (WLTC 4 phases)®
FCHV, PEV (Pass. Car) CLTC-P
FCHV, PEV (Vans/LCV) CLTC-C
Korea ICE, HEV, OVC-HEV, FCHV, PEV Combined (FTP-75 and HWFET
weighted average)®
us ICE, HEV, OVC-HEV, PEV, FCHV FTP and HFET
weighted-average
Canada ICE, HEV, OVC-HEV, PEV, FCHV Combined (FTP-75+HWFET)*®

Accurate characterization of methane (CH4) these emissions is critical for
comprehensive LCA, ensuring alignment with climate policy targets and
improving the accuracy of GHG mitigation strategies.

In regions where methane is monitored as a pollutant and the tailpipe and
evaporative methane emissions are determined during the homologation
procedure, the emissions measured in the official tests shall be factored into
the CO2 eq calculation.

In regions where methane isnot monitored (directly or indirectly) asa pollutant
and the tailpipe methane emissions are not measured in the homologation
procedure, methane emissions shall be included with default values provided
by ContractingParties. If these are not provided, Level 1 and 2 analysesshall
use values derived from peer-reviewed literature, provided that they refer to
new and fully functional vehicles, while Level 3 and 4 can either use such
literature data and sources or ignore methane emissions to ensure that result
variability doesnotimpact official reporting or comparisons between vehicles.

As anexample, based on studieson Euro 6 cars in Europe (Prussi et al., 2020);
Valverde & Giechaskiel, 2020; Vojtisek-Lom et al., 2018; Hagos & Ahlgren,
2018), the methane emissions from gasoline, diesel, and CNG cars can be
considered with 5 mg CHa/km, 9 mg CHa4/km, and 60 mg CHa/km. This
corresponds to about an additional 0.15 g CO2eq/km, 0.12 g CO2eq/km, and
1.81 g COzeq/km for the 100-year GWP.
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COMMISSION REGULATION (EU) 2017/1151

The Passenger Car (Fuel Consumption and CO2 Emissions Information) Regulations 2001
JPN to be checked

China to be checked

KR Notification on Test Methods for Energy Consumption Efficiency and GHG Emissions of

Automobiles

U.S. Title 40 CFR Part 600. Fuel Economy and Greenhouse Gas Exhaust Emissions of Motor Vehicles.
https:/iwww.ecfr.gov/current/title-40/chapter-1/subchapter-Q/part-600.

Passenger Automobile and Light Truck Greenhouse Gas Emission Regulations
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https://www.miit.gov.cn/zwgk/zcwj/flfg/art/2020/art_2337a6d7ca894c5c8e8483cf9400ecdd.html
https://www.law.go.kr/LSW/admRulInfoP.do?admRulSeq=2100000198221&chrClsCd=010201#AJAX
https://laws-lois.justice.gc.ca/eng/regulations/SOR-2010-201/index.html
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6.3.3.1.

Table 11

Calculation of ‘Discrepancy Factor’

A significant gap remains between certification values and real-world energy
or fuel consumption across all powertrains in some regions. To address this,
this methodology suggests applying a "discrepancy factor" where official
regional data exists. If unavailable, the factor should be estimated using the
best available data and expert assumptions, with a minimum value of 1. For
vehicles with multiple modes, such as OVC-HEVSs, discrepancy factorsshould
reflect each mode of operation separately, as outlined in the previous section.

Level Concept for discrepancy factor calculation

Level

Discrepancy Factor

Level 1

If OEM/ CPs [/ supplier-specific data is not available, assume official

Level 2

monitoring info, inventories like EMEP/EEA Guidebook, COPERT,
IMOVES, APEI, etc...

Level 3

Default values provided by CPs based on methodology
development/impact assessment/internal studies on real-world gap
(OBFCM or equivalent standardised)

Level 4

Default values provided by CPs shall be used. . As a regional option,
\verifiable OEM-specific average data from all vehicles of the same
powertrain type operating in the real-world (e.g. PEVs, FCHVs, etc.),
matched to the region of operation, may be used for informational
purposes.

6.3.3.2.

6.3.3.2.1.

6.3.3.2.2.

6.3.3.2.2.1.

Calculation of ‘Deterioration Factor’

The current version of this Resolution addresses only the degradation of
batteriesand fuelcells, asthese processes increase fuel consumption asa result
of declining efficiency.

Given theloss in (charge/discharge) efficiency of batteriesover the lifetime of
the vehicle is reportedly relatively low, and no approaches have been identified
to quantify this objectively, it is not proposed to include this aspect for PEVs.
However, the situation for OVC-HEVs and fuel cells is different, where
efficiency degradation is expected to be significant. Therefore, the following
overall methodological approach is proposed for determining fuel cell and
OVC-HEV battery efficiency degradation over lifetime of the vehicle.

Approach 1 : Where emissions deterioration factors are already incorporated
into vehicle emissions certification or type approvalprocedures, those factors
shall be adopted in the calculation of vehicle in-use consumption as per
Equation 26. This ensures alignment with regulatory requirements and
harmonization across jurisdictions.

Approach 2 : Incaseswhere a deterioration factoris not mandated oravailable
for a specific region, practitioners may adopt the following methodology
defined in paragraph 6.3.3.2.2.1. for FCHVs and methodology defined in
defined in paragraph 6.3.3.2.2.2. OVC-HEVs. Given the current state of
technicalknowledge and dataavailability, practitioners may apply a minimum
“Deterioration factor” of 1.0 where no region-specific data exists. Future
revisions to this methodology will incorporate advancementsin measurement
methodologies and data collection.

[Fuel Cell Hybrid Electric Vehicles]

[ For fuel cells, efficiency losses occur over the operationallife of the vehicle.
Itis proposed to calculate the average loss of efficiency (used to calculate an
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amended lifetime average energy consumption in MJ/km) based on the fuel
cell durability assumptions and operational lifetime km, as outlined below.
Fuel cell durability is defined asthe number operational hours to reach 10%
degradation of the original fuelcell rated power (in kW). The following general
methodological approach is therefore proposed to determine the average loss
in efficiency over the service life of a vehicle using fuel cell based powertrain
(i.e. an FCHV or FC-REEV powertrain).

Potential for further development of knowledge in this area is expected. To
adjustto this perspective, the recommended practices allow OEM or suppliers
to propose an alternative owned methodology to define operational fuel cell
efficiency loss, aslong as it is validated by an independent third party expert
on fuel cells.

For operation on hydrogen for FCHV — amended to account for fuel cell
degradation, the efficiency loss should be to a maximum of 5% degradation
over the life of the vehicle, i.e. in the case where FC [lifetime energy] >FC
[maxenergy], where a fuel cell replacementwill be required in any case. The
following formula is proposed to calculate the average efficiency reduction in

the intermediate cases up to this point:
. EncCi Start
EnCon [AULlfe] = ;ng[lgfei%]e energy] (30)

1- 10% *_Fﬁuna%mmﬂ_

Where;

EnCon [AvLife] means the average input hydrogen energy
consumption in MJ/km over the entire lifetime of the vehicle.

EnCon [Start] means the input hydrogen energy consumption in MJ/km at
the start of the vehicle life (i.e. before any FC degradation), as
defined in vehicle certification (i.e. before any real-world
adjustments being applied).

FCHYV [lifetime energy] means the lifetime vehicle operational electrical
energy requirement (i.e. fuel cell output, kWh) based on the
input hydrogen energy consumption (in kWh/km), the lifetime
activity (in km) and the average fuel cell efficiency (%).

FC [max energy] means the maximum energy delivered by the fuel
cell (in kWh) over the defined service life (in hours) at the
average fuel cell running power (in kW). As per the formul
given below.

NB: Fuel cell durability/service life is defined as based on the number of
operational hours to 90% of original peak power rating, hence an efficiency
loss of 10% overthe life of the fuel cell, equalto an average reduction in overall
efficiency of 10% divided by 2.

The (i) maximum lifetime energy thatcan be delivered by the fuel cell before
reaching 10% degradation (FC [max energy]), and (ii) fuel cell electric vehicle
lifetime energy requirements (FCHV [lifetime energy]) is proposed be
calculated as follows:

) Fuel cell lifetime maximum electrical energy output (FC [max
energy]):

FC[max energy|(kWh) = Fuel cell durability (hrs) * Fuel cell average running power (kW)

Where;

Fuel cell average running power (kW) means the maximum rated fuel
cell power (kW) * average operation % of rated fuel cell power. See paragraph
underneath to define assumptions and values.
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(i) Fuel cell electric vehicle lifetime electrical energy requirement (i.e. energy
output from fuel cell)

(= FCHV [lifetime energy]):

FCllifetime ener gyl (kWh) = EnCon[Start] (%) * Fuel cell average ef ficiency *

Table 12

EnConConversion (kAV:]h) * Lifetime activity (km) (32)
Where;
EnCon [Start] meansthe input hydrogen energy consumption in MJ/km

at the start of the vehicle life (i.e. before any FC
degradation), as defined in vehicle certification (i.e.
before any real-world adjustments being applied).

EnConConversion meansthe conversion factorforconverting MJ to kWh =

3,6 MJ/kWh

Prioritisation for fuel cell durability assumptions:

The following recommended prioritisation is proposed for the underlying
assumptions of fuelcell life and average operational efficiency, with the choice
of which option is most appropriate or feasible left to the practitioner (i.e.
depending on the availability of data and objective of the study).

The different options are listed in ascending order of accuracy and preference.
The first option is proposed asa defaultapproach, where sufficient information
is not available for the other options.

Prioritisation for fuel cell durability assumptions

Priority

Fuel Cell Deterioration Factor

1

If OEM/ supplier-specific data is not available, assume an operational life of
6000/24000 hours (for LDVs/HDVs)®, an efficiency of 55%/52% (at the start of
the fuel cell life for LDVs/HDVs)®), with efficiency loss of 10% over the life of
the fuel cell, and running atan average of 25%(/25%( (for LDVs/HDVs) of the
peak power rating

Optional, depending on availability

OEM-specific / supplier-specific data onfuel cell life (to 10% loss in power) and
average operational power level (as% of the peak power of the fuel cell, according
to regulatory testing cycles)

Optional, depending on availability

OEM-specific / supplier-specific methodological approach to define operational
fuel cell efficiency loss, if validated by an independent third party expert on fuel
cells.

Notes: (a) based on 2025 targets from FCH2JU KPIs FCH 2 JU - MAWP Key Performance Indicators (KPIs) -
European Commission (europa.eu); (b) based on Ricardo review of typical fuel cell efficiency for LDV and HDV
applications; (c) based on Fuel Cell Electric Vehicle Durabilityand Fuel Cell Performance (nrel.gov), (d) average
approximation based on Ricardo analysis of VECTO simulation results for different HDVs and cycles.

6.3.3.2.2.2.

[Off-Vehicle Charging Hybrid Electric Vehicles (OVC-HEV)]

[For OVC-HEVs (i.e. including plug-in hybrid electric vehicles — OVC-HEVs
- and range-extended electric vehicles — REEVs), the proposed methodology
should account forthe effect of the change in the battery energy (i.e. State
Certified Energy as defined in UN GTR 22) over the lifetime of the vehicle
and its impact on electric range and via the Utility Factor (UF) on the share of
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operation in charge-sustaining and charge-depleting modes, which ultimately
affects the combined fuel consumption and CO2 emissions]

[The average lifetime in-use electric range for vehicles operating in dual-mode
shall be calculated according to the following formula, accounting for the
average loss in energy capacity (i.e. as defined by the battery SOCE State Of
Certified Energy):

Battery Energyin—use average

Rangem—use [electric] Rangecertlflcatwn [electric] Battery Energystart (33)
Where;
Range ccrtiication [etectric] means the certified electric range (i.e. in

charge-depleting mode of operation) in km or miles.

Range, _yse(etectricy ~ Means the in-use electric range (ie. in charge-

depleting mode of operation) in km or miles, i.e. including accounting for the
discrepancy and deterioration factors.

Battery Energys.. Means the net usable battery energy (in kWh)
available at the start of the vehicle lifetime, defined as UBE certifieds in UN GTR
22.

Battery Energyin _yse average M€aNs the average net usable battery
energy(in kWh) available over the lifetime of the vehicle, which may be
defined asthe average of the energy available at the start of the vehicle lifetime,
and the capacity left at the end-of-life of the vehicle (i.e. according to the State
Of Certified Energy SOCE), i.e. according to the following equation:

Battery Energyvehicle EoL = SOCEvehicle EoL X Battery Energysmrt (34)

And Where;

Battery Energy,cnicie EoL means the average net usable battery
energy (in kWh) available at the end of the vehicle lifetime.

SOCE, cpicie 5o, means the average battery State Of Certified
Energy (SOCE) in % of the original energy at the end-of-life of the vehicle
(or battery, whichever comes first).

(* UN GTR 22 defines the “State Of Certified Energy” - SOCE to provide a
precise definition of battery state of health based on energy, and should
be used as the primary definition/basis where available5%).

The average available battery energy at end-of-life of the vehicle (or
SOCE, enicie 5or) May be defined according to alternative methodologies,
as outlined below. Where OEM-specific / supplier-specific calculated
value for end-of-life available battery energy or SOCE,.,icie gor iS NOt
available, the following formula shall be used to estimate the
SOCE, ehicie EoL, Which assumes as an approximation alinear relationship
for battery degradation based on the number of full charge/discharge
cycles:

Batteryiifetime cycles

SOCEyenicie o, =1 — (20% X (35)

Batterycycle life
Where;

Batteryycie iife means the operational cycle lifetime (i.e. number
of full charge/discharge cycles) of the battery to
reach 80% SOCE. (Note: depending on the
definition of, for example minimum battery
durability requirements, in different regions for
different vehicle types, the equation may be

5 https://unece.org/sites/default/files/2023-01/ECE_TRANS_180a22e.pdf
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Table 13

adjusted to account for the defined minimum
SOCE for end-of-life use in a vehicle).

Batteryiitetime cycies means the average number of full battery
charge/discharge cycles over the use stage vehicle
lifetime, which may be estimated accordingto the
following formula:

ECin—use [cD] ¥ Service LifeXUF certification

Battery; c..; = 36
Viifetime cycles Battery Energystart X (1+Charging Losses) ( )
Where;

Service Life means the number of km driven over the use stage

lifetime.

Charging Losses meansthe charginglosses included within the certified or
in-use vehicle electricity consumption in charge-
depleting mode of operation.

Other parameters are defined as earlier.
Prioritisation for average battery SOCE assumptions:

The following recommended prioritisation is proposed for the underlying
assumptions of average battery SOCE, with the choice of which option is most
appropriate or feasible left to the practitioner (i.e. depending on the availability
of data and objective of the study).

The different options are listed in ascending order of accuracy and preference.
The first option is proposed asa default approach, where sufficient information
is not available for the other options.

Prioritisation for average battery SOCE reduction assumptions

Priority Traction Battery Deterioration Factor

1 If OEM [/ supplier-specific data is not available, assume an
operational cycle life of 2000 charge/discharge cycles hours to
calculated the average SOCE according to the defined formula.

2 Optional, depending on availability

OEM-specific / supplier-specific data on battery cycle life (i.e. to
80% loss in energy capacity™), according to regulatory durability
testing requirements.

Notes: * Depending on the definition of battery end-of-life ina vehicle in different regions for example via minimum
battery durability requirements for different vehicle types, the SOCE cycle life definition may be adjusted. [For
jurisdictions with standards defininga minimum SOCE at specific points of vehiclelife, the SOCE eniie eo. Shall be

consistent with the SOCE standards in that particular jurisdiction. For example, the U.S. has standards requiring
minimum SOCE of 80% @ 5 years or 62,000 miles and 70% @ 8 years or 100,000 miles. For that jurisdiction,
vehicle scrappage at or below 5 years or 62,000 miles would require a minimum SOCE of 80%; and vehicle
scrappage at more than 5 years or 62,000 miles and less than 100,000 miles would require a minimum SOCE of

70%.]
6.3.3.3.

6.3.3.3.1.

Application of the energy modelling schemes
For general rules, refer to paragraph 5.5.1.
Application of the energy modelling schemes for dynamic scenario

If a dynamic scenario is used, the energy mix composition for each year of
vehicle operation shall be estimated (i.e., the shares Sin of energy supplied by
each technology i in the year n), by applying linear interpolation between the
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6.3.4.

6.34.1

respective energy supply shares reported for the nearest pre-defined time
horizons in the scenario selected. The average representative grid mix
composition over the full service life of the vehicle shall be calculated as
follows:

(@)  As the arithmetic average of the individual electricity supply shares at
point 2 above. Doing so entails the implicit simplifying assumption that
the vehicle’s use is distributed homogenously over its full service life
(i.e., L/N km are driven each of the N years of operation, where L =
total lifetime activity).

(b)  Alternatively, if there is reason to expect that the vehicle’s use intensity
will change over time, and if year-specific activities may be estimated
with sufficient confidence, then a more refined (and accurate)
modelling approach may be adopted, employinga weighted average (as
opposed to a simple arithmetic average) of the individual shares Sin of
electricity supplied by eachtechnology i in theyearn, ie.: XV_, W, Sin
, where Wn = An/L (An = vehicle activity in yearn, L = total lifetime
activity).

A bespoke grid mix modelshall finally be built using the grid mix composition
calculated above and leveraging the most up to date database processes
available for the individual electricity generation technologies. The resulting
grid mix thus modelled shall be used to estimate the Emission Factor of the
electricity input to the use stage of the vehicle.

Quantification of Leakages

This section deals with GHG emissions arising from the fuel system, such as
evaporation, hydrogen and methane leakages.

Evaporative emissions

Evaporative emissions occur in vehicles due to the nature of the fuel system
and the volatility of petrol fuel. As part of the homologation process, vehicles
are subjected to emissions testing to ensure compliance with regulations,
including limits on evaporative emissions.

Limits of evaporative emission and duration of measurement (24h to 48h)
varies between different regions of the world (worst case limit is 2g / 24h).

Given the very low impact on the entire use stage GHG emissions, this
methodology neglect the emissions arising from fuel evaporation.

6.3.4.2 Hydrogen leakageHydrogen emissions primarily occur during
production and distribution, mainly due to fugitive leakage. To a lesser extent,
emissions can also arise directly from hydrogen-fuelled vehicles, although
standardised test methods to quantify these emissions are currently lacking.
Hydrogen can also escape from combustion engines and storage systems,
particularly in the case of liquefied hydrogen.

Recent research suggests that hydrogen leakage rates across the supply chain
may be comparable to methane losses in the natural gas supply chain.
Estimates indicate that green hydrogen supply chains could experience net
leakage rates between 2.6% and 6.9% (Cooper, Dubey, Bakkaloglu, & Hawkes,
2022).

Hydrogen emissions are not commonly included in life cycle inventory (LCI)
datasets, and a characterisation factor for hydrogen is currently absent from
established impact assessment methods (e.g., the Environmental Footprint
(EF) method),due to its omission from the explicit list of greenhouse gases in
the latest IPCC Assessment Report. As such, it is recommended that the
inclusion of hydrogen as a greenhouse gas in default LCA calculations be
deferred until formal consensus is reached on its global warming potential
(GWP) and/or its integration into the EF method.
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6.3.4.3.

6.3.4.4.

6.3.5.

6.3.5.1.

In the interim, for Level 1 and Level 2, practitioners are required to account
for hydrogen emissions as a mandatory flow indicator until a standardised
GWP value is formally adopted. From both the supply chain and vehicle use,
where available, practitioners should use official governmental estimates or
supplier-specific data on typical fugitive hydrogen emissions. These should
differentiate between various hydrogen production pathways, local versus
imported hydrogen, and distinct hydrogen vehicle types. For Levels 3 and 4
LCA, practitioners may apply the methodology for Levels 1 and 2 or omit
hydrogen leakage until future guideline revisions mandate inclusion, due to
current data limitations and evolving measurement standards.

Methane leakage

Methane fugitive emissions from vehicle storage systems can significantly
impact use-stage greenhouse gas inventories for certain vehicle using methane
asa fuel. In the absence of harmonized measurement standards, practitioners
should prioritize official governmental estimates of CH4 leakage when
available. Supplementary data from OEMs or suppliers may be used to
corroborate these estimates. For Level 1 and Level 2 assessments where
official governmental data remains unavailable, validated peer-reviewed
literature may constitute an acceptable alternative, provided they are
appropriately documented.

Quantification of fluorocarbons emissions

Refrigerant fluids have a direct environmentalimpact, primarily due to the use
of hydrofluorocarbons (HFCs), a class of synthetic gases that replaced
hydrochlorofluorocarbons (HCFCs). However, there is no standardized
leakage measurement methods available; and refrigerant leakages are
considered to be very low. For this reason, this recommended practices neglect
the emissions arising from fluorocarbons.

On the other side, refrigerant emissions shall be included in the life cycle
inventory as elementary flows pertaining to the maintenance and consumables
area, as explained in section 6.3.5.

Maintenance

Vehicle maintenance encompasses the periodic replacement of components
andthereplenishment or replacement of operationalfluids necessary to ensure
reliable and safe vehicle performance throughout itsservice life. Maintenance
schedules may be defined based on elapsed time, distance travelled, predictive
algorithms, periodic inspections, or more generally on wear, degradation, or
depletion. Maintenance in the use stage of a vehicle's life cycle can havea non-
negligible impactonits carbon footprint. Recent life cycle assessment studies
estimate that the greenhouse gas emissions produced by vehicle maintenance
during the use stage can have a significant impact on total vehicle carbon
footprint, depending on the powertrain type and vehicle segment.

Maintenance scope
Two types of maintenance are included in this methodology:

(@) Consumables: These are materials, fluids, and components that are
regularly used, replaced, or replenished during the operation and
maintenance of a vehicle. These items typically havea limited lifespan
and require periodic replacement to ensure the vehicle's proper
functioning, safety, and performance. This includes items such as
engine oil, transmission fluid, brake fluid, windshield washer fluid,
filter, brake padsand discs, etc... Carbon footprintrelated to material,
production and EoL should be considered.

(b) Maintenance parts: Thisrefersto the replacement of partsdue to nommal
wear and tear, including components that are not designed to last the
entire lifespan of a vehicle, such as the brakes, clutch, tyres, starter
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6.3.5.2.

6.3.5.2.1.

6.3.5.2.2.

battery etc... The range of parts that need to be replaced during
maintenance varies between different cars, depending on factors such
as the driver's behaviour, road conditions and other variables (weather
etc.). Hence, it is difficult for OEMs to recommend a frequency of
exchange of these parts to the customer. The frequency of maintenance
of such partscan only be estimated with acceptable probability through
statistical analysis and a generic frequency of these parts shall be used
for the purpose of carbon footprint estimation. For these parts recycling
aspects must be considered and are same asthat of original production
parts.

Other repair or maintenance activities not included in the methodology are:

(@)  Unexpected repairs (i.e., accident): Vehicle accidentsis not considered
asa part of maintenance activities within the scope of this Resolution
but may be included via future amendment if sufficient dataisavailable

(b)  Cleaning operations: Effect of carwash may not be a significant factor
in the calculation as it is a very small fraction of the overall carbon
footprint of a car. Hence, the Resolution does not address cleaning
operations.

Maintenance carbon emission estimation

Since the carbon footprint related to maintenance occurs after the vehicle is
placed on the market, it canonly be calculated based onthe known frequency
specified by the vehicle manufacturer.

To account for maintenance and consumables emissions, there are two
possibilities (considered in a hierarchical order):

@) List of maintenance parts/consumable and associated frequency
provided by the manufacturer.

() List of maintenance parts/consumable not available
For Level 3 and Level 4, paragraph 6.3.5.2.1. shall be applied.

For Level 1 and Level 2, the approach for maintenance and consumables
emissions estimation may instead alternatively follow paragraph 6.3.5.2.2.
where a suitable methodology may be defined and documented by the
practitioner (e.g. based on assumptions on the parts replaced and the
number/frequency, or alternative methods).

Maintenance Data Availability

If a list of maintenance parts/consumable and associated frequency is provided
by the manufacturer or parts supplier, then the following estimation shall be
used.

As this will reflect the effort from the manufacturerto reduce carbon footprint
of maintenance, the manufacturer or part supplier should provide all the
assumptions (list, frequency, carbon emission) used for carbon footprint
estimation.

Cmaintenance = Z?=1CEF1- * ﬁ.maintuinence (37)
Where;
i means consumable/ maintenance parts

fi maintainence ~ MeaNs th_e maintenance. frequency  of  the
consumable/maintenance parts defined

CEF, means  the carbon  emission factor of  the
consumable/maintenance parts as used for calculation of
upstream and end of life (waste or recycle) emissions [kgCOze].

Determination of list of consumables and parts
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The following table provides a list of consumablesand parts forguidance and
should not be considered as exhaustive. The manufacturershould provide the
list adapted to the powertrain and vehicle segment for which the carbon
footprint is calculated. However, for Level 3 and Level 4, last column of the
table indicates items responsible for the most significant potentialimpactsthat
shall be included if a replacementis needed (to be justified) in the considered
lifetime of the vehicle.

Table 14
List of consumables and maintenance parts
Petrol | Diesel | CNG | NOVC- | OVC- | Pure | FCHV | OVC- | H2- | Level
HEV HEV | EV FCHV | ICE | 3/
Level
4
Engine coolant v v v v v N/A | NJA | NA |V
2 Engine lubricant v v v v v N/A | NJA | NA |V
3 Screen wash v v v v v v v v v
g Brake fluids v v v v v v v v v
2 | Engine air/oil filter v v v v v N/A [NA [NA |V
S | AdBlue/Urea/Reagent | NJA | v/ N/A | N/A N/A | NJA | N/A | NJA | N/A| YES
Passenger air filter v v v v v v v v v
HVAC Refrigerants v v 4 v v v v v v
Spark plug v - v v v N/A | NJA | NA |V
" Windshield wiper 4 4 4 4 v 4 v 4 4
£ [ blades
g— Tyres v v v v v v v v v YES
% Brake linings v v v v % v v v v | YES
S | Brake discs v v v v v v v v v
£ [ SLibattery (ie. 12V) | v v v v v v v v | YES
| S | Aftertreatment v v v v v N/A [ NA | NA |V
The impactsresulting from different maintenance itemscan vary greatly, with
some items being less significant and others usually accounting for a
significant proportion of overall impacts. It is therefore proposed that the
following items should be mandatorily included (where relevant for a given
vehicle powertrain type):
@) Consumables: AdBlue/Urea, Refrigerants for HVAC (heating,
ventilation and air conditioning) systems
(b) Maintenance and wear parts: Tyres, SLI battery, brake pads, brake
discs, additionalauxiliary batteries (if relevant forcommercial vehicles
—e.g. fortemperature controlled payload areas).
Refrigerant emissions shall be included if the refrigerant used has a GWPioo
value of 150 or higher. Practitioners may also choose to report refrigerant
emissions with a GWP100 below this threshold as non-exhaust emissions.
Additionally, this Resolution requires the assessment of key components for
potentialreplacement, such as the internal combustion engine in conventional
and/or hybrid vehicles, traction or storage battery in electric vehicles and the
fuel cell stack in fuel cell electric vehicles in the case that the practitioners
provide the justifications to be included.
For certain items, including mandatory items, replacements might not be
needed in the vehicle’s typical operational lifetime based on the supplier
assessment. In these cases, exclusions made on this basis should be justified.
6.3.5.2.3. Determination of Frequency
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For most maintenance items frequency can be simply calculated by the
following two approach:

Frequency by distance

Service life [km]

Frequency; =
q Yaistance Maintainence interval [km ]

(38)

Frequency by duration

Service life [years]

Frequencyduration = (39)

Maintainence interval [years]|

In case the manufacturer/supplierrecommends frequency by both distance and
duration, both calculations should be performed, and most conservative (i.e.
the highest) frequency shall be considered for the carbon footprint estimation.

6.3.5.2.4. Maintenance Data not available[Reserved]

6.3.6. [Methodology for potential replacement(s) of the major powertrain component
such as internal combustion engine, traction battery and fuel cell system.

This Resolution mandates,asa defaultassumption,thatthe majorpowertrain
componentssuch as internal combustion engine, traction battery and fuel cell
will not be replaced during the vehicle’s lifetime since they are generally
designed to last for the entire lifetime of the vehicle without the need for
replacement. However, in instanceswhere the practitioner provides a detailed
explanation for why it is included, their significant impact on life cycle
assessments necessitates their inclusion in the analysis. This inclusion should
be grounded in empirical data from field studiesand/or official statements from
manufacturers concerning replacement practices. This applies to situations
such asniche applications, smallbattery capacities, low-durability chemistries,
low mechanicalcomponents orother conditions identified by the practitioner.
Such replacement should not be included in a manner that conflicts with
minimum performance standards within jurisdictions having such
requirements as a condition of granting vehicle certificate of conformity.

This Resolution provides the prioritised methodology approach for the
replacement of traction battery/fuel cell system in Table 15. Other major
powertrain components may refer to this approach.

Table 15
Options for traction battery/ fuel cel

| system replacement/majorpowertrain

default assumption)
Option Traction Battery / fuel cell system Replacement
1 Based on the justification provided by the practitioner including,
but not limited to, a detailed explanation, their significant
impact, empirical data from field studies, manufacturers official
statements.
2 General methodology defined in paragraph 6.3.6.1.and 6.3.6.2.

for traction battery and fuel cell system
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3 OEM-specific / supplier-specific methodological/modelling
approach to define the need fora major components battens/fuel
cell replacement over the operational life of the vehicle. An
explanation/justification for the result should be provided.

6.3.6.1. General Methodology for calculating the number of traction battery
replacement (s)

For vehicle traction batteries, the following approach foraccounting for the
frequency of energy storage replacement, which is based on a combination of
parameters including the anticipated battery cycle life (i.e. number full
charge/discharge cycles)®®. This methodology also provides a dynamic link to
the vehicle battery capacity and the lifetime activity/service life (as defined in
the study Goal & Scope), which canbe used in product LCA, prospective LCA
or other more generic studies.

The methodology fordetermining the number of traction battery replacements
is as follows (i.e. where a value of N > 1 means at least one replacement is
likely to be needed):

(E [Averagel xA [Lifetime])

N= (c [Battery usablel xCL [Battery]) (40)
Where;
N means the total number of traction batteries needed over the
vehicle lifetime
C [Battery usable] means the usable (i.e. ‘net’) traction battery energy

in kWh

CL [Battery] means the average battery cycle life — number of full
charge/discharge cycles (within the usable capacity)

A [Lifetime] meansthe vehicle lifetime activity (in km). Note: As a sensitivity
it is recommended to also explore the potential number of
replacements needed based on the warrantied numberof km for
the battery (where this is present).

E [Average] means the vehicle average electrical energy consumption, in
kWh per km

In the absence of OEM-specific data on the battery cycle life (parameter ‘CL’
above), then it is proposed to use a value of 2000 charge/discharge cycles,
which is representative of a typical value for current technology. Should the
battery come with an expected calendar lifetime lower than the defined vehicle
lifetime in the Goal & Scope of the LCA study, then a replacement will also
be foreseen.]

6.3.6.2. [General Methodology for calculating the number of fuel cell system
replacement(s)]

[For fuel cell systems, the following approach is proposed to determine the
need for one or more fuel cell replacements over the service lifetime of a
vehicle, consistent with the similar methodology proposed for fuel cell
efficiency degradation (see earlier paragraph 6.3.3.2.2.1.)).

Fuel cell durability(/life) is defined as the number operational hours to reach
10% degradation of the original fuel cell rated power (in kW)?56,

Fuel cell lifetime max energy output (= FC [max energy]):

%5 As also previously implemented in (Ricardo et al., 2020) based on consultation with stakeholders.

% FCH 2 JU - MAWP Key Performance Indicators (KPIs) - European Commission (europa.eu)
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Number of fuel cell replacements = roundup to integer (

Lifetime max energy output (kWh) = Fuel cell durability (hrs) *

Fuel cell average running power (kW) (41)

Where;

Fuel cell average running power (kW) means the maximum rated fuel
cell power (kW) * average operation % of rated fuel cell power

Fuel cell vehicle lifetime energy requirement (energy output from fuelcell) (=
FC [lifetime energy]):

Lifetime vehicle ener gy requirement (fuel cell output) (kWh)
kWh

M

* fuel cell average efficiency (%)

= —=x Lifetime km =
km f

42)
Where;

MJ/km means the hydrogen energy input to the vehicle, i.e. hydrogen energy
consumption.

The number of fuel cells needed (and therefore the number replacements) is
defined by the ratio of the vehicle’s lifetime energy requirements and the
maximum fuel cell lifetime energy delivered:

FC[lifetime energy] 1 )
FC[max energy] B

(43)

]
6.3.7. Data Collection and data type
Data shallbe collected for the items outlined below. Where applicable, activity
data shallbe collected as primary data. In case of the difficulty, secondary data
may be applied to activity data. GHG emission intensity data shallbe collected
assecondary data. Secondary data source shallbe reported. The following data
shall be collected:
Table 16
Processes and Data to be included in Use stage
Activity data GHG emissions Intensity Data
Processes
(Primary Data basis) (Secondary Data basis)
Certified Fuel consumption [I/2100km]
and/or electricity consumption
[kWh/100km]
Discrepancy factor RW data
Deterioration factor
Separate Certified fuel/electricity
consumption for the charge-depleting
(CD) and charge-sustaining (CS) modes
Driving for OVC-HEVs

Utility Factor definition for dual-mode
powertrains (e.g. OVC-HEVs)

Certified charge-depleting (CD) range
[km] for dual-mode powertrains (e.g.
OVC-HEVs)

for dual-mode powertrains (e.g.
OVC-HEVs)

Average lifetime Battery SoH loss
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Processes

Activity data

GHG emissions Intensity Data

(Primary Data basis)

(Secondary Data basis)

Average OVC-HEV, FCHV, PEV
charging/discharging efficiency if
not included in certification values

Vehicle lifetime (years), and activity
(km)

Vehicle recycling statistics/
Nationally authorised
statisticsf OEM's average vehicle life

GHG emission factor for burning
fuel

Vehicle occupancy rates for
potential scenario analysis

Leakages

Hydrogen, Methane

Emitting
Fluorocarbons

Out of scope

Out of scope

Maintenance
and
Consumables
Production

List of maintenance parts and
consumables

Frequency of replacement/service
intervals

GHG emission factor for producing
maintenance parts, in line with
Section (6.2 Parts production and
vehicle assembly stage)

Maintenance
and
Consumables
Transportation

List of maintenance parts and
consumables

Frequency of replacement/service
intervals

Transport Weight [kg]
Transport Distance [km]

GHG emission factor for
transporting maintenance parts

Maintenance

and To be evaluated in line with Section To be evaluated in line with Section
Consumables | (6.4. EoL) (6.4. EoL)

End-of-Life

Vehicle

activity out of
region of sales

Out of scope

Out of scope

Second life of

Out of scope

Out of scope

components
6.4. EoL
6.4.1. System boundaries

The system boundary of the disposal and recycling stage as well as its
calculation method are outlined below.
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Figure 21
System boundaries of Disposal and Recycling stages

System boundary of Disposal and Recycling stage
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*1 The recovered parts type with disposal’recycling process shall be specified and evaluated based on the regulation or market
observation in each country

- The EoL of recovered pans after second life use 1s not included in the system boundary

- The recovered parts recycling to enable a part/component second hife 1s ncluded mn the system boundary

6.4.2.

Data collection applies to the processes outlined below.

E1;
E2;
E3;
E4;
E5;

End-of-life vehicle (ELV) dismantling and shredding/sorting process
Recovered parts disposal and recycling process

Automobile shredder residue (ASR) disposal and recycling process
Materials recycling processes

Transport processes

Data collection and data types

Data shall be collected for the item outlined below. Activity data shall be
collected as primary data in level 2 or 3 or 4. The secondary data may be
applied to activity data in level 1. GHG emission intensity data shall be
collected as primary or secondary data in all levels. Scenarios for secondary
data and secondary data source shall be reported. Secondary data may be
referred, among others, to the following data set.

@)
(b)
©)

Environmental Footprint (EF) compliant data sets
IDEA
JAMA CFP guideline
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Table 17

Data types for disposal and recycling stages with each symbols

Processes

Activity data

GHG emissions intensity data

(Primary data basis)

(Secondary data basis)

E1; End-of-life vehicle (ELV) dismantling and

-ELV WE|ght [kgcomponent]

-ELV dismantling and shredding/sorting [kgCO2eq/Kg applicanle ELV]

shredding/sorting process (Cg) (Wygy) (CEF, 1))
- Tyre weight [Kgcomponent]
(WEZa)
(a-1) Disposal, +Wearing ratio [%](Rz,,) - Tyre incineration with thermal and electricity recovery
Incineration -Weight fractions of each [kgCOzeq/Kgmaterial] (CEF}; £,,)) and disposal [kgCOzeq/Kgmaterial]
(a) Tyre (Ceza-1) material in the tyre (CEFy; 534) Which may include residue landfill and transport.
(CEZa) [kgmateriallkgcomponent]
E2; Recovered (Tyi.p2a> Toi g2a)
parts dlspo_sal (a-2) Recycle "Material vaght jto which -Modular Burdens and Benefits method (MBBM) of each material
and recycling © ) CFF is applied [kgCOzeq/k ] (CEF, )
process BB Fe [Kkgmterial] (Wi £24) O e Gmateratl © = i oy
Remarks) - SLI battery weight o _ _ N
The recovered (b-1) Disposal, [kgeomponent] (W2 ) -SLI battery incineration with thermal and electricity recovery
parts type with Incineration -Weight fractions of each [kgCO2eq/Kgmaterial] (CEF;; ;) and disposal [kgCO2eq/Kgmateriai]
disposal and (b) SLI () material in the battery (CEFy; g,p) Which may include lead scrap treatment and electrolyte
recycling process battery [Kgmaterial/KGcomponent] neutralisation treatment and transport.
shall be specified (Ceap) (Tyi.52> Toig2n)
and evaluated - - .
based on the b-2) Recycle Materlalwelght j[o which '
X CFF is applied *MBBM of each material [kgCO2eq/Kgmaterial] (CEFy; mpnm )
regulation or (CrrmBeM E20) :
market [Kgmaterial] (Wi 525)

observation in
each country

(c) Airbag (Cgyc)

- Airbag weight [kg]
[kgcomponent] (W)

+ Airbag proper disposal [kgCO2eq/kgcomponent] (CEFy; mppum)

(d) Air conditioner (AC)
refrigerant (Cg,q4)

+ AC refrigerant weight

[kgmaterial], filled in air

conditioner at vehicle
production. (Wg,4)

- AC refrigerant (fluorocarbons) disposal [kgCO2eq/Kgmaterial]

(CEFy go4), Which may include fluorocarbons destruction, CO2 from
destruction and transport

(e) Waste oil (Cgs,)

-Waste oil weight [Kgmaterial]

(WEZe)

-Waste oil incineration with thermal and electricity recovery
[kgCOzeq/kgmaterial] (CEF] g2e)

¢/9202/3d49/6¢'dM/SNVH 1L/303
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p Activity data GHG emissions intensity data
rocesses
(Primary data basis) (Secondary data basis)
- Used battery pack
(f-1) Disposal weight[kg] (W) -Used battery pack proper treatment which includes battery pack
Incineration ’ - Weight fractions of each incineration (where allowable) with thermaland electricity recovery
(Craf-1) material in the battery (CEF; gof) and disposal (CEFy; g,¢) which may include residue landfill
[kgmaterial/KJcomponent] and transport. [kgCOzeq/kgmaterial]
Q) (Tyip2rs Tpigar)
Traction (f-2) Secondary

battery use (Repurposing)

*Number of Driving battery
pack

-MBBM for the battery repurposing [kgCOzeq/pack] (Crpr mzem)

(Ciay) (Crpr.mpem)

(f-3) Material
recycle

(CM,MBBM,EZf)

- Material weight to which
CFF is applied [Kgmaterial]
(Wyi g2f materiar) @nd
battery cell weight to which
CFF is applied [K( battery celis]

(WEZ f,cells)

-MBBM of each single material [kgCO2eq/kg material]
(CEFy; mBaM materiar) YECOVEred from the battery disassembly process
and sent to material recycling, and Modular Burdens and Benefits
method of battery cells specific recycling process [kgCO2eq/Kg battery celis]
(CEFy gpum ceus): if applicable according to regional regulations

(g-1) Disposal

- Catalytic converters
weight [Kgcomponent] (Wgz4)
- Weight fractions of each

- Catalytic converters disposal [kgCO2eq/Kgmateriat] (CEFp; g24), Which

Cat(SI)ytic (Cr2g-1) material in the converters may include residue landfill after recycling process
converters [kgmaterial/KJcomponent]
(CEZg) (TDi,EZg)

(9-2) Material
recycle

(CM,MBBM,Ezg)

- Material weight to which
CFFis applIEd [kgmaterial]
(WMi,EZq)

-MBBM of each material [kgCOzeq/Kgmateriat] (CEFy; mppum )

E3; Automobile

shredder residue

(ASR) disposal
and recycling
process(Cgs)

ASR

- ASR combustible material
material weight [Kgmaterial]
(VVL',ASR)

- ASR incineration with thermal and electricity recovery
[kgCOzeq/kgmaterial] (CEF;; 455) and disposal [kgCOzeq/Kgmaterial]
(CEFy; 45r) Which may include the residue landfill

Wood (mainly for truck/bus use)

-Wood material weight
[kgmateriat] (W wooa )

-Wood incineration with thermal and electricity recovery
[kgCOzeq/Kgmaterial] (CEF}; yo0q) and disposal [kgCO2eq/kgmaterial]
(CEFy; wooq), Notincluding CO2 absorption effect

E4; Materials recycling processes (Cy yppum £a)

- Material weight to which
CFF is applied

*MBBM of each material [kgCO2eq/Kgmaterial] (CEFy; mapnm )

¢/9202/3d49/6¢'dM/SNVYH L/303
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Processes

Activity data

GHG emissions intensity data

(Primary data basis)

(Secondary data basis)

[kgmaterial] (WMi ,E4)

E5; Transport processes (Cs)

- Each transported goods

weight [t] (W gs)

+Each transport distance

[km] (D; g5)

Transport per transport goods weight and per transport distance
[kgCOzeq/t-km] (CEF;;)

¢/9202/3d49/6¢'dM/SNVH L/303
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6.4.3. Recycling modelling for second life parts

The environmentalimpactsarising from the activities of Remanufacturing,
Reuse or Repurposing of vehicle parts and components recovered from
EoL vehicles to enable a part/component second life shall be evaluated in
all levels based on regulation or market observation, data availability for
parameters and verification criteria. In any case the second life parts
traceability shall be confirmed with following recommendation of
recycling modelling.

Table 18
Recycling modelling recommendations for second life

Recycling modelling
Second life application Definition Recommendation

1. Remanufacturing ELV parts recycling RCM

to new vehicle parts

2. Reuse ELV parts recycling RCM

to repair vehicle

3. Repurposing ELV parts recycling CFF
to another function in other industries

e.g. Traction battery from EoL PEV
repurposed to the stationary battery in a
building

RCM formula for Remanufacturing or Reuse shall be referred to
CEFy geyformula in 5.5.2.1. Material recycling modelling. CFF formula
for Repurposing shall be referred to CEFy ypgy formula in 5.5.2.1.
Materialrecycling modelling and (f-2) Secondary use (Repurposing) of E2;
(f) Traction battery in 6.4.7. GHG calculation foreach process. The type of
date for RCM or CFF parameter shall be confirmed according to the
regulation or market observation.

6.4.4. EoL emissions treatment of ELV exported out of region of sales

Ideally, the EoL GHG emissions of vehicles exported from the country
where they were originally sold and used shall be evaluated based on the
EoL processes of the country where they are eventually used and
disposed/recycled. However, to avoid complexity, if the country to which
the vehicle is exported cannot be tracked orthe EoL process of the country
where they were exported, used and disposed/recycled cannot be
determined, a simplified approach canbeadopted. In such cases, the EoL
emissions may be evaluated using the process of the country where the
vehicle was first registered and primarily used.
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6.4.5. Future recycling process and technology modelling

GHG emissions intensity for each disposal and recycling process and CFF
parametersshould be set in view of the process and recycling technology
about 13-17 years later in the future. For recycling, process data should be
those available atthe point of declaration of the vehicle (First time vehicle
registration). When a specific recycling process does not yet exist, and
assumptions on such a future process cannot be appropriately justified, a
scenario based on the current process and recycling technology may be

applied.

6.4.6. Energy modelling

For general rules refer to paragraph 5.5.1.

Specifically, the following recommendations are made on how to model
energy inputs to the EoL phase:

1. The same scenario for the expected future evolution of the energy mix
in the geographical region of interest shall be adopted, as previously
selected the use phase (cf. hierarchical approach in Section 5.5.1.3.
Prospective Energy modelling)

2. The grid mix composition for the specific year of vehicle
decommissioning (i.e., year of vehicle registration + expected lifetime)
shall be estimated (i.e., the shares Sin of energy supplied by each
technology i in the year N), by applying linear interpolation between the
respective energy supply shares reported for the two nearest pre-defined
time horizons in the scenario selected at point 1 above

3. A Dbespoke grid mix model shall be built using the grid mix
composition calculated at point 2 above and leveraging the most up to date
database processes available for the individual energy generation
technologies. The resulting energy mix thus modelled shall be used to
estimate the Emission Factor of the energy input to the EoL phase of the

vehicle.

In case of the process in the EoL phase is not a hotspot, the static energy
modelling may be applied.

6.4.7. GHG calculation for each process

The total GHG emission in the EoL stage shall be calculated and reported
by the following equation for the complete vehicle.

CEoL = CEOL,RCM + CEOL,MBBM (44)
Where;
CroL means the total GHG emissions in EoL stage [kgCOzeq]
CeoLrcm means the GHG emissions arising from the ELV treatment
when using the RCM basis system boundaries as defined in
Figure 21 [kgCOzeq]
Ceompen  Meansthe GHG emissions arising from the ELV treatment

when using the MBBM system boundaries as defined in
Figure 21 [kgCO2eq]
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In case of RCM application, only Cg,; zcy Shall be calculated,Cryp yppy
shall not be calculated. In case of CFF application both Cg,; zcy and
Ceormpen Shall be calculated.

CEOL,RCM = CEl + Z 'CEZj,RCM + CE3,RCM + CES
J

(45)

Cezjrem = Wgaj X {Zi(Tli,EZj X EERi,EZj) + Zi(TDi,EZj X CEFDi,EZj)}

(46)

CES,RCM = z {VVi,ASRorWnod X (EERi,ASRorWood
i,ASRorWood

Where;
CEl

CEZ}',RCM

Egri 2 j

CEFDi,EZj

CE3,RCM

+ CEFDi,ASRorWood )}
(47)

means the GHG emissions in ELV dismantling and
shredding/sorting process [kgCO2eq]

means the GHG emissions in each recovered parts disposal
and incineration process [kgCO2eq]

means each parts weight [Kgcomponent]

meansthe i-th material weight fraction of each parts for the
incineration [%]

meansthe i-th material weight fraction of each parts weight
that is sent to disposal [%]

means the specific emissions and resources consumed (per
unit of analysis) arising from the energy recovery process of
each material in each parts in kilogram of carbon dioxide
equivalent per kilogram of material. [kgCO2e/ Kgmaterial]

meansthe specific GHG emissions arising from the disposal
of of each material in each parts in kilogram of carbon
dioxide equivalent per kilogram of material. [kgCO2eq/
KQmateriat]

means the GHG emissions in the automobile shredder
residue (ASR) disposal and incineration process [kgCO2eq]

W, asrorwooa Means the weight of each combustible materials in ASR or

wood material [KQmaterial]

Ezri asrorwooa Meansthe specific emissions and resources consumed (per

unit of analysis) arising from the energy recovery process of
each combustible materials in ASR or wood in kilogram of
carbon dioxide equivalent per kilogram of material
[kgCO2e/ Kgmaterial]

CEFy; ssrorwooqa Means the specific GHG emissions arising from the
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Cgs means the GHG emissions in the transport processes
[kgCO2eq]

Each MBBM value in Cgop yppy » Which are Cy yppy , Crypen and
Crerumeam - Shall be separately reported with the following equation.

CEDL,MBBM = CM,MBBM + CI,MBBM + CTBR,MBBM

(48)
CM,MBBM = Z}' CM,MBBM,EZj + CM,MBBM,E4
(49)
Where;
Cyv mBBM means the specific GHG emissions calculated per MBBM in

the total materials recycling processes [kgCO2eq]

Cumpem,g2; Meansthespecific GHG emissions calculated per MBBM in
each parts material recycling [kgCO2eq]

Cymeemea Meansthespecific GHG emissions calculated per MBBM in
the materials recycling processes [kgCO2eq]

Cimpem = Zi,j(WEZj X Tyj paj X CEFIL',MBBM,EZj) + Zi,ASRorWood (Wi,ASRorWood X CEF; ypem ,ASRorWood)}

(50)

Where;

Cy mBM means the specific GHG emissions related to the credit
obtainable by total material energy recovery process
[kgCO2eq]

Wea; means each parts weight [Kgcomponent]

T} g2j means each material weight fraction of each parts for the
incineration [%]

CEF}; mpam p2j meansthe specific GHG emissions related to the

credit obtainable by the energy recovery process of each
material in each parts calculated per MBBM for energy in
kilogram of carbon dioxide equivalent per kilogram of
material. [kg COze/ KQmaterial]

W; asrorwooa Means the weight of each combustible materials in ASR or
wood material [Kgmaterial]

CEF}; mpeM asrorwooa ~ Meansthe specific GHG emissions related to the
credit obtainable by the energy recovery process of each
combustible materials in ASR or wood calculated per
MBBM for energy in kilogram of carbon dioxide equivalent
per kilogram of material. [kg CO2e/ KQmaterial]

Crgrmpem  Meansthespecific GHG emissions calculated per MBBM of
traction battery repurposing [kg CO2eq]

6.4.7.1. EL; End-of-life vehicle (ELV) dismantling and shredding/sorting
process

Cp1 = Wgy X Tgy X CEFp g
(51)

Where;
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Cry means the GHG emissions in ELV dismantling and
shredding/sorting process [kg COzeq]

W, means the ELV weight [Kgcomponent]

Tz meansthe applicable ELV weight fraction of the ELV weight
[%]

CEF} gy meansthe specific GHG emissions intensity for ELV arising

from dismantling and shredding/sorting in kilogram of
carbon dioxide equivalent per kilogram of the applicable
ELV weight [kg COzeq/kg applicable ELV]

6.4.7.2. E2; Recovered parts disposal and recycling process

The recovered parts type with disposal and recycling process shall be
specified and evaluated based on the regulation or market observation in
each country following GHG calculation example for each processes.

6.4.7.2.1. Tyre
6.4.7.2.1.1. Disposal, Incineration
Craa-1 = (1 = Rgpq ) X Wgpe X {Zi(TIi,EZa X CEFIi,EZa) + Zi(TDi,EZa X CEFDi,EZa)}

(52)

Where;

Crra-1 meansthe GHG emissions in tyre incineration with thermal
and electricity recovery (C;g,,) and disposal(Cp, z,,), Which
may include residue landfill and transport [kgCO2eq]

Rgaa means the percentage of weight loss during total tyre wear
based on calculations of tyre specifications [%]

Weaa means the tyre weight [Kgcomponent]

Tii k2a meansthe i-th material weight fraction of the tyre weight at
EoL{W;,, x(1-Rg,4)} thatis sent to incineration [%]

Tp; E2a meansthe i-th material weight fraction of the tyre weight at

EoL{Wg,, X(1-Rg,,)} thatis sent to disposal [%]

CEF}; pag meansthe specific GHG emissions arising from incineration
with energy recovery of tyre materials, expressed in
kilogram of carbon dioxide equivalent per kilogram of
material. [kgCO2eq/ Kgmaterial]

CEFp; g2 meansthe specific GHG emissions arising from the disposal
of tyre materials, expressed in kilogram of carbon dioxide
equivalent per kilogram of material. [kgCO2eq/ Kgmaterial]

CEF}; gy and CEFy; p,, shall be evaluated following paragraphs
55.22.and 5.5.2.3.

6.4.7.2.1.2. Recycle
Cumesm,pzp = (1 — Rppq) X Zi(WMi,EZa X CEFyi mppm) (53)
Where;

Cymeem g2o Means the specific GHG emissions in tyre materials
recycling [kgCO2eq]
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6.4.7.2.2.
6.4.7.2.2.1.

6.4.7.2.2.2.

Wi £2a means each tyre material weight to which CFF is applied
[kgmaterial]

CEFy; ypgy means the specific GHG emissions of a tyre materil
calculated with the MBBM in kilogram of carbon dioxide
equivalent per kilogram of material. [kgCO2eq/ Kgmaterial]

CEFy; ypey shall be evaluated following paragraph 5.5.2.1.
SLI battery

Disposal, Incineration
Cpap—1 = Wgap X {zi(TIi,EZb X CEFIL',EZb)

+ zi(TDi,EZb X CEFDi,EZb)}

(54)

Where;

Crop-1 means the GHG emissions in SLI battery incineration with
thermal and electricity recovery (C;g,,) and disposal
(Cp g2p), Which may include lead scrap treatment, electrolyte
neutralisation treatment and transport [kgCO2eq]

Wi means the weight of the SLI battery [Kgcomponent]

T}i g2p means the i-th material weight fraction of the SLI battery
weight that is sent to incineration [%]

Tp; g2p means the i-th material weight fraction of the SLI Battery

weight that is sent to disposal [%]

CEF}; gop meansthe specific GHG emissions arising from incineration
with energy recovery of SLI battery materials, expressed in
kilogram of carbon dioxide equivalent per kilogram of
material. [kgCO2eq/Kgmaterial]

CEFy; pap meansthe specific GHG emissions arising from the disposal
of SLI battery materials, expressed in kilogram of carbon
dioxide equivalent per kilogram of material. [kgCO2eq/
kgmaterial]

CEF; gy, and CEFy; gy, shall be evaluated following paragraphs
5.5.2.2.and 5.5.2.3.

Recycle
CM,MBBM,EZb = Zi(WML',EZb X CEFML',MBBM) (55)
Where;

Cymeem e2o Means the specific GHG emissions in SLI battery materials
recycling [kgCO2eq]

Wi 26 meansthe weight of each SLI battery materialto which CFF
is applied [Kgmaterial]

CEFy; ypgy Meansthe specific GHG emissions of a SLI battery materil
calculated with the MBBM in kilogram of carbon dioxide
equivalent per kilogram of material. [kgCO2eq/ kQmaterial]
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6.4.7.2.3.

6.4.7.2.4.

6.4.7.2.5.

6.4.7.2.6.
6.4.7.2.6.1.

CEFy; mpey shall be evaluated following paragraph 5.5.2.1.

Airbag
Cpac = Wgye X CEFp gy
Where;
Cgac means the GHG emissions in Airbag disposal [kgCO2eq]
Weoe means the weight of the Airbag(s) [Kgcomponent]

CEF} gy means the specific GHG emissions of airbag arising from
the proper disposal in kilogram of carbon dioxide equivalent

per kilogram of airbag. [kgCO2eq/kgcomponent]

Air conditioner (AC) refrigerant

Cp2a = Wgaa X CEF g2 (57)
Where;
(o means the GHG emissions in AC refrigerant disposal
[kgCO2eq]
Weaa means the weight of the AC refrigerant, filled in air

conditioner at vehicle production. [Kgmaterial]

CEF} gy meansthe specific GHG emissions of AC refrigerant arising
from the disposal in kilogram of carbon dioxide equivalent
per kilogram of material., which may include fluorocarbons
destruction, CO2 from destruction and transport. [kgCO2eq/

KOmaterial]
CEF;, 4 shall be evaluated following paragraph 5.5.2.3.
Waste Oil
Cpze = Wgze X CEF 5
Where;
Cioe means the GHG emissions in waste oil incineration with
thermal and electricity recovery [kgCO2eq]
Weze means the weight of waste 0il [Kgmaterial]
CEF; gy meansthe specific GHG emissions of waste oil arising from

incineration with energy recovery in kilogram of carbon
dioxide equivalent per kilogram of material. [kgCO2eq/

kgmaterial]
CEF, i,, shall be evaluated following paragraph 5.5.2.2.
Traction battery

Disposal, Incineration

Cpzp—1= (1 —Rgpp_y — Rpap_3) X Wgap X {Zi(TIi,EZf X CEFIL',EZf)

+ zi(TDi,EZf X CEFDi,EZf)}

(59)
Where;
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Crap1 means the GHG emissions in used battery pack proper
treatment which includes battery pack incineration (where
allowable) with thermaland electricity recovery (C; g,¢) and
disposal (Cp g, )Which may include residue landfill and

transport [kgCO2eq]

Rgap—2 means the battery repurposing ratio [%] in paragraph
6.4.7.2.6.2

Rgyp_3 means the battery material recycling ratio [%] in paragraph
6.4.7.2.6.3

Weos means the weight of the used battery pack [Kgcomponent]

T} gy meansthe i-th material weight fraction of the traction battery

weight at EOL{(1 — Rgas_5 — Repp_3) X Wi,y } thatis sent
to incineration [%]

Tpi k25 meansthe i-th material weight fraction of the traction battery
weight at EOL{(1 — Rgyy_, — Rpap_3) X Wp,/ ) thatis sent
to disposal [%]

CEFy; pay meansthe specific GHG emissions arising from incineration
with energy recovery of traction battery materials, expressed
in kilogram of carbon dioxide equivalent per kilogram of
material. [kgCO2eq/ Kgmaterial]

CEFp; gy meansthe specific GHG emissions arising from the disposal
of traction battery materials, expressed in kilogram of carbon
dioxide equivalent per kilogram of material. [kgCO2eq/
KQmateriat]

CEFj gy and CEFy; g,p shall be evaluated following paragraphs
5.5.2.2.and 5.5.2.3.

6.4.7.2.6.2. Secondary use (Repurposing)

The repurposing of the traction battery shall be specified and evaluated
based on the regulation or market observation, data availability for
parameters and verification criteria.

Battery repurposing Environmental Footprint (EF) compliant studies shall
follow EF recommendationsand regional regulations. Battery repurposing
for otherstudies/otherregions can follow other recommendations (e.g., the
JAMA CFP guidelines)

Strong evidence shall be provided by the industry and the practitioner about
the definition of the parameters, the definition of the new product
substituted by the repurposed one, and the source of data to be used for
modelling

Inthe case of applyingthe UNECE A-LCA CFF conceptto the repurposing
of the traction battery from the vehicle substituting a virgin battery into a
different application, the evaluation will be based on the regulation or
market observation, and the availability of data for parameters and
verification criteria.

The evaluation will consist of two parts, each corresponding to the CFF
components outlined in the CFF equation in paragraph 5.5.2.1.
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— —_ — *
CTBR,MBBM - (1 ATBR )RZ,TBR X (ETeCEOL,TBR EV,TBR

6.4.7.2.6.3.

The production burden for the traction battery, which corresponds to CFF
part 1, will be evaluated in the production stage of the traction battery. The
burdens and benefits related to the output of secondary batteries,
corresponding to CFF part 3, will be evaluated in the disposaland recycling
stage as the Modular Burdens and Benefits method for traction battery
repurposing. The value derived from the Modular Burdens and Benefits
method for traction battery repurposing shall be reported and included in
the total vehicle CFP.

Modular Burdens and Benefits Method formula for traction battery
repurposing

M)

Qp,TBR

Where;

Crermpem  Means the specific GHG emissions of traction battery

repurposing in kilogram of carbon dioxide equivalent per
kilogram of battery pack. [kg COzeq/battery pack]

Arpr means the allocation factor of burdens and credits between
supplier and user of repurposed battery.

R, rgr meansthe proportion of the battery at EoL that will be reused
in a subsequent system. [%]

nguﬂ means the quality of outgoing secondary traction battery /

p, TBR

quality of virgin battery substituted by the repurposed battery

Ey rpr means the specific GHG emissions (per unit of analysis)
arising from the production of virgin battery thatis going to
be substituted by the repurposed battery. [kg COzeq/battery
pack]

ErecgoL TBR means the specific GHG emissions (per unit of analysis)

arising from the recycling process at EoL, including
collection, sorting and transportation process. [kg
COqeq/battery pack]

Datasets ( Ey rprs Erecrorrpr ) t0 b€ used in the Modular Burdens and
Benefits method for the traction battery repurposing may be collected as
primary data. Parameters in the Modular Burdens and Benefits Method for

traction battery repurposing (Ater, R; g, %Q"”ﬂ) may be defined as
p, TBR

default values in reference documents.

Material recycle

CM,MBBM,EZf = z ,(WMi,EZf,Material X CEFMi,MBBM,Material)
i

+ Zi(WEZf,cells X CEFMBBM,cells)
(61)
Where;

Cumpem,p2s Means the specific GHG emissions arising from traction
battery materials recycling. [kgCO2eq]
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6.4.7.2.7.
6.4.7.2.7.1.

6.4.7.2.7.2.

Wi E2f materiar M€aNS the weight of each traction battery material to
which CFF is applied except battery cells. [Kgmaterial]

Weaf ceuis means the weight of traction battery cells derived from
battery pack dismantling to which CFF is applied. [Kgbattay
cells]

CEFy; mBeM Material means the specific GHG emissions arising from
of the material recycling of a traction battery pack material
except for material in cells calculated with the MBBM in
kilogram of carbon dioxide equivalent per kilogram of
material. [kgCO2eq/Kgmaterial]

CEFypgy cens Mmeans the specific GHG emissions arising from the
recycling process applied to traction battery cells calculated
with the MBBM in kilogram of carbon dioxide equivalent
per kilogram of traction battery cells. [kgCO2eq/Kgbattery celis]

CEFy; mpem materiat O CEFyppy cens Shall be evaluated following
paragraph 5.5.2.1.

In case that the used battery isrepurposed, the recycle of the material which
is used in the repurposed traction battery shall not be evaluated.

Catalytic converters

Disposal
Cpag-1 = Wgpg X Zi(TDi,EZQ X CEFy; p2g) (62)
Where;
Crag-1 means the GHG emissions in catalytic converters disposal,
which may include residue landfill after recycling process.
[kgCO2eq]
Weag means the weight of the catalytic converters [Kgcomponent]
Tpi k29 means the i-th material weight fraction of the catalytic

converters weight that is sent to disposal [%]

CEFp; gag means the specific GHG emissions arising from the disposal
of catalytic converters materials, expressed in kilogram of
carbon dioxide equivalent per kilogram of material
[kgCO2eq/Kgmaterial]

CEFp; g24 shall be evaluated following paragraph 5.5.2.3.
Recycle

CM,MBBM,EZg = Zi(WMi,EZg X CEFMi,MBBM)
Where;

Cumpem,E2g Meansthe specific GHG emissions in catalytic converters
materials recycling [kgCO2eq]

Wi E2g means the weight of each catalytic converters material to
which CFF is applied [Kgmaterial]

CEFy; ypey Meansthe specific GHG emissions of a catalytic converters
material calculated with the MBBM in kilogram of carbon

(63)
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6.4.7.3.

6.4.7.4.

6.4.7.5.

dioxide equivalent per kilogram of material. [kgCO2eq/
KOmaterial]

CEFy; ypay shall be evaluated following paragraph 5.5.2.1.
E3;  Automobile shredder residue (ASR) disposal and recycling process

Cgz= Zi{VVi,ASR X (CEFy; asg+ CEFp; a5r)} + Zi{VVi,Wood X
(CEFIL',Wood+ CEFDi,Wood)} (64)

Where;

Cps meansthe GHG emissions in ASR incineration with thermal
and electricity recovery ( C;asgorwooqa ) and disposal
(Cp,asr or wooa) Which may include the residue landfill and
the transport [kgCO2eq]

W, asr means the weight of each combustible material in ASR
[KOmaterial]
W; wooa means the weight of each wood material [Kgmateriar]

CEF}; 45r meansthe specific GHG emissions arising from incineration
with energy recovery of combustible materials in ASR,
expressed in kilogram of carbon dioxide equivalent per
kilogram of material. [kgCO2eq/Kgmaterial]

CEF;; wooa  Meansthespecific GHG emissions arising from incineration
with energy recovery of wood materials, expressed in
kilogram of carbon dioxide equivalent per kilogram of
material. [kgCO2eq/Kgmaterial]

CEFp; asr meansthe specific GHG emissions arising from the disposal
of combustible materials in ASR, expressed in kilogram of
carbon dioxide equivalent per kilogram of material
[kgCO2eq/kgmaterial]

CEFy;wooa Meansthespecific GHG emissions arising from the disposal
of wood materials, expressed in kilogram of carbon dioxide
equivalent per kilogram of material. [kgCO2eq/Kgmaterial]

CEF}; a5k or wooa @Nd CEFp; acror wooa Shall be evaluated following
paragraphs 5.5.2.2.and 5.5.2.3.

E4; Materials recycling processes

CM,MBBM,E4 = ZL'(VVML',E4 2 CEFML',MBBM) (65)

Where;

Cymeemps Means the specific GHG emissions in materials recycling
[kgCO2eq]

Wi g4 means the weight of each material to which CFF is applied
[kgmaterial]

CEFy; ypey Means the specific GHG emissions of a material calculated
with the MBBM in kilogram of carbon dioxide equivalent
per kilogram of material. [kgCO2eq/Kgmaterial]

CEFy; mpen shall be evaluated following paragraph 5.5.2.1.

E5; Transport processes
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6.4.8.

Table 19

Cps = Li(W; g5 X Dy gs X CEFy;) (66)
Where;
Cgs means the specific GHG emissions in transport processes
[kgCO2eq]
Wi g4 means the weight of each transported goods [t]
D; gs means each transport distance [km]
CEFy; means specific GHG emissions arising from a transport in

kilogram of carbon dioxide equivalent per ton of transport
goods and per kilometre of transport distance. [kgCO2eq/t-
km]

Transport processes in disposal and recycling stage may cover following
transport processes.

(@) Dealer — Dismantler

(b)  Dismantler — Shredder

(c) Shredder — ASR recycler

(d)  ASR recycler — Landfill

D; g5 and CEF;; shall be evaluated according to paragraph 5.5.3.
Levels in disposal and recycling stage

As introduced in paragraph 2.2., the analysis of global warming potential
canalso be carried outfor Disposal and recycling stage in different levels
of detail according to the chart below.

Level concept of disposal and recycling stages

Level Concept of Disposal and Recycling stage

1. Activity data of each EoL 2. Carbon intensity data of each EoL 3. Recovered parts disposal and

processes processes recycling process
e.g. Weight of vehicle, parts, e.g. Dismantling and e.g. Tyre, SLI battery, Traction
material etc shredding/sorting, ASR thermal battery, etc

recovery, Materials. recycle etc

Level 1 Global or Generic Global or Region or Country Global or Region or Country
secondary data primary data or secondary data | process can be chosen, depend
Level 2 can be chosen, depend on the on the study
Primary data study
Level 3 (BoM & MDS) Global or Region or Country Global or Region or Country
primary data or secondary data process shall be specified and
Level 4 shall be specified and provided provided by CPs
by CPs
7. Reporting

The results of the A-LCA based on this Resolution shall be reported
without bias to the intended audience and in accordance with paragraph 6
“Reporting” of ISO 14040:2006. The results, data, methods, assumptions
and limitations described in the background report shall be presented in
sufficient detail to allow the reviewers/verifiers and the targeted audience
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to comprehend the determination process and its CFP value. Government
authorities may introduce additional reporting requirements to reflect the
stringency of their specific LCA requirements.

For all levels of the level concept, this background report is the basis for
critical review / verification. Additionally, the following information shall
be described within the background report as a summary report whenever
the results of the A-LCA are available to the public.

Table 20
Required information in the summary report

General information

practitioner

Name, affiliation, qualifications

date of report

DD-MM-YYYY

Goal of the study:

purpose of the study; Reporting/strategy
target audiences;
Applicable Methodology Level 1/2/3/4
Applicable Chain of Custody model if applicable

MassBalance
Book&Claim
thd

v [lifestage or no-use

v llifestage or no-use

Vehicle

configuration (Level 3&4)

Declared vehicle configuration

Model name and version,
vehicle type, powertrain type,
specific features or variants
considered

Mass without traction battery

Battery configuration, if applicable

Model identifier, battery
capacity (kWh), battery
chemistry, number of cells or
modules, battery weight (kg or
Ib)

LCA group ID

Geogra

phic considerations

Location of the vehicle production factory(ies)

Use-stage regions considered

Geographical considerations for end-of-life
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Results (t COzeq/veh. or g COzeq/p-km) 123456.7
Material & parts & vehicle production stage 1.234
Material production stage if available
Parts and vehicle production stage if available
Use stage derived from
Fuel consumption, if applicable type approval
Electric consumption, if applicable type approval

Discrepancy factor

Deterioration factor

Service life (km)

Vehicle lifetime (years)

Carbon intensity factor (fuel), if applicable

| Modelling

Statistic/dynamic/dispatch

Total leakages from the vehicle

Maintenance and consumables
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End-of-Life stage (Traction battery excluded, -0.4
MBBM included)
RCM based EoL result *1 04
MBBM result *2 Material; -0.6  Energy;-0.2

Traction batteries

Material & production stage

Material production stage if available

Production stage if available

End of Life stage (MBBM included)

RCM based EoL result *1

MBBM result *2 Material; Energy; Repurposing;
Representative vehicle
Configuration Model name and version, model

identifier, vehicle type,
powertrain type, specific
features or variants considered

Mass without traction battery

LCA Group ID

group criteria () € up to RV discussion

group criteria (b) € up to RV discussion

group criteria (¢) < up to RV discussion

group criteria (e) < up to RV discussion

Results of RV without traction battery

[appi] | Material production and assembly stage: 1.234
Material production stage if available
Parts & vehicle production stage if available
Applied energy modelling
Applied secondary data base or set name (if single source applied)

Primary data share

Detailed information is available on the background report and verified by reviewers /

verifiers
End-of-Life stage -0.4
RCM based EoL result *1 04
MBBM result *2 Material;-0.6  Energy;-0.2
Applicable recycling modelling RCM or CFF
In case of CFF application, CFF applied Steel, Aluminum, Cupper

material type according to paragraph 5.5.2.1

Applicable material type sent to incineration | PP, ABS, Rubber
with energy recovery to paragraph 5.5.2.2

Applied energy modelling

Applied secondary data base or set name (if single source applied)

Reviewers/ Verifiers

Signature of Reviewers / Verifiers

*1 Impactsof the ELV treatmentaccording to RCM basis system boundariesas defined
in Figure 21, corresponding to C_(EoL,RCM) specified in paragraph 6.4.7.

*2 Burdens and Benefits of the ELV treatment and material recycling according to
MBBM method system boundaries as defined in Figure 21 corresponding to
C_(EoL,MBBM) specified in paragraph 6.4.7.
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As outlined in 1SO 14044, data quality considerationsand uncertainty shall
be documented in the study summary report and assessed using a suitable
methodology such as those described by ILCD57, ecoinvent, and U.S.
EPAS8 59,

Verification process

Verification shall be conducted to confirm that the results of the A-LCA
have been obtained in accordance with this Resolution while ensuring
transparency and consistency. Therefore, for A-LCA studies of level 1, 2,
3 and4 a critical review shall be conducted according to 1SO 14040:2006
paragraph 7 (,,Critical Review™) with additionalfocus on compliance with
this Resolution. The verification statementshall be available on the report
of A-LCA studies intended for publication .

Verification thus refers to

@) methodology applied,

(b) input data used,

(c) interpretation of results,

@ interpretation of robustness of the study,

(e) reporting of these topics in the background report and
)] check of the numerical results of the calculation.

For Level 1 and 2, LCA practitioners should decide whether to perform an
internal or external critical review in accordance with 1SO 14040:2006
paragraph 7 whereas for Level 3 and 4 an external third party review is
mandatory. For Level 3 and 4, the verification shall be done from the
perspective of the vehicle and therefore will be conducted at OEM level. It
shall also include the definition of the LCA upstream group as well as the
choice of the representative vehicle forwhich the OEM calculatesthe LCA.
Where the OEM’s LCA includes verified primary information / primary
data from suppliers, no re-verification of these data is necessary. The
verification of the OEM's LCA calculation system shall include data
collection, internal sources, assumptions, calculation processes and tools
applied. Incasean LCA calculation system is verified and that verification
is still valid, no reverification of the system is required foran LCA study
based on the verified LCA calculation system. OEMsshall make the system
verification statements available to the contracting parties’ according to
their requests. The same holds true for suppliers who are responsible for
providing data in accordance with this Mutual Resolution.

5" European Commission. (2010). ILCD handbook: General guide for Life cycle Assessment -

58

59

Detailed guidance. Italy: European Union.

U.S. EPA. (2016). Guidance on Data Quality Assessment for Life Cycle Inventory Data. EPA
Document No. EPA/600/R-16/096.
https://nepis.epa.gov/Exe/ZyPDF.cgi/P100R8JX.PDF?Dockey=P100R8JX.PDF

U.S. EPA. (2024). Data Quality Assessment Method to Support the Label Program for Low
Embodied Carbon Construction Materials (Version 1).
https:/iwww .epa.gov/system/files/documents/2024-08/dga-method_v2_final.pdf


https://nepis.epa.gov/Exe/ZyPDF.cgi/P100R8JX.PDF?Dockey=P100R8JX.PDF
https://www.epa.gov/system/files/documents/2024-08/dqa-method_v2_final.pdf
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Inthe case thatno verification body hasbeen nominated by the Contracting
Party to the UNECE secretariat, the current practice referring to 1SO
14071:2024 and 1SO 14064-3:2019 should be continued.

Government authorities may introduce supplementary verification
requirements to ensure alignment with the level of stringency applied in
their respective LCA policies.
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Annex 1

Service life (in kmand years) values for European countries

Duration

Region / Country Year (Years) Source

Belgium 2023 18.5 Febelauto (2023), rapport annuel 2023 (Febelauto is the
extended producer responsibility organisation for vehicles in
Belgium)

Finland 2024 22.8 Finnish Information Centre of Automobile Sector (2025),
based on Statistics Finland

France 2022 19.8 Agence de I'environnement et de la maftrise de
l'énergie (2024), Véhicules : données 2022

Germany 2022 18.6 Federal Ministry for the Environment and
Umweltbundesamt (2024), Jahresbericht Uber die Altfahrzeug-
Verwertungsquoten in Deutschland im Jahr 2022

Netherlands 2023 19.6 Auto Recycling Nederland (2024), Highlights of the
Sustainability Report 2023 (ARN covers 84% of vehicles
recycled in the Netherlands)

Portugal 2022 23.8 Portuguese Environment Agency (2024), Reporte de
Qualidade VFV 2022

Spain 2023 211 SIGRAUTO (Spanish Association for the Environmental

Treatment of End-of-Life Vehicles)
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Annex 2

[Formulas per uses cases (level, powertrain and EoL
modelling method)]

[The following table, summarizes the formulas and equations to use,
depending on level, powertrain and method of EoL modelling. A specific
tool (excel format) hasbeen developed in the framework of this Resolution
and can be found here: [put link]. This tool selects automatically the
equationsand formulasto apply depending on use cases (level, powertrain
and EoL modelling method).]
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