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Extended Executive Summary

The TranSensus LCA project (funded by the EU’s Horizon Europe programme) aims to develop
a baseline for a European-wide harmonised, robust, transparent, commonly accepted and
applied single life cycle assessment approach for zero emission road vehicles, including en-
vironmental and social aspects.

This report is the first deliverable from Work Package (WP) 3 and compiles the documentation
that was shared with the advisory boards to support their voting on the Life Cycle Assessment
methodology being developed under WP2.

Three voting rounds have been organised to date to gather feedback from the advisory boards:

e First voting round from 14/12/2023 to 14/01/2024
e Second voting round from 28/03/2024 to 26/04/2024
e Third voting round from 10/09/2024 to 04/10/2024

The first voting round focused ONLY on (S)-LCA of existing products, also called retrospec-
tive product-scale LCA. It included the TranSensus LCA consortium’s proposals and rationale
on the following topics:

e Ontology and database management: including proposals on how and to what extent
should S-LCA be integrated in TranSensus LCA ontology, the recommended approach for
the baseline TranSensus LCA ontology, and the recommended approach for a vehicle and
battery decomposition tree.

e Goal & Scope: including proposals on the LCA typology, technology coverage, system
boundary, functional unit and the goal & scope for S-LCA.

e Inventory: including proposals on data collection (primary/secondary data choices, how
data should be collected, and how to evaluate its quality), recommendations on multifunc-
tionality of systems (e.g., allocation rules) and choices related to electric energy modelling.
Specific proposals are also made for Social LCI.

e Impact Assessment: including proposals on the impact categories and life cycle impact
assessment (LCIA) methods as well as normalisation and weighting. For S-LCA, recom-
mendations on impacts sub-categories and stakeholder categories are also included.

e Interpretation, decision making and frontloading concept: including recommendations
for conducting sensitivity analysis, scenario analysis and uncertainty analysis.

A slide pack containing the executive summary of these methodology options is provided in a
separate file to this report.

The second voting round included refined or additional proposals for the TranSensus LCA
methodology, based on the continuation of the WP2 work validated in 1st voting session, such
as:
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e Goal & Scope: including refined proposals on technology coverage, system boundary and
functional unit.

e Inventory: including proposals on electricity modelling (production phase, use phase, End
of Life phase, on-site electricity production, market-based electricity modelling), multifunc-
tionality and data requirements.

e Impact assessment: including proposals on normalisation, prospective and fleet-level
LCIA, use of LCA software, and the mandatory set of LCA impact categories.

e Interpretation, Decision making and frontloading concept: including proposals on the
mandatory vs recommended vs optional analysis of parameters.

A slide pack containing a summary of these methodology options is provided in a separate file
to this report (this is the same slide deck as provided to the beneficiaries and associated part-
ners).

The third voting round built on the outcomes for the second voting and the continuation of
the work under WP2. It included the TranSensus LCA consortium’s proposals on the following
topics:

e Goal & Scope: including refined proposals on the functional unit (segments and the default
values for lifetime distance driven in km for two-wheelers, default values for lifetime dis-
tance driven in km for heavy-duty vehicles, default values for lifetime in years), the OEM
fleet LCA approaches, the prospective LCA approach, and the macro fleet LCA approach.

e Inventory: including refined proposals on electricity modelling, multifunctionality and
data collection on specific aspects (energy consumption, non-exhaust emissions, hydrogen
supply mix, maintenance, wear and consumables)

e Impact assessment: including refined proposals on the mandatory set of LCA impact cat-
egories and methods and the recommended social impact indicators.

e Interpretation, Decision making and frontloading concept: including refined proposals
on the mandatory vs recommended analysis of parameters, the recommended S-LCA inter-
pretation parameters, the integration in product development process and the reporting.

A slide pack containing a summary of these methodology options is provided in a separate file
to this report (this is the same slide deck as provided to the beneficiaries and associated part-
ners).
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1. Introduction

The TranSensus LCA project (funded by the EU’s Horizon Europe programme) aims to de-
velop a baseline for a European-wide harmonised, robust, transparent, commonly accepted
and applied single life cycle assessment approach for zero emission road vehicles, including
environmental and social aspects.

This method should allow real-data-based LCA, be adaptative (depending on the goal, the prac-
titioner and the level of knowledge), be comprehensive including all life cycle stages and rele-
vant impact categories (not focusing only on GWP), cover a wide range of Zero Emission
technologies, allow confidentiality, be standardized, differentiating, auditable (TranSensus
LCA D1.2,2023)

Structured in 6 work packages (WP), the first WP1 of TranSensus LCA aims to review existing
standards and guidelines, OEM reports and literature, addressing LCA and S-LCA for vehicles
and batteries. Based on this review, surveys and internal expertise, gaps and needs have been
identified. Based on the WP1 findings and recommendations, WP2 aims to conceptualize a
common Life Cycle Assessment methodology. In parallel, WP3 aims to facilitate the review-
feedback process between the Advisory Boards and WP2. This involves the compilation of
documentation from WP2 into a presentable format for review, the creation of questionnaires
to collect feedback, the delivery of workshops to enable effective communication between the
advisory boards, and the evaluation, clustering and prioritisation of the feedback from the ad-
visory boards.

Three voting rounds have been organised to date to gather feedback from the advisory boards:

e First voting round from 14/12/2023 to 14/01/2024
e Second voting round from 28/03/2024 to 26/04/2024
e Third voting round from 10/09/2024 to 04/10/2024

The survey questionnaires are provided in a separate file to this report.

This report compiles the documentation that was shared with the advisory boards to support
their voting. This included the following documents which are included in this deliverable:

e WP3 Feedback Session n°1 Preparation Document - Consultation with the advisory
boards based on WP2 results: focused ONLY on (S)-LCA of existing product, also called
as retrospective product-scale LCA to support the first survey planned with the TranSensus
LCA industry and scientific advisory boards.

o In addition, a slide pack containing the executive summary of methodology op-
tions included in the above document was also shared with the advisory boards and is
provided in a separate file to this report
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WP2 Voting Session n°2 Preparation Document - Building blocks of TranSensus LCA
methodology: given that the voting for both beneficiaries and involved associated part-
ners as well as the advisory boards was conducted in parallel, the same documentation
was used. It includes the continuation of preliminary work performed in 2023 and validated
in 1st voting session (October 2023).

o In addition, a slide pack containing a summary of methodology options included
in the above document was also shared with the advisory boards and is provided in a
separate file to this report (this is the same slide deck as provided to the beneficiaries
and associated partners).

WP2 Voting Session n°3 Preparation Document - Building blocks of TranSensus LCA
methodology: as in the previous voting round, the third voting round was conducted in
parallel for both beneficiaries and involved associated partners as well as the advisory
boards. This documentation reflects the continuation of preliminary work performed since
the start of the project in January 2023 and validated in two voting sessions (October 2023
and March 2024).
In addition, a slide pack containing a summary of methodology options included
in the above document was also shared with the advisory boards and is provided in a
separate file to this report (this is the same slide deck as provided to the beneficiaries
and associated partners)
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2. Documentation to support first round of voting

2.1 Ontology and database management (Task 2.1)

This task covers the creation of a common ontology for an LCI database for the road transport
sector and battery value chain. The ontology creation will be tackled using the FAIR principles:
promoting data indexation and metadata (to ensure Findability; handling IP protection and ac-
cess to the LCI database (for Accessibility); promoting data exchange to ensure Interoperabil-
ity; and documenting data quality and data requirements (for Reusability). It will describe how
“social” and “economic” aspects must adhere to the ontology, to be able to be considered in an
LCA perspective consistently. Intervals of maintenance (in terms of evolving standards and
method) and updates (in terms of evolving technology) of the database will be proposed time-
wise and process-wise.

Ontology & Data
Management

Figure 2-1: Summary of recommendation & voting options

2.1.1 S-LCA & economic factors

The goal of this subtask is to decide how and to what extent should S-LCA be integrated in
TranSensus LCA ontology.

S-LCA STEP 1: description of the main findings and learnings from WPI1 & partners ex-
pertise & SoTA

Description & Analysis

In the Social Life Cycle Assessment context, ontology refers to a structured knowledge repre-
sentation that defines and categorizes the various elements, relationships and concepts within
the domain of social impacts of products and services. It provides a framework for systemati-
cally understanding, assessing and communicating the social implications throughout the life
cycle of a product, from raw material extraction to disposal.

The ontology proposed in the TranSensus LCA project for the S-LCA domain is primarily
based on the UNEP Guidelines. This core structure serves as the foundational blueprint.
However, to ensure a comprehensive and holistic approach, the ontology also integrates
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elements from other prominent ontologies, namely those presented by ILCD, BONSAI and
the ORIENTING (ORIONT) project. A significant feature of this ontology is the adoption
of the Reference Scale approach, which provides a comprehensive method for assessing
and comparing social impacts.

Product Social Impact Assessment (PSIA) Framework is another guideline for social life cycle
assessments. It was created based on UNEP guideline 2013. The UNEP Guideline, however,
is more thorough and incorporates PSIA into the reference scale approach. We won't be con-
sistent with ISO 14040 and ISO 14075 if we solely use PSIA, and we won't be considering
anything quantitative either. Additionally, the UNEP Guidelines have attained a greater level
of consensus that involves more organisations and businesses (see the nine pilots, which also
include one developed by the Roundtable), rather than just a small number of companies (as it
is for the PSIA).

The reference scale approach is in common use rather than the impact pathway approach in
social life cycle assessment (S-LCA) because it is more advanced. The reference scale ap-
proach uses performance reference points (PRPs) which are defined as thresholds or targets
that set different levels of performance. In contrast, the impact pathway approach assesses the
consequences resulting from the product system through one or multiple characterization mod-
els that employ cause-effect relationships for evaluating impact categories that are comparable
to environmental life cycle assessment (E-LCA). The reference scale approach is more ad-
vanced because it focuses on the past or current social performance or social risks related to
the behaviour of the organizations involved in the product system along its life cycle stages.
Additionally, the current development of characterization models within the impact pathway
S-LCIA is limited to potential social and socio-economic impacts, and for a very restricted
number of impact subcategories.

S-LCA STEP 2: Recommended approach and options for voting from WP2 — T2.1 Ontology
- §-LCA and economic factors

The consortium recommends basing the S-LCA ontology on the UNEP guidelines and
to adopt the Reference Scale approach.

This approach is more thorough than other alternatives and incorporates PSIA into the refer-
ence scale approach, being consistent with ISO 14040 and ISO 14075. Additionally, the UNEP
guidelines have attained a great level of consensus. On the other hand, the Reference Scale
approach is more advanced than other alternatives.
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2.1.2  Baseline for TranSensus LCA Ontology

Ontology STEP 1: description of the main findings and learnings from WPI & partners
expertise & SoTA

What is an ontology?

Definition of ontology

In the context of environmental life cycle assessment (LCA) for zero-emission road transport,
an ontology can be defined as a structured and formal representation of knowledge that encom-
passes the environmental aspects, variables, and relationships specific to the life cycle of zero-
emission vehicles and associated infrastructure. It provides a standardized framework for or-
ganizing, categorizing, and interconnecting information related to LCA in the context of zero-
emission road transport, including resource consumption, emissions, waste generation, energy
use, and other environmental impacts.

Properties or attributes are assigned to each class to describe their characteristics, values, and
relationships with other classes. These properties can include quantitative parameters such as
energy consumption, emissions, resource use, as well as qualitative attributes like technology
type, vehicle specifications, and operational conditions.

The ontology is developed with consideration for existing standards and guidelines specific to
zero-emission road transport and LCA methodologies. It undergoes iterative refinement and
validation through expert feedback and stakeholder engagement to ensure accuracy, con-
sistency, and applicability.

By providing a standardized and structured representation of knowledge, an ontology facilitates
data integration, interoperability, and consistency in environmental life cycle assessments for
zero-emission road transport. It supports decision-making processes, enables comparison of
different vehicles and technologies, identifies areas for improvement, and promotes sustainable
practices in the development and deployment of zero-emission vehicles and associated infra-
structure.

Description of ontology

In the context of environmental life cycle assessment (LCA), an ontology refers to a struc-
tured and formal representation of knowledge about the environmental aspects of prod-
ucts, processes, and systems. It provides a standardized and systematic framework for
organizing and categorizing information related to LCA.

An ontology in LCA defines a set of concepts, relationships, and properties that enable the
representation and modeling of various environmental factors and their interconnections. These

Filename: TranSensus LCA D 3-1 Final.docx

©TranSensus LCA - This is the property of TranSensus LCA Parties: shall not be distributed/reproduced without formal approval of
TranSensus LCA SC. This reflects only the author’s views. The Community or CINEA is not liable for any use that may be made of the
information contained therein.



Funded by
Y, the European Union

GA# 101056715

Ver: Final Date: 29.11.2024 Page 7 of 482
Deliverable D 3.1

factors can include resource consumption, emissions, waste generation, energy use, and other
impacts associated with the life cycle of a product or service.

The ontology typically consists of a hierarchy of classes, where each class represents a specific
environmental aspect or variable. For example, classes could include "raw material extraction,"

nmn nn nmn

"manufacturing process," "transportation," "energy consumption," "emissions to air," "water
consumption,” and so on. These classes are interconnected through relationships that capture

the dependencies and associations between different aspects of the life cycle.

Properties or attributes are used to describe the characteristics and values associated with each
class. For instance, properties can include parameters such as mass, volume, energy intensity,
emission factors, and environmental impact indicators.

By utilizing ontology in LCA, researchers, practitioners, and decision-makers can achieve sev-
eral benefits. It facilitates data integration and interoperability by providing a common lan-
guage and structure for organizing and sharing LCA data. It also enables the development of
consistent and standardized LCA methodologies and tools. Furthermore, an ontology allows
for the identification of data gaps and uncertainties, supports sensitivity analysis, and enhances
the overall understanding of the environmental implications of different life cycle stages and
activities.

Overall, an ontology in the context of environmental life cycle assessment serves as a valuable
knowledge representation framework that aids in structuring and analyzing complex environ-
mental information, promoting better decision-making towards sustainable development and
resource management.

What are OEMs practices on data collection?

Statements and sample data sheets from the OEMs were compared to find similarities or dif-
ferences in their approach. The information provided was the basis to develop a questionnaire
on what information would be required for the development of the ontology, with following
questions:

1.  How is the BOM (list of parts) obtained?

2. To how many datasets are the IMDS materials matched?

3. Are there plans already on how to implement possible future GWP results shared via
IMDS? If yes, how?

4.  What are the logistic distance assumptions?

Is maintenance included in the use-phase and based on which assumptions/maintenance
cycles?
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6.  Which emissions are asked for at plant level/production phase and for the use phase?

Which of these data is actually reported and then used for LCA?

7. Which production processes (suppliers and inhouse) are included in the LCA?

What type of fuel/energy is considered for the different drive types (ICE, HEV, PHEV,

BEV)?
9.  Isthe same driving cycle (e.g. WLTP) used for all drive types?
10. How long is the product cycle (when are LCAs updated and to what extent)?

11. How did the assumptions for mileage/durability/lifetime evolve? Do these change for

different vehicles types or regions?

12.  When doing an LCA update, is the BOM/primary or background data/the LCA model

updated?
13. How many LCAs were done already and how many were about ZEV?
Considering S-LCA:

14.  Which organizations participate in the various stages of the product system (Considering

the entire life cycle of the product)?

15. What are the stakeholder groups (e.g. Workers; Local Community; Value Chain Actors;

Consumer; Society; Children) that could be impacted by the product system?

16. What are the significant social topics* that are material/relevant throughout the product

system?

Note: Not all OEMs received all these questions, as some of them might have been sufficiently answered during

the respective interview.

The answers from the different OEMs have been analyzed for each question/topic. It has been
stated whether there is consensus on their approach or where there are differences. This is lined

out in the table below.

Table 2-1: Synthesis of OEM interviews and the respective questionnaire

Topic/Question Synthesis of the answers

What is the granularity of the materials? | - Mostly based on IMDS and a company specific mapping list.

Which background data sources are | - LCA FE/MLC (former GaBi SW/databases)

used? - Supplier data rarely used today, but desired in the future.

How is the Bill of Materials (BOM) ob- | - Different approaches exist on how to receive data from several
tained? internal areas.

How are delivered parts considered? - Mostly based on IMDS
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- Most of the time 100 % of the BOM is mapped
- Not every single material can be mapped precisely, due to unclear
naming in IMDS or a missing match in databases
Is IMDS used? - This is an integral part for most OEMs.

- Vehicles are mapped to a few hundred datasets.

Is there a standardized approach on how
to conduct an LCA?

- Internal workflows are more or less standardized (but differ be-
tween the companies).

- For vehicle LCA no published standard is in use for all aspects
of a certain LCA.

How is the inhouse production consid-

ered?

- Companies use different approaches regarding multi-output allo-
cation, included emissions or use of aggregated secondary

data/own modelling.

Which production processes (suppliers

and inhouse) are included in the LCA?

- All relevant inhouse processes are included.

- Often no specific information is available from the suppliers.

Which emissions are asked for at plant
level/production and for the use phase?
Which of these data is actually reported
and then used for LCA?

- Different approach on how and which emissions are reported and

how these are grouped to workshops/production plants.

What are the assumptions for the differ-
ent life cycle steps (production, use, end-
of-life)?

- Different assumptions regarding mileage and maintenance.

- At end-of-life mostly Cut-Off is used.

What are the logistic distance assump-

tions?

- Different assumptions for the distance value and differs in split

between inbound and outbound transport.

What type of fuel/energy is considered
for the different drive types?

- Mostly EU-mixes used.

- Sometimes country specific or future mixes for scenario analysis.

What is the update cycle?

- Most LCAs are done before or at start of production (SOP).

- Some companies rarely do updates, some when major changes

occur, some on a yearly basis.

How many LCAs were done already?

- The experience, especially regarding BEVs highly differs be-

tween the companies.
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Revision of existing ontologies that are similar to the scope of TranSensus LCA and
OEMs data collection practices

Literature review

A detailed literature review on ontology was conducted, relevant findings were collected in a
shared Word-file.

Several guidelines, standards, ontologies or other documents have been checked for relevant
information relating to this subtask. As the concept of ontology has almost not been used in the
context of LCA, this was a major challenge. Which elements exactly the ontology should con-
tain could not be determined easily and from the start. The research thus was done in an itera-
tive manner, to expand the knowledge about ontologies and at the same time cross-checking
different documents of interest.

While the concept of ontology can be used in many different areas, only a few ontologies in
the context of life cycle assessment or the vehicle/battery value chain could be found.
These ontologies however had a different scope than what is needed for TranSensus LCA.
Thus, these could only be used to understand the concept of ontology itself, but not many useful
elements could be extracted to be directly used in our case. This changed however, as soon as
we were given access to the ORIENTING deliverable. Here, they created an ontology for
LCSA. From this point on, this file could be used as a starting point to understand the use of
ontology in our use case.

Table 2-2: List of analysed guidelines, standards, ontologies and other documents

Publisher / Author Document / Hyperlink

Ghose et al., 2021 A core ontology for modeling life cycle sustainability assessment on the Se-
mantic Web
https://doi.org/10.1111/jiec.13220

Chungoora, 2019 A formal ontology describing LCA methodology
https://tishchungoora.medium.com/a-formal-ontology-describing-Ica-meth-
odology-97a2da2250bc

OICA Application of LCA in the automotive industry
https://unece.org/sites/default/files/2022-
05/13_OICA_20220531_OICA%?20presenta-
tion UNECE%20GRPE%20LCA_v4.pdf

Stier & Gold, 2023 Battery Value Chain Ontology (BVCO)
https://doi.org/10.5281/zenodo.8114726
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China Automotive Carbon

Digital Technology Center

Carbon footprint of road vehicle products - Product category rule - Passenger
car

http://en.cpp.auto-cices.com/Download/Index

ORIENTING EU Project

Data ontologies: Documentation of the ORIENTING LCSA ontology (ORI-
ONT)

https://orienting.eu/publications/

EPD International

Draft PCR Passenger Cars

https://www.environdec.com/product-category-rules-pcr/get-involved-in-pcr-

development#pcrsinopenconsultation

European Committee for | EN 15804:2012+A2:2019
Standardization
Green NCAP Estimated Greenhouse Gas Emissions and Primary Energy Demand of

Passenger Vehicles: Life cycle assessment methodology and data

https://www.greenncap.com/wp-content/uploads/Green-NCAP-Life-Cycle-

Assessment-Methodology-and-Data 2nd-edition.pdf

Bitencourt de Oliveira et al.,
2022

Exploring automotive supplier data in life cycle assessment — Precision versus
workload
https://doi.org/10.1016/j.trd.2022.103247

Global Battery Alliance

Greenhouse Gas Rulebook: Generic Rules - Version 1.5

https://www.globalbattery.org/media/publications/gba-rulebook-v1.5.pdf

eLCAr

Guidelines for the LCA of electric vehicles
http://dx.doi.org/10.13140/RG.2.1.2782.8244

Fraunhofer ISC

KlproBatt vl
https://kiprobatt.de/wiki/Fraunhofer ISC/Processes/KIproBatt vl

RISE Viktoria

LCA guidelines for electric vehicles
https://www.ri.se/sites/default/files/2019-
06/Bilaga%202%2C%20LCA%20Guidelines%20for%20electric%20vehi-

cles.pdf

RISE Viktoria

LCA guidelines for electric vehicles — Literature review
https://www.ri.se/sites/default/files/2019-
06/Bilaga%203%2C%20LCA%20guidelines%20for%?20electric%20vehi-
cles_Literature%20Review.pdf

China Automotive Technol-

ogy and Research Center

LCA Research Progress of CATARC
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https://wiki.unece.org/download/attachments/172852238/LCA-01-
07r1 _China_ CATARC%?20presentation%20LCA%20Research%20Pro-
21es5%200f%20CATARC%2020221027%20update.pdf?api=v2

PFA LIFE CYCLE ASSESSMENT APPLIED TO A VEHICLE OR A VEHICLE

EQUIPMENT - METHODOLOGICAL RECOMMENDATIONS
https://pfa-auto.fr/wp-content/uploads/2023/04/DT Me%cc%81thodolo-
gie 2023 V15 ENGLISH.pdf

EPD International

PCR Public and Private Buses and Coaches
https://api.environdec.com/api/v1/EPDLibrary/Files/f{d9df997-77fe-41af-
eal1-08db041celb6/Data

Recharge PEFCR for High Specific Energy Rechargeable Batteries for Mobile Applica-
tions
https://ec.curopa.eu/environment/eussd/smgp/pdf/PEFCR_Batteries.pdf

JRC Rules for the calculation of the Carbon Footprint of Electric Vehicle Batteries
(CFB-EV)
https://eplca.jrc.ec.europa.eu/permalink/battery/GRB-CBF_CarbonFoot-
printRules-EV_June 2023.pdf

CAESAR Systems S-TEN
http://www.caesarsystems.co.uk/

CATENA-X SUS - 004 Product Carbon Footprint Rulebook

https://catena-x.net/fileadmin/user upload/Standard-Bibliothek/Ar-
chiv/1_UC_Sustainability v2.1/SUS - 004_PCF_Rulebook v2.1.pdf

Wilkinson et al., 2016

The FAIR Guiding Principles for scientific data management and stewardship
https://doi.org/10.1038/sdata.2016.18

Verband der Automobilin-
dustrie e. V. (VDA)

VDA 231-106: Material classification in motor vehicle construction: Structure
and nomenclature (Version 10/2021)
https://webshop.vda.de/VDA/de/vda-231-106-102021

Verband der Automobilin-
dustrie e. V. (VDA)

VDA 900-100: Guidance for conducting life cycle assessment studies of pas-
senger cars (Version 08/2022)
https://webshop.vda.de/VDA/de/vda-900-100-082022

TranSensus LCA

WP1 Survey Results

No existing ontology covers directly the TranSensus scope / use case. The existing knowledge
on ontologies is limited: The concept of ontologies itself is very abstract, complex and can be

hard to understand in the beginning. Some existing ontologies cover LCA in some way or

another, but as mentioned above with no direct concordance to TranSensus.
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Some relevant existing ontologies

Following ontologies were found, that roughly cover LCA or the vehicle/battery value chain
or production processes. These ontologies will be explained in the following sections.

Examined ontologies

e KiproBatt vl

e LCA methodology ontology

e Battery Value Chain ontology (BVCO)
e (Catena-X Ontology

e BONSALI ontology (BONT)

e ORIENTING ontology (ORIONT)

KlproBatt vl

Describes the process of manufacturing battery cells (Fraunhofer ISC, 2022). While this is too
specific for the overall scope of this deliverable, this ontology could potentially be imple-
mented in the future.

LCA methodology ontology

This ontology is too broad and high-level for the scope of this report. Elements that are addi-
tionally covered in this ontology are e.g., Organization & Assignment, Decision Making or
Process Design. (Chungoora, 2019) In case the TranSensus ontology should cover these ele-
ments as well, the LCA methodology ontology can be used as a foundation.

Battery Value Chain Ontology

The Battery Value Chain Ontology (BVCO) is a cross-project development coordinated by
Fraunhofer ISC (both EU and national research projects). The purpose of this ontology is to
describe processes within the value chain of batteries. A process is a holistic perspective ele-
ment that transforms inputs and outputs (matter, energy, information) into outputs and products
through the application of tools (devices, algorithms). They may be decomposed into sub-pro-
cesses and have predecessor and successor processes may exist. The ontology is based on the
General Process Ontology (GPO) and the Elementary Multiperspective Material Ontology
(EMMO). In comparison to BattINFO, BVCO manages the higher-level process chains for
material processing and manufacturing, while BattINFO focuses on the internal components
and chemical processes. The two ontologies are therefore complementary. (Stier & Gold, 2023)

BVCO is focused on the production processes of a battery and does not specifically include the
aspects of Life Cycle Assessment. The ontology only covers lithium-ion batteries and no fur-
ther technologies. It is therefore out of scope for this project.
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Catena-X ontology

The Catena-X ontology aims to be an integrative framework, focusing on automotive manu-
facturing. Building a federated virtual knowledge graph enabling data access across companies
in the automotive industry. (Catena-X, 2023)

The Catena-X approach on ontologies and taxonomy is complex and rather hard to understand
in full without deeper knowledge about ontologies, IT and an ontology applications like Pro-
tégé. As they are not specifically modelled to represent Life Cycle Assessment (LCA), they
don’t fit the scope of this project.

The BONSALI ontology

The BONSALI ontology unites previous sustainability assessment ontologies (General data
model by Pauliuk et al., 2019; LCA ontology by Kuczenski et al., 2016; LCA ontology by
Janowicz et al., 2015), with two main applications: Firstly, integration of relevant data from
the publicly available databases, such as the EXIOBASE and the Yale Stock and Flow Data-
base, and secondly querying the resulting integrated database. (Ghose, Lissandrini, Hansen, &
Weidema, 2021) Descriptions and examples of the different BONSAI elements are given in
Table 2-3, Figure 2-1 and Figure 2-2.

Table 2-3: Description and examples from the BONSAI ontology (Ghose, Lissandrini, Hansen, &

Weidema, 2021) & (ORIENTING, 2022)

Description Example

Activity

Making or doing something within a spatial and tem-
poral delimitation.

“Cultivation of wheat” in Germany in the year 2020
or “Aluminium production” in China in the year
2020.

Activity Type

This class includes the labels of activities.

“Cultivation of wheat” or “Aluminium production”.

Agent

An entity (person or thing) that performs an activity.
An agent may have a location that may be different
from the location of an Activity performed by it.

Within an activity, agents can perform different
roles, for example, laborer, owner, purchaser, con-
sumer.

Flow

An input or output of an entity to or from an instance
of an Activity or a directional exchange of an entity
between two instances of Activity. A flow can be
unidirectional, that is, a flow can be defined as an in-
put or output of an activity without defining its
origin or destination. The determining flow is a

Input of 2393 tonnes of “Aluminium and aluminium
products” (FlowObject) to “Manufacture of motor
vehicles” (ActivityType) in Germany in the year
2011.
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specific flow of an activity for which a change in de-
mand or supply will affect the activity level.

Flow Object

This class includes the labels of entities that are pro-
duced or consumed by an activity or added to or re-
moved from a stock accumulation.

“Wheat” or “Aluminium and aluminium products”.

Balanceable Properties

Properties of Flows.

Dry mass, wet mass, energy, elemental mass, mone-
tary value (when measured in the same valuation)
(non-balanceable properties: volume, number of
units, Becquerel (unit to measure radioactivity).

Balanceable Property Type

The property/"quantity" that is quantified.

Mass

Reference Unit

A measure to which the numeric value representing
the measure of a flow is expressed in proportion to,
e.g. CO2-emissions per kg-km transport covered.
“Functional Units” are reference units, but not all
reference units are “Functional Units.”

Amount of CO2 emitted from a transport activity
may be expressed in proportion to the quantity of an-
other flow of this activity (e.g., 1 km of distance cov-
ered) or to a time period (e.g., CO2 emissions per
year from transport).

Numerical Value

1
Unit

kg
Quantity

Mass
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Figure 2-3: Visualization of BONT (Ghose, Lissandrini, Hansen, & Weidema, 2021)
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The ORIENTING Ontology

The ORIENTING research project aims to develop an operational methodology for product
Life Cycle Sustainability Assessment (LCSA). This should include environmental, social, and
economic aspects. For structuring the most important methodological and data elements and
their relationships, the ORIENTING LCSA ontology (ORIONT) was created. The BONSAI
ontology (BONT) forms the basis for ORIONT. (ORIENTING, 2021)

Product system and BONT classes

As BONT is rather generic/macro-level, it was deemed necessary to adapt it with the aim to be
more specific and to cover all sustainability topics” (ORIENTING, 2022). To reach this, sev-
eral additional elements were added, which are based on the extended International Life Cycle
Data format (eILCD). The central aspects for this report are the product system and the BONT
classes, which can be seen in Figure 2-3.

Product System
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Figure 2-4: Selection of the main topics from ORIONT (ORIENTING, 2022)

relationship

Instances of.
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Activities can be grouped in life cycle stages (LCStages) in eILCD, to enable having Life Cycle
Impact Assessment (LCIA) results per life cycle stage. Different life cycle stages implemented
in ORIONT are given in the ORIENTING Output Format (OOF). (ORIENTING, 2022)

It should be highlighted, that while temporal and spatial information can also be given in
BONT, ORIONT uses the implementation according to elLCD. Additionally, they added
the possibility to assign a location to a flow, which was not possible in BONT. While in most
cases, the flow should have the same location as the respective activity, in special cases they
must differ (European activity, with the flow having a specific country linked). An especially
useful addition in ORIONT are two classes (conform to the eILCD format) for the reference
year and the validity year. (ORIENTING, 2022)

Classification of Flows

Another relevant aspect is the classification of flows, as seen in Figure 2-4. This is based on
eILCD as well.

I:l,\—masFlowDirection FlowDirection ‘O?}puit ,,,,,,, :
subClassOf
hasEFCategorisation EFCategorisation
ElementaryFlow

Legend ProductFlow hasEFCategories
| | WasteFlow
hasFLowClassification
OtherFlow
| individual |
hasFlowClasses
relationship

Flows
Instances of

|

Figure 2-5: Classification of Flows (ORIENTING, 2022)
LCIA Part of ORIONT

The third big part of ORIONT deals with LCIA, as seen Figure 2-5. In the report detailed
information is given on specific elements within this part. The basic building block is the class
“Method”. This class is linked to the class “Characterization Model,” which can be used to
quantify impacts indicators. “Method” is also a part of a certain methodology, being a set of
different methods to assess different impact categories. (ORIENTING, 2022)
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Figure 2-6: LCIA part of ORIONT (ORIENTING, 2022)

The closest match was found with the ontology from ORIENTING, which can be used as a
baseline for our new TranSensus ontology (TLCAO). As the scope and technical implemen-
tation of ORIONT is more generic than the scope of TranSensus LCA, we create a specific
use case of ORIONT by adding several elements and therefore being more detailed. This is
especially done for covering S-LCA and by integrating a decomposition tree.

There are a few benefits from using this approach:

1) It is a common method to build up on existing ontologies,
2) the workload is drastically reduced,

3) we create a linkage to another EU project,

4) the main author of ORIONT is part of TranSensus and of big help in creation of TLCAO,
and

5) improved consistency in the field of ontologies for LCA in a broader context.
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The drawbacks are that ORIONT has not yet been officially published yet, and it would have

to be checked, if possible future changes in ORIONT would have to be implemented in
TLCAO.

Ontology STEP 2: Recommended approach and options for voting from WP2

The consortium recommends using the ORIENTING ontology (ORIONT) as a baseline
for our new TranSensus ontology (TLCAO)

2.1.3 Material Tree

Material Tree STEP 1: description of the main findings and learnings from WPI & partners
expertise & SoTA

To better understand the system studied and facilitate the implementation of a methodology a
decomposition tree is sometimes used in LCA guidelines. However, this tree is rarely part of
an ontology and rather a support for a specific methodological aspect. In the scope of the Tran-
Sensus LCA project, it was decided that a decomposition tree of a Zero Emission Vehicle,
which would be drafted in task 2.1, could be useful in several tasks and work packages.

The following decomposition trees were found and analyzed:

e GREET

e IMDS - VDA
e CATARC

e GBA

e GRB-CBF

The above listed trees cover the vehicle and/or the battery.

The closest match was found with the GREET for the vehicle and the GRB-CBF for
the traction battery, which were used as a basis. These decomposition trees will be
adapted to fit the scope of TranSensus LCA, in close collaboration with several OEMS.

Compared to using an existing decomposition tree or creating something from scratch, this
approach has a few benefits:

1) the workload decreases,
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2) the proposal will be generic enough for every OEM and LCA practitioners to find them-
selves in this decomposition and therefore to reach a consensus,

3) while it will be specific enough to reflect the products studied under TranSensus LCA,
and

4) we create a link with another project (already approved).

The balance between generality and specificity is very important to find, that way we make
sure that the tree can be useful in the project/methodology and can be adopted by everyone.

A drawback is, that this will need to be adapted if technological breakthroughs occur, but
most probably this would also be the case for other approaches to build a decomposition tree.
Depending on how this progresses further in other tasks, it might still not reflect all OEM
value chains.

ICEV HEV PHEV EV

f
0
<

System

Body system

Powertrain system
Transmission system
Chassis system

Traction motor
Generator

Electronic controller
Fuel cell auxiliary system
Batteries

Fluids (excluding fuel)

ANENENEN
SN N N NN
SN N N NN
SN N N N N
SN N N N N

v
v

Figure 2-7: Vehicle systems included in GREET
Table 2-4: Material composition for vehicle components from GREET (U.S. Department of Energy, 2022)

Powertrain System (including Transmission System/Gearbox
BOP)

Steel Steel Steel

Wrought Aluminum Stainless Steel Copper

Cast Aluminum Cast iron Cast Iron

Copper/Brass Wrought Aluminum Magnesium

Zinc Cast Aluminum Wrought Aluminum

Magnesium Copper/Brass Cast Aluminum

Glass Fiber-Reinforced Plastic Magnesium Carbon Fiber-Reinforced Plastic

Glass Glass Fiber-Reinforced Plastic Average Plastic

Carbon Fiber-Reinforced Plastic Average Plastic Rubber
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Average Plastic Rubber Others
Rubber Carbon Fiber-Reinforced Plastic Chassis (/o battery)
Others PFSA Steel
Carbon Paper Cast Iron
Steel PTFE Wrought Aluminum

Stainless Steel

Carbon & PFSA Suspension

Cast Aluminum

Cast Aluminum Platinum Copper/Brass
Copper/Brass Carbon Zinc
Nd(Dy)FeB magnet Nickel Magnesium
Phenolic resin Silicon Glass Fiber-Reinforced Plastic
Enamel Others Average Plastic
Nickel Electric Controller Rubber
PET Steel Others
PBT Cast Aluminum Fuel Cell Onboard Storage
Mica Copper/Brass Steel
Fiberglass Rubber Stainless Steel
Silicone Average Plastic Carbon Fiber-Reinforced Plastic
Epoxy resin Alumina Glass Fiber-Reinforced Plastic
Nylon Epoxy resin Wrought Aluminum
Methacrylate ester resin Fiberglass Copper
Paint/Varnish Gold Average Plastics
Zinc Nickel Rubber
Others Nylon Nickel
Steel Polypropylene (PP) Others
Cast Aluminum Polyurethane
Copper/Brass Zinc
Others Zinc oxide
Others
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Figure 1. System boundaries of the carbon footprint of a generic EV battery. Other types of batteries (e.g., anode-free batteries, cell-to-pack design) may have a different visualization of
their system boundaries. Each square represents a process, while each arrow represents an activity data (e.g, kg of solvent, kg of additive). The different colours (blue, yellow, orange, and
green) indicates in which life-oycle stage each process belongs, while red arrows and red borders indicates if a process/activity data shall be company-specific (section 6.1). PWE: Printed
Wiring Board. CAM: cathode active material, AAM: anode active material.
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Additives preduction I Additives Erclductinn
TR SR Metal sheet production
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{collector) {collector) [ Electralyte salt preparation | Carbon fiber production @
o — ohes - a— |
T ¥ ¥ Y ¥ v y v v |
Active material production | [ Active material production
c.wl AM | Electrolyte salt v vy v v
Cathode production, includi i i Housing assembli Cooling system
L P ? on, including hm_x!e prn-t_iucﬂun. including Bectrolyte production, | ng ng accombli
mixing of ink components, mixing of ink components, St | moling
coating of ink on collectors, coating of ink on collectors, B i o
drying, calendaring and slitting drying, calendaring and slitting mn-_:lng |
Cathode Anode o Electrolyte o y  Battery housing o Cooling system o ¥ J.

Cell production, including stacking/winding of electrodes and separator, assembly into a cell housing or pouch, injection of electrolyte, closing of cell, testing and cell
electrical formation

Battery cell ¥

v
Module assembly, i.2., assembly of cells into modules/pack including electric/electronic components, housing, and other relevant components
Battery modufe‘,
Battery assembly, i.e., assembly of modules with electric/electronic components, housing, and other relevant components into a finished battery
S T S/
Final b - Mandatory company-specific processes
¥
Life cycle stages Transport of the battery from the manufacturing site
to the final assembly of the battery with the vehicle
I:l Raw material manufacturing and pre-processing
l:l Marndfacturing ¥ . Mandatory company-specific data
|:| Dictribution Waste collection, battery dismantling, thermal or l:l Mandatory company-specific process
l:l End-of-Life mechanical pre-treatment, separation and conversion
oo into recycled material.

Source: JRC

Figure 2-8: Battery decomposition according to GRB-CBF
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Figure 2. System components. The inner boxes depict the individual components of each product e.g,, the battery cell
comprises the components ‘anode’, ‘cathode’, ‘electrolyte’, ‘housing’ and ‘other’, while the components of the battery
module are ‘cells’, "housing' and ‘electronics’.

Other
Battery cell  Anode Cathode  Electrolye  Housing  Ssparator
binder, ez
\ 4_._'.___,_,_,—
Electronics
Battery module Cells Module housing Cablesfbusbars, fans,

hattery managemeant

\A—/ff"’ﬂ

Electronics Cooling system
Battery pack Modules System housing Power electronics, Ducts. coolant
4 System comtrol, o, puUmMps, #C
Sowrce: JRC
Figure 2-9: System components according to (Andreasi Bassi, et al., 2023)

Material Tree STEP 2: Recommended approach and options for voting from WP2

The consortium recommends using an adaptation of GREET for the vehicle decomposi-
tion tree, and an adaptation of GRB-CBF for the traction battery decomposition tree,

including explanations of elements that need further improvement or that are worked on
in 2024.
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2.2 Goal & Scope (Task 2.2)

Task 2.2 elaborates a common Goal and Scope definition by integrating environmental and
social aspects for the transport sector, in particular for electromobility, from best available
techniques and informed by the needs and gaps identified in WP1.

Goal & Scope
definition

Figure 2-10: Summary of recommendation & voting options

2.2.1 Subtask 1: Goal definitions

In the goal definition we cover several aspects: we define the LCA types and the reasons for
carrying out the LCA as well as who is the user and who is the target audience.

Goal & Scope STEP 1: description of the main findings and learnings from WPI1 & partners
expertise & SoTA

Three main types of LCA were identified in the WP1 TranSensus LCA deliverables:

e Retrospective LCA: The retrospective LCA is on the product level and is conducted for
already existing products.

e Prospective LCA: The prospective LCA is also on the product level but it is performed
for future products. This can be emerging technologies or products or also products that are
still in development.

e Fleet level LCA: The fleet-level LCA is on a higher system-level and can be performed in
the present or in the future.
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Based on this, initial definitions from the ILCD decision context were analysed (see Table 2-5)
in WP 2.2, Inputs from partners were collected. The definition for retrospective vehicle LCA
and the prospective vehicle LCA were well aligned with the understanding in the consortium.
However, different understanding for the fleet level existed — one seeing the fleet level as the
ILCD on the macro economy level and one seeing the fleet level on the manufacturer level.
Therefore, the fleet LCA was divided into two different levels (see Table 2-6). To provide more
details, we decided to add the user of the LCA type to our definition.

Table 2-5: Definition of LCA types with decision context and audience and reason from ILCD

LCA type and ILCD de-

cision context

Product LCA
Decision context C1 (“acH
counting with interac
tions”)
Decision context C2 (“acH
counting without interac-
tions”)

Definition Audience and reason

A Product LCA aims to evaluate en-
vironmental impacts after the prod-
uct is developed. It can thereby be
defined as an accounting type of as-
sessment. The main applications of
the result are for monitoring and re-
porting purposes

e Compliance & reporting (article 7a
CO2 emission perf. standards; article 7
Battery Directive)

e Product declarations (e.g. ecolabels)

e Consumer info

Prospective LCA
Decision context A

A Prospective LCA aims to identify
environmental hotspots before or

e Eco-Design
e Comparisons/Benchmarking

(“Micro-level  decision| during the developing phase of a | e Development of PCR

support”) product. Decisions drawn from the | e Development of Ecolabel criteria
LCA primarily influence the fore- | e Development of product specific indi-
ground system and not the back- cators such as “Carbon Footprint”
ground system, thus, no structural
changes occur.

Fleet Level LCA A Fleet Level LCA (context: mobil- | e Policy development (“backcasting

Decision context B
(“Meso-/Macro-level de-
cision support”)

ity sector) aims to evaluate the envi-
ronmental impacts related to the tran-
sition of one technology to another.
In contrast to Product/Prospective
LCA, it is (typically) dynamic and
has a time-scope of many years. Fleet
Level LCA wuses scenario analysis.
Decisions drawn from the LCA have
large-scale, structural effects on the
background system due to market
mechanisms.

EERNT3

analysis”, “what-if analysis”)

e Policy information (groups of prod-
ucts)

o Strategy analysis
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Goal & Scope STEP 2: Recommended approach and options for voting from WP2

The Consortium recommends categorizing LCAs into 4 types (see decision tree and
definitions underneath).

The following definitions (see Table 2-6) are proposed:

Table 2-6 :

Definition

Definitions proposed in TranSensus LCA

Reason

User of the LCA

Target audience

Retrospective A Product LCA aims to | e Reporting + com- | ® LCA experts e Customers

vehicle LCA evaluate environmental pliance within the R&D | e Internal stake-
impacts slightly ~ before | e Calculation base department holders (decision
or after the start of produc- for sustainability / product depart- | makers, product
tion. A nearly finalised report ment developers)
bill of materials of all parts | e [dentification of | ® External consult-| e Auditors
is available to the OEM. hot-spots ing firms

e Target setting
e Comparison be-
tween vehicles

Prospective ve-| A prospective LCAiscon- | e Research and de- | ® R&D department| e Internal stake-

|nicle LCA ducted in the development velopment (eco- e Purchase depart- |  holders (decision
stage and aims to esti- design) ment (target- makers, strategy
mate environmental —im- | e Target setting ing supply chain)|  developers)
pacts  before the start | e [dentification of e External consult-| ® Policy makers
of production (sev- levers to reach tar-|  ing firms (informative)
eral years). The TRL is gets e Researchers e Scientific com-
low (TRL<6) and the | o Comparison be- (universities and | munity
BOM is mnot com- | tween vehicles RTOs)
pletely defined.

Manufacturer | A manufacturer fleet LCA | o Corporate report- | Same as retrospec-| Managers for tar-

|fleet LCA aims to  evaluate the ing of fleet emis- tive/prospective get track-
weighted environmental sions vehicle LCA ing + gen-
impact of a series of dif- | e Inform future de- eral public (in-
ferent products introduced carbonisation strat- fos in Annual
by asingle manufac- egy and Sustainabil-
turer. Typically it is based | e Fleet portfolio op- ity report), CDP,
on an extrapolation of ve- timisation sustainability rat-
hicle LCAs. ings, financial

ratings
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Macro level fleet
LCA

Macro level fleet LCA is
conducted at the sub, na-
tional or international
level to support economy-
scale strategies. Fleet is
typically generic, i.e. rep-
resentative of a variety
of manufacturers

e Inform policy de-
cision making

e Strategic & sus-
tainability plan-
ning

e Evaluation of con-
sequences of large
scale decisions

e Research insti-
tutes

e Consultancies

¢ Governmental
agencies

¢ Policy makers

e Scientific com-
munity

e General public

And a decision tree that shows when to apply which LCA type was developed:

Focus on a single
OEM?

No

Focus on a single

vehicle?

Yes

No

BOM nearly completed

and available lo OEM?

Yeos No

Manufacturer
Fleet LCA

Macro-level
fleet LCA

e
vehicle LCA vehicle LCA
Figure 2-11: Decision tree showing the differentiation between the LCA types

2.2.2

Subtask 2: Technology coverage

This subtask has several goals including the definition of a zero-emission vehicle, which vehi-
cle types, which powertrains and components to include in the LCA.

Technology coverage STEP 1: description of the main findings and learnings from WPI &
partners expertise & SoTA

To define the zero emission vehicle (ZEV) in TranSensus, available definitions from literature
were collected (Table 2-7). In available literature ZEVs are defined as vehicles that operate
without any tailpipe emissions. In all sources, this includes different power trains:

o BEV — Battery electric vehicles
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FCEV — Fuel cell electric vehicles

e FC-REEV - Fuel cell range extended electric vehicles
o BEV-ERS — Battery Electric Vehicles with dynamic charging operation on Electric Road
Systems (e.g. includes BCEV = battery catenary electric vehicles, as well as

vehicles operating on dynamic wireless/inductive charging, or rail conductive

charging)

Some sources include plug-in hybrid electric vehicles (PHEVs). This is not aligned with the
understand of ZEVs in TranSensus because over their full life cycle they do emit tail pipe
emissions since they cannot operate fully electrically 100% of the time. Sometimes hydrogen
fuelled ICEs (Hz ICE) are included in ZEVs as well. While they do not emit CO during the
use, they do emit some other tail pipe emissions.

Table 2-7 :
Author

Title

1)10) W

Definitions on ZEVs in different sources of literature

Definition

Weblink

2022 |Axsen efWhat Do We Know|10.1021/ [The definition of ZEV commonly includes any vehicle that can op-
al. about Zero-Emissionfacs.est.1c |erate fully or partially with zero tailpipe emissions, namely battery]
\Vehicle Mandates?  |08581 electric (BEVs), plug-in hybrid electric (PHEVs), and hydrogen|

fuel cell vehicles (HFCVs).

2022 [Rosales- [Analysis of the barri4{10.1016/ |[Zero-emission vehicles (ZEVs) are motor vehicles that do not pro-
Tristancho fers to the adoption ofjj.tra.2022.(duce direct tailpipe emissions. These vehicles can be divided into
et al. zero-emission vehiclesf01.016  {two groups: electric vehicles that store energy in a battery (Battery]

in Spain Electric Vehicles or BEVs), and electric vehicles in which energyj
is stored in the form of hydrogen (Fuel Cell Electric Vehicles or]
FCEVs).

2020 [Miele  etThe role of charging10.1016/ |Following the governments of California, Canada and others, we

al. and refuelling infra-j.trd.2020.juse the term ZEV in reference to vehicles that can operate withouf
structure in supporting|102275  [emitting any tailpipe GHGs. This definition includes battery electric
zero-emission vehicle] vehicles (BEVs) which are powered solely by electric batteries|
sales charged from the grid, plug-in hybrid electric vehicles (PHEVs)
which can be powered interchangeably between electricity and gas-
oline (or both together), and hydrogen fuel cell vehicles (HFCVs)

which are powered by hydrogen gas.

2002 |Dixon et alDriving Emission to| ZEVs were defined as vehicles that produce zero exhaust emissions
(RAND) [Zero: Are the Benefits under all operating conditions. Battery-powered electric vehicles

of Califonia's Zero (BPEVs) and direct hydrogen fuel-cell vehicles (DHFCVs, which
Emission Vehicle Pro- are fueled with hydrogen gas) are the only ZEVs considered to be]
gram Worth the Costs technically feasible for commercial production.
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1995

'Woods

Zero-emission vehicle]
technology assess-
ment. Final report

The definition of ZEV used is based on Title 13, California Code of
Regulations, Part 1900, as modified by the California Air Resources|
Board (CARB), and was approved by NYSERDA for this study:
"A Zero Emission Vehicle (ZEV) is a vehicle that produces zero|
emissions of all criteria pollutants (carbon monoxide, oxides of ni-
trogen, non-methane hydrocarbons, and particulate matter [PM-
10]) under all possible operating modes and conditions, with the|
exception of emissions from fuel-fired heaters. Fuel-fired heaters
are permitted in ZEVs provided that the fuel system is completely
sealed and leak-free and that the heater cannot operate when thej
ambient temperature exceeds 40°F."

2023

EU

EU CO2 regulations|
for cars and vans

Publica-
tions Of-

“... Zero-emission vehicles currently include battery electric ve-
hicles, fuel-cell and other hydrogen powered vehicles, and tech-

fice (eu-

nological innovations are continuing. Zero- and low-emission ve-

ropa.cu)

hicles, which also include well performing plug-in hybrid elec-|
tric vehicles,..."

2023

EC

Proposed CO2 regula-|

EUR-Lex

‘zero-emission vehicle’ means the following vehicles: (a) a heavy-

tions for HDVs

52023PC
0088 - EN|

duty motor vehicle with not more than 5 g/(t-km) or 5 g/(p-km) of
(CO2 emissions as determined in accordance with Article 9 of Reg-
ulation (EU) 2017/2400; (b) a heavy-duty motor vehicle fulfilling]

- EUR-

the conditions of point 1.1.4 of Annex I to this Regulation if no CO2

Lex  (eud

emissions have been determined according to Regulation (EU)

ropa.cu)

2017/2400; (¢ ) a trailer equipped with a device that actively sup-
ports its propulsion and has no internal combustion engine or has|
an internal combustion engine emitting less than 5 g CO2/kWh as|
determined in accordance with Regulation (EC) No 595/2009 of the
European Parliament and of the Council and its implementing]
measures or UNECE Regulation (EC) No 49.

Furthermore, vehicle types to include were collected based on typical means of road transport:

Passenger car
Light commercial vehicle/ van

Lorry/ truck

Urban bus
Coach

Motorcycles/ Mopeds etc.
Light Means of Transport (e-bikes, e-scooters..)
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Technology coverage STEP 2: Recommended approach and options for voting from WP2

The consortium recommends defining a zero-emission vehicle as 'a vehicle without
any tail pipe emissions'.

The consortium recommends considering the following powertrains in the Transensus
LCA methodology:

* BEV - Battery Electric Vehicles
* FCEV - Fuel cell electric vehicles
* FC-REEV - Fuel Cell Range Extended Electric Vehicles

* BEV-ERS — Battery Electric Vehicles with dynamic charging operation on Electric Road
Systems (e.g. includes BCEV = battery catenary electric vehicles, as well as vehicles
operating on dynamic wireless/inductive charging, or rail conductive charging)

* H2 ICE — H2 internal combustion engine.

The TranSensus LCA consortium recommends including the following vehicle types:

o Passenger car
e Light commercial vehicle/ van

e Lorry/ truck
e Urban bus
e Coach

e  Motorcycles/ Mopeds etc.

Regarding the inclusion or not of light means of transports such as e-bikes and e-scooters, the
consortium proposes two voting options:

Table 2-8 : Voting options on light means of transport

Option 1 Option 2

Descrip- | Include light means of transport such as e-bikes | Not Include light means of transport such as
tion and e-scooters in the vehicle types additional to | e-bikes and e-scooters
the types mentioned above
Pros e Probably fairly easy to model since it e  Probably not directly in the scope
is a simple product of the ZEV guidelines
e Relevant in some regulations coming e Quite different purpose and there-
into place fore challenging to capture it in the
same system boundary and func-
tional unit as the other vehicles
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e Quite different supply chain com-
pared to vehicles — additional effort
in including it in the guidelines

Cons e  Probably not directly in the scope of e  Probably fairly easy to model since
the ZEV guidelines it is a simple product
e  Quite different purpose and therefore e Relevant in some regulations com-
challenging to capture it in the same ing into place

system boundary and functional unit
as the other vehicles

e Quite different supply chain com-
pared to vehicles — additional effort in
including it in the guidelines

2.2.3  Subtask 3: System boundary for retrospective vehicle LCA

In this subtask, the system boundary for the retrospective vehicle LCA is defined, including
the life cycle stages. Cut-off rules for flows and Inclusion/ Exclusion for processes are also
defined.

System Boundaries STEP 1: description of the main findings and learnings from WPI &
partners expertise & SoTA

An overview of the input from guidelines and the survey on the life cycle stages to include and
cut-off rules for processes was compiled. Inputs from all WP2 partners on their system bound-
aries and cut-off rules were collected.

System boundary

Several key findings were highlighted in the WP1 TranSensus deliverables and surveys, re-
garding system boundaries:

- 1: guidelines & standards: As Table 2-9 shows the guidelines either apply cradle-to-gate
(potentially + use-phase) or cradle-to-grave. None of the mentions second life in their sys-
tem boundary.

- 2: Survey: Figure 2-11 shows that industry is also mainly applying cradle-to-gate and cra-
dle-to-grave as their system boundary.

- 3: WP2 partners: Inputs were collected from WP2 partners regarding their practice for sys-
tem boundaries. The answers are well aligned with the analysis of guidelines and standards
and the survey by mostly using either cradle-to-gate or cradle-to-grave. Second life is typ-
ically not considered.
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Based on the proposal and the goal in TranSensus, the system boundary should be cradle-to-
grave to capture the full life cycle for ZEVs. Since the use phase is included, the energy in the
use phase should be modelled well-to-wheel. A question that still needs to be addressed is
whether or not to include second life.

Table 2-9 : Overview on system boundaries from WP1
Guidelines and standards report System boundary
CATARC Cradle-to-gate + use
GBA-rulebook Cradle-to-gate (+ recycling in new version v1.5)
GRB-CBF_Carbon FootprintRules-EV Cradle-to-grave: Raw material acquisition, manufacturing of
the battery system, distribution, EoL
PEFCR Batteries Cradle-to-grave
Catena-X Product Carbon Footprint Rule- | Cradle-to-gate
book
eLCAr Cradle-to-grave
PCR Buses and coaches v.2 EDP Int Cradle-to-grave
RISE - LCA Guidelines for electric vehicles | Cradle-to-grave
VDA - VDA - Guidance for Conducting Life | Cradle-to-grave
Cycle Assessment Studies of Passenger Cars
PFA technical guidance Cradle-to-grave
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100

an

Parcant

Gabe-to- Cradle-to- Cradie-to- Cradle-to-
gate gate grave cradle
Value Percent Responses
Gate-to-gate 18.68% 3
L]
Cradle-to-gate 62 5% 10
. ]
Cradle-to-grave 87 5% 14

Cradle-to-cradle 31.3% 5

Figure 2-12: Survey results on system boundaries modelled
Cut off rules for flows and exclusion of processes
The ISO 14044 gives the following guidance on cut-off:

The cut-off criteria are defined as a “Specification of the amount of material or energy flow or
the level of environmental significance associated with unit processes or product system to be
excluded from a study”.

The cut-off criteria for initial inclusion of inputs and outputs and the assumptions on which the
cut-off criteria are established shall be clearly described. The effect on the outcome of the study
of the cut-off criteria selected shall also be assessed and described in the final report.

Several cut-off criteria are used in LCA practice to decide which inputs are to be included in
the assessment, such as mass, energy and environmental significance. Making the initial iden-
tification of inputs based on mass contribution alone may result in important inputs being omit-
ted from the study.

Accordingly, energy and environmental significance should also be used as cut-off criteria in
this process.
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a) Mass: an appropriate decision, when using mass as a criterion, would require the inclusion
in the study of all inputs that cumulatively contribute more than a defined percentage to the
mass input of the product system being modelled.

b) Energy: similarly, an appropriate decision, when using energy as a criterion, would require
the inclusion in the study of those inputs that cumulatively contribute more than a defined
percentage of the product system’s energy inputs.

c¢) Environmental significance: decisions on cut-off criteria should be made to include inputs
that contribute more than an additional defined amount of the estimated quantity of individ-
ual data of the product system that are specially selected because of environmental rele-
vance.

Similar cut-off criteria may also be used to identify which outputs should be traced to the en-
vironment, e.g. by including final waste treatment processes. Where the study is intended to be
used in comparative assertions intended to be disclosed to the public, the final sensitivity anal-
ysis of the inputs and outputs data shall include the mass, energy and environmental signifi-
cance criteria so that all inputs that cumulatively contribute more than a defined amount (e.g.
percentage) to the total are included in the study.

When looking at the standards and guidelines (Table 2-10), there is no real differentiation be-
tween the cut-off of flows and the exclusion of processes. Cut off rules as defined in the existing
guidelines deviate often from what the standard ISO 14044 proposes or focus on cut-off of
processes instead of flows. OEMs seems to apply no cut-off of flows at all. There is no real
consensus between the existing guidelines, and none is giving full guidance on cut-off of flows
and exclusion of system boundaries. The analysed OEM reports in WP1 were mostly in line
with the ISO 14044.

Table 2-10 : Overview of cut-off rules from WP1

Guidelines and stand- Cut off rules

ards report

CATARC Infrastructure and equipment excluded

GBA-rulebook Cut off rule from the Commission Recommendation on the use of the Environmental
Footprint has been adopted

GRB-CBF_Carbon Manufacturing of capital goods for battery production, Battery use-stage, battery as-

FootprintRules-EV sembly with the OEM system components, auxiliary inputs not related to battery pro-
duction to be excluded

PEFCR Batteries Processes and elementary flows up to 3.0% (cumulatively) based on material and

energy flows and the level of environmental significance (single overall score)

Catena-X Product Car- | Development/administration expenses and emissions from employee commuting are
bon Footprint Rule- excluded. If based on the results of a screening study, individual material or energy
book flows are found to be insignificant for the carbon footprint, these may be excluded
for practical reasons
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eLCAr Not specified
PCR Buses and Upstream: exclusion of materials, energy and manufacturing facilities, transportation

coaches v.2 EDP Int

of raw materials, packaging

Core: production equipment and building, travels.

Downstream: waste treatment facilities, road infrastructure and services facilities,
cleaning agents

RISE - LCA Guidelines
for electric vehicles

Not specified

VDA - VDA - Guidance
for Conducting Life
Cycle Assessment Stud-
ies of Passenger Cars

components, processes or emissions can be excluded if the effort required for includ-
ing them seems unjustified (e.g. short distance forklift transport of components within
the production site). No intentional cut-off should be applied for the parts lists and
bill of materials. The modelled weight of cars shall range within 3% of the certifica-
tion weight. No cut-off criteria for manufacturing processes and emissions are de-
fined. Capital goods shall not be included in the foreground system. Inbound logistic
(delivery from suppliers) should be included if considered relevant. The replacement
of wear parts and warranty parts, after sales services, and washing of cars do not have
to be included (strongly user dependent). Recycling processes or environmental ben-
efits resulting from the provision of secondary material shall be considered.

PFA technical guidance

The document recommend excluding:

1) Infrastructure of administration/marketing)

2) commuting and travel business for employees

3) manufacturing of supplier infrastructure and tools (optional to exclude or in-
clude)

4) manufacture of packaging for the logistics of parts returning to the plant (recom-
mendation to take lost packaging into account)

5) manufacture of auxiliary materials for manufacturing (cutting oils, gloves, etc) :
optional to include however they are usually integrated in used datasets

6) manufacture of terminal plant infrastructure and tools or equipment manufactur-
ing plant

7) operation of the aftersales network and distribution of parts and accessories

8) particulate emissions from tyre wear and brake pads (optional)

Inputs from partners practices were collected. Either no intentional cut-off is applied, or the
specific cut-off rules are based on the project. A process on how to deal with cut-off of flows
when it cannot be avoided is developed. Process stages/elements that are frequently discussed
whether to include them or not in the system boundary are analysed in WP2 to give recommen-
dations for TranSensus LCA.

System Boundaries STEP 2: Recommended approach and options for voting from WP2

The consortium recommends that the system boundary model should be cradle-to-

grave.

This is also in line with most existing guidelines and standards as well as upcoming regulations.
Including the use phase and recycling comes with modelling challenges that will be addressed
in the functional unit (use phase) and the allocation (recycling).
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Table 2-11 : Voting options on the second use

Regarding the second use, the consortium proposes two options for voting:

Option 1 Option 2
Description Cradle-to-grave system boundary for ZEV Cradle-to-grave system boundary for ZEV with sec-
without second use ond use
Pros e In line with current regulations, modelling | ¢ More complete system boundary, second use might
of second use very case dependent, no become a relevant application
commonly applied methodology
Cons / e Difficult to foresee second use and its relevance at

the moment, modelling is very case dependent, no
commonly applied methodology

Possible con- | Rejection of methodology by key stakeholders | -
sequences (particularly the EC) as not compliant with leg-
islative requirements for batteries.
Recommenda- | none

tion of subtask

For the cut-off of flows, the consortium recommends following a hierarchical process:

Clear documentation of cut-off procedure applied

[ \
R . Cut-off allowance: Flows can be Exceptions of cut-off allowance
No intentional . X
cut off if they are not more than of flows because of their known
cut-off of flows . L
3% of the mass and energy. environmental significance
Figure 2-13: Hierarchy on how to deal with cut-off of flows

No intentional cut-off of flows should be made. In case, cut-off is needed, we suggest thresh-
olds based on 3% of mass and energy of the flows. 3% are common thresholds in existing
guidelines such as PEFCR batteries and the GBA rulebook. We don’t recommend cut-off based
on environmental significance because it is hard to estimate and highly depends on the impact
category considered. Combined with the allowance thresholds, we provide a list of inputs and
outputs that are known to be relevant from an environmental perspective, even if they have
rather small shares of mass or energy and are therefore mandatory to include. When a cut-off
is applied, transparent documentation of the approach is of high importance — why was some-
thing cut off and how.

From the best of knowledge and experience of the WP2 TranSensus LCA, the following list of
input and output flows are highly relevant from an environmental perspective and should never
be cut-off. This list might experience changes in the future with new technologies.

The consortium recommends to include and never cut-off all cited input and output flows in
the following table:
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Table 2-12: Overview of flows that are not allowed to be cut-off based on the knowledge of WP2
Inputs Outputs
Flow Flow

Platinum Group Metals (PGM) - e.g. used in catalysts | All fluorinated gases (incl. CFCs, HCFCs, HFCs,
HFEs, Halons, SF6, NF3, etc.)

Gold (Au) and Silver (Ag) - e.g. used in electronics Arsenic (As), Lead (Pb), Mercury (Hg), Chro-
mium (Cr), Cadmium (Cd) and their salts

Rare Earth Elements (REEs) and their salts - e.g. used | NMP (n-methyl pyrrolidone)
in electric motors

Cobalt (Co), Lithium (Li), Nickel (Ni) and their salts — | methane (CH4)
e.g. used in LIBs

Carbon fibers, VGCF, carbon nanotubes Heavy metals in general (nickel, copper, organic
chemicals, lead, thallium etc),

For including/excluding processes from the system boundary, the consortium recommends the
following for frequently raised discussion points in LCAs.

Table 2-13: Recommendations on inclusion and exclusion from system boundary in TranSensus LCA
Element Definition Consen- Note
sus in WP2

Development, adminis- | Refers to inputs to the manufacturing plant | Exclude
tration, marketing ex- | that are not directly related to the produc-
penses tion process (e.g. heating and lighting of as-
sociated office rooms, secondary services,
sales processes,

administrative and research departments,
etc.) (JRC-CBF)

Employee commuting Transport of employees to and from works | Exclude

Capital goods - infra- | Refers to capital goods (e.g., machinery, | Exclude Excluding capital

structure and equipment | trucks, infrastructure) with a lifetime longer goods in line with
than one year. The lifetime is the period be- PEF.

tween the time of production and the time
of initiating waste treatment of the product
(ecoinvent, see Weidema et al., 2013)

Charging station Exclude
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Infrastructure for elec- | This includes: power plant, transmission (+ | Include
tricity and hydrogen gen- | losses), transformers
eration
Auxiliary  materials for | Refers to materials needed for production | Include
production that do not end up in the product (e.g. sol-
vents, cleaning materials). This also in-
cludes capital goods with a lifetime shorter
than 1 year.
Maintenance: consu- | Consumable during the use phase of the ve- | Include
mables hicle. The minimum items to consider are:
engine oil, oil filters, 12V battery, engine
coolant and traction battery, air condition-
ing gas (PFA)
Maintenance: wear parts | Replacement of wear parts (such as tyres | Include
or brake linings), whose renewal depends
heavily on the driver’s driving mode. Ref-
erence should be made to the theoretical
change frequencies specified in the mainte-
nance book where they exist. The minimum
elements to take into account are: tyres,
brake linings and windscreen wipers (PFA)
Non-exhaust emissions | Emissions of particulate matter due to road | Include Currently no ma-
from tyres and brakes vehicle tyre and break wear (NFR code ture methodology
1.A.3.b.vi). 1.A.3.b.vi-vii Road tyre and or database. Needs
brake wear 2019 — European Environment to be aligned with
Agency (europa.cu) the data collection
(WP2.3)
Charging cable Include
2.2.4  Subtask 4: Functional Unit for retrospective vehicle LCA

In this subtask, the functional units for ZEVs for the retrospective vehicle LCA are defined.

Functional Unit STEP 1: description of the main findings and learnings from WPI1 & part-
ners expertise & SoTA

Several key findings were highlighted in the WP1 TranSensus deliverables regarding func-
tional units:

e The most common FUs for product-level vehicle LCAs (across all reviewed guidelines and
standards, and scientific studies) were “passenger*km” (for passenger vehicle),
“tonne*km” (for freight vehicles). and “vehicle*km”.

Filename: TranSensus LCA D 3-1 Final.docx

©TranSensus LCA - This is the property of TranSensus LCA Parties: shall not be distributed/reproduced without formal approval of
TranSensus LCA SC. This reflects only the author’s views. The Community or CINEA is not liable for any use that may be made of the
information contained therein.


https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-vi/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-vi/view
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-vi/view

Funded by
Y, the European Union

GA# 101056715

Ver: Final Date: 29.11.2024 Page 40 of 482
Deliverable D 3.1

e Almost all reviewed OEM reports adopted “transport of passengers or goods over the ve-
hicle service lifetime (km)” as FU. Exceptions where the use of Passenger*kilometer for
buses and Tonne*kilometer for some of the truck LCAs.

e All these FUs are acceptable, but it is worth pointing out that strictly speaking, the former
two (i.e., “passenger*km” and “tonne*km’) would be preferable, since they more directly
relate to the intended “function” of the vehicles in question, i.e., respectively “transporting
passengers” and “transporting goods”, and they implicitly include considerations of capac-
ity, which may lead to more meaningful comparisons across different vehicle types.

The definition of the functional unit is based on the lifetime of the vehicle. Therefore, the life-
time considered is a key topic. The survey in WP1 shows that industry mostly assumed life-
times of their vehicles between 150 000 and 200 000 km. Only some differentiate based on the
vehicle type. Occupancy rates are typically not included in the functional unit.

The inputs from the partners on functional unit and lifetimes were collected. The functional
units are well aligned with the findings from the review by using the vehicle lifetime. How the
lifetime is defined deviates. Some partners use the same life time for all vehicles, others differ-
entiate per vehicle segment. CEA suggests a new approach by developing mission profiles for
vehicles and using them as the base for the functional unit and the assumed life time. Mission
profiles describe the typical use of a vehicle over the year and therefore the kilometre driven
in total.

Furthermore, literature inputs on lifetime and durability were collected (see Table 2-14). It has
to be noted that all the collected sources use assumptions and are based on well-known ICE
vehicles. They do not consider degradation data from EVs.
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Table 2-14:

Literature inputs on lifetime and durability

Papers reviewed Year of Lifetime miles Location and comments
analysis  assumed
A Range-Based Vehicle Life Cycle Assessment | https://www.mdpi.com/1996- | Messagie et | 2014 230,000 km | Belgium
Incorporating Variability in the Environmental | 1073/7/3/1467 al (13.7 years)
Assessment of Different Vehicle Technologies
and Fuels
Sensitivity Analysis in the Life-Cycle Assess- | https://www.mdpi.com/2071- | Helmers et | 2020 200,000 km (-) | Germany Today, batteries can offer > 90%
ment of Electric vs. Combustion Engine Cars un- | 1050/12/3/1241 al of the original capacity even at 200,000 km
der Approximate Real-World Conditions [40,41]. Use phase mileages between
150,000 and 200,000 km were most often
applied in scientific reports [26,42]

Trends in life cycle greenhouse gas emissions of | https://www.sciencedi- Ambrose et | 2020 250,000 km (-) | US
future light duty electric vehicles rect.com/science/arti- al

cle/pii/S1361920919310466
The role of pickup truck electrification in the de- | https://iopscience.iop.org/ar- | Woody et al | 2022 330,000 km (18 | US projected technological developments
carbonization of light-duty vehicles ticle/10.1088/1748- years)

9326/ac5142
Statistical analysis of empirical lifetime mileage | https://link.springer.com/arti- | Weymar 2016 230,000 km (-) | US
data for automotive LCA cle/10.1007/s11367-015- and Fink-

1020-6 beiner
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https://link.springer.com/article/10.1007/s11367-015-1020-6
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Comparison of advanced fuels—Which technol- | https://www.sciencedi- Rosenfeld et | 2019 200,000 km (-) Austria
ogy can win from the life cycle perspective? rect.com/science/arti- al
cle/pii/S0959652619327490?
via%3Dihub
Comparative analysis of the life-cycle emissions | http://www.combustion-en- | Borkowski | 2022 300,000km (20 | Europe and US
of carbon dioxide emitted by battery electric ve- | gines.eu/Comparative-analy- | and years)
hicles using various energy mixes and vehicles | sis-of-the-life-cycle-emis- Zawaslak
with ICE sions-of-carbon-dioxide-
emitted-by-bat-
tery.147159.0.2.html
Vehicle's lightweight design vs. electrification | https://www.sciencedi- Mayyas et | 2017 200,000km UsS
from life cycle assessment perspective rect.com/science/arti- al
cle/pii/S0959652617318711
16 - Life cycle assessment of hybrid passenger | https://www.sciencedi- Candelaresi, | 2022 200,000- Europe
electric vehicle rect.com/science/arti- Detal, 300,0300+00 km
cle/pii/B9780128237939000
176
Life Cycle Assessment of Traditional and Electric | https://link.springer.com/cha | Ruben Bo- | 2020 300,000km Europe
Vehicles pter/10.1007/978-981-15- ros, R et all

9529-5 16
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All sources are well aligned regarding using one vehicle as the functional unit and estimating
its lifetime based on kilometres. Three main options regarding the functional unit exist:

e Vehicle*km for all vehicles
e Passenger*km (passenger vehicle) and tonne*km (freight vehicles)
e Vehicle*km (passenger vehicle) and tonne*km (freight vehicles)

For the lifetime assumptions, three main options could be identified:

e One lifetime regardless the vehicle, differentiate between passenger and freight vehicles
e Lifetime assumptions more differentiated by vehicle type
e Mission profiles

STEP 2: Recommended approach and options for voting from WP2

For the functional unit of vehicles for retrospective vehicle LCA, the consortium rec-
ommends to use:

- ton*km for freight vehicles,

- passenger*km for busses

- and passenger*km for passenger cars with the default assumption of one passenger
which then equals to vehicle*km for passenger cars.

Occupancy rates are to be addressed as part of a sensitivity analysis.

We choose this approach for occupancy rates since passenger*km is the more accurate func-
tional unit as it is more reflective of the actual function. However, estimating occupancy rates
adds a layer of complexity and therefore uncertainty to the functional unit and hinders interna-
tional comparisons.

Table 2-15: Voting options on lifetime assumptions

For the life time assumptions, the consortium recommends default values for segment
types (very small car, small car...) and mission profiles in the sensitivity analysis.

In the mission profiles, different default values are developed for example for Uber, cou-
ples, family using the same car, etc. The default values will be developed in the next weeks.

Justification:

- More details about car segments as compared to car types (passenger, freight, bus)
- Relatively easy to estimate
- Also allows comparison worldwide
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2.2.5 Subtask 5: Goal and Scope for S-LCA

To establish consistency between LCA and S-LCA, the definition of goal, technology, system
boundary, and functional for S-LCA will be defined similarly to LCA. In the Goal and scope
phase, S-LCA's application, Activity Variable, Regulations, Standards and guidelines followed,
and Geographical Coverage are all independently decided. The S-LCI and S-LCIA phases will
address other aspects of the purpose and scope, such as data collecting sources, data quality
evaluation, impact assessment methodology, stakeholder category, and impact category selec-
tion.

S-LCA STEP 1: description of the main findings and learnings from WPI1 & partners exper-
tise & SoTA

The main application of S-LCA studies identified from the WP1 TranSensus LCA deliverables
(see IV.2.1 Goal definition D1.1) is to compare different scenarios, create evaluation tools and
provide indicators for social risk assessments. In-sight from the studies can be used to inform
decision-makers as well as trigger actions and collaborations among stakeholders to mitigate
negative impacts and reduce social risks throughout the life of a product or service.

The main Activity Variable of S-LCA studies identified in the WP1 TranSensus LCA deliver-
ables are: The concept “activity variable” is also an additional feature in S-LCA. According to
the Guideline, “The activity variable is a measure of process activity which can be related to
process output.” “The activity variable may be used to represent the impact share of a process
compared to that of the product system (e.g., working injuries can be partitioned among pro-
cesses based on worker hour(s) per process”. However, it is not compulsory to use activity
variables, so it is not used in all studies. In SHDB and PSILCA databases the activity variable
is worker hours, therefore the reviewed studies that used SHDB or PSILCA (for example Shi
etal., (2023 and Thies et al., (2019) used worker hours as the activity variable) (for information
on databases, please refer to section 4.3.1 in D1.1). The chosen variables will determine the
importance of different activities in the product system. Worker-hours are the most used activity
variable. Another activity variable used is added value. It considers the amount of added value
created in each process.

The main Regulations, standards and guidelines of S-LCA studies were identified in the WP1
TranSensus LCA deliverables are Guidelines for SOCIAL LIFE CYCLE ASSESSMENT OF
PRODUCTS AND ORGANIZATIONS 2020 and Product Social Impact Assessment (PSIA)
Framework.

The geographical scope of study for Social Life Cycle Assessment (S-LCA) of Battery Electric
Vehicles (BEVs) varies depending on the study. Some studies have a global scope, while others
focus on specific countries or regions. For example, one study evaluated the environmental life
cycle assessment of BEVs from the current and future energy mix perspective in the top 10
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countries for BEV sales, including China, USA, Germany, South Korea, France, Sweden, Nor-
way, the Netherlands, Canada, and the UK. Another study reviewed the life cycle assessment
studies of electric vehicles with a focus on resource use globally. A third study conducted a
social life cycle assessment, focusing on the case of LiFePO4 globally. Therefore, the geo-
graphical scope of study for S-LCA of BEVs depends on the research question and objectives
of the study.
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STEP 2: Recommended approach and options for voting from WP2

Table 2-16:

S-LCA Ques-
tions
Consortium
recommenda-
tion

Recommended approach on S-LCA

Application of S-LCA

- Assessing Social Performance or
Social Risk

- Decision making

- Identification of social hotspots

-Enhancing sustainability report-
ing

-Comparing alternatives

-Supply chain management
-Policy development and regula-
tions

Activity Variable

Worker Hours

Standard/Guideline

UNEP 2020 guideline

Geographical Scope

Global

Explanation Assessing Social Performance or | S-LCA practitioners use the activity Guidelines for SOCIAL LIFE CYCLE | To carry out a social life cycle assess-
Social Risk: S-LCA can be used to | variable for social performance or so- ASSESSMENT OF PRODUCTS AND | ment (S-LCA) for Zero emission vehi-
assess the social performance or so- | cial risk assessment because it provides | ORGANIZATIONS 2020 and Product | cles (ZEVs) by Original Equipment
cial risk of a product system. This quantitative data that can be used to Social Impact Assessment (PSIA) Manufacturers (OEMs) in Europe,
can help identify areas where social | evaluate the social impacts of a product | Framework are the two major guide- comprising the social impact from min-
performance can be improved, and | system. The activity variable refers to lines that are commonly used for S- ing, refining, production, use, and end
social risks can be mitigated. the activities that are involved in the LCA. of life, the geographical scope of the

life cycle of a product system, such as study should cover the entire life cycle
Decision making: S-LCA can be production, transportation, use, and dis- | Product Social Impact Assessment of the ZEV, including all the stages
used as a tool for decision making posal. By using the activity variable, S- | (PSIA) Framework is created based on | mentioned above. The study should
based on sustainability criteria. By | LCA practitioners can identify the so- UNEP guideline 2013. The UNEP consider the social impacts associated
using S-LCA, decision makers can cial impacts associated with each activ- | Guideline 2020, however, is more thor- | with each stage of the life cycle, such
evaluate the social impacts of dif- ity and evaluate the overall social per- | ough and incorporates PSIA into the as the working conditions of the em-
ferent alternatives and choose the formance or social risk of the product reference scale approach. We won't be | ployees, the impact on the local com-
most socially sustainable option. system. consistent with ISO 14040 and ISO munity, and the social risks associated
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Explanation

Identification of social hotspots:
S-LCA can be used to identify so-
cial hotspots in a product system.
Social hotspots are areas where the
product system has a significant
negative impact on social sustaina-
bility. By identifying social
hotspots, companies can take action
to improve their social performance
and mitigate social risks.

Enhancing sustainability report-
ing: S-LCA can be used to enhance
sustainability reporting by provid-
ing a comprehensive assessment of
the social impacts of a product sys-
tem. By including S-LCA in sus-
tainability reporting, companies can
provide stakeholders with a more
complete picture of the social sus-
tainability of their products.

Comparing alternatives: S-LCA
can be used to compare the social
sustainability of different alterna-
tives. By evaluating the social im-
pacts of different alternatives, deci-
sion makers can choose the most
socially sustainable option.

It is preferable to use worker hours as
the activity variable for social perfor-
mance or social risk assessment in S-
LCA for the following reasons:
Quantitative data: Worker hours pro-
vide quantitative data that can be used
to evaluate the social impacts of a
product system. This data can be used
to prioritize data collection and quan-
tify the considered social inventory in-
dicators.

Most common activity variable:
Worker hours are the most common ac-
tivity variable used in S-LCA studies.
This makes it easier to compare the so-
cial impacts of different product sys-
tems and to build targeted S-LCA mod-
els using existing databases such as the
Product Social Impact Assessment
(PSILCA) database and the Social
Hotspot Database (SHDB).
Prioritization: Worker hour data of-
fers an additional and meaningful pa-
rameter to help prioritize further action
such as additional data collection. Pri-
oritization is a key activity for life cy-
cle management, and worker hours can
help identify the most intensive activi-
ties in a unit process.

14075 if we solely use PSIA, and we
won't be considering anything quantita-
tive either. Additionally, the UNEP
Guidelines have attained a greater level
of consensus that involves more organ-
isations and businesses (see the nine
pilots, which also include one devel-
oped by the Roundtable), rather than
just a small number of companies (as it
is for the PSIA).

with the production and disposal of the
ZEV. The study should also consider
the geographical location of each stage
of the life cycle, as the social impacts
may vary depending on the location.
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Explanation

Supply chain management: S-
LCA can be used in supply chain
management to evaluate the social
sustainability of the entire supply
chain. By evaluating the social im-
pacts of the entire supply chain,
companies can identify areas where
social performance can be im-
proved, and social risks can be miti-
gated.

Policy development and regula-
tions: S-LCA can be used to inform
policy development and regulations
related to social sustainability. By
evaluating the social impacts of dif-
ferent products and product sys-
tems, policymakers can develop
regulations that promote social sus-
tainability.

Reflects impact share: Worker hours
are related to 1 USD of process (or sec-
tor) output and can be used to measure
process output and reflect the impact
share (relative significance) of each
unit process related to the product sys-
tem.

Best available activity variable:
Worker hours are currently the best ac-
tivity variable available for obtaining a
measure of the scope each production
activity represents in S-LCA. There-
fore, worker hours are a preferred ac-
tivity variable for social performance
or social risk assessment in S-LCA due
to their quantitative nature, common
use, prioritization capabilities, and abil-
ity to reflect impact share.
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2.3 Inventory (Task 2.3)

This task aims at providing guidelines and recommendations on how to address LCI and S-
LCI for ZEV, building on the knowledge obtained from WP1 (SoTA & Needs and gaps anal-
ysis). Task 2.3 is intended to provide recommendations on primary/secondary data choices,
how data should be collected, and how to evaluate its quality. Moreover, guidelines related to
multifunctionality of systems (like allocation rules) as well as choices related to electric en-
ergy modelling are also discussed and recommended due to their relevance to the ZEV field.
The discussion aims to formulate draft actions and an approach to achieve recommendations
avoiding multiple interpretations of requirements, guidelines and results, and increasing com-
parability of studies while ensuring comparability and consistency with non-ZEV LCA studies.

These first recommendations are based on WP1 findings but also WP2 partners' expertise. Live
discussions, offline knowledge sharing through shared files were used to collect the partners
thoughts and benefit from their expertise in the different areas.

Summary of recommendation & voting options:

Primary & secondary data definition

Primary Data Share Index

Primary data needs

Energy consumption LDV )

: Use phase

Energy consumption HDV Data collection
Non-exhaust emissions
Energy efficiency
Maintenance
End-of-life data

Consistency across life cycle stages Inventory
; : e analysis
Consistency between LCA, LCC, S LCA e
: Multifunctionality

General multifunctionality approach

Rules for specific process/sectors
Data collection diagram for reference scale
Multifunctionality . .
N e Social LCI
Data for activity sources hierarchy

edigree Matrix

Reminder: the voting questions below are meant for “retrospective product LCA” as de-
fined in Task 2.2 of this WP. Adjustments to the choices/ new questions might be needed
to address fleet-level and prospective LCA.
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2.3.1 Subtask 1: Data collection & type

This subtask aims at determining what type of LCI data should be used in ZEV LCA studies
and how this data should be collected. Given the big coverage of this subtask, and to facilitate
the development of recommendations and voting questions, the UNECE level concept was uti-
lized here. The UNECE working group that is currently working on a globally harmonized
approach for vehicle LCAs, is applying and further developing the Level concept approach
(TranSensus LCA - WP 2 - SG3_level concept illustration v1(LCA-SG-03-03).pdf - Alle
Dokumente (sharepoint.com))). For TranSensus, this level concept was adopted as well. The
Level concept helps to establish transparency regarding the level of data quality used in a spe-
cific vehicle LCA (Table 2-17). This, in turn, gives an indication which vehicle LCAs (pro-
duced by different authors/companies/institutions) can be compared. For clarification: the LCA
study authors should indicate themselves what the level of their LCA is (1-4). The TranSensus
methodology can be applied by anybody — the data quality is just indicated by the respective
level. The Level concept itself is still a work in progress in the UNECE working group for all
life cycle phases. For example, the UNECE supply chain subtask will also develop a list of
components necessary to reach Level 3.

For this voting session, we focus on Level 3, thus recommendation and voting option will
be proposed ONLY to fulfil level 3.

Table 2-17: UNECE level concept approach for supply chain

SUPPLY CHAIN & Possible Vehicle . 2)
PRODUCTION | Comparison” modelling Representativeness
General concept [Generic material compo| Global average /
Level 1 of drivetrains (e.g|sition & average vehicle re ionalg
.BEVvs. ICEV) curb weight 9
General concept
gdn‘éeé@:; BOM & Material informal  Global average /
Level 2 9 : tion system regional
ICEV) based on CMDS / IMDS?
exemplary real” ( )
car vehicle model
’5 el presentative BOM & Material informa|
ehicle of OEM A[ . A
tion system (CMDS / IM| Regional & individual
Level 3 Vs .
. DS) & ,part-by-part SC for hotspots
A representative for hotspots
vehicle of OEM B
e.g. OEMA's BE
Level 4 V modelvs. OEM| BOM (,part-by-part”) individual SC
B's BEV model

Filename:

TranSensus LCA D 3-1 Final.docx

©TranSensus LCA - This is the property of TranSensus LCA Parties: shall not be distributed/reproduced without formal approval of
TranSensus LCA SC. This reflects only the author’s views. The Community or CINEA is not liable for any use that may be made of the
information contained therein.


https://fraunhofer.sharepoint.com/sites/TranSensusLCA-WP2/Freigegebene%20Dokumente/Forms/AllItems.aspx?id=%2Fsites%2FTranSensusLCA%2DWP2%2FFreigegebene%20Dokumente%2FWP%202%2FWP2%20General%20meetings%20with%20task%20leaders%20only%2F20230919%2FSG3%5Flevel%20concept%20illustration%5Fv1%28LCA%2DSG%2D03%2D03%29%2Epdf&parent=%2Fsites%2FTranSensusLCA%2DWP2%2FFreigegebene%20Dokumente%2FWP%202%2FWP2%20General%20meetings%20with%20task%20leaders%20only%2F20230919
https://fraunhofer.sharepoint.com/sites/TranSensusLCA-WP2/Freigegebene%20Dokumente/Forms/AllItems.aspx?id=%2Fsites%2FTranSensusLCA%2DWP2%2FFreigegebene%20Dokumente%2FWP%202%2FWP2%20General%20meetings%20with%20task%20leaders%20only%2F20230919%2FSG3%5Flevel%20concept%20illustration%5Fv1%28LCA%2DSG%2D03%2D03%29%2Epdf&parent=%2Fsites%2FTranSensusLCA%2DWP2%2FFreigegebene%20Dokumente%2FWP%202%2FWP2%20General%20meetings%20with%20task%20leaders%20only%2F20230919

Funded by
/ the European Union

GA #101056715

Ver: Final Date: 29.11.2024 Page 51 of 482
Deliverable D 3.1

The goal of this subtask is to address data collection, types and quality. Based on the Level
Concept of UNECE, only recommendations and voting options will be given for the Level
3. Nine topics will be addressed in this report covering the whole life cycle of ZEV. Except
for the definitions of primary/secondary data and the primary data share, all options are
ranked as (2) for the first voting round.

Primary & Secondary data definitions

The following definitions are based on a quick literature review of definitions covering GBA,
CATARC, Catena-x, PEF CR Batteries, CFB-EV, EPD Passenger Cars, e-LCAr; PFA, VDA
Passenger Cars and the discussion in our subtask. See the Appendix for the definitions used in
the mentioned standards.

The consortium recommends the following definitions of primary and secondary data:

Primary data:

“Primary data is data pertaining to a specific product and can be collected over its entire life
cycle. It may take the form of measured activity data (e.g. kWh needed to produce a unit of
X), emissions and emission factors. On a vehicle model level, the mass and material data (the
BOM) sourced from e.g. IMDS is the prerequisite to gather primary data for the supply chain.
On a process or activity level, data provided by suppliers is defined as “primary” if:

Input Activity data Source of activity | Background da- | Considered as
data taset

Material/Energy | X kg/ Y kWh Literature Secondary (LCI | Secondary
databank)

Material/Energy | X kg/ Y kWh Measured Secondary (LCI | Primary
databank)

Material/Energy | X kg/ Y kWh Measured Measured Primary
/proven (e.g.
emissions of
novel process for
steel production)

Secondary data:

“Secondary data is data gathered from indirect sources such as databases. It may take the
form of emission factors. On a vehicle model level, the mass and material data assumed by
the LCA practitioner which is not the original BOM of the vehicle is also called “secondary”.
It is recommended to use the same LCI database throughout a study if possible. It is further
recommended to use the more conservative secondary data set if the LCA practitioner has
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only restricted knowledge about a specific process/component and must therefore chose be-
tween several possible data sets.”

NOTE: the information from guidelines on the definitions of primary and secondary data is
available in the appendix. Furthermore, the recommendations from these guidelines regard-
ing when/where to use primary or secondary data are also reported in the appendix.

Data collection per life cycle stages: what and how

Supply chain

Primary data needed to reach Level 3

Which level of guidance should TranSensus give, regarding the primary data needed to reach level 3 for
supply chain inventory?

Option 1

Descrip- No list of components is given. We give

tion

guidance on how to do the hotspot anal-
ysis (typical high impact components)
and/or a threshold of primary material
data needed (e.g. a percentage of BOM
weight) and/or some mandatory mate-
rial categories (e.g. platinum and REE).

Option 2

Primary data requirements
are set for the EV battery
only (in 2024). <rest as for
Option 1>

Option 3

A list of components/ processes/guid-
ance is provided by TranSensus for
BEV/FCEV and LDV/HDV each. The
list is defined in 2024.

Pros e  more flexibility if hotspots are e  provides con- e allows comparability between
very different from one supply sistency with emerg- LCAs
chain to another ing standards for e provides consistency with
e applicable for technology develop- batteries (especially emerging standards for spe-
ment and vehicle types. for compliance un- cific components — particu-
der the Battery Reg- larly for batteries (and espe-
ulation), improving cially for compliance under
comparability. the Battery Regulation)
e  Other pros as for
Option 1.
Cons e Difficult to set guidelines for e Cons, as for Option e  difficult to agree on a specific

hotspot  identification, these
guidelines should be generic and
specific enough.

e Less comparability possible

e  The hotspot analysis should be
provided to justify the compo-
nents selected

e  The concept of threshold as a
percentage of BOM has a big
risk of overlooking some mate-
rials that have important im-
pacts. Maybe a threshold as a
percentage of environmental im-
pacts would be a safeguard

e Lack of harmonisation with
emerging standards for batteries
(particularly for compliance
with the Battery Regulation)

1, except for batter-
ies.

e Risk of mis-repre-
senting non-battery
components  with
materials having
large spectrum of
carbon  footprint.
For example, alu-
minium has emis-
sion factors ranging
from 2-24
kgCO2eq/kg.

e No  apple-to-aple
comparability

list of hotspots, a deep
knowledge is needed regard-
ing ZEV manufacturing

e  Technology will change over
time. A carbon intensive com-
ponent today might not be car-
bon intensive in 10 years. In-
tensive components might
change between  vehicle
type/categories. Tier 1 suppli-
ers will face the same chal-
lenge as OEMs of not obtain-
ing 100% primary data. Divid-
ing components with and
without primary data will not
reflect the actual situation.

e Hard to set components
boundaries. Components
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Which level of guidance should TranSensus give, regarding the primary data needed to reach level 3 for
supply chain inventory?

Option 1 Option 2 Option 3

Descrip-
tion

No list of components is given. We give
guidance on how to do the hotspot anal-
ysis (typical high impact components)

Primary data requirements
are set for the EV battery
only (in 2024). <rest as for

A list of components/ processes/guid-
ance is provided by TranSensus for
BEV/FCEV and LDV/HDV each. The

and/or a threshold of primary material list is defined in 2024.
data needed (e.g. a percentage of BOM
weight) and/or some mandatory mate-
rial categories (e.g. platinum and REE).
e It is possible that the hotspot
analysis is performed using un-
representative secondary data .

and therefore lead to inaccurate

hotspot identification.

Option 1>

might have multi functions,
crash structures etc.

Not future proof/will require
updating. Risk of missing im-
portant components for vehi-
cles that has not been studied

as much.
Possible Rejection of methodology by key stake- | - -
conse- holders (particularly the EC) as not com-
quences pliant with legislative requirements for
batteries.
Recom- none
mendation
of subtask
Use stage

Energy consumption to use as standard scenario (LDV)

Here, we only focus on the technical input data for the use phase for LDVs: the measured data
regarding the energy consumption. The voting for the respective electricity (mix) factor is
prepared by another 2.3 sub-task. In this subtask we agreed that both the regulatory protocol
(WLTP for LDVs) and a factor for real-world (RW) emissions should be included in an LCA
study. Though, we could not find consent on whether the regulatory cycle alone or the regula-
tory cycle + RW correction factor would be favorable as the standard scenario. Therefore, the
following voting options are presented.

Q: What energy consumption to use as standard scenario for LDV?

Option 1 Option 2

Description
& defini-

Standard scenario: Regulatory protocol for fleet
reporting by authorities (WLTP for LDVs) [e.g.
kWh/100km]

Sensitivity analysis: Regulatory cycle + RW cor-
rection factor (factor thd in 2024)

Standard scenario: Regulatory cycle + RW cor-
rection factor (factor tbhd in 2024)

Sensitivity analysis: Regulatory cycle for fleet re-
porting by authorities (WLTC for LDVs) [e.g.
kWh/100km]

tion

Pros e standard cycle already reported by e will provide better accounting for real-
OEMs. WLTP values are verified at the world effects. This will also be important
for (inevitable) comparisons also between
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Option 1 Option 2

Description  Standard scenario: Regulatory protocol for fleet Standard scenario: Regulatory cycle + RW cor-

& defini- reporting by authorities (WLTP for LDVs) [e.g. rection factor (factor thd in 2024)

tion kWh/100km] Sensitivity analysis: Regulatory cycle for fleet re-
Sensitivity analysis: Regulatory cycle + RW cor- porting by authorities (WLTC for LDVs) [e.g.
rection factor (factor thd in 2024) kWh/100km]

highest level to be used for reporting to
authorities.

simplest messaging to the con-
sumer/customer.

standard for vehicle LCAs performed
by German OEMs

recommend and aligns with several
guidelines: PFA, VDA, JRC-CBF
(WLTP used to obtain delivered energy
(Wh/km))

acknowledgement of the situation that is
already widely known — i.e. that regula-
tory energy consumption does not fully
reflect average real-world conditions.
This will help improve trust in the re-
sults.

EC JRC are pursuing a real-world factor
at UNECE-level, at least for Europpean
perspective.

different powertrain types (i.e. also non-
ZEVs)

There are already existing correction fac-
tors developed by EC JRC that could be
used at least initially. EC JRC are pursu-
ing a real-world factor at UNECE-level,
at least for Europpean perspective. Also,
likely to have the support of other vocal
stakeholders, e.g. NGOs, and critical me-
dia

Real-world energy consumption is al-
ready monitored in most/all ZEV models,
which could be used to inform improved
correction factors for individual OEMs.
European reporting of fuel consumption
monitoring is likely to be extended to
ZEVs in the future (LDV and HDV).
higher prominence given to RW con-
sumption for customer information,
which will on average better reflect the
real-world situation

acknowledgement of the situation that is
already widely known — i.e. that regula-
tory energy consumption does not fully
reflect average real-world conditions.
This will help improve trust in the results.

Cons

WLTP does not represent real-world
emissions

less prominence given to real-world
performance for customer information.
EC JRC are pursuing a real-world factor
at UNECE-level, at least for European
perspective.

Potential for criticism from other vocal
stakeholders, e.g. NGOs, and critical
media

Difficult to set and agree on a RW correc-
tion

As more information becomes available
on WLTP vs Real-World performance
this might mean updated RW scaling fac-
tors are developed reducing comparabil-
ity for with previous analyses (but you
could also say this for many other ele-
ments that are improved in LCA).

more complex messaging to the con-
sumer/customer.

potential for reduced comparability with
LCA for other regions?

The RW factors are still “only” factors,
I.e. another complexity level that is being
added. LDVs (other than HDVs) will still
take several/many years until OEMs have
access to real-world energy consumptions
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Option 1 Option 2

Description  Standard scenario: Regulatory protocol for fleet Standard scenario: Regulatory cycle + RW cor-

& defini- reporting by authorities (WLTP for LDVs) [e.g. rection factor (factor thd in 2024)

tion kWh/100km] Sensitivity analysis: Regulatory cycle for fleet re-
Sensitivity analysis: Regulatory cycle + RW cor- porting by authorities (WLTC for LDVs) [e.g.
rection factor (factor thd in 2024) kWh/100km]

collected over the whole life time of the
vehicles.

e potential to reduce trust in the regulatory
cycle/results, leading to wider questions
on its benefits.

Possible Proposed method may not be aligned with that
conse- recommended for EU application from UNECE
quences work.

e OEMs are likely to stop using WLTP as
the standard scenario in their LCAs only
if the legislator demands it. L.e. the
TranSensus methodology would not be
applied by OEMs if something else than
the WLTP is demanded as a standard
scenario.

Recommen- none
dation of
subtask

Non-exhaust emissions

During the use phase, a Zero Emission Vehicle contributes to non-exhaust emissions: brake,
tyre & road wear particles. “Tyre wear particles” emissions are a mix of rubber from tyre tread
and minerals from the road surface mostly in cigar shaped from ~10 to ~500 pm length known
as Tyre Road Wear Particles (TRWP).

Data on non-exhaust automobile tyre and brake wear emissions for road transport are available
on European Monitoring and Evaluation Programme / European Environment Agency
(EMEP/EEA) air pollutant emission inventory Guidebook https://www.eea.europa.eu/publica-
tions/emep-eea-guidebook-2019. Such information is based on literature surveys from early
2000’ using non-current technologies and under not real driving conditions and need to be up-
dated.

The Particle Measurement Program (PMP), an informal working group of the United Nations
Working Party on Pollution and Energy (UNECE — GRPE), has developed a new braking cycle
representative of real-world braking events and conditions, the WLTP-Brake cycle. A new set
of brake particles emissions data will be available leading to an update of EMEP/EEAG emis-
sion inventory Guidebook from 2024.
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Regarding Tyre Road Wear Particles (TRWP) emissions, no direct measurements are available
in the literature. Tyre emission factor values from EMEP Guidebook have either been derived
experimentally from laboratory tests or have been estimated from average statistics. New abra-
sion rate definition methods on-road or in laboratory bench / drum developed by the tyre indus-
try (Tire Industry Project — TIP) and JASIC (Japan Automobile Standards Internationalization
Center) are under discussion at UNECE in 2022-2024 for regulatory purposes. Applying these
methods will help to update TRWP emissions especially atmospheric contribution. However,
more work is needed to establish more accurate values for tyre deposition to the road and mi-
croplastics emissions to water. No soil and water tyre microplastics from tyre emission inven-

tOI'y iS a\/ailable yet
/n\ E

N

Figure 2-14 : The fate of TRWP in the environment (adapted from (Unice, 2019))
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Q: How should TranSensus address non-exhaust emission?

Descrip-
tion &
defini-

tion

Option 1

Non-exhaust emissions are
all excluded from the meth-
odology

Option 2

Non-exhaust PM emissions
from tyre and brake wear is in-
cluded (basis/methodology to
be determined in 2024). No
other non-exhaust emissions is
covered.

Option 3

Include tyre and brake wear,
as well as others (e.g. poten-
tially hydrogen, refrigerant
leakage, etc) on a list to be pro-
vided by TranSensus LCA for
BEV/FCEV and LDV/HDV
each. The list is defined in
2024.

Pros Simplest to apply e alignment with cur- e alignment with cur-
rently proposed policy rently proposed policy
in this area for tyre and brake wear

e reduces potential for emissions
bias when comparing . captures also
with non-ZEVs (i.e. other potentially im-
also reducing potential portant impacts to pro-
for criticism) vide a more objective
e methodologies to esti- (and future-proof) com-
mate tyre and brake parison between differ-
wear already exist (e.g. ent powertrains
used in inventories) . standard fac-
that could be used until tors for mobile HVAC
specific measurement leakage rates are al-
standards are agreed ready available and
used in national inven-
tories (i.e. could be used
as defaults where pri-
mary data was unavail-
able)
Cons Failure to capture any poten- More complex more complex
tially important non-exhaust there are currently no there are currently no
impacts of ZEVs, leading to a established  standard- established  standard-
bias in comparisons (between ised measurement pro- ised measurement pro-
ZEVs, and with non-ZEVs) tocols for tyre and tocols for tyre and brake
RIC: brake wear wear
e  potential to miss signif- e requires also gathering
icant impacts from evidence on potential
other non-exhaust hydrogen or refrigerant
emissions, creating po- leakage rates
tential for bias in com- e Require proposed de-
parisons fault value or calcula-
e Require proposed de- tion methodology when
fault value or calcula- specific data is missing
tion methodology when
specific data is missing

Possible | Not supported by EC as not | - -

conse- aligned with policy — i.e. antic-

quences ipated standards for non-ex-

haust PM in Europe under Euro
7.
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Recom- The subtask does not recommend option 1 as relevant emission sources would be missing.
menda-
tion  of
subtask

Use phase: Efficiency degradation factors

BEV : Capacity fade is predominately caused by the formation of a solid electrolyte interface
(SEI) passivation layer at the anode-electrolyte interface due to its consumption of lithium ions.
Moreover, surface layers on the anode and cathode play a barrier role in reactions with the
electrolyte. This, in turn, causes an increase in cell impedance and a reduction in the charge/dis-
charge cycling efficiency of the battery. These two effects lead to energy efficiency fade, which
measures the ability of the fraction of energy that is stored in the battery compared to that de-
livered to the battery during charging. Energy efficiency fade has not been a significant concern
in automotive applications as the cost of electrical energy to refuel a vehicle is so much less
than the cost of the equivalent gasoline to refuel for an equivalent distance travelled. (link)

140000

l /
100000 -

Vehieh
Vehicle-use-

80000 -

\ Re-purposing

60000

Cumulative battery energy use per pack (kWh)

40000* \
20000
0
2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
Year
=== Not affected by energy efficiency fade == Affected by energy efficiency fade

Fig. 5. Comparing model of energy use of Li-ion battery during its first use in the BEV and the second use with and without energy efficiency fade effect.

Figure 2-15:  Comparing model of energy use of Li-ion battery during its first use in the BEV and the second
use with and without energy efficiency fade effect (Source below)
FCEV : Fuel cell efficiency gradually decreases over its lifetime of operation, which directly
affects (i.e. increases) the amount of hydrogen (energy) consumed to power the vehicle; this
reduction in efficiency over the lifetime of the vehicle is affected by the performance of the fuel
cell itself, the vehicle configuration (e.g. sizing/power of the fuel cell versus energy balanc-
ing/storage). Different methods for assessing the durability of PEMFCs have been developed
in the United States, the European Union, Japan, and China; according to the US Department
of Energy, a metric is used until the cell/stack either accumulates a certain number of cycles or
fails to meet a performance criterion, such as a cumulative 20% decline in power or a 10% loss
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of average cell voltage from initial voltage under cycling conditions (Nguyen et al., 2021). The
EC JRC has previously developed EU Harmonised test protocols for PEMFC durability testing
for automotive applications, which includes definition of voltage loss (which directly impacts
efficiency) ( (JRC, 2015)).

Sources: https://www.mdpi.com/1996-1073/14/13/4048 , https://publications.jrc.ec.eu-
ropa.eu/repository/handle/JRC99115

Fuel cell durability/lifetime is currently often characterized to be based on ~reaching 10% re-
duction in voltage/efficiency (i.e. EoL at this point). Ricardo analysis [not yet published] (based
on an understanding of current and anticipated future PEMFC durability) suggests that only the
highest utilization vehicles are expected to get reasonably close to this point, but that does still
mean the effect could lead to a significant reduction in the lifetime average energy efficiency
(i.e. increased energy consumption per km). The effect for LDVs may be relatively small (com-
pared to higher activity heavy-duty applications), but not necessarily insignificant. Ricardo’s
analysis has shown that in higher activity heavy-duty applications, degradation over the use
phase can lead to a significant loss in overall efficiency (i.e. close to the end-of-life point —i.e.
10% voltage/efficiency loss in some cases). Therefore a standardized way of accounting for
this in LCA is expected to be important, to help understand and aid/incentivize improve-
ment/optimization in technology development and system design for automotive applications,
as well as providing more accurate comparisons between different vehicle products.

Q: How should TranSensus LCA address energy efficiency for BEV and FCEV?
‘Option 1 Option 2 Option 3

Description Do not include a calculationInclude a degradation factor inInclude Option 2 but as sensitiv-
& defini-term for potential efficiencythe formula/methodology ap-ity analysis
tion degradation factors in theplied, separate from other (e.g.
methodology RW) adjustment factors. The
basis for this to be defined by
TranSensus for BEV/FCEV
and LDV/HDYV each in 2024

\Pros e simplest to apply e including the option to e No further complexity is|

provide accounting for
degradation will future]
proof the methodology,
and help reduce poten-
tial for bias

already being explored
at the UNECE level
degradation factor could
be set to 1 in most cases
(except where there was
evidence that it could be
significant)

Test protocols are estab-
lished for fuel cells

added to the basic/refer-
ence scenario but the in-
formation is given to
those who can put the re-
sults of the scenario in
perspective.

Flexible option that ad-
dress the issue and high-
light its impact on the re-
sults and conclusions.
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Will incentivise tech-
nology  improvement]
and system optimisa-|
tion
Cons e this is already being] unclear if there is a does not include a poten-
explored at  the] standardised methodol- tially significant effect by
UNECE level ogy for fuel cell durabil+ default, which risks creat-
e Will not provide 4 ity that could be used to| ing a bias for the ‘default’
further incentive for provide this information| results, which are likely to|
fuel cell system opti- (or indeed other compo- be the focus for reporting
mization and technol- nents that might affect] and use in mainstream|
ogy improvement this). consumer information
e  Will reduce the accu- Adds complexity Reduced incentive (ver-
racy of comparison of] if default factor are set; sus inclusion by default)
impacts between dif- these may become re- for fuel cell sys-
ferent products dundant as technology tem/powertrain optimiza-|
improves (but of course tion and technology im-
this could provide addi-| provement
tional incentive to meas-
ure and report primary|
data, improving compe-
tition)
Possible - - -
conse-
quences
Recommen- none
dation of
ubtask

Energy consumption to use as standard scenario (HDV)

The Vehicle Energy Consumption calculation Tool (VECTO) is a HDV energy consumption
simulation software developed by the European Commission for regulatory purposes. VECTO
has been introduced in May 2017 in the European vehicle type-approval system as the official
tool used in Europe to certify and monitor the fuel consumption and CO2 emissions from HDV,
and its use is compulsory in Europe for CO2 certification of Heavy Duty Vehicles according to
2017/2400/EU. Beyond this use in policy implementation, VECTO can be used in any other
phase of the policy cycle including impact assessment studies, analysis of the likely impact of
specific technologies on fuel consumption and CO2 emissions, and formulation and analysis of
future policy scenarios.

See e.g. https://climate.ec.europa.eu/eu-action/transport/road-transport-reducing-co2-emis-

sions-vehicles/vehicle-energy-consumption-calculation-tool-vecto_en
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The consortium recommends that the energy consumption to be used as a standard sce-|
nario for HDV should be based on results from the European HDV CO2/fuel consump-
ion certification tool VECTO. Exact options (e.g., weighted av. Cycle only of also sepa-
rate cycle) to be decided in 2024.

Justification:

e Proven to be representative

e Transparent

e Established and consistent with European legislation applied for the vast majority of HDV's
sold in the EU (i.e. for fuel consumption certification, and for HDV CO2 regulations)

Maintenance

We developed two rather general voting options regarding data collection for maintenance mod-
elling in the use phase. These options address whether or not TranSensus should provide a fixed
list of included components and processes or not. Below, a summary of the findings in D1.1 is
provided for context.

According to the literature reviewed in D1.1, maintenance modelling varies significantly be-
tween complete neglection, assumptions based on tests and fact sheets, and arbitrary assump-
tions. Furthermore, maintenance activities are the most subject to exclusion in the reviewed
literature. According to D1.1, a reason could be that it is hard to foresee the impacts of that in
the real life of the vehicle. Maintenance is also most often excluded in the scientific literature,
generally justified by the low impacts relative to the vehicle life cycle. Among those studies
that do include maintenance, there is a lack of detailed information regarding the methodology
and data utilized. Typically, generic data sourced from LCI databases is utilized. Battery re-
placement has been also largely neglected despite its relevance to the life cycle impacts. Alt-
hough some studies report that they included battery replacement, there is a lack of methodo-
logical transparency and data that are not clearly disclosed (with the exception of Ricardo’s
LCA study for the EC, where the methodology is outlined in detail in the D1.1 report Appen-
dices). This is also reflected in the LCIA results where disaggregation of battery replacement
impact hampers the proper interpretation of its impact. OEMs however, account for mainte-
nance in a considerable number of studies. According to D1.1, this might be due to availability
of data from tests and experience which can significantly improve estimations that can be mod-
elled.

Maintenance (e.g., replacement of batteries) is considered in several standards and guidelines
based on service intervals (RISE, VDA-PC, CATARC) or the road vehicle preventive mainte-
nance program (PCR-Buses and coaches). The PFA report differentiates between two mainte-
nance needs: 1) regular maintenance (e.g., oil, filters, 12V battery, coolant, traction battery, air
conditioning gas) and ii) replacement of wear parts (e.g., tyres, brake linings, and windscreen

Filename: TranSensus LCA D 3-1_Final.docx

©TranSensus LCA - This is the property of TranSensus LCA Parties: shall not be distributed/reproduced without formal approval of
TranSensus LCA SC. This reflects only the author’s views. The Community or CINEA is not liable for any use that may be made of the
information contained therein.



Lo Funded by
/ gc the European Union

/ L (

GA #101056715

Ver: Final Date: 29.11.2024 Page 62 of 482
Deliverable D 3.1

wipers). The second type heavily depends on the driving mode (e.g., frequency of tyres replace-
ment) and, in consequence, it entails higher challenges to establish an harmonised approach.
The recommendation is to assume the theoretical change frequencies as specified in the mainte-
nance book. Typically, generic data sourced from LCI databases is utilized. Battery replacement
has been also largely neglected despite its relevance to the life cycle impacts. Although some
studies report that they included battery replacement, there is a lack of methodological trans-
parency and data that are not clearly disclosed.

Q: How TranSensus LCA should address Maintenance ?

Option 1 ‘Option 2

Description & The LCA practitioner decides which com-A list of maintenance components and processes
definition ponents and processes should be includedare given by TranSensus LCA (to be defined in
for the maintenance, to fulfil the FU. Spe-2024). Special focus will be put on battery dura-
cial focus will be put on battery durability.bility. Additional components could also be in-
TranSensus LCA will provide a guidelinecluded at OEM discretion, TranSensus LCA will
on how to identify these components/pro-provide a guideline on how to identify these ad-
cesses (tbd in 2024). Maintenance intervalsditional components/processes. Maintenance in-

should be OEM and model-specific. tervals should be OEM and model-specific.

Pros e flexibility, adaptability (particularly) ® provides for greater consistency and guar-
for HDVs, which may have signifi- antees a good level of comprehensiveness.
cant potential variability) Does NOT need to be exhaustive — can be|

prioritized to areas of high frequency/sig-
nificance.

e list can potentially be expanded in the fu-
ture; flexibility for adding additional items
will likely be useful for more complex
HDV variants

Cons e definition of maintenance require- e Increases data collection burden

ments is being discussed at UNECE

level; there is a risk that not pre-

scribing/considering at least a core
mandatory list in TranSensus will
bring out of alignment

\Possible conse-none
quences

Recommenda-
tion of subtask

EoL stage
Primary data needed to reach Level 3
Environmental impacts of EoL are determined by the burden of EoL treatments and the poten-

tially avoided impacts from avoided virgin materials. EoL treatments comprises is recycling,
energy recovery and disposal processes. The shares of vehicle components that will be treated
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by these processes and the recovery rate of recycling process also determine the overall EoL
impacts.

At this current voting, we are addressing the data of the environmental impacts of the EoL
treatment processes. The abovementioned shares and the recovery rate are not considered and
will be addressed in 2024. The avoided impacts, the allocation of burden and credit (e.g. the
options to use CFF or cut-off method) is also out of the scope of this voting.

Q: What type of data (primary or secondary) TranSensus LCA should recommend for
EoL (recycling, energy recovery and disposal processes)?

‘Option 1 ‘Option 2

Description & Secondary data for recycling, energy re-A list of recycling, energy recovery and disposal

definition covery and disposal processes can be usedprocesses that should be modelled with primary
for EoL modelling. Guidance on whichdata is developed by TranSensus_LCA (tbd
processes must be covered will be devel-2024).

oped in 2024.
[Pros e The exact EoL process of a vehicle ® should provide a more accurate represen-
at SOP cannot be known tation of likely EoL impacts

e Incentivize OEMS and other actors to
practice eco-design

e Incentivize recyclers to improve their en-
vironmental impacts

e Incentivize OEMS to use recyclers that
promotes sustainable practices

e OEMs already model EoL processes|
partly with primary data from representa-
tive EoL processes and e.g. scale these
generally applicable models via the vehi-

cle weight
Cons ® make sure that this data is available ® uncertainty regarding future EoL pro-
in the databases and define which cesses

secondary data to use

e No incentive for OEMS and other
actors to practice eco-design

e No incentive for recyclers to im-
prove their environmental impacts

\Possible conse-
quences

Recommenda- [none
tion of subtask
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Other topics

Primary Data Share

In the process of developing this voting option we discussed the idea of a primary data share
index. The WP2 did not include this option. The reason is that in order to calculate the primary
data share the whole supply chain must be transparent. A primary data share of only a cer-
tain/unknown percentage of the overall e.g. GWP result is not helpful in judging the data quality
of an LCA and does not establish a better comparability between studies. As we do not only
focus on GWP but also on other environmental impacts, another open question would be
whether a primary data share of only the overall GWP result would be enough.

The consortium does not recommend a Primary Data Share index.

2.3.2  Subtask 2: Multifunctionality

This subtask is concerned with providing recommendations on how to address multifunction-
ality, in its broader definitions. Allocation rules, substitution or system expansion, co-produc-
tion, recycling, and energy recovery from waste were all discussed here in the context of ZEVs
and batteries.

In brief words, a multifunctionality issue emerges when a system provides an additional func-
tion other than the one defined in the functional unit.

The objective of the subtask is to provide clear guidance on how to solve multifunctionality
problems in each of the life cycle stages in a scientifically-sound and practical way.

In this section, only multifunctionality at production level will be addressed. Multifunctionality
at use phase (such as 2" life of V2G) will be addressed in 2024.

The goal of this subtask is to address multifunctionality (in all life cycle phases). There will
be questions of two different sets (bottom up + top down) concerning handling multifunc-
tionality in general as well as in specific sectors or for specific processes. In this report only
multifunctionality at production phase and EoL phase will be addressed.

STEP 1: description of the main findings and learnings from WPI & partners expertise &
SotA

Multifunctionality

The definition of multifunctionality in a nutshell was given in the introduction to the sub task
(see above)
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Paragraph: Before diving deeper into the work done on multifunctionality in both WP1 and
WP2 so far, it is probably wise to revisit the definitions of some basic terms and concepts that
will be mentioned frequently in the following text. These terms are:

e Subdivision: subdividing involves disaggregating multifunctional processes or facilities to
isolate the input flows directly associated with each process or facility output. The process
is investigated to see whether it may be subdivided. Where subdivision is possible, inventory
data should be collected only for those unit processes directly attributable to the prod-
ucts/services of concern. This is the definition provided by PEF. ISO 14044 on the other
hand briefly defines it as 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.

e Substitution: It basically assumes that the secondary function of the system under study
substitute (at least partially) a primary function of another system (e.g. secondary materials
availability reduces the demand on primary materials) hence the system producing the sec-
ondary materials gains environmental credits. Substitution is not equal to system expansion
as provided by ISO 14044. System expansion is a different concept which means expanding
the system understudy to include the additional functions related to the co-products. This is
not widely applied and it is criticized for violating the original function of the system under
study.

e Allocation: It refers to ‘partitioning the input or output flows of a process or a product sys-
tem between the product system under study and one or more other product systems. Allo-
cation and partitioning term are often used interchangeably.

Input from WPI (SotA and consultation activities):

WP1 showed that Multifunctionality is dealt with in different ways for processes at different
stages of the life cycle of a vehicle or battery. Specifically speaking:

1. Raw Material Acquisition and processing (Particularly in the context of batteries)

2. Components manufacturing when facilities are shared (also emphasized in case of batter-
ies due to facilities being shared- so how to deal with energy allocation)

3. EoL or more specifically recycling and recycled content. This is the most discussed and
elaborated part.

Multifunctionally Upstream to EoL

Input from Review for upstream multifunctionality:

e Guidelines and standards tend to claim to be consistent with ISO and PEF (at least most of
them). However, some of them provide certain deviations in recommendations. The hier-
archy of the different guidelines can be seen in Table 1 below.
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o The most significant remark here is prioritizing economic allocation for co-production of
metals based on the price ratio. The ratio 4 is provided by GBA and CBF as the border to
decide whether to apply economic allocation or not. How to determine the price is also

another question since it varies over time.

e See below in the table also that apart from battery-specific guidelines, the guidelines tend
to report ISO hierarchy without further detailing.

o Substitution is absent in many guidelines however this may be due to the material in scope
cannot be produced from a primary route (which is mandatory to apply substitution)

Table 2-18: Hierarchy of options in reviewed guidelines (hierarchy is represented by the numbers)
Guidelines and

standards re-
ports

Material of subject if|,
specified

Partitioning

economic  physical

Batteries
GBA oraphite and metals |2 3 1* 4 4
sulfuric acid, ammo-
P st s b 4
by-products
o, s o R !
other materials 1 2 4 3 4
GRB-CFB-EV
i : e b !
2023)
other materials 1 - 3% %* 2 4
i]iFCR-Batter— 1 D 3 (mass)
vehicles
CATARC - - - - -
Catena-X 1 2 3 3 3
eLCAr 1 3 3 3
PCR-B&C 1 3 2
RISE-LCA 1 1 1
VDA-PC 1 2 2 2
PFA 1 1 1

*Economic allocation is the first option unless price ratio of the co-products is less than or equal to four. In this case theoreti-
cally, the user should follow the ISO hierarchy.

** Mass allocation as a first choice unless the price ratio between co-products is greater than 4.

*** Economic allocation becomes the first preferred option when the price ratio is greater than four.
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Input from Survey for upstream multifunctionality:

NO specific questions were asked regarding this except a general question on applying conven-
tional allocation without specifying at which point it takes place in the supply chain:

66. If conventional allocation is applied, what is the allocation approach applied?

129% Not applicable

12% Don't know

T 59% Physical
18% Mix of the two = |

Value Percent Responses
Physical 58.8% 10
——
Mix of the two 17.6% 3
——
Don't know 11.8% 2
Not applicable 11.8% 2
Totals: 17
Figure 2-16 :  Input from Survey for upstream multifunctionality

Distribute the burdens & credits from EoL phase [Multifunctionality in the EoL stage]

Multifunctionality in the EoL is quite common due to the possibility of recycling and energy
recovery activities which means the production of new secondary products. Therefore it is of
utmost importance to have a clear framework on how to allocate the burdens of recycling/en-
ergy recovery processes between the current system understudy and the subsequent system
which will use the secondary products from the first system. The same applies to credits, in the
form of questions like should we consider credit system?, if yes, which system gets the credits.

Input from Review for EoL:

Five main approaches are identified here to deal with multifunctionality in the end-of-life
(please refer to section 3.2.1.4 in D1.1 (TranSensus LCA, 2023)for more details and explana-
tions):
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Table 2-19: Main 5 approached used to deals with multifunctionality (D1.1)

Cut-off  ap-

proach

Avoided bur-
dens

Circular Footprint
Formula

(100:0)

Brief Ex- | this approach | This approach | it divides the | this approach per- | the Circular Foot-
planation | considers the | applies substi- | burdens and | forms economic al- | print Formula
full environ- | tution sec- | benefits of re- | location between the | (CFF) from PEF
mental impacts | ondary materi- | cycling  be- | primary and second- | which is a formula
of the primary | als partly sub- | tween the pro- | ary usage of materi- | that tries to allocate
material sup- | stitute primary | ducer and user | als. This method is | burdens and credits
ply chain, | materials of secondary | usually associated | between supplier
while second- | hence give en- | materials on a | with the APOS sys- | and user of recycled
ary materials | vironmental 50:50 basis. tem model used in | materials. And
come free of | credits to the ecoinvent v3. (for | gives credits for en-
burdens producer  of | Sort of in be- | more details on the | ergy recovery if it
the secondary | tween the pre- | method please refer | comes from waste.
materials vious two with | to section 3.2.1.4 in | It also includes a
arbitrary 50% | the databases part). | part for disposal
ratio Allocation in its | burdens it applies a
core. How and | mix of both alloca-
where allocation is | tion and substitu-
done depends on the | tion.
type of material.
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Input from Survey for EoL:

63. Which EoL allocation method is used in your LCA?

12% Don't know

12% Circular Footprint Formula
(CFFR)

AN

77% Cut-off (a.ka. 100:0, or
Recycled content)

Value Percent Responses
Cut-off (ak.a. 100:0, or Recycled content) 76.5% 13
——
Circular Footprint Formula (CFF) 11.8% 2
-
Don't know 11.8% 2
=
Totals: 17

64. |s the quality of recycled materials accounted for in the calculations?

18% Not applicable

6% Don't know

47% No

Value Percent Responses

Yes 29.4% 5
—

No 47.1% 8
—

Don't know 5.9% 1
-

Not applicable 17.6% 3
=

Totals: 17

Figure 2-17:  Input from Survey regarding recycling approach used

Input from WP2:

Building on WP1 outcomes, Further analysis from the working group of MF subtask was done
via a number of meetings and offline materials. New feedback was collected in a form of table.
The table starts with level 1 (life cycle stage), level 2 (specific processes or substances) and
each partner is required to provide his preferred hierarchy between:
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e  Subdivision
e  Substitution
e Allocation (physical or economic or other)

While this seems like following the ISO hierarchy, it is worth noting that ISO refers to “System
expansion” as the first option if subdivision is not possible. In practice, system expansion is not
the same as substitution. Since system expansion is not a useful option for our context, we
explicitly mention only substitution instead.

For the EoL, and in addition to these options, the partners are given extra choices:

e Cut-off
e CFF
e No special approach

The partners were also required to provide why they preferred a specific method and what the
pros and cons they see. This table represented the primary material to provide the final voting
questions and answers

Multifunctionality is literature is usually dealt with in different ways depending on where it
occurs in the supply chain. A distinction can be seen between EoL stage and upstream pro-
cesses from raw materials acquisition until the final product manufacturing. The latter is ad-
dressed with allocation whether physical or economic. EoL issues like recycling and energy
recovery are addressed via five identified variations ranging between allocation and substi-
tution concepts. For the voting some of these variations are not presented due to impractica-

bility and limited diffusion in community.

Multifunctionality STEP 2: selection of 2-4 pertinent methodological options

For the voting session arranged for 2023, it was decided to provide two sets of voting questions:
first top-down questions (i.e. General guiding questions: “should we use a same approach
across all life cycle stages or across LCA, S-LCA and LCC ?”), second bottom-up questions
(i.e. questions on the certain processes/sectors: “ What approach would you recommend to
a specific sector”).

It is obvious that the two levels are interlinked, since the voting on the top-down questions will
impact the decisions taken in the bottom-up questions and conflicts may emerge, therefore, we
ask the voters to think wisely about their vote in the two sets of questions and its possible
consequence on the final recommended methodology to deal with multifunctionality. The de-
cision tree on the next page was designed to help explain the logic behind the questions. Fur-
thermore, when relevant, guidance is provided per question.
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2 set of questions will be asked: 1/ top down and 2/ bottom up questions. We recommend to
the voter to be as consistent as possible when addressing these 2 types of questions.

(e.g. if the voter want an harmonized approach through all life cycle stages, it should be
reflected in its vote).

After the two set of questions are provided separately for voting in 2023, the harmony of two
sets will be explored more in 2024 in which the top-down questions voting results will indicate
if the questions in the bottom-up approach need to be removed/modified/more questions to be
added. Then based on the voting received on the detailed bottom-up questions, the most-voted
answers can be further refined in 2024 with more details or if the top-down questions imply
certain modifications to the voted answer to the specific bottom-up questions.

stages. (ona for ]}

s

Single approach

! } \

Ecanomic

sllocstian Hierarchy 1 Hiararcty 2 Hierarchy 3 Hierarchy 4

=

L=
Lo

[} Da you want spacific nis for Cerfain PrOCASSRS OF SRCINET

_

Dy

>
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: S -

Which multifunctional processes (e.g. Eol) andior
sectors (e.g. metals and alloys) do you think should have specific rules (i.e. deviate from the
f ] general hierarchy that will be used) - If any?

Figure 2-18 :  Decision tree of multifunctionality voting questions
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Top-down questions

The consortium recommends that consistency should NOT be achieved across all life cycle stages, i.e. dealing with multifunctionality using
a one-for-all single method in both upstream (raw material acquisition & manufacturing), use, and downstream (EoL) MF processes.

Justification

e An approach can make more sense to deal with multifunctionality in a certain life-cycle stage and not the other

e This division is usually followed in battery guidelines

Q: Which general approach do you prefer to solve multifunctionality?

NOTE: If'in the question above you to disagree, then the only option for you here is economic allocation. However, we welcome your vote in the bottom-up questions if you

want (it will be taken into account if people vote for the concept of exceptions).

Option 1 Option 2 Option 3
Hierarchy 1 (ISO) Hierarchy 2 ‘Hierarchy 3

Subdivision o
. . Subdivision .
System expansion 2 Substitution 1. Subdivision
(via substitution) ! 2. Allocation, economic

Allocation, physical - Allo.catlon, €0 3. Allocation, physical
. nomic .

Allocation, other . . 4. Substitution

! . 4. Allocation, physical

(e.g. economic)

Description & definition

Option 4 Option 5
Hierarchy 4 Economic allocation

Intermediate and elementary flows of
1. Subdivision multifunctional unit process are allocate
2. Allocation,based on the economic reve-
physical nues/cost/price generated by the func-
3. Allocation, eco-tional flows of that unit process. This ap-
nomic proach is consistently applied to all mul-
4. Substitution tifunctional processes across all life cycle

stages.
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Considers economic allocation|
as preferred approach (which|
we argue that it is theoretically|
Substitution in generalfalways applicable) but in a
. . . Preferred alloca- . .
Pros Supported by ISO is preferred over alloca-softer way which provides some ion order of 1SO The most versatile and the only possible
tion according to ISO |[flexibility to the LCA practioner " way if a one-for-all method is required.
to move to physical allocation or|
substitution depending on per-
sonal judgement.
ISO is quite vague regarding]
the difference between sys-
tem expansion and substitu--
Cons tion which are two different] i Cons of economic allocation found in the

concepts from which almost
only substitution is used.

bottom-up questions apply here

[Possible consequences

Further explanation of what
is meant by system expansion|
will be required in order to be|
clearer.

Clear deviation from
ISO

Clear deviation from ISO

Clear
from ISO

deviation|

Possible consequences of economic allo
cation found in the bottom-up questions|
apply here.

Official position of stake-|

holders if any
Pros and Cons of each Pros and Cons of
Pros and Cons of each . . Pros and Cons of each methodeach method in the]
. . method in the hierarchy). . e

method in the hierarchy can| . in the hierarchy can be found infhierarchy can be|

others . can be found in the next . . -
be found in the next ques- . the next questions. found in the next
. questions. .
tions. questions.
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Q: Should the TranSensus LCA method to solve multifunctionality issues be consistent across the three pillars of sustainability, i.e. consistency

across LCA, S-LCA and

Description & definition

LCC? (if LCCincluded in the method)

Option 1

Yes

Option 2
No

This will add a lot of credibility and simplicity to the TranSensus|
imethodology.

Takes into account the different nature of the different analyses.

[gnores the gap in the level of development of each methodology (LCA is more

Pros established than S-LCA) therefore no rushed adaptation will be required from|
Facilitates future merging of sustainability indicators (not part offS-LCA developers. For example, S-LCI background databases are relatively re-
TranSensus) cent. Therefore, asking the developers of these data to adapt to the approach
chosen in LCA might not be realistic.
IWill require providing specific rules per each pillar
Cons The same approach in one methodology (e.g. LCA) might notMight reduce the possibilities of future combination of results to obtain for ex-

make sense in another methodology (e.g. S-LCA)

lample a sustainability score as credits and burdens (whether economic or social)
will be differently calculated for multifunctional processes.

\Possible consequences

It has to be approved by S-LCA and LCC experts in the consor-
tium if they agree on generalizing what is decided in LCA.

[f consistency is sought between the three methodologies, then|
this should not be limited to the issue of multifunctionality but
should be kept in mind for every choice we make

Can require too much work on S-LCA and LCC that might be out
of scope for TranSensus

Official position of stake-|

holders if any
others - _
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Do you think there should be specific rules for multifunctional processes (e.g. EoL)
and/or sectors (e.g. metals and alloys) that deviate from the general hierarchy that will
be used?

2.3.3 Subtask 3: Social LCI

The topics discussed in this subtask are the Collection of data for creating the REFERENCE
SCALES, Multifunctionality, Database & Software, data for activity variable, collection of data
for the different STAKEHOLDER GROUPS and the different SUBCATEGORIES and Data
Quality Assessment.

S-LCI STEP 1: description of the main findings and learnings from WPI1 & partners exper-
tise & SoTA

Collection of data for creating the REFERENCE SCALES: For every indicator used, refer-
ence scales should be created, with each scale level having an explicit objective. For the best
development, it is advised to draw upon in-depth knowledge of the sector and location (includ-
ing local legislation) to be evaluated. During the Inventory phase, reference scales are created.
It is an essential first step in arranging the collection of inventory data and in carrying out an
impact assessment. Reference scales are ordinal scales with 1 to 5 levels, typically, and each
level corresponds to a performance reference point (PRP). PRPs are thresholds, targets, or ob-
jectives that establish various social risk or performance levels and enable estimation of the
scope and importance of potential social impacts related to companies in the product system.
The PRPs are context-dependent and frequently based on normative reference points, such as
international standards, local laws, or industry best practises. When appropriate inventory indi-
cator data is compared to these levels, it is possible to determine whether the obtained data
points to a negative or positive performance. But there is not any attempt to develop a reference
scale from international or national standards for transport sector.

Multifunctionality: Sometimes a system under study produces many co-products or serves
multiple purposes, for as when a cow is raised for milk, meat, and leather. It could be required
to narrow the system limits or only assign a portion of the social consequences to this product
when evaluating the social and socioeconomic effects of just one of these items. Due to the
nature and scope of social data, this is not always necessary or simple. Allocation and partition-
ing in S-LCA are sometimes not relevant. This is the case, for instance, when evaluating indi-
cators and repercussions that are not evaluated at the product level, such as external effects
(delocalization of local communities, disregard for indigenous rights), or systemic issues like
the right of employees to strike. The hierarchy outlined by ISO 14040-14044 2006 should be
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primarily followed where allocation is relevant, such as for product-specific (e.g., in case of
TranSensus), quantifiable consequences like working hours or wages.

Data for activity variable stakeholders and impact subcategory: To define worker hours as
the activity variable for social life cycle assessment (S-LCA), several types of data are required.
Firstly, modelling data is necessary to ensure that the assessment captures the entire life cycle
and provides quantitative metrics that can assist when justifying the study boundaries and scop-
ing choices. Secondly, social impact data is necessary to evaluate the social impacts associated
with each stage of the life cycle, such as the working conditions of the employees, the impact
on the local community, and the social risks associated with the production and disposal of the
product. The Social Hotspots Database (SHDB) and the Product Social Impact Life Cycle As-
sessment (PSILCA) database are examples of databases that provide social impact data. Finally,
working time data is necessary to calculate the worker hours for each process in the life cycle.
Worker hours are selected for all indicators, and this variable determines the working time (in
hours) required to produce the reference product. The SHDB also uses worker hours as the
activity variable. Therefore, to define worker hours as the activity variable for S-LCA, model-
ling data, social impact data, and working time data are required. These data can be used to
evaluate the social impacts associated with each stage of the life cycle and prioritize further
action to improve social performance and mitigate social risks.

Database & Software: Dedicated databases currently available for S-LCA on the market are
Social Hotspot Database (SHDB) and Product Social Impact Life Cycle Assessment (PSILCA)
database. The SHDB and PSILCA databases provide access to large amounts of social data on
the country-specific sector (CSS) level, which enables practitioners to assess social risks or
performance associated with certain sectors and product systems. The two main functions of
these databases are to complete a study. or provide screening of social risks prior to an in-depth
study i. e., identify hotspots that will be studied further. SHDB and PSILCA databases are based
on three main building blocks: An Input-Output model, a Worker-Hours model, and a database
on social aspects. However, it's important to be aware of the differences. The Input-Output
models underlying both social LCA databases differ: SHDB is based on the GTAP Input-Output
model, but PSILCA is based on EORA/MIRO Input-Output model. Both databases have ap-
plied different methodologies for calculating the worker-hour model. The main social data
sources used to create social risk tables are shared among the databases, however, methodolo-
gies used to assign risk levels may differ. Other database available are GaBi Life Cycle Working
Environment (LCWE), RepRisk, Sedex, EcoVadis and Maplecroft other than statistical data-
base like Organization for Economic Cooperation and Development (OECD) database, inter-
national Labour Organization (ILO) database, United Nations (UN), The World Bank Group
(WBG).

Data Quality Assessment: It is advised to specify other pertinent characteristics of data quality,
such as timeliness, geographical or technological compliance of the datasets with the activity
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under research, etc., in order to evaluate the quality of the data obtained itself. The defined
indicators and criteria, such as reliability, timeliness, geographic match, etc., can be rated by
ordinal evaluation rules, with scores from 1 to 5 corresponding to a qualitative assessment of
the data, for a structured evaluation of the quality of both the measurement methods and the
collected data.

S-LCI STEP 2: Recommended approach
Collection of data for creating the REFERENCE SCALES:

The consortium recommends the following process to establish a S-LCA reference scale:

Tesla, BMW, VW,

[ Identified Main BEV OEMs in Europe Volvo. AUDI

: Cobalt, Nicked,
Identified main thiurn. Aluminium
Materials used in Copper stce
BEV
A
Supply Chain
Analysis of BEV Argentina, Australia,
based on identified Belgium, Chile etc.
OEMs

E

Identified Social SubCategories based
on UNEP Guideline 2020, Drive
Sustainability and Databases

Child Labour, Working Hours,
Minimum Wage efc.

\
International and National
Standards of identified Social
Impact subcategories based on

countries in supply Chain

A

A case study with proxy daa

Comparison of Supply Chain
"1 Social Data with International
and National Standard

Compilation of Social issue
standards across Supply
Chain

Figure 2-19:  TranSensus S-LCA Data collection diagram for reference scale

To establish a reference scale for Zero Emission Vehicles (ZEVs), it is crucial to have a com-
prehensive understanding of both international and national regulations, standards, and norms
pertinent to the countries participating in the entire ZEV supply chain, spanning from the ex-
traction of raw materials to the product's end-of-life phase. This understanding serves as the
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foundation for conducting a social life cycle impact assessment using the reference scale meth-
odology.

The process of formulating this reference scale for ZEVs commences with the identification of
key ZEV models available in the European market, including those manufactured by Tesla,
BMW, VW, Volvo, and Audi. Subsequently, a meticulous analysis is performed to track and
identify the materials and components utilized in these vehicles, as well as pinpointing the pri-
mary countries and regions involved in the upstream production and usage phases. Notably,
due to the unavailability of precise data concerning the end-of-life stage of these materials, this
aspect is not factored into the development of the reference scale.

Following the identification of countries participating in the ZEV supply chain, the next step
involves the exploration and collation of both international and national regulations that pertain
to social indicators and impact subcategories. These regulations are then synthesized to form
the conclusive Reference Scale for ZEVs.

Multifunctionality:

The consortium recommends to follow ISO 14040-14044:

1. In general, allocation should be avoided by dividing activities into segments and acquiring
particular information for producing of each co-product independently;

2. If subdivision is not possible, or if we assess rather generic systems (e.g., an industry sector
like “textiles”), expand the system to include the additional products and activities substi-
tuted by the dependent by-products and associated social issues;

3. For combined products where the relative amount produced can be independently varied,
relevant risks and impacts can be allocated causally (what ISO calls “in a way that reflects
the underlying physical relationships”) to the process output. In S-LCA a causal relation-
ship might be established via the activity variable. For example, one could argue that in
an agricultural process, more working time is needed to cultivate and harvest asparagus
than carrots, hence a higher share of overtime or number of foreign, discriminated workers
can be assigned to asparagus cultivation.

4. If causal modelling is not possible or desired, i.e., when the Goal and Scope is to trace a
specific issue in the value chain, process impacts can be allocated based on the share of
revenue coming to the process for each of its product outputs. For example, in cow hus-
bandry, the production of meat generating higher revenue than milk can be associated with

a corresponding higher share of quantifiable effects, e.g., the positive effect of fair wage.
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Data for activity variable stakeholders and impact subcategory:

1. Through site-specific data collection;
2. Use of an S-LCA dedicated database (SHDB or PSILCA);

3. Through input-output or other databases

Three approaches are recommended by the consortium to collect activity variables data:

Data Quality Assessment: Pedigree Matrix

The following Pedigree Matrix is recommended by WP2, based on REF.

Statistical study®,

or verified data

from primary data

collection from se-
Reliability of the veral sources.
source(s)

Complete data
for country-spe-

Verified data from
primary data
collection from
one single source
or non- verified
data from primary
sources, or data
from recognized
secondary
sources.

Representative
selection of
country-spe-
cific sector/
country.

Less than 2 years
of to the

Non-verified data
partly based on
assumptions

or data from
non-recognized
sources.

Non-representa-
tive selection, low
bias

Less than 3 years
of to the

Qualified estimate
(e.g. by an ex-
pert).

Non-represen-
tative selection,
unknown bias.

Less than 5 years
of to the

(Ea cific sector/
conformance
country.
Less than 1 year
of di tothe
Temporal confor- time period of the
mance dataset.
Data from same
geography
(country).
Geographical
conformance
Data from same
technology (sec-
Further technical =
conformance

Figure 2-20 :

time period of the
dataset.

Country with
similar condi-
tions or average
of countries with
slightly different
conditions.

Data from similar
sector, e.g. within
the same sector
hierarchy, or
average of sectors
with similar tech-
naloav

time period of the
dataset.

Average of coun-
tries with different
conditions,
geography under
study included,
with large share,
or country with
slightly different
conditions.

Data from slightly
different sector,

or average of
different sectors,
sector under study
included, with
larae share

time period of the
dataset.

Average of coun-
tries with different
conditions, geo-
graphy under stu-
dy included, with
small share, or not
included.

Average of
different sectors,
sector under study
included, with
small share, or not
included.

Non-qualified es-
timate or unknown
origin.

Single data point/
completeness
unknown.

Age of data
unknown or data
with more than 5
years of difference
to the time period
of the dataset.

Data from
unknown or
distinctly different
regions.

Data with
unknown tech-
nology/sector or
from distinctly
different sec-
tor.

Pedigree Matrix recommended by WP2.
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24 Impact Assessment (Task 2.4)

In conducting a life cycle assessment (LCA), it is important to identify and prioritize impact
categories and life cycle impact assessment (LCIA) methods. Similarly, for Social Life Cycle
Assessment(S-LCA), it is important to identify impacts sub-categories and stakeholder catego-
ries that need to be assessed in S-LCA. This is in line with the goal and scope and inventory
modelling. The identified impact categories, stakeholder categories, and impact subcategories
will be used to assess environmental and social impacts. LCIA methodological guidance will
be provided to assess environmental and social performance, including the use of material re-
sources, circularity, innovative concepts, critical materials, social issues. The choice, model-
ling, and evaluation of impact categories will be established to reduce subjectivity in the impact
assessment phase. The impact assessment guidelines will ensure the collection of indicator
values for the various impact categories, which together constitute the impact assessment pro-
file for the product system. Guidance for normalization choices, grouping, and weighting will
also be established. Recommendations will be formulated to identify significant impact cate-
gories in the various value chains of the electromobility value chain, particularly zero-emission
vehicles, through impact hotspot analyses.

Summary of recommendation & voting options:

EF method inclusion

CED-total & CED_non-renewable inclusion
y Inclusion Non-restrictive se

pation inclusion

/ impact exclusion

Circularity indicators and aspects exclusion
Provision of factors for normalisation and weightingo— Normalization & Weighting
Need for a recommendationo———————— Restrictive set

mpact sub-categories and stakeholders [':aler|""'lP""‘:>‘
' S-LCA
Reference scale approach

2.4.1 Subtask 1: Pre-selection of a non-restrictive set

The goal of this subtask is to pre-select a non-restrictive set of relevant Impact categories, cat-
egory indicators, LCIA methods for TranSensus LCA.
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Non restrictive set STEP 1: description of the main findings and learnings from WPI

Two key findings were highlighted in the WP1 TranSensus deliverables regarding Life Cycle
Impact Assessments methods (LCIA):

e 1:“the LCIA set of impact categories and characterization factors by EF (3.0 and 3.1)
is going to be the recommended standard for Life Cycle Impact Assessment. However,
the review of the OEM reports, scientific literature and prospective LCA studies shows
that, until now, these studies do not seem to follow the LCIA method of EF as (most
often) recommended in the guidelines and standards”.

e 2 :thereis a need for a “clear and unique set of impact categories associated with meth-
ods, covering env, social & resource issues, potentially including aspects as circularity,
impacts on biodiversity & ecosystem services, criticality”.

Several additional or alternative impact categories or indicators (environmentally, socially —
related or not) were also mentioned:

e The Cumulative Energy Demand CED (considered by VDA & PFA guidelines): which
assesses the quantity of energy content of all different energy sources, both renewable and
non-renewable, used throughout the Life Cycle of a product

e Resource dissipation is an interesting alternative for the impact categories “abiotic re-
source depletion of elements”. This indicator better captures circularity and resource uses
issues.

e Criticality: as part of life cycle sustainability assessment (including social and economic
aspect), this indicator reflects the (geopolitical) environment on the product system.

e Circularity indicator: which allow Circular Economy strategies measurements and as-
sessments

e Biodiversity indicator: assesses biodiversity losses (decrease in the number of local spe-
cies, decrease in the number of individuals per specie), both locally and globally, due to the
processes under study through the 5 pressures identified in the Millennium Ecosystem As-
sessment (2005): land use (habitat change), pollutions, climate change, invasive species,
overexploitation of species.

Non restrictive set STEP 1: Analysis from WP2

Based on these WP1 guidelines and findings, several questions were raised during WP2 dis-
cussions:
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e [: Should EF set be recommended and why? Or should TranSensus select its own set of IC,
indicators and characterization methods?

o 2: Should alternative and/or additional (to EF) impact categories be recommended and
why?

To answer these questions a clear distinction should be made between different levels of indi-
cators (Figure 2-22).

Technosphere Environment

fate exposure effect damage

mining

o
" —
ecosystem health
waste produced
waste .
treatment
driver indicators  elementary flows midpoint endpoint
in technosphere  (emissions and extractions) impact categories impact categories
DPSIR Driver — Pressure - State ———— Impact ——— Response
'\.—V—/' " e 3
life cycle inventory life cycle impact assessment
Figure 2-21:  Level of Indicators

Figure 2-22 describes the relationship between the two systems that are distinguished in LCA,
the technosphere, or economic system, and the environment. The Life Cycle Inventory deals
with modelling the processes in the technosphere, all economic flows (goods and wastes) are
traced back to the elementary flows (i.e. emissions and extractions) that cross the system
boundary between Technosphere (economy) and Environment. The Life Cycle Impact Assess-
ment starts with these emissions and extractions. The aim of the environmental impact assess-
ment is to aggregate these elementary flows into a more limited group of environmental im-
pacts. To do this, characterization models are used that might consider several processes in the
environment (distribution/fate, exposure, effects etcetera).

Indicators for environmental impact categories can be distinguished into midpoint and endpoint
indicators. In terms of DPSIR (drivers, pressures, state, impact, and response) indicators, the
midpoint indicators are at the level of the state indicators while the endpoint indicators are at
the level of the impact indicators. Now, taking this reasoning further, indicators based on eco-
nomic flows in the technosphere (e.g., total materials consumed, total energy consumed, total
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waste produced, total waste recycled etcetera) are at the level of the drivers (i.e., human activ-
ities that might have impacts on the environment).

Driver-indicators can be used to monitor changes in the technosphere (for example due to pol-
icy measures) and therefore might be useful. Driver-indicators describe some state of the tech-
nosphere. However, following the LCIA framework these are NOT environmental indicators,
which after all take elementary flows as a starting point for the environmental assessment. The
economic flows (goods and (final and recycled) wastes) are flows within the technosphere and
are already dealt with in the Inventory.

When presenting, discussing, and interpreting indicators, the indicators SHOULD be on the
same level in the DPSIR chain. This is to avoid overlap, redundancy or double counting. After
all, also the midpoint and endpoint indicators are always discussed as two different sets of
indicators, presented separately, and are not combined. Thus, also driver indicators (like CED)
should be treated separately and should not be combined with environmental indicators on the
state or impact level.

Should EF set be recommended and why? Or should TranSensus select its own set of IC,
indicators and characterization methods?

To answer these questions, the WP2 partners gathered in Table 2-20 the main advantages and
drawbacks of using EF set of impacts categories and characterization factors.

Table 2-20 : Advantages and drawback of EF set of impact categories, indicators & characterization methods

Advantages of recommending the use of

EF set

EF set is an outcome of a harmonization process
involving expert consortiums

Identified drawbacks of EF

Low robustness of some Impact Categories
(tox/ecotox, resource use, land & water use) —
leading to difficult interpretation

EF set is recommended by the European Com-
mission

Some environmental issues are missing (e.g. im-
pact on biodiversity partly covered)

EF set includes some of the Recipe and CML in-
dicators, used by OEM (e.g. climate change,
ozone layer depletion, eutrophication (fresh wa-
ter and marine), abiotic resource depletion)

The relevance of some EF impact categories for
the automotive sector could be questionable

EF is not recommended in other region of the
world

The robustness and relevance of some EF impacts categories are questionable (e.g. tox/ecotox,
resource use, land & water use, biodiversity ...). However, EF set has been developed by expert
consortium and is strongly recommended by the European Commission. Moreover, some
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indicators used by OEMs (e.g. abiotic resource depletion and climate change) are already in-
cluded into the EF set.

The consortium recommends the inclusion of a nonrestrictive set of relevant impact

categories, category indicators, LCIA methods:

o the impact categories, indicators and characterization methods of EF (EF3.0 &
EF3.1)

Should alternative and/or additional (to EF) impact categories be recommended and
why?

Cumulative Energy Demand

The cumulative energy demand (CED) assesses the quantity of energy content of all different
energy sources, both renewable and non-renewable, used throughout the Life Cycle of a prod-
uct. The aim of this section on Cumulative Energy Demand (CED) is to assess the usefulness
and feasibility to include energy' indicators in Life Cycle Impact Assessment for vehicles.

The most recent review of characterization methods on Cumulative Energy Demand is the pa-
per by (Frischknecht R. W., 2015). The paper gives an overview of existing life cycle-based
energy indicators, concluding that there is no harmonized approach to calculate the CED of a
system. Therefore, the paper also aims to provide a consistent approach to develop characteri-
zation factors for a Cumulative Energy Demand indicator, the harvested energy approach. This
approach is nowadays the most widely used CED-approach and implemented in Ecoinvent (and
other databases).

In the paper of Frischknecht (2015), the cumulative energy demand is considered to be an
impact category indicator and thus belongs to the life cycle impact assessment. In Frischknecht
et al. (2015), the problem definition of energy use is defined based on an assumed intrinsic
value of energy. This means energy is worth saving, because it has a value of its own, inde-
pendent of a defined usefulness for humans or a function for supporting ecosystems. Different
types of energy sources are considered in the CED _harvested energy approach, both renewa-
ble (biomass, wind, solar, geothermal and waterpower), and non-renewable (fossil fuels, nu-
clear energy from uranium and primary forest).

CED _total (both renewable and non-renewable) gives insight into the energy efficiency of
an economic system, which is considered an important indicator for policy. The indicator re-
lates to the following problem on energy resource use: “Energy resources are valued by humans

! The CED indicator focusses on the supply of energy by energy resources. It does not refer to methods based on exergy
content, surplus energy and surplus costs related to mining of abiotic resources as a total (both energy and mineral or element
resources).
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for their functions used (by humans) in the technosphere. Energy may originate from both non-
renewable resources (fossil, nuclear, primary forest) and renewable (solar, wind, hydro, bio-
mass) resources.”

CED_non-renewable (fossil, nuclear, primary forest) is an indicator for the depletion of
non-renewable energy resources. The indicator relates to the following problem on energy re-
source use: The decrease of accessibility on a global level of non-renewable resources over the
very long term (LT: e.g. 500 years) or short term (ST: 25 years). It basically follows the same
problem definition as the Impact Category ‘abiotic resources fossil fuels’, which is presently
used in EF, but includes uranium and primary forest as other depletable energy resources, next
to fossil fuels.

Table 2-21 shows some of the advantages and drawbacks of the CED approach of Frischknecht
et al. (2015).

Table 2-21 : Advantages and drawbacks of the CED approach of Frischknecht et al. (2015)

CED

Advantages - reflects the overall energy efficiency of a product system

- high policy relevance

- useful indicator on the diver-level of DPSIR

- The partial indicator, CED non-renewable, might be considered a good alternative for
the impact category ‘abiotic resources fossil fuels’, which is presently recommended in
EF, because it also takes into account energy from nuclear power and primary forests.

Drawbacks - based on an assumed intrinsic value of energy, while the consensus tends to be that en-
ergy resources are valued by humans for their functions used (by humans) in the tech-
nosphere

- energy use as such, is not an environmental impact category, i.e., the link of renewable
energy sources to environmental problems is weak

- definition of what is the harvested energy is not always clear and aligned, particularly a
problem for renewable and nuclear energy resources

- interpretation of CED (driver indicator) together with impact categories (state indica-
tors) should be performed cautiously.
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Based on this analysis, our conclusion and recommendations are:

The consortium recommends to include in the non-restrictive set of relevant Impact catego-
ries, category indicators, LCIA methods :

e CED total, based on aggregation of different energy sources by equal weighting, might
be considered an interesting additional indicator on the driver level

However, CED _total, as such, should not be recommended as an Environmental Impact

Category, because of the weak link of the renewable energy flow to an environmental
problem defined in terms of safeguarding energy as such.

Indicators on driver level and environmental impact level should be interpreted cau-
tiously when presented and discussed together. Because the different indicators measure
effects of economic activities on different levels in the DPSIR framework, there might be
overlap in indicated effects.

e CED non-renewable, based on aggregation of different non-renewable energy sources
by equal weighting, might be recommended as an alternative indicator for the impact
category ‘abiotic resources fossil fuels’.

Downside is that the assumed amount of harvested energy from uranium is quite variable
between different literature sources, leading to high uncertainty for this item of the
CED non-renewable.

TranSensus flags that this CED indicator for nuclear energy is less robust and more
research is recommended to develop consensus on which value for harvested energy flow
should be used.

e The consortium recommends using characterization factors for CED_non-renewables
and CED renewables as defined by Frischknecht (2015) which is most widely used and
implemented in Ecoinvent (and other databases).

Criticality

The concept of material "criticality" varies according to the context and lacks a universally
accepted definition (Frenzel et al., 2017; Jin et al., 2016; Terlouw et al., 2019). In mechanics,
ISO 13372 (ISO, 2012) defines it as the index reflecting the severity of an effect and its ex-
pected frequency, while in management, ISO 22300 (ISO, 2018) describes it as a process for
systematically evaluating organizational assets. In the context of supply-chain analysis,

Filename: TranSensus LCA D 3-1 Final.docx

©TranSensus LCA - This is the property of TranSensus LCA Parties: shall not be distributed/reproduced without formal approval of
TranSensus LCA SC. This reflects only the author’s views. The Community or CINEA is not liable for any use that may be made of the
information contained therein.



Funded by
4 the European Union

GA# 101056715

Ver: Final Date: 29.11.2024 Page 87 of 482
Deliverable D 3.1

criticality assigns importance to high-demand materials but lacks a standardized framework
(Mancini et al., 2015).

Material criticality generally includes dimensions such as supply risks and vulnerability to sup-
ply disruptions, which are influenced by geopolitical factors, trade barriers, and environmental
regulations (Dewulf et al., 2016; Knobloch et al., 2018; Sonderegger et al., 2020b). Various
standards and organizations offer their definitions. For instance, the British standard CLC/TR
45550 (CEN, 2020) defines CRMs (Critical Raw Materials) as economically important mate-
rials with high supply risk. The European Commission (European Commission, 2017) echoes
this by emphasizing the economic importance and high supply risk of CRMs.

An added dimension to criticality is the environmental implication of material processing, as
suggested by Graedel et al. (2012). This approach aligns with Life Cycle Thinking (LCT) and
uses a Life Cycle Impact Assessment (LCIA) approach for criticality assessment. While there
is no consensus on the definition of criticality, some authors associate vulnerability with scar-
city and abundance rather than economic importance (Adibi et al., 2017; Klinglmair et al.,
2014). This perspective, however, often overlooks the role of recycling as a strategy to mitigate
supply risk, a factor considered by the Raw Materials Initiative (RMI) in Europe.

Criticality indicators in LCA primarily focus on supply risks rather than resource depletion, yet
their inclusion provides valuable complementary information for understanding material criti-
cality (Drielsma et al., 2016; Klinglmair et al., 2014). While scientific consensus is lacking on
the optimal methodology for evaluating criticality, either generally or within a product life
cycle context, there is a pressing need for guidelines like those recommended by the Joint Re-
search Centre (JRC) for Product Environmental Footprint (PEF)/Organisation Environmental
Footprint (OEF) assessments (Schrijvers et al., 2020b; Zampori & Pant, 2019).

It is also important to note that criticality assessment is different to Impact Assessment (IA).
In IA one assesses the impacts of a product system on the environment. In criticality assessment
one assesses the impact of the Environment, i.e., geopolitical factors (including R/P), on the
product system. The criticality assessment method (of EU) only focuses on supply risks on the
level of mining and refining, while processes can be hampered on any other level in the process
chain. Also, the criticality assessment method focuses on resources that finally end up in the
product as components whereas, the elementary flow of resource extraction in LCIA relates to
all resources used during the production, use and disposal of a resource, both components as
also other consumed auxiliary materials. It's debatable whether criticality should be part of the
environmental impact assessment, it's basically more an economic and even social assessment
of supply risks. Maybe criticality does not belong to the environmental assessment in the LCIA
but should be considered as part of LCSA because it includes more and more economic and
social issues as safeguard area instead of environmental considerations.
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Table 2-22 : Advantages and drawbacks of adding criticality indicator to the non-restrictive list of impact cate-

gories of TranSensus LCA.

| Criticality

Advantages - Criticality analysis highlights the scarcity of crucial materials such as lithium and
cobalt, which are essential for battery production, and the geopolitical and supply
chain risks associated with these materials.

- By understanding the criticality, policymakers and industry stakeholders can make
informed decisions and strategies regarding resource management, recycling, and
sourcing.

- Awareness of the criticality of materials can stimulate innovation in the sector, en-
couraging the development of alternative materials and technologies that are less
dependent on scarce or geopolitically sensitive resources.

Drawbacks - The criticality of materials may change over time due to geopolitical changes, new
reserve discoveries or changes in technology, which can quickly make the analysis
obsolete.

- It requires extensive data collection, expertise and resources to conduct a thorough
analysis.

- There may be limitations in the availability and accuracy of data relating to mate-
rial reserves, mining impacts and recycling rates that may affect the accuracy and
reliability of the criticality analysis.

Based on the evaluation conducted by the ORIENTING project, which used the RACER
methodology to rank criticality assessment methodologies, the consortium recommends in-
cluding criticality in the non-restrictive set of relevant Impact categories, category indicators,
LCIA methods. We recommend using the GeoPolRisk method based on its robustness, ac-
ceptance, credibility, ease of use, and relevance; when the characterization factors will be
provided by the ORIENTING project.

Circularity

Circular Economy (CE) is defined by the underdevelopment ISO standard as “an economic
system that uses a systemic approach to maintain a circular flow of resources, by recovering,
retaining or adding to their value, while contributing to sustainable development”
(ISO/DIS59004). Circular Economy (CE) is often associated to “reduction”, “reusability”, “re-
covery” and “recycling” principles (Julian Kirchherr, 2017), called circularity aspects. To ac-
cess Circular Economy strategies, a large variety of circularity indicators has been developed,
they can be classified at micro- meso- or macro-level (from product level to company level)(
(Rigamonti, 2021), and measure one or more circularity aspects. The MCI (Material Circularity
Indicator) for example, from Ellen MacArthur Foundation (Foundation), indicates how much
the product materials circulate and provides information on the utility of the product. The Re-
cycled Content (RC) indicator simply described the fraction of secondary resource (scrap) in
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the total resource input (primary and secondary). The EoL Recycling Rate (EoL-RR) gives the
fraction of the total waste flow of a resource that enters the recycling process and that is recy-
cled (the recycled flow of a resource that is the output of the recycling process).

However, CE and environmental/social sustainability are not directly and necessary linked:

e First, circularity is not an environmental problem as such, as it is not based on assessment
of elementary flows, but is linked to economic flows in the Technosphere (waste flows,
secondary goods ...)

e Second, CE strategies do not necessary provide environmental benefits and could lead to
shifting and rebound effects (Claudio Sassanelli, 2019). Several articles even demon-

strated that the most circular solutions are not necessary the best environmental options
(Rigamonti, 2021).

The Table 5-4 gives the advantages and drawbacks of adding circularity indicator to the non-
restrictive list of impact categories of TranSensus LCA.

Table 2-23: Advantages and drawbacks of including circularity indictor in TranSensus methodology

Circularity indicators

Advantages - reflects circularity aspects and efficiency of a product system
- high policy relevance (linked to Ecodesign for sustainable Products Regula-
tion)
- useful indicator on the driver-level of DPSIR
Drawbacks - large variety of indicators, which reflect only partial aspect of circularity

- ISO norms not finalized yet

- circularity is not an environmental or social impact (it is not based on as-
sessment of elementary flows)

- itis a way to enhance sustainable use of resources and should be properly
modelled in the LCI (% recycled content, mass, recyclability ...)

As they measure circularity aspects, circularity indicators can be powerful tools to improve
circular decision making. In line with the Eco-design for Sustainable Products Regulation
(Commision), these indicators have high policy relevance. However, it is necessary to highlight
that circularity is not an environmental problem as such, thus circular indicator cannot be con-
sidered as environmental or social impact category. Circularity aspects relates to flows (waste,
secondary goods ...) which belong to the Technosphere and are not elementary. Thus, circu-
larity aspects should be properly modelled in the LCI, distribution of burdens/benefits regard-
ing recycling/recycled content should be addressed with EoL allocations (CFF, cut off ...) and
present impact categories, like abiotic resource depletion or resource dissipation, already dif-
ferentiate between system with high or low circularity. As many circularity indicators exist,
each addressing only partial aspects of circularity, and as the ISO/DIS 59004 is still under
development, WP2 TranSensus LCA recommendations are:
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The consortium recommends NOT including 'circularity indicators and aspects' into
the non-restrictive set of relevant Impact categories, category indicators.

Biodiversity

Human activities have an impact on our planet biodiversity through the 5 pressures identified
in the Millennium Ecosystem Assessment (2005): land use (habitat change), pollutions, climate
change, invasive species, overexploitation of species. Each of these 5 pressures are detrimental
to our planet biodiversity because of the decrease in the number of local species and the de-
crease in the number of individuals per specie they are responsible for.

Several biodiversity indicators exist to take into account the impact of a given human activity
on our planet biodiversity. Among them, two are the most advanced and take into consideration
the whole life cycle of the impacting processes: the GBS (Global Biodiversity Score) and the
PBF (Product Biodiversity Footprint).

The GBS indicator sets a particular focus on investments and aims to be used by financial
institutions. It relies on money expenditures that are converted to biodiversity losses through
models and databases, considering the 5 pressures the money expenditures are responsible for.
Such models and databases are still in the process of being completed. It is possible to complete
the indicator with more specific data (local practices...).

The PBF indicator also considers the 5 environmental pressures on biodiversity, with different
tools: an LCA will give information on the land use (habitat change), pollutions (photochemical
oxidation, eutrophication and acidification) and climate change impacts on biodiversity linked
to the process under study through the LC-Impact method/tool. The results from the LCA will
be completed by qualitative data reflecting local practices on biodiversity preservation that are
related to: species habitat change (land occupation, land transformation and water stress), in-
vasive species and species overexploitation.

The Table 2-24 gives the advantages and drawbacks of adding biodiversity indicator to the
non-restrictive list of impact categories of TranSensus LCA.
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Table 2-24 : Advantages and drawbacks of biodiversity indicators calculation

Biodiversity method 1: GBS Biodiversity method 2: PBF
Advantages | -  Easy to compute (only financial data are - LCA approach completed with local
needed) data so that to reflect the impacts on

biodiversity of the 5 pressures

Drawbacks - Sectorial approach - LC-Impact model still in develop-
- Not easy to differentiate between companies ment
of a given sector - Qualitative approach for local ac-
- Databases relating financial investments to tions
the 5 pressures need to be completed - Shows improvements better than

absolute values

The consortium recommends NOT including biodiversity impact in the non-restrictive
set of relevant Impact categories, category indicators, LCIA methods, because of the
lack of maturity and robustness of the existing 2 main indicators (GBS and PBF).

Dissipation of Mineral Resources

The potential damage to current and future generations induced by the use, or improper use, of
mineral resources in a product or a system over its life cycle has long been addressed in LCA.
Existing LCIA methods have been classified in four categories according to their underlying
impact mechanisms by the task force (TF) mineral resources of the United Nations Environ-
ment Programme (UNEP) Life Cycle Initiative, in the context of the Global Guidance for Life
Cycle Impact Assessment Indicators and Methods (GLAM?2): depletion, future efforts, ther-
modynamic accounting, and supply risk methods (Sonderegger et al., 2020).

Methods related to the potential depletion of mineral resources address the reduction and sub-
sequent potential exhaustion of a certain stock (of these mineral resources). They assume that
the extraction of mineral resources from the ecosphere reduces the natural (geological) stock,
making these resources less available (Sonderegger et al., 2020). Availability of a resource here
concerns its physical presence (Schulze et al., 2020). The abiotic depletion potential method
(ADP, ultimate reserves; Guinée et al., 2002; van Oers et al., 2002) is in particular recom-
mended in the GLAM2 context, for use by LCA practitioners interested in the relative contri-
bution of a product system to the depletion of mineral resources and with a long-term perspec-
tive (Berger et al., 2020). As a mirror to this set of recommendations from the UNEP Life Cycle
Initiative, the European Commission (EC) similarly recommends the use of ADP characteriza-
tion factors (CFs) in the context of the Product and Organization Environmental Footprint
(PEF/OEF; Zampori and Pant, 2019; EC, 2021) when assessing impacts associated with min-
eral and metal resource use. Eventually the depletion-based ADP method has been and is
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extensively implemented in daily LCA practice, in particular thanks to adapted standard LCI
databases (e.g., ecolnvent©) and LCA software (e.g., SimaPro©) that enable easy calculations.

In addition to providing recommendations on some impact assessment methods, the UNEP
Life Cycle Initiative welcomed the introduction of the concept of resource dissipation in LCIA
and called for the definition of dissipative resource use and for its integration in future method
developments. This requires i) LCIs to account for dissipative losses or flows and ii) LCIA
methods to be adapted or developed (Berger et al., 2020). The EC also further encouraged and
initiated research on resource dissipation in LCA (Zampori and Sala, 2017). It has indeed been
argued that mineral resources, especially for what concerns metals, are transformed, but do not
“disappear”, and hence cannot be depleted. Instead, they are transferred from some stocks to
some others, with various degrees of quality and/or accessibility (Stewart and Weidema, 2005;
Dewulf et al., 2021). Dewulf et al. (2021) in particular distinguish six compromising actions
that alter the “ability to access and make use of (the instrumental value of) a resource” (i.e., its
accessibility): emitting to environment, landfilling, disposal of tailings, abandoning, hoarding,
and downcycling. Part of these compromising actions contribute to resources dissipation.
Beylot et al. (2020) reviewed 45 publications to describe the status of resource dissipation in
life-cycle based studies, discussing how resource dissipation is usually defined, which temporal
perspective is considered, which compartments of dissipation are distinguished, and which ap-
proaches (including the implementation of parameters) are considered to assess resource dissi-
pation in a system. Building on insights from this review, they then proposed the following
definition:

“Dissipative flows of abiotic resources are flows to sinks or stocks that are not accessible to
future users due to different constraints. These constraints prevent humans to make use of the
function(s) that the resources could have in the technosphere. The distinction between dissipa-
tive and non-dissipative flows of resources may depend on technological and economic factors,
which can change over time” (Beylot et al., 2020)

These dissipative flows (or “losses”) of mineral resources “negate circularity” (Charpentier
Poncelet et al., 2022a).

In the recent years, in parallel to, or after, the GLAM?2 review and recommendation work,
several methods have been developed to address reduction of resource accessibility and re-
source dissipation (i.e. full inaccessibility) in LCA, both at the LCI and LCIA levels, adopting
different scopes, (e.g., short term, long term); namely EDP (van Oers et al., 2020b), ARP
(Owsianiak et al., 2021), ADR/LPST (Charpentier Poncelet et al., 2021; 2022b), and JRC-LCI
(Beylot et al., 2021), complemented by JRC price-based (Ardente et al., 2023) to capture value
loss. Comparatively, methods related to depletion, future efforts, thermodynamic accounting,
and to a lower extent supply risks, received in the meanwhile less emphasis from the scientific
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community (in scientific literature and conferences), and from standardization/harmonization
initiatives (e.g., in the PEF context, towards potentially delivering new recommendation).

Table 2-25:

Reference

Concept
captured

Compro-

mising ac-

tions cov-
ered

Practical
implemen-
tation*

Temporal
scope

Synthesis of main characteristics of six methods to address mineral resource use in LCA

LCI resource flows
to which CFs apply

ADP  ulti- | Last update | Depletion NA CFs multi- | Very long | Resources from
mate re- | in van Oers plied by in- | term to infi- | ground
serves et al., 2020a ventory nite
flows
ARP Owsianiak | Dissipation | Emitting to | Classifica- | Very long | NA
etal., 2021 environ- tion of dis- | term to infi-
ment sipative nite
flows in
LCI
JRC-LCI Beylot et | Dissipation | Emitting to | Addition Short-term | NA
al., 2021 environ- and classifi-
ment cation  of
dissipative
flows in
LCI
Landfilling
Disposal of
tailings
Downcy-
cling
EDP van QOers et | Dissipation | Emitting to | CFs multi- | Very long | Emissions to envi-
al., 2020b environ- plied by in- | term to infi- | ronment
ment ventory nite
flows
ADR  and | Charpentier | Dissipation | Emitting to | CFs multi- | Short-term | Resources from
LPST Poncelet et | (midpoint) | environ- plied by in- | and long- | ground
al., 2022 ment ventory term
flows
Landfilling
Value Loss | Disposal of
(endpoint) | tailings
Downcy-
cling
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JRC price- | Ardente et | Value Loss | NA CFs multi- | Short-term | Dissipative resource
based al., 2023 (when com- plied by in- flows as in JRC-LCI
bined with ventory method
JRC-LCI) flows

*In this column the terms “inventory flows” are understood in a large sense, potentially including i) elementary
flows and ii) flows within technosphere. Elementary flows (i.e., extractions and emissions) are in a 'conventional'
LCA the basis for the Impact Assessment, while dissipative flows in the technosphere have not been, so far.

The table below gives the advantages and drawbacks of adding dissipation resources indicator
to the non-restrictive list of impact categories of TranSensus LCA.

Table 2-26 : Advantages and drawbacks of including mineral resource dissipation in TranSensus LCA method-

ology

Resource dissipation

Advantages

dissipation better captures the problem of resource use. It looks very promising for
LCAs to be truly supportive of more resource-efficient products and systems.

CFs have been developed, and for some of them are operable with standard LCA tools
and LCI databases. E.g., ADR/LPST methods, whose CFs are available in standard
LCA software (e.g., SimaPro©) and that may be used with current approaches for
mineral resources flows compilation in LCI (“extracted from ground”), as e.g., in
ecoinvent© or EF databases. And the EDP method, whose CFs are available for the
emissions inventoried in the LCI database of ecoinvent© or any other database.

LCIs may need to be adapted, depending on the approach undertaken (which is a pro
and a con — see below): resource flow analysis at the basis of the JRC-LCI method en-
ables improved quality of LClISs, in terms of completeness (more flows covered, in-
cluding better coverage of emissions to environment) and consistency of resource
flows over the life cycle of products and systems (coherent mass balances of re-
sources, which is classically not the case in standard LCI datasets, e.g. in ecoin-
vent©).

Drawbacks

many developments, but characterization models and characterization factors only
tested to few case studies, so far;

LCI datasets may need to be adapted, depending on the approach undertaken: dissipa-
tive flows may need to be added, elemental composition of materials may need to be
known, ideally process data shall follow mass balance principle (IN=OUT).

Software tools may need to be adapted, depending on the approach undertaken, to ex-
tract the relevant dissipative flows from the technosphere matrix and relate them to
the appropriate CFs.

several understandings of dissipation, essentially different as per their time frame
(short-term versus long-term) and the parameters assumed to be relevant in the char-
acterization model (e.g., dissipative flows only, dissipative flows in relation to stocks
(in environment and technosphere), economic market mechanisms, or any others).
This requires a common understanding of the concept of dissipation, and agreement
onthe selection of a temporal perspective.
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- Regarding Resource dissipation: TranSensus LCA consortium acknowledges the rel-
evance of the concept of mineral resource dissipation, and the limitations of the concept
of mineral resource depletion, and of the associated depletion-based method as recom-
mended e.g., in the PEF (ADP method). The TranSensus LCA consortium recom-
mends to explore to shift from the concept of depletion to the concept of dissipa-
tion; for possible recommendation in the TranSensus LCA method based on fur-
ther work to be performed in 2024.

- WP2 favours the recommendation of a new impact assessment method if, through
tests to be performed in 2024, this is found to be relevant building on application to
case studies. Two candidate methods were identified as potentially relevant: EDP
(long-term temporal perspective) and ADR (short-term temporal perspective).
The test period in 2024 may conclude on whether EDP or ADR may be recom-
mended and may accordingly substitute for the ADP method regarding the indica-
tor “resource use, minerals and metals”.

- the consortium recommends that the TranSensus LCA method enables (setting it
as an option), and even incentivizes, the consideration of dissipative flows of min-
eral resources in LCI following the JRC-LCI method.

- the consortium recommends to revise the final TranSensus LCA recommenda-
tions on mineral resource dissipation at the latest within 5 years. New recommen-
dations within 5 years shall take advantage of future developments and improvements
(e.g., consideration of dissipative resource flows in LCI databases)

Non restrictive set STEP 2: WP2 pre-recommendations

WP2 TranSensus LCA pre-recommendations, regarding the non-restrictive set of relevant im-
pact categories, category indicators and LCIA methods, are the following:

The consortium recommends the inclusion of a non-restrictive set of relevant impact
categories, category indicators, and LCIA methods:

- the impact categories, indicators and characterization methods of EF (EF3.0 & EF3.1)

- CED-total based on aggregation of different energy sources by equal weighting, as
driver level indicator

- CED_non-renewable, based on aggregation of different non-renewable energy
sources by equal weighting, as an alternative indicator for the impact category ‘abiotic
resources fossil fuels’.
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o characterization factors for CED non-renewables and CED renewables as defined
by Frischknecht (2015) which is most widely used and implemented in Ecoinvent
(and other databases).

- Criticality:

Based on the evaluation conducted by the ORIENTING project, which used the RACER
methodology to rank criticality assessment methodologies, the TranSensus LCA con-
sortium recommends including criticality in the non-restrictive set of relevant Impact
categories, category indicators, LCIA methods. It recommends using the GeoPolRisk
method based on its robustness, acceptance, credibility, ease of use, and relevance.

- Mineral resource dissipation:

o The TranSensus LCA consortium recommends to explore to shift from the concept
of depletion to the concept of dissipation; for possible recommendation in the
TranSensus LCA method based on further work to be performed in 2024.

o  WP2 favours the recommendation of a new impact assessment method if, through
tests to be performed in 2024, this is found to be relevant building on application
to case studies. EDP and ADR methods will be tested, and compared with ADP.

o the consortium recommends that the TranSensus LCA method enables (setting it
as an option), and even incentivizes, the consideration of dissipative flows of min-
eral resources in LCI following the JRC-LCI method.

o the consortium recommends to revise the final TranSensus LCA recommendations
on resource dissipation at the latest within 5 years.

The consortium recommends to NOT include in the non-restrictive set of relevant Impact
categories, category indicators, LCIA methods:

- circularity indicators and aspects

- biodiversity impacts
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2.4.2  Subtask 2: Restrictive set of Impact Categories

The goal of this subtask is to address the reporting of a restrictive set of Impact Categories.

Restrictive set STEP 1: description of the main findings and learnings from WPI1 & WP2
analysis

The analysis of WP1 shows that most OEMs report a restrictive set of impact categories, mainly
GWP, Acidification Potential, Eutrophication Potential and Photochemical Ozone Creation Po-
tential. This restrained list is often arbitrary chosen, inspired by the review of other published
product LCAs. Two opposite needs are highlighted in D1.2 : 1/ the need for a comprehensive
set of method, including circularity, biodiversity, criticality aspect, 2/ the need for a simple and
easy to use set of impact categories, based on the most relevant and reliable indicators.

The use of a restrictive set of the most reliable and robust impacts categories could facilitate
the interpretation and reporting. Not all impact categories and indicators are relevant for the
ZEV sectors, and the low robustness of some indicators could lead to misinterpretation and
biased decision-making. On the other hand, the PEF recommends the reporting of all EF set,
limiting impact transfer. Also, a set of the most relevant and reliable indicators could be diffi-
cult to define without involving subjectivity.

Table 2-27 : Advantages and drawbacks of recommending a restrictive set of indicators

Should we recommend a restrictive set of indicators?

Pros e Simpler and easier to interpret & report
e Not all EF impact categories are relevant for the ZEV sector
e Low robustness ICs are difficult to interpret

Cons e PEF recommends the reporting of all EF set
e Impact transfer should be analysed

e How to define a relevant restrictive set of IC without subjectivity

Restrictive set STEP 2 : WP2 pre-recommendations

Q: Should TranSensus recommend a restrictive set of the most relevant impacts catego-
ries, indicators and LCIA methods (based on the non-restrictive set) ?”

The consortium recommends a restrictive set of the most relevant impact categories, indi-
cators and LCIA methods, based on the non-restrictive set.

Guidance will be given in 2024 on how to analyse, report and communicate these sets.
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2.4.3  Subtask 3: Normalization and weighting

The goal of this subtask is to address normalization and weighting: should TranSensus LCA
recommend normalizing and weighting results of impacts?

Normalization & Weighting STEP 1: description of the main findings and learnings from
WPI1 & WP2 analysis

Normalization aims at expressing each category-specific environmental impact indicator in
terms of its relative magnitude when compared to a reference impact for that same category, in
a specified geographic area and year. Normalized LCIA indicators are therefore expressed as
dimensionless ratios.

Weighting aims at combining different weighted impact indicators by means of value-based
weighting factors, to arrive at a single-score “super-indicator” of “overall” environmental im-
pact. Weighted LCIA indicators are also dimensionless.

Multiple guidelines, standards and scientific literature address normalization and weighting,
but in very different ways:

o ISO 14044 (2006) states that Normalization is an OPTIONAL step of LCIA, and it also
warns that it “can change the conclusions drawn from the LCIA phase”. That is because
whereas pre-normalization, mid-point LCIA indicators are absolute and express a quanti-
tative estimation of potential environmental impact (e.g., in the case of Acidification: total
moles of H+-eq), post-normalization they become relative indicators, which can be inter-
preted as some sort of “distance to reference”. Hence, if for instance the (updated) estimate
of the overall impact for a particular impact category (e.g., Acidification) in the reference
region and year chosen for Normalization purposes is higher in absolute terms (vs. for some
other region or year), then the corresponding Normalized LCIA indicator for the product
or system under assessment will be discounted more heavily (i.e., divided by a larger nor-
malization factor), and it will end up being expressed by a lower dimensionless ratio, all
else being equal. As a result, Normalization tends to give prominence to those impact LCIA
indicators that refer to impacts that contribute to impact categories for which the chosen
reference region is comparatively less severely compromised already.

ISO 14044 also warns that “Weighting steps are based on value-choices and are not scien-
tifically based”. Because of this, according to ISO, not only is Weighting also an OP-
TIONAL step of LCIA, but it “shall not be used in LCA studies intended to be used in
comparative assertions intended to be disclosed to the public”. It is noteworthy that, argu-
ably, the vast majority if not all of the LCAs that fall under the scope of this project entail
a comparative element, whether explicitly or implicitly, since the prime purpose of
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TranSensus LCA is precisely to provide harmonized recommendations to make LCAs more
comparable.

The ILCD Handbook, published in 2011, does not provide explicit recommendations on
Normalization.

The original Product Environmental Footprint (PEF) guidelines, published in 2012,
were in alignment with ISO 14044 in stating that both Normalization and Weighting were
to be OPTIONAL steps in LCIA.

The guidelines also mandated that, if these steps were optionally applied, the ensuing nor-
malized results “shall” be reported separately under “additional environmental infor-
mation”, with all methods and assumptions documented. The guidelines were also explicit
in requiring that “Normalized results shall not be aggregated as this implicitly applies
weighting” (with all weighting factors equal to 1), and in acknowledging that “Weighting
requires making value judgements as to the respective importance of the EF impact cate-
gories considered”.

Selected scientific literature on Normalization was reviewed. Specifically:

- The review by Moltu Johnsen and Lokke (2013) found that “the weighting step
seems to be inadequately understood in the LCA community, and its workings appear
to be regarded as somewhat mystical” [DOI:10.1007/s11367-012-0491-y]

- The later paper by Pizzol et al. (2017) identified four main approaches to Weighting:
(I) distance to policy target; (II) distance to scientific target; (III) Monetization; and
(IV) Panel weighting. All approaches have shortcomings: (I) may not reflect how se-
rios a problem actually is, since policy may be influenced by costs and other political
considerations; (II) is affected by potential lack of robust scientific data and evidence;
(III) is extremely subjective since it fundamentally relies on “willingness to pay” con-
cepts and on the assumed monetary value of human life; (IV) is likewise affected by
subjectivity, and can easily be skewed by the personal characteristics and possible pre-
conceptions of the panelists. [DOI:10.1007/s11367-016-1199-1]

The European Commission Joint Research Centre (JRC) attempted to develop a standard-
ized approach to Weighting and an ensuing set of agreed-upon weighting factors for use in
LCIA [Sala et al., 2018], while at the same time explicitly acknowledging that “neverthe-
less, the identification of the ‘right’ perspective to be adopted (I.e., the ‘right” weighting
approach) cannot stem from ‘objective evaluations’, as subjectivity plays a fundamental
role.”

Be that as it may, the JRC-recommended Weighting factors were developed using a com-
bination of two approaches, namely: (I) a hybrid evidence-based and expert-judgement
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approach, partly relying on “distance to scientific target” criteria; and (II) a panel-based
approach, combining the responses obtained from a webinar with selected LCA experts and
an on-line sample of 400 internet users between 18 and 65 years of age, with no prior
knowledge of LCA.

e The updated Product Environmental Footprint (PEF) guidelines, published in 2021, made
a U-turn on Normalization (and weighting) and changed the recommendation from OP-
TIONAL to MANDATORY for both. At the same time, though, the updated PEF guide-
lines still acknowledged that “normalized EF results do not indicate the severity or rele-
vance of the respective impacts” (because of the shift in focus from absolute to relative, as
discussed above), and they still required that “normalized results shall not be aggregated as
this implicitly applies equal weighting”. Finally, the updated PEF guidelines mandate that
“characterized results shall be reported alongside the normalized results” and that “the re-
sults of the EF impact assessment prior to weighting (I.e., characterized and normalized)
shall be reported alongside weighted results”.

Even if recommendations vary dramatically between guidelines, standards and scientific liter-
ature, they all agree that Normalization shifts the focus of LCIA from absolute to relative
impact (the latter only being interpretable vs. the backdrop of a specific reference region and
time), and that Weighting always, inescapably, entails subjective value judgements and it can
never be scientifically based. The following table shows the advantages and drawbacks of nor-
malizing and weighting.

Table 2-28: Advantages and drawbacks of normalization and weighting

Normalization Weighting

Advantages  [Allows contextualizing LCIA results in terms of the[Simplifies communication.
pre-existing cumulative impact in a specific region|
and timeframe, within each impact category.

[Drawbacks Shifts the focus from absolute to relative impacts. |Not scientific.
Does not indicate (absolute) severity or relevance ofAlways subjective.

impact. Hides detail and potential impact shifting be-
[Entails additional uncertainty. tween different impact categories.

Normalization & weighting STEP 2: consortium recommendations

Q: The consortium recommends providing factors for normalization.

The consortium recommends that normalisation and weighting are optional and reported
separately. Factors will be recommended only for normalisation and not for weighting.

Guidance will be given in 2024 on how to analyse, report and communicate these sets.
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2.4.4 Subtask 4: S-LCA and LCIA

The S-LCA subtasks consists of two tasks: 1) relevant impact sub-categories and stakeholder
categories (Section 5.4.1); and 2) Methodology for hotspot assessment (Section 5.4.2).

Relevant Impact sub-categories and Stakeholder categories for S-LCIA

The goal of this subtask is to select and recommend a set of relevant Impact sub-categories,
and Stakeholder Categories for S- LCIA for TranSensus LCA.

S-LCA STEP 1: description of the main findings and learnings from WP1 & WP2 anal-
ysis

The objective of conducting a thorough analysis of social and socio-economic impacts in social
life cycle assessment (S-LCA) studies gives rise to the requirement for prioritizing social life
cycle impact subcategories. Prioritizing impact subcategories enables a more specialized eval-
uation of the social impacts connected to a process or product (Bouillass, Blanc, & Pe-
rez-Lopez, 2021). Since Battery Electric Vehicles (BEVs) (since informations on other ZEV
are not available the list is made according to BEV) are in the path of replacing the conventional
vehicles across the globe, it becomes necessary to conduct S-LCA to identify its social impacts.
Prioritizing social life cycle impact categories for a battery electric vehicle (BEV) before per-
forming a Social Life Cycle Assessment (S-LCA) is important for several reasons:

I.  Comprehensive assessment: Prioritizing social impact categories allows for a more
comprehensive assessment of the BEV's overall sustainability performance. S-LCA
evaluates the social aspects of a product's life cycle, including its social impacts on
workers, communities, and society as a whole. By prioritizing impact categories, such
as human rights, labour practices, community well-being, and social equity, the assess-
ment can focus on the most relevant and significant social issues (Sharma & Manthi-
ram, 2020).

II.  Identifying hotspots: Prioritizing social impact categories helps identify the areas of the
BEV's life cycle that have the most significant social impacts. This can help guide de-
cision-making and resource allocation towards addressing and mitigating these impacts.
By understanding the hotspots, stakeholders can work towards improving the social
performance of the BEV and ensuring that it aligns with sustainability goals (Sharma
& Manthiram, 2020).

III.  Transparency and accountability: Prioritizing social impact categories promotes trans-
parency and accountability in the assessment process. By clearly identifying the social
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impact categories that are being assessed, stakeholders can understand the scope and
focus of the S-LCA. This transparency helps build trust and credibility in the assess-
ment results and allows for meaningful comparisons and benchmarking across different
BEVs (Ahamed, Nazzal, Darras, & Deiab, 2023).

IV.  Stakeholder engagement: Prioritizing social impact categories involves engaging rele-
vant stakeholders in the assessment process. Stakeholders, such as workers, local com-
munities, and advocacy groups, can provide valuable insights and perspectives on the
social impacts of the BEV. Engaging stakeholders ensures that their voices are heard
and considered in the assessment, leading to more robust and meaningful results
(Ahamed, Nazzal, Darras, & Deiab, 2023).

In summary, prioritizing social life cycle impact categories for a battery electric vehicle before
performing a S-LCA is essential for a comprehensive assessment, identifying hotspots, pro-
moting transparency and accountability, and engaging relevant stakeholders. By prioritizing
these impact categories, the assessment can focus on the most significant social issues and drive
improvements in the social performance of the BEV.

The methodology used is a three-step filtration process. Primarily, a materiality assessment
proposed by the European Financial Reporting Advisory Group (EFRAG) is done by identify-
ing the main impact subcategories based on the frequency in which they are reported in the
relevant policies and frameworks related to Battery Electric Vehicles. Similarly, the Sustaina-
bility Assessment Questionnaire (SAQ) from Drive Sustainability was analysed to pick the
impact categories which are aligned with the UNEP. These two lists are then compared to get
the final set of impact set categories. The PSILCA and SHDB databases were used to find out
the KPIs and impact scales for each of the subcategory. The impact subcategories which has
got KPIs to measure from the databases are considered mandatory and rest of them as recom-
mended while performing a SLCA for a BEV.

Materiality Assessment:
Understanding the context and defining the Stakeholders

The S-LCA framework calls for a stakeholder approach that considers potential effects on var-
ious stakeholder categories. This is similar to how managing both positive and negative impacts
on people (stakeholders) is a key component of social sustainability. Stakeholder categories are
used to categorize social impacts in order to help operationalize and ensure that the framework
is comprehensive. A S-LCA assessment's foundation is its stakeholder categories because they
are the ones on which justification for inclusion or exclusion in the scope must be given (UNEP,
2020). The (UNEP, 2020) have published the updated version of the S-LCA guidelines and
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have defined the relevant stakeholder categories along with its impact subcategories. The dif-
ferent stakeholder categories identified are Workers, Local Community, Value Chain Actors,
Consumer, Society and Children

Identification of the potential material impacts

The potential impacts on each of these stakeholder categories can be classified into a number
of impact sub-categories depending on the issues of concern that are potentially affected. The
identified impact subcategories will cover a wide range of social and socio-economic aspects
related to the product.
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Table 2-29:

UNEP Stakeholder
Categories

Worker

Local community

Value chain actors (not in-
cluding consumer)

Impact sub-categories, potential impacts on each of these stakeholder categories (Benoit Norris, Traverso, & Neugebauer, 2020)

Consumer

Society

1. Freedom of association
and collective bargaining

2. Child labour
3. Fair salary

4. Working hours
5. Forced labour

6. Equal opportunities/dis-
crimination

1. Access to material re-
sources

2. Access to immaterial re-
sources

3. Delocalization and migra-
tion

4. Cultural heritage
5. Safe and healthy living

1. Fair competition

2. Promoting social responsi-
bility

3. Supplier relationships

4. Respect of intellectual
property rights
5. Wealth distribution

1. Health and safety

2. Feedback mechanism
3. Consumer privacy

4. Transparency

5. End-of-life responsibility

1. Public commitments to
sustainability issues

2. Contribution to economic
development

3. Prevention and mitigation
of armed conflicts

4. Technology development

5. Corruption

UNEP I t Subca- iti
t:glg?ice s Hbed 7 Health and safe conditions 6. Ethical treatment of ani-
’ ty 6. Respect of Indigenous mals
E. rSiomal benefits / social se- | rights 7. Poverty alleviation
urity 7. Community engagement
9. Employment relationship 8. Local employment
10. Sexual harassment 9. Secure living conditions
11. Smallholders including
farmers
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Hence, the outcome of this step is the definition of list of potential material matters (topics and
subtopics) and their related impact.

Determination of the final list of material matters based on an assessment of the materiality of
the impacts

This is the step of the materiality assessment process whose outcome is the list of material
impacts. The methodology used for the materiality assessment is to prioritize the impacts re-
lated to BEV by considering it as a whole and in granular level i.e., raw material level by taking
the scope from cradle to grave. Then find out how the various policy documents and frame-
works connected to BEVs have addressed the different impact sub-categories related to differ-
ent components of BEV in all the different stages such as the Extraction, Manufacturing, Dis-
tribution, Use and EoL. The count of the number of reporting is considered as the factor to rank
the impact sub-categories. The tables of prioritization are given below for each of the stake-
holder categories.
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Table 2-30: Tables of prioritization for each of the stakeholder categories.

Stakeholder Cate- Impact Subcategories Extraction Manufac-  Distribu- Total Reportings

gories turing tion

Workers Health and safety TITIIIT 1T I TIIIIIT I 24
Equal opportunities/discrimination 1T 1T II I NA 13
Child labour [T I I NA NA 12
Forced labour III IIII I NA NA 11
Freedom of association and collective bargaining I III II NA NA 9
Working hours I I II I NA 9
Fair salary IHII I I I NA 8
Social benefits/social security II II I I NA 6
Sexual harassment II II II NA NA 6
Employment relationship I II NA I NA 4
Smallholders including farmers NA NA NA NA NA NA
Local community | Delocalization and migration I NA I I NA 5
Respect of indigenous rights III II NA NA NA 5
Community engagement I NA NA NA I 5
Cultural heritage II NA I NA NA 3
Safe and healthy living conditions NA II NA I NA 3
Access to material resources I NA NA I NA 2
Access to immaterial resources NA NA NA I NA 2
Secure living conditions NA I NA I NA 2
Local employment NA NA NA NA NA NA
Value chain actors | Wealth distribution I I I I NA 5
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Promoting social responsibility I NA NA II NA 3
Fair competition I I NA NA NA 2
Respect of intellectual property rights I NA NA NA NA 1
Supplier relationships NA NA NA NA NA NA
Consumer Health and safety TIII I NA TIIIIT I 14
Consumer privacy I II NA I NA 4
Transparency NA NA NA I NA 1
End-of-life responsibility NA NA NA NA I 1
Feedback mechanism NA NA NA NA NA NA
Society Corruption I II I NA NA 6
Prevention and mitigation of armed conflicts I NA NA NA NA 3
Contribution to economic development I NA NA NA NA 1
Technology development I NA NA NA NA 1
Poverty alleviation NA I NA NA NA 1
Public commitment to sustainability issues NA NA NA NA NA NA
Ethical treatment of animals NA NA NA NA NA NA
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The main impact sub-categories for each stage across the entire lifecycle are marked in bold.
NA represents the Impact sub-category which is not at all addressed in that stage from the col-
lected sources. The different sources and documents used for finding the impact addressal in
each stage of the life cycle are:

Table 2-31: Different sources used for finding the impact addressed in each stage of the life cycle

e  Aluminium Stewardship Initiative (ASI) Principles

e Global Reporting Initiative (GRI) Mining Standards

e JRC Technical Report- European Commission

e International Council on Mining and Metals (ICMM) Principles

e International Labor Organization (ILO) Mining Standards

e  OECD Guidelines for Multinational Enterprises on Responsible Business Conduct.
Extraction e IS0 26000

e Sustainability Accounting Standards Board (SASB) Standards

e  United Nations Global Compact (UNGC Principles)

e EU Batteries Directive and Regulations

e  Fair Labor Association Manufacturing Standards

e Global Reporting Initiative (General)

e EU Battery Directive

e Global Battery Alliance (GBA)

Manufacturing e Automotive Industry Action Group (AIAG)

e International Labour Oorganization (Automotive Sector)
e  Batteries Scientific Studies

e FEuropean Financial Reporting Advisory Group

e International Labour Organization (Transport Sector)
Distribution e  United Nations Human Rights Council (Transport Sector)
e EU Transport Directive 2022

e Society of Automobile Engineers International

e European Automobile Manufacturers Association
e  United Nations Economic Commission for Europe
e  FEuropean Road Safety Observatory

e Federal Highway Administration

e FEuropean Financial Reporting Advisory Group

e  European Commission

Use e Sustainable Development Goals

e Capgemini Invent Research Studies

e National Cooperative Highway Research Program
e  Market Report by European Commission

e Journal of Advanced Research in Economics and Administrative Sciences
e Scientific Studies

e  World Bank

e  External Source
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End of Life e Federal Ministry for Environment, Nature Conservation, Nuclear Safety and Con-

sumer Protection

Identifying the relevant Impact Sub-Categories from SAQ

Drive Sustainability has developed a Sustainability Assessment Questionnaire (SAQ) for the auto-
motive suppliers with aim of achieving some targets among which one of the main goals is to Intro-
duce key supplier performance indicators on the environmental, social and governance (ESG) topics
that are prioritised by the OEM members of the Automotive Partnership (Drive Sustainability,
2023). Hence for this, they have introduced a set of impact sub-categories or topics which are rele-
vant to certain areas or stakeholder categories to map the potential social risks. After a careful com-
parison of these topics with the UNEP guidelines, the common ones were in the following table.

Table 2-32:

UNEP and Drive Sustainability

Stakeholder

Categories

Local commu-
nity

Value chain ac-
tors (not includ-

Consumer

Common impact sub-categories or topics relevant to map the potential social risks and common to

Social benefits /
social security

Sexual harass-
ment

ing consumer)

Freedom of asso- | Cultural heritage | Fair competition | Health and safety | Prevention and
01at%on and 091- Respect of Indig- | Supplier relation- | Consumer pri- mitigation O.f
lective bargain- . . armed conflicts
ing enous rights ships vacy
. Corruption
Child labour Respect of intel- | Transparency
lectual property Ethical treatment

Fair salary rights of animals
Working hours

Impact Sub- | Forced labour

categories Equal opportuni-
ties/discrimina-
tion
Health and safety

A shortlisting process for the impact subcategories was carried out by matching the Table 5-14 with

the impact subcategories which are reported more than or equal to 5 times (highlighted in black)
from Table 2-33. The final list of impact categories is:
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Table 2-33: The final shortlist of impact sub-categories for S-LCA.

Shortlisted Impact Subcategories

Freedom of association and collective bargaining

Social benefits / social security

Child labour

Sexual harassment

Fair salary

Respect of Indigenous rights

Working hours

Consumer Health and safety

Equal opportunities/discrimination

Worker Health and safety

Forced labour

Corruption

Identifying and Matching the Indicators in Databases with shortlisted Impact Sub-Categories

The goal of the S-LCA's social impact assessment phase is to quantify, comprehend, and assess
the potential social impacts of a product system over the course of the product's life cycle. It
can be used to forecast future potential social impacts of an evolving or non-existent system or
to analyse past and present potential social impacts connected with a system. It's important to
keep in mind that S-LCIA primarily focuses on assessing potential social impacts, rather than
actual social impacts. Remember that potential social impact is the likelihood that a social im-
pact will occur as a result of an organization's actions or inactions throughout the course of a
product's life cycle or from the use of the product itself. The word "potential" is crucial because
it implies relativism. A variety of rigorous but constrained hypotheses are used to support the
assessment of potential impacts. (UNEP, 2020)

In order to assess the impact on the subcategories from Table 5-14, indicators can be used as
the main metric or tool which can provide valuable information and insights on decision making
for the OEMs. Hence, to find the indicators, the SHDB (Social Hotspot Database) and PSILCA
(Product Social Impact Life Cycle Assessment) databases were used. They provide access to
large amounts of social data on country-specific sector (CSS) level including the reference
scales for each indicator since this study is following the Reference Scale Impact Assessment
Approach, which enables practitioners to assess social risks associated with sectors and product
systems. Both SHDB and PSILCA databases are based on three main building blocks: An Input-
Output model, a Worker-Hours model, and a database on social aspects. However, it’s im-
portant to be aware of the differences. The Input-Output models underlying both social LCA
databases differ: SHDB is based on GTAP Input-Output model, but PSILCA 1is based on
EORA/MIRO Input-Output model (Indrane, 2019).

STEP 2: WP2 pre-recommendations

The shortlisting of impact subcategories was done according to the methodology and have been
classified as mandatory and recommended based on the availability of indicators and impact
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scales from databases such as PSILCA and SHDB. Orange represents mandatory impact sub-
categories whereas the green represents recommended. The impact subcategory “Fair Compe-
tition” is **marked separately because after applying the methodology, there were no subcate-
gories coming under the “Value Chain Actors”. Since it is required to include all stakeholders,
“Fair Competition “was selected to be added due to the fact that it was most reported subcate-
gory.

Table 2-34: The final list of impact sub-categories for S-LCA.

Value chain

Stakeholder Local commu-  actors (not in-
. Worker . . Consumer
Categories nity cluding con-
sumer)
Freedom of as- | Respect of In- **Fair competi- | Health and Corruption
sociation and digenous rights | tion safety
collective bar-
gaining
Child labour

Fair salary
Impact Subca- | Working hours
tegories Health and

safety

Social benefits
/ social se-
curity

Sexual harass-
ment

Methodology for Hotspot Assessment for S-LCIA

The goal of the social impact assessment phase in S-LCA is to evaluate, comprehend, and assess
the potential social impacts of a product system over the course of the product's life cycle (derived
from ISO 14040). It can be used to estimate future potential social consequences of an emerging or
nonexistent system or to analyze past or present potential social impacts connected with a system.
The goal of this task is to recommend the S-LCIA method to be used for TranSensus LCA.

S-LCIA STEP 1: description of the main findings and learnings from WP1 & WP2 analysis

The social life cycle impact assessment is conducted using one of two techniques, as per the
UNEP/SETAC guideline for S-LCA:

e Reference scale — social life cycle impact assessment method (RS S-LCIA)
e Impact pathway — social life cycle impact assessment method (IP S-LCIA)

These two methods are also known as characterization models.
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A reference scale is an ordinal scale that typically consists of grades 1 through 5, with each
grade corresponding to a performance reference point (PRP). PRPs are thresholds, goals, and
objectives that set different levels of social performance or social risk and assess the magnitude
and significance of potential social impacts associated with organizations and products within
production systems. PRPs are contextual and often based on international standards, local laws,
or industry best practices. It can also be based on comparing relevant stock index data to these
values, it is possible to identify whether the collected data indicate negative or positive devel-
opments. RS S-LCIA methods are selected when the impact assessment aims to find out the
social risk or social performance of the product system. According to UNEP/SETAC, (2020),
social performance refers to the evaluation of business activities against established bench-
marks or standards. It involves measuring the company's performance using specific data rele-
vant to that organization. This approach recognizes the unique context and characteristics of
each company. On the other hand, social risks are assessed by considering the extent of social
impacts experienced by stakeholders due to a company's activities throughout its life cycle and
business relationships. These risks can also arise because of unexpected incidents or events.
Social risk evaluations typically incorporate generic or sector- and country-level data to assess
the potential social effects and their significance. In summary, social performance assessment
involves measuring a company's activities against specific standards, utilizing company-spe-
cific data. In contrast, social risk evaluations consider the rate of social impacts on stakeholders
throughout the life cycle and business relationships, and they often rely on more general data
at the sector or country level. RS S-LCIA also known as the Type-1 model, doesn’t consider
any causal relationships (cause-effect) and summarizes each model according to the scoring
system such as multi-level scores for indicators or two levels of score.

The main target of the impact pathway approach is to assess and develop a model which consists
of the relations between the cause and effect. The impact pathway assessment is based on the
social mechanisms, and it belongs to certain impact subcategories. IP S-LCIA approaches do
not strongly focus on the stakeholder groups but will give the impact results of a social issue
through midpoint and endpoint indicators. Midpoint indicators are used to measure intermediate
social impacts that occur because of a product's life cycle activities. These indicators focus on
specific cause-effect relationships within the impact pathway. They are often based on quanti-
tative data and can provide insights into the magnitude or intensity of the social impacts. End-
point indicators could include measures like overall social well-being, social contribution to
society, or the level of social sustainability achieved throughout the life cycle. These indicators
are useful for comparing different products or services, identifying hotspots or areas of concern,
and supporting decision-making processes (UNEP/SETAC, 2020). According to the
UNEP/SETAC guideline, there are two types of impact pathways, those are qualitative path-
ways and quantitative pathways. Qualitative pathways usually identify social topics of interest
or concern such as fair wages and child labour and it is described and combines different
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disciplines of natural and social sciences. The quantitative pathway approach is more focused
on measurable numbers and target explanations of one or more phenomena. The quantitative
approach is further divided into two, pathways following a mechanistic modelling approach
oriented on E-LCA and pathways following a regression-based modelling approach
(UNEP/SETAC, 2020).

S-LCIA STEP 2: WP2 pre-recommendations

The reference scale approach is in common use rather than the impact pathway approach in
social life cycle assessment (S-LCA) because it is more advanced. The reference scale approach
uses performance reference points (PRPs) which are defined as thresholds or targets that set
different levels of performance. In contrast, the impact pathway approach assesses the conse-
quences resulting from the product system through one or multiple characterization models that
employ cause-effect relationships for evaluating impact categories that are comparable to envi-
ronmental life cycle assessment (E-LCA). The reference scale approach is more advanced be-
cause it focuses on the past or current social performance or social risks related to the behaviour
of the organizations involved in the product system along its life cycle stages. Additionally, the
current development of characterization models within the impact pathway S-LCIA is limited
to potential social and socio-economic impacts, and for a very restricted number of impact sub-
categories.

The consortium recommends to use the most commonly used Reference Scale Ap-
proach (RS S-LCIA) for Hotspot Analysis/Risk/Performance Assessment.
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2.5 Interpretation, Decision making and Frontloading concept (Task 2.5)

Within this task, the approach for the interpretation step for LCA and S-LCA will be defined.
Recommendations for conducting sensitivity analysis, scenario analysis and uncertainty analy-
sis will be proposed, considering user behaviour, electricity mix, value chain scenarios (V2G,
circular loops), and other identified parameters from Tasks 2.1-2.4 and findings from Task 1.2.
In view of the overall objective to pave the path towards an LCA-driven product development,
this task will also conceptualise how decision-making and frontloading processes can be easily
implemented into industrial product development processes along the supply chain. The goal is
to enable engineers and managers according to their profile (industry, RTO, academia, policy,
regulation, etc.) to select solutions and technologies (both existing and emerging) based on their
environmental and social impacts, while balancing all other requirements. Furthermore, to en-
able informed decisions to be made within the constraints of the LCA and S-LCA results fol-
lowing the proposed approach, recommendations on how to report the results to the decision-
maker in a clear, consistent and transparent way will be proposed.

Summary of recommendation & voting options:

Interpretation

2.5.1 Subtask 1: Uncertainty, sensitivity and scenario analysis

This subtask has the goal to elaborate a definition respectively description for the terms uncer-
tainty analysis, sensitivity analysis and scenario analysis. As a main result of this subtask rec-
ommendations for conducting an uncertainty, sensitivity and scenario analysis are available.

Definitions of sensitivity, uncertainty and scenario analysis

To issue recommendations on how to conduct an uncertainty, sensitivity and scenario analysis,
certain requirements must be met. A particularly important point here is the development of a
common understanding of the various terms of analysis. To this end, various sources from sci-
ence, standards and legislation were consulted. The following short and long descriptions of the
terms uncertainty, sensitivity and scenario analysis were created within the subtask and were
agreed upon with the partners in Task 2.5 and represent a finding.
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Sensitivity analysis

The consortium recommends the following definition for sensitivity analysis:

Short version The sensitivity analysis focuses on the influence each parameter has on the result (e.g., OAT
on location of the electricity mix).

Long version Most guidelines refer to sensitivity as a 2-step-process. First step (“check”, “analysis”) is
changing parameters like inventory data, used methods, impact categories or assumptions to
be able to evaluate the influence these changes have on the final results of the LCA. Accord-
ing to the ISO 14040 this can be done in absolute numbers or a variation in %. The aim of
the second step (“evaluation”™) is to assess the results concerning their relevance for final
conclusions and suggestions. This step is an iterative process along all steps of the LCA and
should also incorporate expert knowledge and prior experiences. The most commonly used
approach is the local sensitivity analysis (LSA) which evaluates the variation caused by one
input around its reference point as opposed to global sensitivity analysis (GSA) which eval-
uates the variation of outputs caused by all input parameters.

Uncertainty analysis

The consortium recommends the following definition for uncertainty analysis:

Short version The uncertainty analysis focuses on how well we know the absolute value of the result (e.g.,
Monte Carlo).
Long version Uncertainty analysis, in general, is carried out to investigate the accuracy and reliability of

the LCA model of a product or a process, which has developed with various underlying var-
iables and assumptions as the basis of LCA. Particularly applied to comparative LCA, un-
certainty analysis must be applied to estimate and report any statistics differences in the re-
sults reported for the different variables. Where not possible, a thorough evidence-based jus-
tification of the preference of one system over the other.

Scenario analysis

The consortium recommends the following definition for scenario analysis:

Short version A scenario represents a storyline that determines a variation of key parameters/assumptions
(applies well where parameters are correlated) of the model.

Long version Most guidelines refer to sensitivity as a 2-step-process. First step (“check”, “analysis”) is
changing parameters like inventory data, used methods, impact categories or assumptions to
be able to evaluate the influence these changes have on the final results of the LCA. Accord-
ing to the ISO 14040 this can be done in absolute numbers or a variation in %. The aim of
the second step (“evaluation”™) is to assess the results concerning their relevance for final
conclusions and suggestions. This step is an iterative process along all steps of the LCA and
should also incorporate expert knowledge and prior experiences. The most commonly used
approach is the local sensitivity analysis (LSA) which evaluates the variation caused by one
input around its reference point as opposed to global sensitivity analysis (GSA) which eval-
uates the variation of outputs caused by all input parameters.
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