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LCA & Ecodesign at the design phase

' ' ' ' About 80% of the environmental

e . e O . footprint of new technologies is
determined at the design phase 1
IDEA DESIGN PROTOTYPE NEW TECHNOLOGY
LAUNCH

» The integration of environmental requirements and the definition of ecodesign objectives at the R&D level is a
major challenge.

» At this phase, LCA is mainly applied at a low level of technology maturity.

» Actors involved in technological research face difficulties relating to : x
Choose from a wide variety of available tools/methods.
Available data lacking over the entire life cycle of the systems analyzed.
Results transposing of an LCA carried out on a pilot scale to the industrial scale.
Understanding the variation in terms of results during interpretation. o
Etc.
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Environmental performance criteria integration into
technological development of new generations of

batteries @
JO;EO‘b ¥

It's necessary to analyze the technological feasibility according to a lifecycle approach, to identify the
environmental challenges of innovative technologies when they are at a low level of maturity.

The battery industry is evolving rapidly with the
emergence of new high density energy technologies

3 study cases with different maturity levels:

Advanced
Li-ion

All-solid-
state

Lithium-
Sulphur

Nickel-rich cathode and for the Sulphur cathode and lithium Solid electrolyte (ceramics, glass,
anode, graphite is to be replaced anode polymers, or hybrids)
by silicon
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2 Research questions :

1. How to guide researchers involved in the technological development of new generations of batteries
in the assessment of the environmental impacts of their technologies?

2. How to support low TRL battery design teams in their R&D activities in order to limit the
environmental impacts over the whole life cycle of batteries under development?

3 Hypothesis:

@ 1. Parametric prospective LCA approach
®J

2. Tools for technical teams: Ecodesign toolbox

3. Adapted to a battery R&D context: needs & resources of the battery research teams
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Design Research Methodology (DRM)

~ Framework adapted from Blessing and Chakrabarti (21,

» It addresses the complexity of ecodesign research in terms of the need for multidisciplinary knowledge.

Research based on :

* the vision of the existing situation

* the vision of the desired situation

* the vision of the support that can
transform, and maintain this

EEEEE

@ | [2] Blessing L.T.M and Chakrabarti A., 2009

Basic means

Literature Analysis
(Review-based study)

Empirical data Analysis ™
(Review-based study)

Assumption
Experience Synthesis
(Comprehensive study)

Empirical data Analysis 3
(Initial study)

Stages

Research Clarification

s

escriptive Study |
Prescriptive Study

Descriptive Study I

h

Main outcomes

Y Goalsdefinition

Y Understanding

3> Support development

S > Evaluation

Design Research Methodology (DRM) framework adapted from [2].
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R&D context definition & an overview of the current
integration of environmental criteria

g : '
Litterature 4 ﬁ\\ > + > % - 2 -)E%

review
-_

Synthesis of
: : : Cell components Module Battery pack Use End-of-life
Needs, 3 different moments of active materials manufacturing &  assembly assembly
resources and support where assembly
barriers for environmental Profile of experts interviewed :
environmental evaluation is needed: I Environmental

criteria « project set-up Xperuse perspective

. . . . EXP 1 Electronic management (BMS) -
Integration d_al ly R&D ta_s ks EXP 2 Synthesis of active materials Awareness

e final evaluation EXP 3 Synthesis of active materials
EXP 4 Manufacturing/Assembly of cells
of the technology e Recyoing -
12 experts 8 @ EXP 6 Synthesis of active materials & Use Training

interviewed A EXP 7 Assembly of modules/pack Awareness

a Semistructured EXP 8 Synthes@s of act@ve materials -

interviews EXP 9 Synthesis of active materials
EXP 10 Electronic management (BMS)

! EXP 11 Synthesis of active materials -

Inter_\(/jlew Comparable EXP 12 Synthesis of active materials Awareness
guiae Open answers

guestions
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Specifications of the ecodesign approach

» Specific requirements to be addressed for an integration of ecodesign in the technological research of
new generations of batteries :

Resea rcher awareness

Positioning with regard to competing technologies

Life-cycle thinking

Collaboration of all actors in the value

Time reduction for
Time reduction for C h d | I improvement

environmental assessment Ident|f|CC|t|0n Of |der|$ti“%%g&tion
improvement paths for ecodesign

Quantitative multi-criteria assessment by non-experts
Global/specific environmental
challenges of new battery technologies

Prospective environmental impact
Capitalisation and sharing of knowledge

Trade-offs and impact transfers consideration
Communication of results by and to non-experts
Comparison to competing technologies

nnnnn Time reduction for
g 3 data access SETAC Europe 33rd Annual Meeting — Dublin, 2023 11




Prospective life cycle assessment of battery systems

» “Studies of emerging technologies in early development stages, when there are still opportunities
to use environmental guidance for major alterations” — Arvidsson et al., 2018

» Focus on potential environmental impacts arising from technologies even still at the R&D stage by
defining future scenarios.

» Some authors review and provide recommendations but at present no generic framework is defined.

Scenarios definition:

|Goa| and scope

: . \, definition
Scenario definition -

Assumptions

| Definition |dentification of key
(reference & of time factors for: oy el
___ dlternatives) l T . ' factor for the
------------ horizon » the technology : :
pmmmmmmm e [ defined time
: ' , . and TRL » the market context )
! Scenario . Inventory Interpretation horizons
. development i analysis
e r/
l T . Uncertainties |
| of future : Litterature
—» i I . Technology
Impact PR | assumptions ! review expertise
EEEEE assessment L o
e 1 | | [ | 12
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Parametric prospective life cycle assessment of battery

systems

» Screening and comparing alternatives when detailed data is not available.

~ Based on a set of predefined technical parameters used to model the battery system :

Definition of the relation
between technical
parameters and
environmental performance

Prioritisation of these
parameters (generic and
specific)

|dentification of technical
parameters sensitives to

the prospective approach

Bo
Scenarios
key factors

In collaboration with stakeholders )
Workshop Functional

specifications

Approach deployed through a parameterised tool allowing its implementation in the design
decision-making process

@ @ EV: Electric Vehicles SETAC Europe 33rd Annual Meeting — Dublin, 2023
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Parametric prospective life cycle assessment of battery
systems : A simplified tool

» The proposed tool uses available data (literature and expert view) to systematically, iteratively and
transparently (background database available and evolving) evaluate the environmental performance

» Some of the features that support the design decision-making include :

Technology modelling at different levels of detail 3 levels (basic, intermediate and
advanced)

Critical material content in the battery :

Specific assessment for material criticality

Li, Co, Ni and Si

Specific assessment for ecodesign indicators Recyclability index & Disassembly index

Comparison of different lab-scale technologies " :
Cell parametrisation (electrochemical
core scale)

Comparison with commercial technologies

Calculation of environmental impact results for different functional unit bR

the system, kg of battery, battery, etc.

EEEEE
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Accompanying the technical teams with a ecodesign
toolbox

Technical and environmental
performance data for the 3

. Computer tool for parametric
new battery technologies and P P

~ Operational materials that support the application ., ercial reference prospective environmental
of the ecodesign method and the capitalisation of ~ technologies assessment of battery systems
knowledge.
S : : Simplified and
" Sgggggigor: csjteecrgsllon making during each Li-ion batteries parameterised
environmental prospective
~ Adaptable to specific requirements of the 3 Impacts database environmental
moments of support. Ecodesign FEEEERMEN e

toolbox

Materials for

» Composed by:

- Ecodesign researcher

« Original tools. suggestion bank awareness and

- Existing tools within the technical teams. training

- Adaptation of existing tools in the literature, for a

R&D context and for a battery application. v Series of slideshows explaining

Collection of ecodesign tools the LCA methodology and the main
(Design rules-according to environmental issues and
DfX" approaches, guides for challenges arising from the battery
creativity sessions, etc.) sector

@ SETAC Europe 33rd Annual Meeting — Dublin, 2023 15
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Experimental validation

» During the last phase of the DRM, it should be validated that this approach makes possible:

The identification and The identification and proposal of The satisfaction of
assessment of the improvements in the the researchers’

environmental impacts of low environmental performance of new needs
TRL battery technologies technologies

» How ?
- A workshop
- 3 hypothetical application cases
« 14 indicators will be measured and observed
For example:

@ Relevance of the improvements identified and proposed by the
researchers according to technical and environmental criteria

. Average time needed to carry out a multi-criteria environmental
performance assessment by non-experts
‘ Average time to identify environmental areas for improvement by non-experts

Source: Pexels

g 3 DRM: Design Research Methodology SETAC Europe 33rd Annual Meeting — Dublin, 2023 17
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Summary

The application of the DRM has allowed :

Basic means Stages Main outcomes Maint results forthis work

- Project set-up
Literature Analysis DI Research Clarification PR rIRe SILTen _p Definition of the technical teams’ needs : - Daily R&D tasks
(Review-based study) l Identification of 3 support situations - Final evaluation of the technology aied e
implified an
. . Li-ion batteries parameterised
Err;pl(lcalgatzAnzlySIs DD Descriptive Study | 3> Understanding > Definition of the obstacles and means for ecodesign integration in a R&D environmental prospective
(Review-based study) context impacts Database environmental

assessment tool

P Usability, applicability and usefulness validation of supports developed

S ipti - Complextools handlingand - Availability of tools with a framework that
Experience Synthesis r (T (VB (I \A > > Support development e R s e
(Comprenensesteay) - Time-consuming data - LCA iterative approach that enables analyses . ) Materials for
llection and analysi : AR Ecodesign suggestion h
Empirical data Analysi ipti 2 Evaluati FOWRELION M0G Ayl to be refined according to data availability bt researcher awareness

i tmpirical data Analysis 37 Descriptive Study Il valuation S o Lyt
E (Initial study) I \
i
L

(a): Design Research Methodology (DRM) framework adapted from [2]. (b): Main results of this work related to the application of the DRM approach.

This ecodesign approach aims to support researchers through design decision-making by helping them
to understand and assess the environmental impacts, and to identify the levers for improving the
environmental performance of new generations of batteries.

In the long term, the objective is to guide researchers in their decision-making all along the design process:
- externally, with the definition of ecodesign objectives for future technological choices in industry
« internally, with the proposal of new research themes in their work teams

@ | [2] Blessing L.T.M and Chakrabarti A., 2009 SETAC Europe 33rd Annual Meeting — Dublin, 2023 18
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