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Opening of the Workshop

The new battery regulation- an important milestone in creating a
sustainable and safe battery industry in Europe?

Safety, performance and sustainability of batteries - technical
aspects in a policy context

Battery Safety in a Circular Value Chain

The Challenges for a Sustainable Battery Ecosystem
The Industry Perspective on Safety and Sustainability
Q&A Session

Panel Session: A Holistic Approach to Battery Safety and
Sustainability



Technicalities

Please,

« Turn off your camera
 Turn off your microphone
 Ask questions in the chat

« If you write a question, please specify to which speaker your
question is addressed



The new battery regulation- an important
milestone in creating a sustainable and
safe battery industry in Europe

Ilka von Dalwigk
(Policy Manager, EBA 250)
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This cooperative ecosystem gathers the
European Commission, interested EU in Europe by 2025, to

. . . . . capitalise on opportunities

countries, investmentinstitutions and key and capture a new market
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EIT InnoEnergy has been trusted by the
European Commission to drive forward and
promote EBA250 activities, acting as 10+
network manager and project facilitator

60 ¥ Research and associations active in large parts of
the value chain

European Commission Services

50+ Financial Institutions
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EBA250

__|Create a pan-European and cross sectoral batteries ecoystem to make Europe a fast follower in
battery technology and capture a new market worth 2508€/year in 2025
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Building a competitive and sustainable European battery value chain:
Starting point 2017
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Secure access to
sustainably
produced battery
raw materials at
reasonable costs

3. Secure access to secondary raw
materialsthrough recyclingina
|Circular Economy of Batteries

3a. Define and implement regulation and
demonstration proj ects for recycling and second life of
batteries.

3b. Improv e regulation and align with strategic
objectives: Battery Directive, Energy Union, REACH,
Critical Raw Materials, Mobility Package, Permitting,
Transport Regulations
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Make Europe the
global leader in
sustainable
battery
technology

4. Support the growth of a cell
manufacturing industry that comes
with the smallestenvironmental
[footprlnt possible. Thiswill provide a
key competitive and commercial edge
versus competitors.

4a. Develop a standardised EU life cycle assessment
scheme, with targets of carbon footprint including
guidlines for the calculation thereof

4b. Define and implement certification/labelling of
batteries made in Europe. Use the declaration as a tool
in trade agreements / tax treatment with non-EU
battery providers

4c. Reduce carbon footprint of advanced battery
materials making and cell manufacturing by securing
access torenewable Energy

4d. Develop a standardised life cycle assessment for all
ftransport technologies

5. Create and sustain a cross-value
chain ecosystem forbatteries, incl.
mining, processing, materialsdesign, 2nd
life, and recycling within the EU,
encouraging cross-sectoral initiatives
between academia,research, industry,
policy, and the financial community.

5a. Invest in R&D and pilot plantsto take the technology
lead in primary and secondary raw materials processing

5b. Establish a clearing house for battery recycling

5c. Strengthen all currently existing battery collection
lsystems
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0 the Report from the Commission to the European Purlicment, the Conncil, the Exropean
Ecomanvic amd Sociks! Commitice, the Commitice of the Regions and the Europeen
Imvestment Bamk

Building » Strategic Battery Value Chadn in Europe

This StrategicAction Plan combines targeted
measures at EU level includingin raw materials
(primary and secondary), research and
innovation, financing/investment,

standardisation / regulatory, trade and skills - - : A A
development, in orderto make Europe a global Developmentof a New Regulatory Framework for Batteries based on

use, in the context of the circular economy. made in Europe amongst others
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roal:1v] Measures along battery value chain @ el ——
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* Strengtheningthefunctioningofthe internal market by ensuringa level playingfield through a
common set of rules
* Promotinga circulareconomyand creation of more resilient supply chains through recycling
* Reducingenvironmentaland social impacts throughoutall stages of the battery life cycle
\: Recyclir:g efficie:ncies }
Disposal \ and recovery of
-~ materials

Measure 1:
Batteries classification
and definition
Processing
Measure 6:

( Measure 3: ‘ Carbonfootprint for
Collection rate for industrial and EV batteries
L portable batteries Measure 9: '
{ Measure 11: J Recycled contentin

Measure 13
Supply chain due diligence for raw
materials in industrial and electric
Measure 5

vehicle batteries

Battery
e S End of Life Extended Producer
Collection rate for
automotive and
\___industrial batteries

Manulaclur ing industrial, EV and
Responsibility
Measure 2:
Second-life for industrial

Measure 11

Design requirements for
portable batteries

N

Primary use
EV

automotive batteries
batteries

Measure 12;
Provision of information

rechargeable industrial and

electric vehicle batteries

Measure 8: Measure 7:
Non-rechargeable Performance and durability of
portable batteries




el Tyvrn) EBA harvestsince October 2017:
PP Industrial projects all across the value chain in 22 countries

- Active Materials Battery Manufacturing

sartery | EBA250
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Industrial projects all across Europe, creating jobs and growth
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EU car makers’ electrification ambitions
”-*”*;'#ﬁ;- Daimler announced that it will electrify its entire fleet before 2035, Q1 2021

Volkswagen announced a dramatic acceleration of their electrification plans from from 35% of
sales pure EV:s to 70% pure EV:s by 2030, Q1 2021- announced own cell production (6x40 GWh!)
in Europe

BMW is aiming to build “a quarter of a million more electric cars than originally planned” between
2021 and 2023 and aiming to more than double the share of electrified vehicles in its sales from
around eight per cent this year to around 20 per cent in 2023,

Stellantis wants to substantially increase sales of electrified cars in Europe from 14 per cent this year,
(around 400,000 vehicles), to up to 70 per cent in 2030.

Volvo announced that all its new car sales will be pure-electric from 2030.

Audi has stopped the development of new combustion engines
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Source: Delta-EE & ACEA | Europe: EU + EFTA+ UK | EVs: BEVs, PHEVs & eLCVs | Actual data: 2015-2020. Forecast data from 2021.
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Europe needs sustainable batteries @) oy [l

Metals and and minerals will be the fuel of the future - We can not drive a
clean car with a dirty battery

Minerals used in selected energy technologies

Transport  (kg/vehicle)

Electric car |
Conventional car _

50 100 150 200

1 Other
I components

r Raw
materials

~ Production

manufacturing begins at sourcing and )
continues through recycling

=
=

Low-carbon, circular and sustainable battery '
e

1 kWh 100-150 kWh

Referer , Ellingse al. (2014)
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1:7.¥1{} Building a competitive and sustainable European battery value chain: @ A
Problems and challenges

Need for a coherent and supportive regulatory framework for sustainable batteries from Europe —
in line with principles of circular economy and EU decarbonisations objectives

Incentives for sustainable
battery production with
lowest CO2 footprint
possible

Sustainable and ethical supply
chains

Ambitious goals for
recycling with specific
targets to recover battery

Transparent methods for
calculation of CO2 footprint

Recycling/
2nd life

Fupniognuew

materials

Access to battery dataon different levelsto
increase business opportunities and ensure
safetywhen handling batteries.

Easier transport for
recycling, reversed logistics

Funded by the

European Union
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= At the birth of the European Battery Alliancein 2017
* Almost no discussion on “green” batteries
* No coherent regulatory framework covering batteries along the value chain
= Sustainability and Recycling identified as important from the start of the EBA

= Current status on a supportive and coherent regulatory framework
» Batteries recognised as a key technology for the green transition

» Regulatory framework is needed to support andincentive the creation of a sustainable European
battery value chain in a circular economic framework

* The legal basis creates a high level of predictability

» Sustainability important for the entire battery value chain —we cannot replace one “dirty
technology” with another without loosing the trust of consumers

= Access to sustainable raw materials will be a prerequisite to fule the green transition
= Regulatory framework needs to be supportive and inclusive — also for future developments



Safety, performance and sustainability of
batteries — technical aspects in a policy context

Andreas Pfrang (European Commission - JRC)



CO, emissions reduction
is important to ||IB




B Batteries
will play a crucial role ...






... facilitating the
shift to electric vehicles

e e e




Environmental impact
of batteries

Battery Uptak_e of .
Electricity mix performance electric vehicles

Smart grid

Kilometers
driven overall



Battery policies
require
solid scientific basis...

So we perform desktop
and experimental
research
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Informed policy making
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By Performance and Durability
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Durability
¥

We investigate
performance and

degradation of Environmental impact

batteries... of batteries

... because this is B::stwance » Uptake of
essential for all D

applications

electric vehicles/
batteries

... but also because of

the influence on
environmental impact




Performance and durability

28

Initial performance

« Round trip efficiency (RTE)
Durability

« (Capacity, power and RTE fade

Test procedures should reflect real
operation
« Long test duration

« Test acceleration challenging
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Number of Cycles

This project 17IND10 LiBforSecUse has received funding from the EMPIR programme co-financed by the
Participating States and from the European Union’s Horizon 2020 research and innovation programme

Degradation

Depends strongly on operation
conditions

Example
LG 18650HG2 3.0 Ah cell

Cycled at different temperature

.‘ Lithium Batteries European
' ‘ for Second Use H Commission
.



State of health depends on history

80 % SoH (capacity retention) 30 % SoH

’
4
Ay

1250 cycles ., .
at 45 °C *

3500 cycles
at 45 °C
200 cycles
at5°C
This project 17IND10 LiBforSecUse has received funding from the EMPIR programme co-financed by the ™) Lithium Batteries -
30 Participating States and from the European Union’s Horizon 2020 research and innovation programme for Second Use
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We investigate
safety of batteries...

Safety

Uptake of

... because sufficient
safety level is a
prerequisite for all
applications

electric vehicles/
batteries




Safety

- Safety for primary use of batteries for EVs already covered by
EVS-GTR (enacted into EU law as type-approval internal market
legislation); phase 2 on-going

- Safety of batteries for stationary application?

European
Commission

33



Safety

34

Safety for primary use of batteries for EVs already covered by
EVS-GTR (enacted into EU law as type-approval internal market
legislation); phase 2 on-going

Safety of batteries for stationary application?

Safety of second-use batteries?

- Different level of modification of second use batteries
- Different SoH/history of second use cells and batteries
« Lower number of batteries per product?

European
Commission
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Recycling efficiency / recycled content

Novel provisions on
- recycling efficiency, incl. levels of recovered materials (Co, Cu, Ni,

Pb, Li)
- recycled content of Co, Ni, Pb and Li in new batteries

Methodologies and reporting to be adapted/developed

European
Commission

36



Recycling efficiency / recycled content

Time lag between put on the market and avallablllty for recycling to be
considered ""l [ — - e |

- Maximize the incorporation of recycled materials
- not only maximize recycling efficiencies
* but also maximize collection rates

European
Commission

S. Bobba, F. Mathieux, G. A. Blengini, How will second-use of batteries affect stocks and flows in the EU? A
model for traction Li-ion batteries, Resources, Conservation and Recycling 145 (2019), 279




Life cycle carbon footprint criteria

«  Common provisions needed for comparability
across battery models, as well as for verifiability

(\
« Existing Product Environmental Footprint Category Rules (PEFCR) on

batteries
good basis, further adjustments needed (e.g. system boundaries,
secondary datasets) -> technical discussions with stakeholders

starting

- How will carbon footprint criteria drive innovations ?
(multiple steps in the life cycle; many technical parameters)

« Future technologies-proof rules ?
38

European ‘
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We investigate
removability and
replaceability of
portable batteries...

...Removable
batteries ensure
proper collection
and treatment for
recycling

...Replaceable
batteries enable
prolonged lifetime
of the appliances
they are part of




Battery Labellingf

~ enables informed | - -

. purchasing decisions
by consumers| &

R Green Public Procurement
= Criteria enable informed '
. procurement decisions by

public authorities
" W
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Information supporting regulations

42

Existing legislation
Consistent, holistic
Industry practices /standards
Scientific literature, (experimental) data and Informed

knowledge policy
Dedicated modelling making

Socio-techno-economic
Dedicated research
Lobbying

Public consultation
e.g. https://ec.europa.eu/info/consultations en

Other publicly available information

European
Commission



https://ec.europa.eu/info/consultations_en

Information supporting regulations

43

Industry input

required
Industry practices /standards
Scientific literature, (experimental) data and JRC role
knowledge
Dedicated modelling Pre-normative
Socio-techno-economic research

Dedicated research

European
Commission




Relevant standards / regulations

New test
procedures /
standards

%‘ﬁ European
—— Commission

Bielewski, M., Blagoeva, D., Cordella, M., Di Persio, F., Gaudillat, P., Hildebrand, S., Mancini, L., Mathieux, F., Moretto, P.,
Paffumi, E., Paraskevas, D., Ruiz, V., Sanfélix, J., Villanueva, A., Zampori, L., EUR 30597 EN, Publications Office of the
European Union, Luxembourg, 2021.

;



We are European Commission’s Joint Research Centre
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https://ec.europa.eu/jrc/en/research-facility/battery-energy-storage-testing-safe-electric-transport
https://www.youtube.com/watch?v=6u2Gjiudcas
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Battery Safety in a Circular Value Chain

Maitane Berecibar &
Arnaud Bordes
(Co-Chairs of Batteries Europe Safety Task Force)
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Battery Safety in a Circular Value Chain

New and emerging Raw Advanced Cell Design Mobility Stationary

Battery Ma;ﬁﬂals and Applications Applications
& &

technologies Recycling Materials Manufacturing Integration Integration

Safety

Digitalization

Skills and Education

Objective: Identify the coming challenges of the cross-cutting topic
‘Safety’ along the whole battery value chain
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Part|C|pants of the Task Force:

Claude Chanson (Recharge) ** Chairs of the Task Force:
Anita Schmidt (BAM) Arnaud Bordes (INERIS)
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Kai Holtappels (BAM)
Carla Menale (ENEA)
Mihails Kusnezoff (Fraunhofer IKTS)
Piercarlo Mustarelli (UNIMIB)
Fabrice Stassin (Umicore)

Isabel Vermeulen (Umicore)
Maros Halama (TUKE)
Natalia Lebedeva (JRC)
Amaya Igartua (Tekniker)

Guillaume Cherouvrier (Safran)



TETESION

1- Why Safety
2- Safety at each level of the value chain
2.1 Material Level
2.2 Cell Level
2.3 Pack and system Level
2.4 Safety Testing
3- Conclusions
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1- Why Safety
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JRC, Li-ion batteries for mobility and stationary storage applications, 2018
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Tesla (June 2019, California) Samcheok PV power plant (Dec 2018, Korea)

Safety standards or regulations produced by private or public bodies (ISO, IEC, CEN-CENELEC,
UNECE) provide the required standards to proceed safely with battery solutions.
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Functional Safety Analysis (IEC 61508)

. =
Identification of the @ Identification "Nl Identification of the (‘\,_‘) @
hazard ofthecauses = W FTITTER LT[

Install protection @ Install protection against
against hazard: hazard source/develop- #
MITIGATION/PROTECTION ment: PREVENTION
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2- Safety at each level of the value chain EUROPEAN TECHNOLOGY
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SYSTEM

MATERIAL

R&D, LABORATORY

DESIGN
CELL
MANUFACTURING & RECYCLABILITY
APPLICATION (BMS) Safety
Improvement

MODULE/
PACK
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2.1 Material Level

« Development of more stable material
(electrolyte, electrodes)

« Research activities such as self-healing at
material level may help to improve safety

« Separators with better
thermal/mechanical stability or shut down

n

Sourice et al. JPS, 2016
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2.2 Cell Level

B
= |

European
Lomemesson
———

Incident light
Cladding  Core - Improved passive safety devices (CID,
PTC...)
‘JJ..LM. Y | - New smart sensors inside the cells
Re o= 2y /" Transmitted - Strict quality control during

manufacturing/automatization

: Button vent
Optical fibre

Burst disc

Jiagiang Huang et al. Nature 2020 Adapted form Thi Thu Dieu Nguyen et al. World Electric Vehicle journal 2019
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2.3- Pack and system Level

Thermal Management

 Develop advanced SoX and BMS for: improved
safety performance and failure prognosis models,

« More efficient cooling systems and BTMS.

- Increasing the standards in sectors like stationary
storage, reuse (evaluation tools, SoS)

Power Electronics TS

=

Battery Racks

Ambient Air Supply

« More resistant housing of EES
- Effective warning and extinguishing systems

« Updated emergency procedures in case of fire
and/or explosion

P. Sun et al. Fire Technology, 2020 M. Schimpe et al. Applied Energy, 2017




2.4- Safety Testing 'ERIES EUROPE

EUROPEAN TECHNOLOGY
AND INNOVATION PLATFORM

335
1%
48
g S
3

Simulation
Modelling
Digitalization

Avoid testing to
become the
bottle neck of
Europeans
batteries

Pictures from INERIS batteries tests facilities
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3- Conclusions

« Current batteries have a good level of safety

« Creation and adaptation of existing standards

« The improvement of safety should be
considered in a whole sustainable battery-
circular-chain perspective:

« from material -cell -module -application (1st and
2nd life) and recyclability levels.

« if safety is treated at material level it will enhance
safety at higher levels
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3- Conclusions

« The European Batteries of the future including safety
(research, testing and regulatory framework).

« Novel technologies, smart functionalities

« Automatization, robotics together with digitalization
« Education and training needs on safety

« Sustainability: focus on recycling and second-life

v Improve selection and diagnosis tools (SoS, SoH) of end of 1st life
cells

v Material selection and battery design thought for the whole life
cycle of the battery (re-use, second-use, remanufacture, recycling)

v The creation of a database containing safety relevant data on EES o
should be developed in order to support safe recyclability. “Sustandbty
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Our position paper will be published soon!

Dr. Arnaud Bordes
Arnaud.BORDES@ineris.fr

controlling risks |
for sustainable development

Battery safety engineer — INERIS

Prof Dr. Maitane Berecibar
) Maitane.Berecibar@vub.be

““. ") - N N "
m m( ' b ! RESEARCH CENTRE

Head Battery Innovation Center — VUB
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The Challenges for a Sustainable Battery
Ecosystem

Fanny Barde &
Marcel Well

(Chair and Member of Batteries Europe
Sustainability Task Force)
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1.What is sustainability?

« Definition of sustainability
« Three key dimensions
« Cross-cutting considerations

2. Sustainability hotspots
« What are the key aspects of sustainability we should focus on?
« Combined safety & sustainability aspects

3. Recycling
4. Sustainability label

5. Conclusions

o~
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What is sustainability?



What is sustainability? BATTERIES EUROPE
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indicators
i B T

)

ﬁ \ ‘ ‘ () ' prhhhhhbb@ ’ ' ' ' | CLIMATE CHANGE EUTROPHICATION LAND USE ::g&l::gz
//’lg{’lgﬁggg average cumulatlve ;'/”/'l' ‘ ‘7/‘ g
0 eneroy demanay L l k4

/”I’:’ggﬁg:f,/"/ / ) 'f,{lg:/ %’;’;’;’7”, [ ACIDIFICATION OZONE DEPLETION ECOTOXICITY RT&?:;‘QGN
/Hf / //)-‘H'f/r H/: 7, r(f/. /)(i// ol Il /iy
Energy input and COZ emissions for the p:o‘rocusu‘xcu \:ATEI; HUMAN TOXICITY
production of one kWh of storage capacity * OEONETORMATION . DepLETION .
Peters JF, Baumann MJ, Braun J, Weil M. The environmental impact of Li-Ion batteries https ://eplca J rC.eC.europa .eU/|CPrOjeCtS. html

and the role of key parameters — A review. Renew Sustain Energy Rev, 67, 491-506 (2017)
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ECONOMIC SOCIAL ENVIRONMENTAL

Three key dimensions of sustainability
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Cell design
IR ELS

=

Cross-cutting considerations

®

/ \
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X

Supply: geophysical
and geopolitical
considerations.

Lack of raw materials.

Workers' rights &
others social aspects in
the value chain.

Jobs, reskilling and
training.

Hazardous materials.
Resource use across
value chain.

GHGs (CO2, NOx, SOx,
and others) released
during mining, refining,
and preparation of
precursors and active
materials.

Geopolitical
considerations.

Lack of raw materials.

Improving technical
performance to
decrease costs.

Workers' rights & other
social aspects in the
value chain.

Jobs, reskilling and
training.

Hazardous materials.
Resource use across
value chain.

o~



Manufacturing

K3

Applications

=

Cross-cutting considerations

®

/ \
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X

Sustainability of
imports from outside
the EU.

Geopolitical
considerations.
Improving technical
performance to
decrease costs.

Workers’ rights &
other social
aspects in the value
chain.

Jobs, reskilling and
training.

Resource use: chemicals,
energy, water and resources
in manufacturing.

Type of infrastructures
needed (solvent recovery /
recycling, dry / clean room,
machinery.)

New business models
enhancing sustainability
and competitiveness.

Workers’ rights &
other social
aspects in the value
chain.

Jobs, reskilling and
training.

Resource use across value
chain.

Energy transition and
electrification.

o~
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Recycling
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Cross-cutting considerations
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X

Economic feasibility,
economic degradation
and business models.

Workers'’ rights &
other social aspects in
the value chain.

Jobs, reskilling and
training.

Resource use across
value chain.
Environmental benefits &
negative impacts.

Regulatory aspects
related to R&D projects.

Social Life Cycle
Assessment (LCA).

Life Cycle Assessment
(LCA) & carbon
footprint (or GHG-
equivalent footprint).
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What are the most important
aspects for further
consideration?

10
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Cell de5|gn Applications []
Raw material Manufacturin h. Recyclin Other © O O
‘ materials HISCng (1=&2%) T = gé@ 4

New sustainable business models (incl. regulatory aspects)
@1’ Lack of (raw) materials Improve tech. perf. & decrease TCO

Geopolitical considerations / Sustainability of imports / Circular economy

Sustainable
business
models

® Workers rights and social aspects along the value chain Social-
/7 \ LCA (incl.
®-® Safety of workers along the value chain safety

Carbon footprint / GHG emissions

QL

//Ef Resources (water, hazmat, energy...) used along the value chain FUlLCA
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A
Safety of end-users

[End-user}

Safety of workers along the value chain

e

Well-being of citizens / preservation of the planet

Citizen }
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Focus on: Recycling

13
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European
Commission
—_—

RocESS RECYCLING
Mining

LITHIUM-ION BATTERY RECYLING MARKET, BY REGION (USD BILLION)

18.1

LITHIUM-ION
BATTERY

RECYCLING WY 0 sece 15 —
. S Use
= = ==
2017 2018 2019 2022 2024 2026 2028 2030

= North Amenca m Europe m Asia Padfic
Battery

Use AR

Battery Landfill

Manufacturing

Cathode
Production

o~

Pictures: Argonne National Laboratory; montana-ledger; www.marketsandmarkets.com
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Focus on: The sustainability
label

15
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Four possible mechanisms would allow established industry to carry out
competitive investments with high sustainability standards:

» Development of competitive sustainable technologies.

> Development of a recognised and broader eco-label than exists
today for sustainable battery and battery related products,
trustworthy due to traceability at environmental and socio-
economical levels; this could lead to a higher level of responsibility and
willingness to pay (customer demand).

» Implementing the new battery regulation.

» Focused funding policies at both EU and member state levels and/or taxes
to reach Green batteries standards.
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In order to take all the dimensions of what sustainability is about, one

option we recommend is to design and implement, together with main

stakeholders along the battery value chain, a new sustainability label for
battery and battery-related products. ‘“

'~

The current EU eco-label promotes Europe’s transition to a circular Eco-label

Nz
feolabel
"'\w b 3

economy, but focuses mostly on environmental aspects (less waste, CO,, | ==y Evi ¢ ¢
energy, raw materials; longer lifetime; easy to repair / recycle). |=| Environment aspects
[P —

We propose to emphasise and add criteria on socio-economical
aspects to reflect the broader definition of sustainability. ] . . o
We need to define ethical, social and environmental indicators. rogotobe  Sustainability label
As a result, the information can be used for marketing enabling choices of - EnV|ro!’1ment
customers based on quantified and validated environmental and societal \?/ T .ethlcal
performances. A rise in customer interest and willingness to pay for higher + social aspects
quality products is expected: this trend has already taken place in food and - Responsible sourcing

i i i - Traceability along the value chain and
textile industries. for 1st & 2 |ife applications (...)

Social LCA criteria... 7
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v Sustainability requirements are a cross-cutting topic that impacts all the different steps of
the battery value-chain, and which has to be considered through the social, economic and,
of course, environmental perspective.

v In order for the battery value chain to fulfil the sustainability requirements needed to set up a
strong battery industry in Europe, specific challenges still need to be overcome. R&I is still
needed to achieve a future battery system which has a significantly better performance
and better environmental footprint than today.

v Moreover, competitiveness and sustainability, two aspects that can be hard to articulate, need
to be thought of in relation with each other, especially in EU regulations and
dissemination action that can address this potential conflict.

v Dissemination actions towards end-customer via the introduction of a new ‘sustainability
label’ going much further in scope than the current ‘eco-label’ might help overwin the
dilemma sustainability versus competitiveness.

v' Sustainability appears as a key factor that industry must take into account in order to ensure the
green energy transition, and which needs to be integrated from an early stage in order for
the industry to succeed.
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The Industry Perspective on
Safety and Sustainability

Etienne Briere
(Batteries Europe Governing Board Member)
Laurent Torcheux
(EDF R&D)



EVs & BESS are becoming an important commercial reality

= EDF Storage plan, aiming to install 10 GW by 2035 + LE PLAN
Strong growth of EDF Renewables stockage
= Almost 600,000 electric vehicles and plug-in hybrids are eLeCtﬂque

now on the roads in France. In May 2021 market share of
14.2 % among new registrations !

SAN DIEGO ZOO'S

BATTERY ENERGY B 1IN
STORAGE SYSTEM ﬁ \é

LE PLAN

~MOBILITE

“~ELECTRIQUE —C»

Copyright EDF 2021 82



From cells to system : safety and sustainability address all the levels

Packs VE
5-100 kWh

Cabinets ESS

i
h few kW-kWh
Containers , : :
Cells MW-MWh Résidential, C&l, off grid
Modules Grid services
Need to address sustainability and LT
safety at all levels: cells/modules/packs il

i

v Cell level : intrinsic safety, internal protections by specific devices and advanced E “3 r'-,_. =

materials. Reduce footprint of manufacturing and materials.
v Module level : Propagation barriers in case of cell event. Structure dedicated to

facilitated recycling & second use from EV packs
v System level : Monitoring safety at system level taking account aging. Robust

calculation of the carbon footprint of the system over its entire life cycle.

[}
& T EeDF



The safety & sustainability for batteries assets are essential 1/3

Poor battery safety management can kill the Study the influence of the use case
business ! profile and ageing of batteries on

Safety management is essential for long-term BESS safety (State of Safety index - SOS)

projects (20-30y). Mitigation measures are costly Develop more destructive testing +
for projects, including environmental issues in case specific  monitoring for  Safety
of accidents. diagnosis/prognosis + control and

; ) - maintenance actions in real time.
Projects are global and their competitiveness must

be ensured. Regulation must consider the
» specificity of the different

Managing safety is complex with lithium-ion technologies and use cases

batteries. It will require research, engineering &
innovation actions at different scales. New standards for battery safety :

« Accelerate standards adoption and
certifications to assess the risk of
fire propagation in ESS.

« Favorise emerging new designs
are emerging

Copyright EDF 2021 84



The safety & sustainability for batteries assets are essential 2/3

- For a sustainable battery system, life cycle

analysis (LCA) is essential for batteries IFRl carbon footprint calculation based on different
manufacturing, but it also depends on their use s v o e
during their lifetime and the carbon content of
the energy mix where the battery system is
used.

- Recycling is expensive nhowadays and there is
also a link to safety. This should not also
penalise the competitiveness of the European
industry. 0

slectricity +

Develop robust global LCA methods o ooyl Mooy

ol con ! ® Ol & pack manudacturing

» Better consideration of technological )

specificities and uses and sharing of Note: the high-carbon electricity is estimated at 1 kgCOz/kWh.
battery |nf0rmat|0n Source: Ifri, based on dats from the Dai et al. study of a NCM111 basttery pack, 2019.

Copyright EDF 2021 85



The safety & sustainability for batteries assets are essential 3/3

- Second life batteries from EVs is in
competition with direct recycling and
V2G.

- The cost of logistics is very
important because of the regulations
on the transport of used LIB
batteries

Guidelines in Dbattery regulation

project is weak for second life
» batteries

The profitability of the second life
business model must be
demonstrated

Copyright EDF 2021 86



EDF is open to collaborate on these R&I subjects !
THANK YOU

'L
] o




Q&A SESSION



PANEL DISCUSSION

A Holistic Approach to Battery Safety and
Sustainability



CLOSING REMARKS

Claude Chanson
RECHARGE General Manager



Coming up next:

Skills and Education for the Emerging Battery
Economy: European Challenges and Solutions

The third workshop organised by Batteries Europe will
take place on Tuesday 29 June (10:00-12:00)

Save the Date! Registrations will open later this week!



This Workshop has been organised by:

BATTERIES EUROPE



