BATTERY 2030+ - at the heart of a green and connected society
a large-scale research initiative

Future battery technologies

coordinator: Prof. Kristina Edstréom, Uppsala University, Sweden
Deputy coordinator: Dr. Simon Perraud, CEA, France
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Large interest for batteries in Europe

European Battery Alliance

| European

| Battery
| Alliance

Started October 2017

"Batteries are at the heart of the industrial revolution and | am
convinced that Europe has what it takes to become the world’s leader in
innovation, decarbonisation and digitisation." - Vice-President Maros

Sefcovic



Background

European | October 11, 2017
Battery : Launch of the Europeavn Battery Alliance by
Alliance Vice-President Maros Sefcovic

January 11-12, 2018
Workshop organized by DG R&l

Short- & medium-term R&lI priorities (market

11-12 - introduction starting from 2025):
January I .
2018 ' EUROPEAN BATTERY ‘ * advanced Li-ion batteries

[ Brussels | CELL R&I| WORKSHOP

| * solid-state Li-ion batteries
am A « >400 Wh/kg, >750 Wh/L (SET-Plan targets)




Background

January 10, 2018
Workshop organized by DG CONNECT, with the
participation of DG R&l and JRC

Long-term R&I priorities (market introduction
Future and Emerging Technologies ERSZYe -t uPIES)

Workshop on Future Battery Technologies

for Energy Storage « The EC called on all the research actors in

Europe (...) to deliver a commonly agreed long
term research agenda for such an ambitious
large-scale research initiative »

Towards a large scale EU R&D initiative
in future battery technologies
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13 b solid state battery — short term
program but also longer needed
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Overall goal —to meet the UN sustainability goals
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SET PLAN 7 implementation

Advanced Lithium-TIon batteries
for e-mobility

Influence of Fast/Hyper charging of
Li ion batteries on materials and
battery degradation

Advancement of batteries for
stationary energy storage (ESS)

Recycling of batteries (Li ion
and Post Li ion)

storage (ESS)

\

1 Materials, Chemistry,
Post Li ion for e- mobility J) Design and Recycling

1

Foster development of cell
and battery manufacturing
equipment

Manufacturing

 production lines

Foster materials development
for fast industrialization
compatible with present mass

Lithium recovery from
European geothermal brines -
to supply the battery market | TWG Action 7
Implementation
[ e picn o s S ] i Plan Technological innovations for
differentiation
Second use and smart ‘ >
integration into the Grid | Non technological needs (Aid)
Market / | Non technological needs (Market
Hybridisation of battery “ ] :

- Regulations and Standards




A long-term research initiative in the battery R&I

ElL =0
landscape
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BATTERY2030+

TRL 1 TRL 2 TRL 3 TRL 4 TRL5 TRL6 TRL 7 TRL 8 TRL 9
)

Scope Long-term research Short-to-medium term research Industrialization

-ZEERA m s EGVI
—— European Enengy Research Aliance European research institute ESd European Green

Vehicles Initiative
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European
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A long-term research
roadmap :
Roadma ET-Plan ial roadmaps
P FETPROACT-04-2019 CSA : d e P
i J

Coordination office :



EBA@250: 4th September cumulative ecosystem
Going stronger and stronger
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BATTERIES

European Technology and Innovation Platform

Coordination office



Secretariat Team

European Battery Industry actors
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BATTERY 2030+ - a long-term research initiative T+

Inventing the batteries of the future

Providing breakthrough technologies to the European battery industry across the
full value chain

Enabling long-term European leadership in both existing markets (road transport,
stationary energy storage) and future emerging applications (robotics, aerospace,
medical devices, internet of things, ...)

Ultrahigh Smart Environmental
performances functionalities sustainability

Ll
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A long-term battery research roadmap - so far

* Long-term objectives:
 Energy & power densities approaching the theoretical limits
* Qutstanding lifetime & reliability
 Enhanced safety
* Environmental sustainability
* Cost effectiveness

e Specific research areas contributing to the objectives:
e Accelerated battery material discovery & interface engineering
 Smart sensing & self-healing functionalities
* Opentoideas for new research areas!

* Cross-cutting research areas:
 Manufacturability
e Recyclability

++



BATTERY 2030+ a full Research Eco-System

U Materials by Inverse Design ’
m Conventional Approach

Desired Properties Materials

Cost effective disassembly

smart materials
of cells and packs

Establish the computational
low energy for  “Battery Interface Genome”:

production, Artificial Intelligence
Cost and ] i .
extraction Machine learning
resource
efficient

New battery cell designs lead
to new packs and modules

\
\

: Smart batteries with self-healing
and sensors

recycling
New battery cell designs \ and reuse

and battery chemistries
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Regulatory issues


https://electronics.stackexchange.com/questions/72700/isolation-between-cells-for-battery-charging-testing

Core group Elx =]
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BATTERY2030+
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http://www.cicenergigune.com/
http://northvolt-ab.mynewsdesk.com/images/nv-vector-826829
https://infrastructure.der-lab.net/research-infrastructure/italian-national-agency-for-new-technologies-energy-and-sustainable-economic-development-enea/

Three RIA calls and one M-ERA-net coming up

1) Materials acceleration platform 20 M Euro for one project
2) Sensors 10 M Euro for several 2-4 M Euro projects
3) Self-healing 10 M euro for several 2-4 M Euro projects

M-ERA NET 5M Euro from the commission and at least 10 M Euro from member
states A COMPLEMENTARY PROJECT

Competences in materials, characterisation, modeling at different length-scales,
sensors, Al, machine learning, polymer chemistry, recyling, BMS, how to adapt

batteries in an application, etc...
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—M[430 WHY sensing-monitoring ? A few examples

BATTERY2030+

| BHH = 0

Battery usage is
not well 0 tlmlzed
(reduced ife-time,
limited ageing
enhanced safety r/sks )

Temperature
Is very critical

2 Electric vehicles: » Grid applications

Y Battery second life

Double
functionality

e —
Better traceability




H...EE Looking ahead: New research challenges

BATTERY2030+

Establish the state of health record of

the battery just like for humans

Optical fiber

\ Efforts towards instrumental

miniaturization for real time

monitoring of the batteries in the fieid

/ / Voo
Cu / Separator ' Al
/ )

Anii.nde Catﬁode

Need to introduce smart sensing functionalities within the cell



Smart sensing & self-healing functionalities 1BR 20

—M[4H30
— BATTERY2030+
SMART SENSING
Spatially and time
resolved sensing down Outstanding
to the battery cell level lifetime and
SENSOR reliability

SENSOR

Enhanced

safety

m

Environmental
sustainability
(second life)
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Looking ahead. new research challenges

Besides enhancing QRL, sensors also

serve to identify defective components Devals aelheslline sreneesss
and local spots in the cell that need to be :> P gp

repaired
\ 4

Electrode recovered . x
by an SEI <

(Prevents the
crossing of Li*)

Build self-healing processes
into the original battery design
(vectorization)

Clogged artera
- by cholesterol

'@\ (Prevents
¥ " blood circulation)

Batteries 2030 could be the driver to launch this revolutionary era of rechargeable

batteries taking advantage of self-healing via the use of proper chemical processes



How to tackle this issue?
Innovative chemistry on the battery separator
External or internal

Multilayers Surface-functionalization StMulUS
Lilddddd -
Ny SE I e @GRS
TTTTTTTT

Q Self-healing polymers 3 Integrated sensing/self-healing

BATTERY

l =

Sensor detects a SYSTEM

Sensing issue in the system

Actuators
interfere for

healing the
’ \ systgm

Complex but exciting science at the crossover of many disciplines



Smart sensing & self-healing functionalities 1BR 20

A —M[A430
2030+
ACtin BATTERY BATTERY
Sensing Sensor detects a MAg@gTEé\AI\ENT
J Issue In the system
Actuators

interfere for
’ healing the

( \ system
O

®

Self-healing
functionalitie

Sensing

Integration
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Towards an integrated approach for the batteries of Elx =20

the future =430
BATTERY2030+
Materials
Acceleration
Platform
Big data from sensors Discovery of new
embedded into battery cells self-healing materials

Sensing Self-healing

functionalities functionalities

Feedback loop between
sensing and self healing
via the BMS 27



Work in progress
 (CSA starting 1 March 2019
 Workshop in fall 2019

* ‘Road-map versions’ FEED BACK WANTED

 Full roadmap (FETPROACT-04-2019 CSA): March 2020

Endorse us on www.battery2030.eu



Thank you for your attention
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