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EMIRI association: advanced materials for
clean energy & mobility technologies

EMIRI

EMIRI is an Industry Community coming together ...

w AGC . 44 BOSCH

-@- Danish Power Systems * 2 ODSM HC Starck /.\

Hefaeus  LABORELEC pumss?: ﬁJLLu
JSR Micro i SIEMENS |55

rorsoe FueL ceLt. Ml uAmi(qre\J voestalpine

Supported by Research & Technology Organizations

Cea Cic

w srergalng

ENED 010Llcn| KZ', Q IF2 &EBGC IREC? B

Cranfield ERESNTT

Z ECN

MTHTI

l LEITET SINTEF
= < TNO NN .

- SIMY e Vigg e,
Z Fraunhofer "'Z?fff (e

MATERIALS

With key Associations bringing in their expertise

€-mrs ~~Veze o ENERGYIN //
R T A
< 3
.o «¥ grrc REMS lem
.EUMM‘ — g & s
* o, JERNKONTORE] i Suséhem
KMM.in B

@cenc

Spanning Innovation & Manufacturing

ENERGY TECHNOLOGIES ADDRESSED
BY EMIRI MEMBERS

Presence in 19 EU

e ces countries
| ]
Over 80
® Energy Storage . .
innovation centers

» Wind & Marin v

i - Over 50
WE Effici .

TR manufacturing

mCcCsS&Ccu

sites

3 technologies on average per EMIRI member




Rechargeable battery market QEM“:“

847GWh
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2005 2010 2015 2020 2025

* Rechargeable battery market CAGR 2Q035: 6%
 Lithiumion battery market CAGR 202025: 15%

Avicenne Energy, 2017 3



Lithium-ion rechargeable battery market s EMIRI

2016: 90 GWh 2025: 300 GWh
Auto, E-bUS\ Auto, E-bus Auto, E-bus
Excl. China China China

Auto, E-bus

» Excl. China 43%
21% \

13% 30%

EIect.ronic Industrial, ESS e Industrial, ESS
devices 6% : 7%
40% Others devices hers
11% 18% 11%

The Liion battery market growth will be driven by electmobility

Avicenne Energy, 2017



£EMIRI

The European Battery Alliance |

European

Battery
Alliance

« Launched in October 2017 by the European Commission vice

presidentMar o3 Sef ovi €

« AiIms at developing a leading European industry across the batte
value chain, with battery cell manufacturing at its center

* Includes a strong support to research and innovation




R&I in the European Battery Alliance QEM“:“

n January 11-12, 2018
Workshop organized by DG R&l
::,,tf, L - . o
2018 EUROPEAN BATTERY ‘ Short and mediumterm R&l priorities:
CELL R&l WORKSHOP ‘ - .
« advanced Lion batteries
- all-solid-state batteries

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

AT T e L R L e - Longterm R&l priorities:
Workshop on Future Battery Technologies « The EC called on all the research actors
forEnargy Storage OdzNRP LIS O0X0 02 RSt A
Towards a large scale EU R&D initiative 5 & S X & ~
in future battery technologies f 2 y 3 u S NJY. N‘B a S I N‘D K
ambitious largescale research initiative




Short- and medium-term R&I priorities QEM“:“

112 January 11-12,
2018 EUROPEAN BATTERY
‘ ' CELL R&! WORKSHOP ‘ ' 2018

= (T

Short & medium-term R&I priorities discussed during the workshop:
« Advanced lithiummon batteries (GEN 3b)

« All-solid-state batteries (GEN 4)

« Batteries for stationary energy storage applications

« European networks of research pilot lines




Short- and medium-term R&lI priorities

Current 2020 *2030
(2014/ 2015)
Performance targets for automotive applications unless otherwise indicated
1 Gravimetric energy density [Wh/kg]
pack level 85-135 235 =250
cell level 90-235 350 > 400
2 Volumetric energy density [Wh/I]
pack level 95-220 500 =500
cell level 200-630 750 >750
3 Gravimetric power density [W/kg]
pack level 330-400 470 > 470
cell level 700 > 700
1 Volumetric power density [W/1]
pack level 350-350 1.000 > 1.000
**cell level 1.500 > 1.500
5 Fast recharge time [min]
30 22 12
(70-80% ASOC)
E Battery life time (at normal ambient temperature)
Cycle life for BEV*** to 80% DOD
1.000 2000
[cycles]
cle life for Stationary to 80%
Y v 1000-3000 3000-5000 10000
DOD [cycles]
Calendar life [years] 8-10 15 20

SET-Plan Action 7, Declaration of Intent, 2016



Short- and medium-term R&lI priorities

£3EMIRI

Generation 4 .
2025 - 2030 ~

Generation3b .
2025 A

Generation3a

Commercial or
close to market

Generation2b
Commercial -~

Generation2a
Commercial 2

Generation 1 .
Commercial

Li/O: (lithium-air)

All-solid-state with lithium anode

Conversion materials (primarily lithium-sulphur)
Cathode: HE-NCM, HVS (high-voltage spinel)
Anode: silicon/carbon

Cathode: NCM622 to NCMS11

Anode:carbon (graphite) + silicon component (5-10%)
Cathode: NCM523 to NCM622

Anode: carbon

Cathode: NCM111

Anode: 100% carbon

Cathode: LFP, NCA
Anode: 100% carbon

5 Long

) = term R&l
500 Wh/kg

1000 Wh/L | Short&
350 Wh/kg 2‘::1':2
750 Wh/L

90-235 Wh/kg
200-630 Wh/L

JRCEUCOmpetitiveness T Advanceddn Batteries for BVobility and Stationary Storag&pplications, 2017



Short- and medium-term R&l priorities QEM'R'
GEN 3b (advanced lithium-ion batteries) Bridging te lnnovation Gap

Cathodes

* Nirichor Lirich NMC with lowCao-content

« Highvoltagespineb
Anodes

« Strich SI/C anodes

« Strich anodes with long cycle life (preconditioniipgelithiation)
Electrolytes

« 5Velectrolytes
Durability and safety
Designto-dismantle, desig#o-recycle and desigto-secondlife
Integrated multiscale and multphysics modelling to optimize
performance, durability and battery management systems




Short- and medium-term R&l priorities QEM'R'
GEN 4 (all-solid-state batteries) Bridging te lnnovation Gap

 All families of soliegstate electrolytes should be addressed:

* Polymers

 Inorganic materials

« Composite or hybrid materials
 The R&l roadmap can considesub-generations:

« GEN 4awith conventionalLtion materials (e.g NMC/Si

targeting20222025)

 GEN 4bwith Lrmetalas anode (e.gNMC/Li targeting 2025

2030
* Proposed research topics:

* Interfaceoptimization, characterization andtegration
Processing anchanufacturing
Cell design
Battery systenuesign
Multiscale modelling




Short- and medium-term R&lI priorities : learn more EMIRI
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January
2018 EUROPEAN BATTERY ‘
CELL R&d WORKSHOP ‘
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European battery cell R&I: setting short and medium-term
priorities

DISCUSSION PAPER

Version 19/12/2017

Workshop on Batteries
January 11-12, 2018

Dr. MarcelMeuus

£3EMIRI

Eurcpean
Conmwnission

‘ //\

11-12 : [
January ——
2018 ' EUROPEAN BATTERY “
s CELL R&! WORKSHOP

=5 am

Final Report
12/02/2018

Dr. MarcelMeuus

£3eEMiri

http:// ec.europa.eu/research/index.cfim?pg=events&eventcode=230DABABEF7D083EF5BD909DD025



http://ec.europa.eu/research/index.cfm?pg=events&eventcode=230DABFD-90AB-8F7D-083EF5BD909DD025

Long-term R&l priorities QEM“:“

Future and Emerging Technologies

Workshop on Future Battery Technologies
for Energy Storage

Towards a large scale EU R&D initiative
in future battery technologies

Some of the long-term R&I priorities discussed during the workshop:

« Radically new materialsthe role of highperformance computing

« Smart batteries- integration of sensors and séikaling
functionalities from the pack down to the cell level

* Novel recycling paradigmsmoving from the recovery of raw
materials to the recovery of cell structural components

* GEN 5 batteries multivalent metalion, metalair, etc.




Long-term R&I priorities 1 EMIRI
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Accelerating the discovery of radically
new battery materials
» Highperformance computational
simulation
Automated robotic systemfor '.
hightthroughputsynthesis and
characterization
Artificial intelligence fof data
" analytics and design efkperiments
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Long-term R&l priorities




Long-term R&lI priorities: learn more
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Commizsion

Future and Emerging Technologies

\/Lr,\<nor) on Future Battery TL\ hnologies

for Energy Storage

Towards a large scale EU R&D initiative
in future battery technologies

https:// ec.europa.eu/digitakinglemarket/en/news/fetworkshopfuture-battery-technologiesenergystorage



https://ec.europa.eu/digital-single-market/en/news/fet-workshop-future-battery-technologies-energy-storage

Long-term R&lI priorities: learn more QEM“:“

MATERIALS ACCELERATION PLATFORM

Accelerating Advanced Energy Materials Discovery by Integrating
High-Throughput Methods with Artificial Intelligence

Mission Innovation

Jamuary 2018 Materials Acceleration Platform

Accelerating Advanced Energy Materials Discovery
by Integrating High-Throughput Methods with
Artificial Intelligence

Report of the Clean Energy Materials Innovation
Challenge Expert Workshop

Cocheirs

ALEn Aspure Guad, Harsard Universly
Mrialin Purason, Lawrence Barhsley Maticos! Lsbocelory mnd Usisarsdly of Caltlomis - Bersaley

Zxecction Char

Husmaen Triduaal iV asconcron, Mecos Enangy RED Mrnowsbion Fandhy
nd Magion moossbon (Mexkes)

This morkoahop, hald in Mexico City, wis 20 lad by the Medcant Maislry of Ensrgy (SENER)
and the US Daperimant of Ensgy (US DOE) In paeinarsing wiis
e Canaclan nallicte for Advarced Resasrcs (CIRAR)

Mission Innovation

Jarvaary 2018

IFAR
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http:// missiorinnovation.net/wp-content/uploads/2018/01/MissioAnnovationlC6ReportMaterialsAccelerationPlatformJan2018.pdf



http://mission-innovation.net/wp-content/uploads/2018/01/Mission-Innovation-IC6-Report-Materials-Acceleration-Platform-Jan-2018.pdf

Join EMIRI to help us shape the future of
advanced materials for clean energy & mobility
technologies in Europe

EMIRI

WHY SHOULD YOU BECOME A MEMBER?

Be informed about EU and
Member State priorities
and funding opportunities

Participate in setting long-
term priorities.

Benefit from enhanced
visibility towards
European and national
policymakers

Join a proactive, motivated
network of potential future
consortium partners

WWww.emiri.eu
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http://www.emiri.eu/

