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Global battery demand

Global battery demand by application CAGR, Global battery demand by region CAGR,
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Next-generation lithium-ion batteries

LiNiy_,,Mn,Co,0, graphite

BAT
EUROPE

® 750 Wh/I with 3000 deep cycles at <100 €/kWh at pack level by 2025

for batteries
2020

" Sustainability as primary differentiator for batteries produced in Europe

https://digital-strategy.ec.europa.eu/en/news/batteries-europes-strategic-research-agenda-sets-priorities-future-battery-research
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Next-generation lithium-ion batteries
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" Reduce/replace cobalt classified as critical raw materials in Europe

" Development of passivating electrolytes to stabilize reactive interfaces

Innosuisse - Swiss Innovation Agency

> Schweizerische Eidgenossenschaft
n’ Storage 0 Confédération suisse
Swiss Compelence Cenler Confederazione Svizzera
Tor Energy Research Confederaziun svizra

Vidal-Laveda et al, ACS Appl. Energy Mater. 2019, 2, 7036 Reber et al, Adv. Energy Mater. 2021, 2002913 Becker et al. ACS Appl. Energy Mater. 2022, 5, 11133
Fan et al, Nature Comm. 2021, 12, 5320 Becker et al, Angewandte Chemie 2021, 60, 14100 Zhou et al, Energy. Storage Mater. 2021, 43, 275
Zhao et al, Small 2022, 2107357 Reber et al, Adv. Funct. Mater. 2022, 2112138 Egorov et al, ACS Appl. Mater. Interf. 2023, 15, 20075
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Next-generation lithium-ion batteries

:I LI I rrri I LI I LI I rrri I LI t
__ 200 3042V,1C.25°C -6
o B 1 O
: t 3 3
5 150 1 s
= — =
Z [ T teesenessey_ - - 000000000000000 ] 43
= o 80% 83%4 I
3. 100F 1 3
g F 425
2 50 @ Poly-crystal LiNig gMng ;Cog ,0, vs graphite = 3
© - @ Single-crysta[ LiNig‘sMno'chO‘zoz Vs graphite g =

0 :|' b bev v v by v by v by vy s by o A 0
0 500 1000 1500 2000 2500 3000

Cycle number

" Excellent cycling stability with single-crystal cathode materials
" ~1 million miles battery
Vidal-Laveda et al, ACS Appl. Energy Mater. 2019, 2, 7036 Reber et al, Adv. Energy Mater. 2021, 2002913 Becker et al. ACS Appl. Energy Mater. 2022, 5, 11133

Fan et al, Nature Comm. 2021, 12, 5320 Becker et al, Angewandte Chemie 2021, 60, 14100 Zhou et al, Energy. Storage Mater. 2021, 43, 275
Zhao et al, Small 2022, 2107357 Reber et al, Adv. Funct. Mater. 2022, 2112138 Egorov et al, ACS Appl. Mater. Interf. 2023, 15, 20075



SeNSE innovation chain at a glance

sense-batter v.eu

Materials \_ Cell manufacturingu Battery mgmt L

= Nickel-rich cathode = Aqueous slurry processing = Cell formation »
= Silicon/graphite anode = Thermal electrode design = Fast charging
= Safe electrolyte [ * In-cell sensors = Adaptive algorithms |_
REE :
neet® mrsflee J Deliverables u Impact
%’C AT - [m=} 25 Ah prototype cells s !!d Scalability
,ﬁ::% er;wwnes S &> 1 kWh smart module I_ Competitiveness
EFPT  nortiwok s =] Intellectual property ” ™ Sustainability

€10.3 m EUR & 02/20 - 01/24

https://sense-battery.eu/ _ Ih
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Battery gigafactories in Europe
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March 15, 2022
Northvolt to build its third
battery gigaplant in
northern Germany
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August 12, 2022

China's CATL to build $7.6
bln Hungary battery plant
to supply Mercedes, BMW
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Six New Gigafactories Planned
By 2030 As Volkswagen Hunts
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CircuBAT
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Innosuisse - Swiss Innovation Agency
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Establish a Swiss circular
economy model for automotive
lithium-ion batteries to reduce
their ecological footprint.



Lithium-ion vs sodium-ion batteries
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® How to eliminate lithium, cobalt, and nickel?

" Sodium-ion batteries are a viable option for electric vehicles

Bay et al. Adv. Energy Materials, 2019, 1902899
Landmann et al. Adv. Science 2022, 2201019
Lan et al. Adv. Funct. Materials 2023, 2302040

Kiihnel et al, ACS Energy Lett. 2017, 2, 2005
Becker et al, ACS Materials Lett. 2019, 1, 44
Reber et al, Adv. Energy Materials 2020, 2002913
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Asakura et al. Energy Environ. Science 2020
Duchéne et al. EP 18205162 patent granted
Bay et al. US 11515564 patent application
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The next big thing?

LiNiy gMng ,Coy 1O, graphite LiNiy gMng ,Coy 1O, lithium

® 750 Wh/I with 3000 deep cycles " 1000 Wh/I with 3000 deep cycles

" Sustainability " Fast charging within <20 min

https://digital-strategy.ec.europa.eu/en/news/batteries-europes-strategic-research-agenda-sets-priorities-future-battery-research
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" Solid electrolyte based on hydroborate salts ™ 78% capacity retention after 800 cycles

" Built-in interface passivation functionality " Patented infiltration process
Innosuisse - Swiss Innovation Agency
Schwetzeriachar Nationalfonds 0 Schweizerische Eidgenossenschaft
Fonds national suisse Confédération suisse
"’""f,?:.'ib:ﬂi.:".':?.'%m.un.. Confederazione Svizzera
Confederaziun svizra
Duchéne et al. Chem. Commun. 2017 Gigante et al. ChemSusChem 2019 Duchéne et al. Energy Storage Materials 2020  Braun et al. submitted
Duchéne et al. Energy Environ. Science 2017 Asakura ACS Appl. Energy Mater. 2019 Payandeh et al. Chem. Mater. 2020 Duchéne et al. EP 18205162 patent granted

Duchéne et al. Energy Storage Materials 2019 Duchéne et al. Chem. Mater. 2019 Asakura et al. Energy Environ. Science 2020 Payandeh et al. EP 20189083 patent application
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Fu et al. Adv. Energy Mater. 2022, 2200412

" Solid electrolyte based on polymerized ionic liquids

" Enables solid-state lithium metal batteries with >1000 Wh/I
" 72% capacity retention after 600 cycles

This project has received funding

from the European Union's Horizon 2020
research and innovation programme
under grant agreement No 875557

Bay et al. Adv. Energy Mater. 2019, 1902899 Fu et al. ACS Appl. Mater. Interfaces 2020, 12, 41620 Bay et al. US 16/560,229 patent application
Grissa et al. ACS Appl. Mater. Interf. 2021, 13, 14700 Fu et al. J. Mater. Chem. A 2021, 9, 11794 Grissa et al. EP 22167459 patent application
Grissa et al. ACS Appl. Mater. Interf. 2022, 14, 40 Fu et al. Adv. Energy Mater. 2022, 2200412 Homann et al. EP 23169177 patent application
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Towards autonomous materials discovery
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" Robotic platform for automated electrolyte formulation, cell assembly, and cell cycling
" Automated digital workflow and data management infrastructure
BATTERY

This project has
-~ fror
{3 ETHBOARD D (3D “ i

Kraus et al. J. Open Source Software 2022, 7, 4166 https://dgbowl.github.io/ https://big-map.github.io/big-map-registry/apps/aiidalab-aurora.html
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Synthetic fuels from renewables
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>~ | Liquid products . CH: s Bientdt des carburants
Jj 9 W ...... verts pour l'aviation?
CH,0H _\) = Une initiative entre deux prestigieux instituts a débuté pour
CH.OHCH.OH CH.CH,CH,OH développer une méthode de fabrication d'un substitut de
: ’ kéroséne, a partir de ressources renouvelables. Ce carburant
pourra convenir aux avions.
" Electrocatalytic CO, reduction " Understand product selectivity
" Fiber-based gas diffusion electrodes " Enhance C,H, product yield

Ju et al. ACS Appl. Energy Mater. 2019, 2, 867 Senocrate et al. ACS Appl. Energy Mater. 2022, 5, 14504 R \11 wen
Ju et al. Adv. Energy Mater. 2019, 1901514 Veztergom et al. Chimia 2023, 77, 104 « s ETHBOARD \% Catalysis
Senocrate et al. J. Energy Storage 2021, 36, 102373 Bernasconi et al. submitted hg
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From science to market batteries i

Synthetic fuels
for long distance

and long time scale

(Gen3b)
Solid-state _

batteries
(Gen4)

Green
batteries
(GenX)

SNSF, SFOE, InnoSuisse
ETH Board, Horizon Europe, Contact
Metrohm and Goéhner Foundation corsin.battaglia@empa.ch
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