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Global battery demand



Next-generation lithium-ion batteries

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

 Sustainability as primary differentiator for batteries produced in Europe

5 µm

LiNi1-x-yMnxCoyO2 graphite

https://digital-strategy.ec.europa.eu/en/news/batteries-europes-strategic-research-agenda-sets-priorities-future-battery-research



 Reduce/replace cobalt classified as critical raw materials in Europe

 Development of passivating electrolytes to stabilize reactive interfaces

Next-generation lithium-ion batteries
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w/ TMSPi
w/o TMSPi

w/ TMSPi

LiNi0.8Mn0.1Co0.1O2

Becker et al. ACS Appl. Energy Mater. 2022, 5, 11133
Zhou et al, Energy. Storage Mater. 2021, 43, 275
Egorov et al, ACS Appl. Mater. Interf. 2023, 15, 20075

Vidal-Laveda et al, ACS Appl. Energy Mater. 2019, 2, 7036
Fan et al, Nature Comm. 2021, 12, 5320
Zhao et al, Small 2022, 2107357

Reber et al, Adv. Energy Mater. 2021, 2002913
Becker et al, Angewandte Chemie 2021, 60, 14100
Reber et al, Adv. Funct. Mater. 2022, 2112138



 Excellent cycling stability with single-crystal cathode materials

 ~1 million miles battery

Next-generation lithium-ion batteries
LiNi0.8Mn0.1Co0.1O2
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1 µm
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Zhou et al, Energy. Storage Mater. 2021, 43, 275
Egorov et al, ACS Appl. Mater. Interf. 2023, 15, 20075

Vidal-Laveda et al, ACS Appl. Energy Mater. 2019, 2, 7036
Fan et al, Nature Comm. 2021, 12, 5320
Zhao et al, Small 2022, 2107357

Reber et al, Adv. Energy Mater. 2021, 2002913
Becker et al, Angewandte Chemie 2021, 60, 14100
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innovation chain at a glance

 Cell formation
 Fast charging
 Adaptive algorithms

 Nickel-rich cathode
 Silicon/graphite anode
 Safe electrolyte

Materials Cell manufacturing Battery mgmt
 Aqueous slurry processing
 Thermal electrode design  
 In-cell sensors

Deliverables Impact

25 Ah prototype cells
1 kWh smart module
Intellectual property

Scalability
Competitiveness
Sustainability

https://sense-battery.eu/ These projects have received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 985548

10.3 m EUR      02/20 - 01/24



Battery gigafactories in Europe

adapted from European Battery Alliance

+240 GWh

+170 GWh

+100 GWh



Establish a Swiss circular 
economy model for automotive 
lithium-ion batteries to reduce 
their ecological footprint.

7.5 m CHF 01/22 - 12/25

https://circubat.ch



 How to eliminate lithium, cobalt, and nickel?

 Sodium-ion batteries are a viable option for electric vehicles

Lithium-ion vs sodium-ion batteries

Asakura et al. Energy Environ. Science 2020
Duchêne et al. EP 18205162 patent granted
Bay et al. US 11515564 patent application

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

Kühnel 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



The next big thing?

 750 Wh/l with 3000 deep cycles

 Sustainability

5 µm

 1000 Wh/l with 3000 deep cycles

 Fast charging within <20 min

5 µm

LiNi0.8Mn0.1Co0.1O2 graphite LiNi0.8Mn0.1Co0.1O2 lithium

https://digital-strategy.ec.europa.eu/en/news/batteries-europes-strategic-research-agenda-sets-priorities-future-battery-research



Solid-state batteries

 Solid electrolyte based on hydroborate salts

 Built-in interface passivation functionality

 78% capacity retention after 800 cycles

 Patented infiltration process

Duchêne et al. Energy Storage Materials 2020
Payandeh et al. Chem. Mater. 2020
Asakura et al. Energy Environ. Science 2020

Duchêne et al. Chem. Commun. 2017
Duchêne et al. Energy Environ. Science 2017
Duchêne et al. Energy Storage Materials 2019

Braun et al. submitted
Duchêne et al. EP 18205162 patent granted
Payandeh et al. EP 20189083 patent application

Gigante et al. ChemSusChem 2019
Asakura ACS Appl. Energy Mater. 2019
Duchêne et al. Chem. Mater. 2019

Duchêne et al. EP 18205162 



Solid-state batteries

 Solid electrolyte based on polymerized ionic liquids

 Enables solid-state lithium metal batteries with >1000 Wh/l

 72% capacity retention after 600 cycles

Fu et al. Adv. Energy Mater. 2022, 2200412

LiNi0.8Mn0.1Co0.1O2 vs Li

Bay et al. Adv. Energy Mater. 2019, 1902899
Grissa et al. ACS Appl. Mater. Interf. 2021, 13, 14700
Grissa et al. ACS Appl. Mater. Interf. 2022, 14,  40

Bay et al. US 16/560,229 patent application
Grissa et al. EP 22167459 patent application
Homann et al. EP 23169177 patent application

Fu et al. ACS Appl. Mater. Interfaces 2020, 12, 41620
Fu et al. J. Mater. Chem. A 2021, 9, 11794
Fu et al. Adv. Energy Mater. 2022, 2200412

This project has received funding
from the European Union's Horizon 2020
research and innovation programme
under grant agreement No 875557



Towards autonomous materials discovery

 Robotic platform for automated electrolyte formulation, cell assembly, and cell cycling

 Automated digital workflow and data management infrastructure

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

This project has received funding
from the European Union's Horizon 2020
research and innovation programme
under grant agreement No 957189



Synthetic fuels from renewables

 Electrocatalytic CO2 reduction

 Fiber-based gas diffusion electrodes

5 µm

Ju et al. ACS Appl. Energy Mater. 2019, 2, 867
Ju et al. Adv. Energy Mater. 2019, 1901514
Senocrate et al. J. Energy Storage 2021, 36, 102373

Senocrate et al. ACS Appl. Energy Mater. 2022, 5, 14504
Veztergom et al. Chimia 2023, 77, 104
Bernasconi et al. submitted

 Understand product selectivity

 Enhance C2H4 product yield



From science to market
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