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Global Drivers

= Climate change mitigation

= Sustainability and circularity
= Economic resilience

= Geopolitical context
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https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature

Advanced Materials for __ Q%DD CHALLENGES TO
Industrial Leadership 2 BE ADDRESSED

: Lon? Innovation processes and an insufficient

level of digitalisation
= A lack of testing and experimentation facilities
= Fragmentation of the R&I ecosystem Communication

= Increasing circularity and material efficiency needs

= Disconnect between innovative research and
uptake in industry

= A lack of skills
= Increasing private investment needs

= Need for harmonised standards Report
From 2024

HELMHOLTZ Energy



https://research-and-innovation.ec.europa.eu/research-area/industrial-research-and-innovation/key-enabling-technologies/chemicals-and-advanced-materials/advanced-materials-industrial-leadership_en
https://research-and-innovation.ec.europa.eu/document/download/0fcf06ea-c242-44a6-b2cb-daed39584996_en?filename=com_2024_98_1_en_act_part1.pdf
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» Mission Innovation (MI) was launched during COP21 under the United
Nations Framework Convention on Climate Change, UN FCCC, 2015

« The Clean Energy Materials Innovation Challenge, IC6, was 1 of 8 innovation
challenges to address climate change under Ml, 2017

e |C6 became Materials for Energy, M4E, under the second MI mandate, 2021

* MA4E has the objective to accelerate energy materials innovation through
Materials Acceleration Platforms ( MAPs ) — self-driving materials laboratories

* X &
ME4 has 3 Co-leads: I*I -
S HELMHOLTZ Energy



http://www.mission-innovation.net/
https://www.mission-innovation.net/innovation-challenges/clean-energy-materials
https://mission-innovation.net/platform/materials-for-energy-m4e/

__Materials Acceleration Platforms MISSION
¥/ Self-Driving/Autonomous Materials Laboratories @ INNOVATION

ACCELERATION >10X
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AMANDA
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= Autonomous Materials and Device Application Platform S

« Optimization of OPV light stability
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C. High-throughput experimentation and closed-loop experimentation
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https://arxiv.org/abs/1909.03511

NG GERMAN-CANADIAN

MATERIALS ACCELERATION CENTRE

5-year bilateral collaborative project (2021-26) i/':l 5
Ongoing impactful materials science to push key technologies —
discovery to scale-up, across 5 work packages

» Electrolysers for H2 production and CO2 conversion

« Education & Training E% 2

Focus on accelerated materials discovery and development — Summer

as imagined in the Clean Energy Materials Innovation Schools

Challenge of Mission Innovation o

GCMAC initiated several new MAP activities in academia and 7 6-0

ind ustry Broader network
8 @ linkages

/€GM\ /404-\ \ /

rogra Experts & Technlcal work
value talent pool packages
Funded by

Bund  Ld]
,UH"B fjﬁ'gr"s erium l J U L I c H :\‘ (I I I * I Natural Resources Canad
und Forschung Canada
Forschungszentrum Karkruher Institut fi Technologie m 2 Energy



Community Publication on MAPs is Discussing

Advantages of MAPs
* Closed loop and FAIR data => Also process information is stored.
=> All results are reproducible.
« Decentralized and modular => Allows a global community to contribute.
=> A complete new way of research and innovation management.
List many research projects and initiatves
Academic and industry research frameworks
Building blocks // hardware, software, protocols, interfaces, HPC and community
Impact
Gaps
« Compatible infrastructure, data structures and sharing
« Standardized software for distributed MAPs
« Make existing labs ,MAP" ready
« Education & Training
* |IP ownership

https://onlinelibrary.wiley.com/doi/10.1002/adma.202407791



https://onlinelibrary.wiley.com/doi/10.1002/adma.202407791

The next Step : The DECODE project

. . . MODELLING & DATA Labs (Al)
 DECODE aspires to revolutionize (m it ULED
the process, by which materials
for clean energy technologies are [ curacerizamon

Labs

. (%'
developed, integrated, and PSI CNRS 4
HZB CEA
assessed. ——

UNISTRA
. . CIEMAT
* DECODEs main focus is on PEM ;[/ B
electrolysers. i‘

« Computing infrastructure, P
RI and TRI are needed (“Z’ D = ”‘ED
* Industry is of key importance !

HELMHOLTZ Energy



From Conventional approach ...

______________________________________________________________________________________________________

S Conventlonal approach

: Case Q

______________________________________________________________________________________________________
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How to not get lost in integration and scale-up?
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Methods and tools
Microscopic theory & comp o

Structural characterization _
Develop and

implement an
orchestrated
process

3D imaging and tomography

Physico-chemical properties
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Physical modeling

Electrochemical measurements e
Diagnosis o
Performance & lifetime testing —

O Modelling tool O Characterisation method Adaptive methods HELMHOLTZ Energy



From Conventional approach to DECODE
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G1:
G2:
G3:

T1:

T2:
T3:

T4:

Network Development |
COST Project : European Materials Acceleration Center for Energy

WG4

WG2: Complex .
P WG3: New mat. Training

WG1: Perovskites alloys

Increase accessibility to existing MAPs to all EU countries
Provide communication & collaboration network among MAPs

Establish systemic approach for next gen., solution-oriented adv. materials

WG5S
Diss., Comm.
& Promotion

T3.0: Mat. selection
Conduct and build ‘Expert’ and ‘MAP’ list

Develop a framework for mat. integration (data-stand, digital twin ....)

Implement ‘sustainability-by-design’ approach in MAP scheme

Focus on ITC countries

Organize workshops inviting key stakeholders

HELMHOLTZ Energy



Network Development Il

RISEnergy : Research Infrastructure Services for Renewable Energy @
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RISEnergy

84 Research infrastructures from 69 Institutions

¢ in 8 renewable Energy Technologies and 2 Cross-Cutting areas.

Consortium:

e 17 Partner, 37 Affiliated Entities und 15 Subcontractors

Energy technologies

* photovoltaics (PV), concentrated solar power/solar thermal energy
(CSP/STE), hydrogen, biofuels, offshore wind, ocean energy (waves
and tides), integrated grids and energy storage

Cross technology areas

"
~

e materials research
¢ information and communication technologies

Budget: 14,5 M€, 2/3 on transnational and virtual access

Homepaqe - (risenergy-project.eu) HELMHOLTZ Energy



https://risenergy-project.eu/

. . %\ Materials for
International Cooperation £ EMIR; ) Energy, MAE

Transnatlonal Access m b w‘uhEUBIJ

ICED MATERIALS

https://www.ami2030.eu/|
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eura-ag. com/

RISEnergy
eera-energystorage.eu

\\ M | R U https://www.storiesproject.eu/

ccccc
smart technolg="~~

BC|RESEARCH

(@ TELEsCorE

https.//qcmac.ca

REACH,
Global H, Network

= Industry:

HELMHOLTZ Energy
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https://www.storiesproject.eu/
https://emiri.eu/
https://www.eura-ag.com/
https://www.eera-set.eu/
https://www.eera-set.eu/
https://gcmac.ca/
https://www.ami2030.eu/

MISSION
INNOVATION

Thank You for Listening




Closing the loop on energy materials
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Michael Eikerling, IEK-13: Theory and Computation of Energy Materials
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Acceleration: where and how? 9 JULICH

Forschungszentrum
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Integration
cale-to-scale | component-to-component | Iab-to-lab




Diverse Energy Materials of Interest

Organic thin films: hole transport materials (organic solar cells)

High temp materials: thermoelectric materials, high entropy alloys, etc.
Electrocatalysts, electrolysers: O,, H, production and CO, conversion
Batteries: Lithium and alternative formulations

Thermal storage: phase change materials / thermochemical materials
Additive manufacturing: metal powder/wire 3D printing

Structural materials: aluminum, steel cement and concrete
Traditional electrochemistry: Corrosion/Electroplating

Thin Film PVD: multi-metal target systems

Magnetic materials: Neodymium replacements

Structural joining: welding, brazing, soldering, adhesives
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