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Learning outcomes

• Recognize the material choices
• What are limits for the material selection for these applications

• Introduction to different material types used in ES systems
• Discover how the new material solutions are performed and

what is the approach for material development



Different materials
needed for Energy
Storage systems



Mechanical systems

Fly wheels

Minimizing friction
- Materials tolerance
- Coatings
- Compatibility

Pinterest.com



Thermal materials
Thermal material

Finding suitable storage
material
- Storage material

- Properties
- Supportive materials
- Coatings

Simone Landolina, EUREC Agency, 2012, Strategic Research Priorities for Cross-cutting
Technology, European Technology Platform on Renewable Heating and Cooling



Electrochemical systems

1) Active materials – electrode materials
2) Electrolyte – conducting the ions between the
electrodes inside the cell
3) Supportive materials – all other

Fuel cell Li-ion battery

en.wikipedia.org

www.novabatterysystems.com



Electrochemical systems – where
Case: PEM Fuel cell
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Active
material:
Catalyst

Electrolyte:
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Bipolar plates



Electrochemical systems –
operation, Case: PEM Fuel cell
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Material development to increase
performance

Different needs for each application
(posters 1)

Efficiency of these systems is directly depended on the
material development

- > Material Intensive



Challenge with the
current materials



Challenge in current materials

Lecture Journal

Think of possible current
challenges on these ES

application
(Mind map or a list)



Challenge in current materials
Example mind map
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Challenge in current materials
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Challenge in current materials
Active materials
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Challenge in current materials
Example mind map
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Challenge in current materials
Supportive materials
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New Material
Solutions (NMS)



New Material Solutions (NMS)

New Material
Solution

is not always

A New Material

Often application of known materials or their
combinations to create

New Features



New Material Solutions (NMS)

New Material
Solution

Preparing is

- Costfull
- No tabulated data available

- Stability and long-term properties
are not exatly known

- Limited standards



How new material solutions are
coming to market?

After Gerd Ceder (MIT); materials information from T. W. Eagar
and M. King, Technology Review 98 (2), 42 (1995).
Catalysis information from R. Schrock et al. and R. Adzic et al.



Steps to marked

Lecture Journal

What are the steps required for
material development to come to

the market.



Steps to market - example

The Materials Genome Initiative, 2012



Developing materials

Lecture Journal
How can we create new features on

materials? What can we do?
(Mind map or a list)



Developing materials

Material
Development
Approaches
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Performance



High impact -> focus on the
performance

G.W. Sievers et al. Self-supported Pt–CoO networks combining high specific activity with high
surface area for oxygen reduction. Nature Material (2020), doi.org/10.1038/s41563-020-0775-8

Active material

What is the activity of the catalyst?
- As it is (activity for the reaction)
- Activity in an application

Short term activity (for 10 of cycles…)
-> is it useful?

Commercial state-of-art in use



Is performance the most
important?

Performance

Durability Recyclability



What is valued in active material
performance?

Time/cycles
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What is valued in active material
performance?

Performance

Durability

Recyclability –
Not yet here…

Time/cycles

Pe
rfo

rm
an

ce

Good activity – good durability

Top activity – low durability

High impact research aims for top activity (research funding) – be critical



Take a home message

Preparing New Material Solutions is time consuming
and expensive. When high performance of an
application is aimed, it needs to be demonstrated in the
actual system and compared to the state-of-art materials.

High activity -> High efficiency ->
More sustainable application


