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Advanced Materials are the backbone of innovation

for clean and sustainable energy and mobility technologies @ EM I R.
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EMIRI promotes, facilitates and supports R&l activities in Europe on

Advanced Materials for Clean and Sustainable Energy and Mobility Applica
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EMIRI Technology roadmap

B
Focus on areas where Advanced Materials make the difference 0 EM I Rl
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Summaryof the previous episodes:

A First TechTalkof the Hydrogen Focus Group took place on Nov 5, 2021, resulting in
the identification of advanced Materials challenges and R&l needs regarding the main
technologiesfor production, conversionand storage of hydrogen Members of the focus group
then voted for prioritising the challengeswhere advancedmaterials potentially impact the most
the developmentof Hydrogentechnologies

In the meantime, some possible advanced materials solutions addressingthese technological
challengefiavebeenproposed

Onthis basis technologysheetshave beenproducedon 4 H2 production cleantechnologies PEM
electrolysis Alkalineelectrolysis SolidOxideelectrolysisand AEMelectrolysis

Eachtechnologysheetis organizedasfollows.

a) Short description of the technology

b) State of the Art and future targets at the system level

c) Overview of technology challenges & advanced materials solutions

d) Prioritization of technology challenges & focus on advanced materials solutions




H2technologysheetexamples

CLEAN HYDROGEN PRODUCTION - TECHNOLOGY SHEET #3 — PEMWE (Proton exchange membrane & EMIRI
water electrolysis)

wn

1. Technology description

PEM (Proton Exchange Membrane) electrolysis uses an extremely thin (20-3200 micrometers) gas-tight
polymer membrane as electrol!fte with a strongly acidic character that allows H+ ions (protons) to pass
through. The charge carrier H+ can migrate from the positively charged anode, where oxygen

to the negatively charged cathode, where hydrogen is formed. The principle of PEM electrolysis differs
from alkaline electrolysis in that the electrolyte is a solid composed of a proton-conducting
membrane; the electrodes are deposited on both sides of this polymer material. e . WO,
More specifically, PEMWEs are made from pure polymer membranes or composite membranes where the - e
materials form a polymer matrix. - o
The electrodes are composed of a layer of catalytic material (catalysts + ionomer) and a diffusion layer.
The diffusion layer jg.used, to improve the current flow and to facilitate the transport of reactants and
products.

Bipolar plates gre.used to supply the current and remove the gases. These are the plates with
perpendicular trenches (grooves). They are suhigcied, to difficult constraints: high potential and acidic 5 ':f'_: ’:_'“2 _¢m
environment. WO 3 W ¢%0,  Tollmacton
The current density is high with values in between 0.6-2.0 Afcm? and the current operating pressure is

around 30 bar. Figure 1 PEM electrolysis principle
One of the main challenge in PEM water electrolysis is to reduce the preduction cost by increasing the . . Marcalo Cagp, Davia L. Fritz,
durability while maintaining the high eFﬁl:lency pmmeggﬁq%mm

Reducing iridium and platinum loading in polymer electrolyte membrane (PEM) electrolvsers. is also one M,‘w‘ m“ i

Hyaro
Energy, Valume 38, feee 13, 2013, =
of the main challenge. o1 4034, 1aaN Fa

0360-3198,
Abtps:/idoi. org/10. 1016/ ifhydene. 2013.01. 15
State-of-the-art advanced Materials: 1

= At the cathode, platinum is usually used and at the anode, iridium or ruthenium oxide are used
= Bipolar plates are made of Titanium (or a titanium coahng)

2[5, are based on PFSA (Perflugro Sulfonated Acid)

structure.

CLEAN HYDROGEN PRODUCTION - TECHNOLOGY SHEET #3 — PEMWE (Proton exchange membrane @ EMIRI
water electrolysis)
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w

2. Technology targets (PEMWE)?*
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CLEAN HYDROGEN PRODUCTION - TECHNOLOGY SHEET #4 — SOEC (Solid oxide electrolysis cell)

O EMIR:

TECHNOLOGY SHEET #4 — SOEC (Solid oxide electrolysis cell)
1. Technology description

There are different electrolysis technology to produce hydrogen. High Temperature
Electrolysis (HTE), less mature technology than PEMWE or AELWE, has a strong
disruptive potential to produce massively hydrogen at high efficiency and low cost.
The basic component of this modular technology is a ceramic cell. Increasing the
temperature during an electrolysis reaction allows energy input in the form of heat,
decreasing the amount of electrical energy required for water decomposition. High
temperature also leads to the elimination of noble catalysts (platinum or iridium).

Depending on the nature of the shuttle proton or oxygen ion, two hlgh temperature
electrolysis technology are being, studied, involving protonic or anionic conducting
ceramics. The most advanced technology, based on anionic ceramics, is the Solid
Oxide Electrolysis Cell (SOEC). SOEC electrolysis operates between 700 and
900°C.

2H,0 + 4o 3 2H, + 20°

200 3 0, + de

A
Figure 1 S0EC principle

A significant part of the energy required for the electrolysis process is proavided in the form

of heat, this technology exhibit electrical yields that can exceed 50% (LHV). It has also the ;..o gempoce ot 5 Soi avide sectoysis
advantage of being able to operate in a reversible mode: as an electrolyser or as a fuel cell. o= anaysis by mesns o fectrochemical imperance

The main challenges of SOEC technology are the long-term stability and durability of the Secweseey: A evisw, 2009, Jomal of fowsr Sources
system and particularly the material durability upon high current density or high hydrogen production fluxes at high temperature
operation (and in wet environment).

State-of-the-art advanced Materials:

- The most commonly used materials for SOEC cathodes and anodes are respectively is nickel-doped yttria-stabilized zirconia, or
MizysZ and Strontium-doped lanthanum fermo-celbaltite, (LSCF) Las«Sr«CoFeQa.

- The electrolyte used classically is yttria-stabilized zirconia (YSW).

£ EMIR:

CLEAN HYDROGEN PRODUCTION - TECHNOLOGY SHEET #4 — SOEC (Solid oxide electrolysis cell)




Prioritisation example
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Technology challenge Advanced materials solutions

#1 Lowering Ir & Pt loading while preserving performance

#2 Increase stack lifetime

43 Stainless steel use, properties (H2 embrittlement), and 65

cost

#4 PFAS issue 54
#5 Expensive PGM -based coatings for PTLs and BPP 48
#6 Materials integrity under pressurised systems 47
#7 Self - conditioning of the MEA (membrane) 36
#8 Gasket integrity and compatibility at high pressure 27
#9 Improve cold idle ramp time 9




Workshop objectives

: : ENERGY MATERIALS INDUSTRIAL RESEARCH INITIATIVE

What are we targeting on May 2%

ThissecondTechTalkwill be dedicatedto H2 production by water electrolysis

Duringthe morningsessionopento all), expertsfrom HydrogenEuropeand key Europearuniversitiesand RTOs
will present technology updates on PEM electrolysis,Alkaline electrolysis,Solid Oxide electrolysisand AEM
electrolysis

Theafternoon session(restrictedto the EMIRImembers)will consistof a workshopaimingat further identifying
the most promising advanced materials solutions for every electrolysis technology and building policy
recommendationgrioritizingthe related R&Ineeds Ourobjectiveduringthe afternoonsessiorwill be :

First,to reviewthe 4 H2 production technologysheets;
Then to identify - per technology- the advancedmaterials KPIsmost impactful for the systemKPIs

For the TOP10 advancedmaterials KPIs,to put values on SoA and targets, for short term and long term
development

Tobuild a « qualitative matrix » showingthe relation (andthe impact) of eachadvancedmaterialsKPIson system
KPIO a | B L€ U




Workshop objectives

OEMIR: —

ENERGY MATERIALS INDUSTRIAL RESEARCH INITIATIVE

Heatmap Example

SystemKPI1 [ X P D System KPI n

Advanced materials KPI 1

X[ X| X| X[ X] X

Advanced materials KPI n
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And then? the next steps

From this work, we will update the technology sheetth the key advanced materials KRIs
includingSoAand targetvalues, theHeat mapspointing out the most impactful links between
advanced materials and systefiPls, highlightsn priority R&I needs

11



Agenda
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Time Talk Speaker Organisation
Overview of the different technologies for clean hydrogen production by electrolysis
Update on EMIRI FG H2 & Introduction to | Karim SIDI ALI CHERIF & Fabrice
10:30 the event STASSIN CEA & UMICORE
Introduction to the Clean Hydrogen HYDROGEN EUROPE
10:35 |Partnership & Focus on electrolysis- Prof. Luigi CREMA RESEARCH / FONDAZIONE
PUBLIC SESSION related EU calls BRUNO KESSLER
= 10:50 |Technology Update - SO electrolysis Dr Julie MOUGIN CEA
Eﬁg{gg;?s 11:10 |Technology Update - Alkaline electrolysis | Prof. Stefan LOOS FRAUNHOFER IFAM
11:30 Coffee break
11:40 |Technology Update - AEM electrolysis Dr Aldo GAGO DLR
12:00 |Technology Update - PEM electrolysis Prof. Tom SMOLINKA FRAUNHOFER ISE
12:20 (Wrap up Dr Marcel MEEUS SUSTESCO
12:30 Lunch break
Workshop to identify the most promising advanced materials solutions and prioritise the R&I needs
13:30 |Step 1 - Review of the 4 Electrolysis Technology Sheets prepared by the EMIRI FG H2 team and experts
14:10 |Step 2 - Selection of KPIs driving advanced materials innovation
SESSION FOR EMIRI 14:50 Coffee break
MEMBERS ONLY 15:00 |Step 3 - Identification of target values for the selected KPIs
15:50 |Step 4 — Correlation of the selected KPls with the KPlIs of the Clean H2 Partnership
16:40 |(Wrapup Dr Marcel MEEUS SUSTESCO
17:00 |End of the session

ENERGY MATERIALS INDUSTRIAL RESEARCH INITIATIVE
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Luigi Crema Hydrogen Europ®&esearcland FundaziondrunoKessler

JulieMougin - Head of Higkiemperatureelectrolysisdevelopmentat CEA => SOEC
Stefan Loos Fraunhofer IFAM => AEL

Aldo Gago- TeamLeaderGermanAerospace CenteDLR) => AEM

TomSmolinka- Head of Department Chemical Energy Storageaunhofer ISE> PEM
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