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Coordinating energy
research for a low
carbon Europe
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EERA

“ European Energy Research Alliance

== EERA is the public research pillar of the EU Strategic Energy
Technology Plan (SET-Plan), created by 10 research
organisations in 2008, enlarged in 2010 to 15 organisations

== the SET-Plan is a tightly focused strategy aimed at accelerating
the development and market uptake of key low carbon
technologies

== 15/09/2015 the European Commission published its
communication for the new SET-Plan Towards an Integrated
Strateqic Enerqgy Technoloqgy (SET) Plan: Accelerating the
European Energy System Transformation

priorities for the coming years, greater focus and integration, and a
new governance structure under discussion with the Member States in
the SET-Plan Steering Group

EERA continues as a key stakeholder in the new EU SET-Plan


http://ec.europa.eu/energy/en/news/integrated-set-plan-fit-new-challenges
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EERA Governance Structure

Austrian Institute of Technology

Belgian Energy Research Alliance
CEA, France General Assembly
composed of EERA

CIEMAT, Spain . : e

. Executive Committee members organisations

Netherlands Research Alliance 15 members
Helmholtz Association, Germany
IEN, Poland
PSI, Switzerland
Centrum vyzkumu ReZ

Joint Programme 1 Joint Programme 2 Joint Programme 3
DTU, Denmark - - 2

SINTEF, Norway
VTT, Finland

ENEA, Italy
Secretariat
LNEG, Portugal -
UKERC
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EERA: a key actor in European Energy R&D

EERA has a strong representation within European Energy research and technology
organisations and universities and has the capabilities to deliver.

== EERA is the key platform gathering the biggest players for low-carbon energy
163 RTOs & Universities are members

Covering 22 EU member states as well as Turkey,

National
Alliances

Norway and Switzerland

== EERA EU projects
== Projects with EERA members represent 89% of FP7 ENERGY
== EERA member projects represent 93% of all FP7 ENERGY funds
== EERA member coordinate 40% of FP7 ENERGY project volume
Industrial links
== EERA JPs represented in all 7 Ells and the JTI Hydrogen Fuel Cells

== Instrumental in building national alliances

EERA facilitates the build-up of national alliances in energy R&D to support alignment



Decarbonisation of energy production
Decentralisation of energy production
Better fit between available energy offer and more flexible demand

Provide competitive, clean and performing solutions and
to make possible the integration of all those different
energies

requires the right framework to keep competences alive in
Europe



== === European Energy Research Alliance

EERA positioning in the R&D landscape
TRL level 2-7, with a strong focus on TRL 2-5

ko7 : . .
-8 Early industry involvement in
: W .
\ ! programmes to provide market relevant

guidance and feedback.

Universities,
Institutes,

Organisation Ty re stk arket and society

EERA active business development for
marketable research results

TRL 1 2 3 4 5 6 7 8 9

Basic Technology Experimental Technology Tech valid. Demonstration Demonstration System Successful
principles concept proof of validation in relevant in relevant in operational complete and mission
observed formulated concept in lab environment environment environment qualified operations
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EERA Joint Programmes
— supporting the SET-Plan

== EERA runs 16 different joint programmes covering
different energy production technologies and
associated materials as well as systems’ integration




MATERIALS

AMPEA
Advanced
Materials and
Processes for

Energy
Application

Materials
for Nuclear

Bioenergy

Shale Gas

TECHNOLOGIES

Fuel Cells
and
Hydrogen

Geotherma

CSP

Concentrated
Solar Power

PV

Photovoltaic
Solar Energy

Tﬁe EERA Joint Programme technology portfolio

SYSTEMS

Smart
Cities
Energy
efficiency in
Industrial
Processes

Energy
System

E3S Integration
Economic,
environmental
and social
impacts
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The EERA added value

EERA turns knowledge in low carbon energy research
into results at European level.

Targeted position of
all EERA Joint
Programmes
Current position of
most of the EERA Joint
Programmes

A

Co-creation of new joint
R&I projects and
programmes through

Starting position of
the EERA Joint ‘
Collaboration for

Programmes using variable mix of
common R&l funding instruments and
— agendas tackling cross-cutting topics.
Coordination of research through harmonization.

activities through
exchange of
knowledge and

information on national
R&D agendas.
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Some EERA achievements

- JP Smart Grids is recognized as centre of excellence in its area and provides feedback to
several international initiatives and projects (International Smart Grid Action Network,
Smart Grids European Technology Platform and European Electricity Grid Initiative)
- example of stakeholder collaboration

- JP Advanced Materials started the first European initiative on new research topic
artificial photosynthesis

- example of network that establishes a European roadmap to be implemented

- JP Nuclear Material internally selected 30 pilot project proposals (each 1-2.5 M€
budget, for a duration of 3-4 years ); 10 of them will be implemented in the coming years.
Supported by Euratom, MS calls and in-kind contributions from EERA members -
example of concrete action for the realisation of the JP research agenda

- opening up closed R&D communities (like the CSP one) to other relevant EU
stakeholders

- Establishment of BERA (Belgium Energy Research Alliance)
- example of national structuring effect

- Representing European research communities in third countries in coordination with
the EC (e.g. Japan, US, Brazil, South Korea)

- example of the community coordination and use of EU institution links to third
countries
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~EERA
EERA for Hydrogen and FC

. For long-term affirmation it is crucial to look ahead now and
prepare for the next generation of fuel cell & H2 technologies

. To radically improve performance, reliability and cost-effectiveness,
innovation is necessary, filling knowledge gaps and overcoming
bottlenecks — low TRL

- Further alignment of national strategies and pooling of excellence
is required to mobilise resources required

. EERA is a platform for discussion with the objective to steer a
future programming process on focussed, low TRL research

The FC&H?2 Joint Programme:

Towards an era where fuel cells will share the energy market with
complementary and/or competing technologies
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EERA for Hydrogen and FC

European context

*FC&H2 in the SET-plan as part of key technologies to reach the EU directives
*FC&H2 Joint Programme established in 2012
JP vision and objectives

JP FC&H?2 is devoted to contributing to paving the way for complete deployment of
FCs&H2 —overcoming the two main technical obstacles: life time and costs.

European added value

Strategic leadership in key sectors of energy & transport technologies
*Solid network for a cutting edge knowledge base

*Speeding up the realization of SET-plan goals

*Capacity and competence to support industry development and job creation
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EERA for Hydrogen and FC

The FC&H2 Joint Programme - 2012

Angelo Moreno
Coordinator JP Fuel Cells & H2

Function-oriented: IP FCs & H; angelo.moreno@enea.it
Technology neutral to Steering Committee ‘
maximize competence focus (Particjpants)
EC/FCH 2 JU
. _ _ Programme
Six sub programmes and Management Board N.ERGHY |
open to more - Hydrogen JP Coordinator | Hydrogen
SP Coordinators
storage => SP7 ‘ Europe
SP1 SP2 SP3 SP4 SP5 SP6
Electrolytes Catalysts & Stack Systems Modelling & H, Production
Electrodes Materials Validation and Handling

Project 1

Project 2

Project ..
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The FC&H2 Joint Programme:
the sub-programmes

lonomers, membranes, high and low temperature ion conductors, anion exchange
and bipolar membranes, degradation mechanisms, accelerated testing methods
Catalysts & |New catalysts/electrodes, deposition techniques, membrane assembling, low Pt

2 | Electrodes |loading, non-PGM catalysts

Stack materials| Interconnect, bipolar plates, contacting and gas diffusion layers, New sealing
3| and Design |materials, novel design
New materials/coatings corrosion resistant, fuel processing and fuel upgrade/clean
up, heat management, power conditioning

Modelling, |Cell, stack, system levels:. Models on: kinetic, thermal and water management,
Validation and |non isothermal operations, degradation mechanisms, simulation tools, predictive
5| Diagnosis |models for performance and life time, dynamic, control strategies

Hydrogen | Thermo chemical; Biochemical; Algae; Photo catalysis; Thermolysis, storage of
Production and|compressed and liquid hydrogen, C&S gap analysis and pre normative research
6 Handling |concerning H2 safety

1 Electrolytes

4 Systems

+ SP7 Hydrogen Storage



~EERA

" Participants of the FC&H2 Joint Programme

Human resources committed .
Participant name (Country Total SP1  SP2 SP3 SP4  SPS SP6 Leading research
BAS Bulgaria 12 5 3,7 1 1 1,3 0 institutes and
CEA France 6,1 0,3 0,6 0,5 0,5 4,2 0 . .
CIEMAT Spain 10 0 4 1 0 0 5 organisations who are
CNR Italy 126 | 4 52 | 0,2 | 1,5 0,7 1 building up their
CNRS France 18 4,5 4,5 2 2 3 2 ope
CRS4 Italy 5 | 1| 2 | 0| o 2 0 capacities
CSIC Spain 3,08 | 058|067 | 05 0,5 0,08 0,75
CV REZ Czech Republic 0 0 0 0 0 0 0
DLR Germany 6,5 0 1 2,5 0 3 0 24 members
DTU Denmark 8 2 4 0 0 2 0
ENEA Italy 13 0 1 2 2 1 7 e 20 participants
FZ Juelich Germany 23 2 3 8 5 2 3 .
IEN Poland 7,17 | 0,17 | 1,5 2 2 1,5 0 e 4 associates
IK4 Spain 5 0 3 1 0,5 0,5 0 e 11 countries
IMPPAN Poland 1 0 0 0 0 0 1
IREC Spain 0 0 0 0 0 0 0 o [jttle V/segra roup +
IRC EU 3 L 040/ 0,0 3 0 participation so f%r/
POLITO Italy 1,2 0 0 0,4 0,8 0 0
SINTEF Norway 5 1 3 1 0 0 0
TECNALIA Spain 5 1 1 1 1 0 1
TU Delft Netherlands 8 0,5 2 0,5 2 2 1 .
TUBITAK Turkey 0 0 0 0 0 0 0 Personnel commitment
U of Lorraine France 5 0 0,3 0,5 0,7 3,5 0
UKERC UK 34,5 10 15,5 | 3,5 1 0,5 4 198’7py/y
Uni Bologna Italy 1 0,17 0 0 0 0,33 0,5
VTT Finland 55| 0 | 0 1 2 2,5 0 6+1 Sub- Programmes
Total
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The FC&H?2 Joint Programme:
the coordinators and commitment

sp . . .__..__| Resources
> Title Sp coordinator Organization (Pyly)
1 |Electrolytes Deborah Jones CNRS 32,22
2 |Catalysts & Electrodes Peter Holtappels DTU 55,97
3 | Stack materials and Design Josef Mertens FZJ 28,6
4 |Systems Jari Kiviaho VTT 225
5 |Modelling, Validation and Diagnosis Mathias Gerard CEA 33,11
6 |Hydrogen Production and Handling | Robert Steinberger Wilckens UoB 26,25
SUM 198,7
7/ Hydrogen Storage Marcello Baricco UTo
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~ Implementation Plan 2015 — 2020
issued by JP H2&FC

Strategic topics roadmap for R&D in FC&H2:
» Highlights focus areas for long-term research in each SP
» ldentifies critical challenges and formulates topic descriptions

» Defines milestones and expected resource requirements

In order to:

» ldentify and exploit potential synergies across Europe and facilitate
joint efforts

» Lead strategic planning in defining the research agenda for the next
phase of focussed low TRL and break-through research in FCH

> Basis for discussion for the creation of a structural framework for
the support of integrated programmes on FC&H2 R&D.



== === European Energy Research Alliance

EERA

lJrup-aﬂ Energy Research Alliance

EERA

EUVROFEAN ENERGY RESEARCH ALLIAMCE

Joint Research Programme on
Fuel Cells and Hydrogen technologies (FCs& Hz )

IMPLEMENTATION PLAN 2014 - 2020

Wersasn: 1.5
Last e TUED015
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FC&H2 Joint Programme — SP1

Electrolytes
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SP1 Overview and Horizon
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‘ 2020 and beyond

Validated new generations of high
performance, durable, low cost
ceramic and polymer electrolytes

The electrolyte is the heart of
the fuel cell. It has the dual
functions of transferring charge
carriers (proton, hydroxide ion,

oxygen ion) between
electrodes, and of preventing
the direct reaction of reactant

Novel membranes extending
temperature range of operation

gases

Multi-scale level investigation of
transport mechanisms, structure
and dynamics

International SoA, identify gaps and
needs, map requirements to
competence
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SP1 Organisation of work (JP DoW)

SP 1.1 Perfluorosulfonic acid membranes

SP 1.2 Hydrocarbon membranes

\ J

SP 1.3 Membranes for high temperature PEM fuel cells

( N

SP 1.4 Anion conducting electrolytes

\ J

SP 1.5 Solid oxide conductors

( N

SP 1.6 Proton conducting ceramics

. J
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SP2 Objectives and Key Topics

2)

3)

4)
5)

Fundamental understanding of transport processes in fuel cell and
electrolyser membranes using experimental and computational
approaches

Improved understanding of degradation processes in electrolyte
materials during operation, and approaches to mitigate degradation and
loss of properties

Elaboration of new electrolyte materials and architectures with control
at the nanoscale, and thin film electrolyte deposition methods

Electrolytes for the membrane-electrode interface

Validation of electrolytes by incorporation in membrane electrode
assemblies, resulting in robust solid electrolytes for proton exchange,
anion exchange and oxide fuel cells. Considerations of scale-up, durability,

cost effectiveness.
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SP1 Objectives and Implementation Matrix

Integrated matrix of electrolyte types for FC electrolyser technologies, and topic areas

(

7

.

SP 1.1 Perfluorosulfonic acid me

7

\

SP 1.2 Hydrocarbon membranes

7
.

SP 1.3 High temperature PEM fu|

7

\

SP 1.4 Anion conducting electrol

7
\

SP 1.5 Solid oxide conductors

7

.

SP 1.6 Proton conducting ceram

\

IP1.1 Fundamental understanding of transport

processes by theory and expt

| I

(

IP1.2 Understanding of degradation in

electrolyte materials during operation

\

(

IP1.3 Elaboration of new electrolyte materials

and membranes

\

(

IP1.4 Electrolytes for the membrane-electrode

interface

\

(

IP1.5 Validation in situ, scale-up, durability,

cost-effectiveness

\




——- — —— European Energy Research alliance

SP1 Topic 1: Fundamental understanding of transport
processes in fuel cell and electrolyser membranes

Fuel cell and electrolyser cell electrolytes are complex materials in which chemical composition,

structure and morphology, surface and interfacial properties determine the overall behaviour and properties, and
where the cell environment plays a critical role on performance and durability. Improved understanding of ion and

water transport processes in polymer and ceramic membranes is required, as well as new and improved techniques to
characterise electrolyte materials and their interfaces.

== Develop computational and experimental tools and methodologies for improved description of transport and

diffusion processes in ion-conducting fuel cell and electrolyser membranes, including ionic species, water, solvents,
contaminants, fuel, air, oxygen.

== Develop computational and experimental tools and methodologies for an improved understanding of
microstructure of ion-conducting fuel cell and electrolyser membranes and its impact on properties

== Develop temporally and spatially resolved techniques for the characterization of fuel cell and electrolyser

electrolytes

Improved fundamental understanding of transport processes in fuel cell and electrolyser membranes using
experimental and computational approaches, improved description of membrane microstructure and impact on

properties; Greater use of central synchrotron and neutron source facilities by the EERA FC H2 community for
investigation of electrolytes
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SP1 Topic 2: Improved understanding of degradation
processes in electrolyte materials, mitigation

Electrolyte degradation leads to catastrophic cell failure and must be mitigated through better
understanding of the phenomena leading to membrane thinning/cracking/perforation, the interrelation between
chemical and mechanical instability, and the implementation of specific strategies to offset known degradation
mechanisms. This area is dependent on the generation of fundamental understanding, the use of which in
implementation of mitigation strategies has huge technological impact.

== |dentify the origins of premature membrane failure in fuel cells and electrolysis cells, and improved understanding
of chemical degradation pathways in polymer membranes, from investigations of materials ex situ and in situ, and
with consideration of the various interactions between cell components.

== Improve understanding of the interrelation between chemical and mechanical instability
== Diagnostic tools to predict the occurrence of membrane catastrophic failure

== Characterization techniques and methodologies allowing detailed chemical, structural and morphological level
understanding of degradation phenomena

== Robust accelerated ageing methodologies adapted for high/low temperature acidic/alkaline polymer membranes,
solid oxide cells, electrolysis cells for general use within the EERA community, FCH-JU and beyond

== Tools and methodologies to investigate the fate of radical scavenger and peroxide decomposition catalysts
incorporated in fuel cell membranes, or at the interface with the electrode

== Low-cost and scaleable materials-based strategies for robust electrolyte membranes
== Modeling tools in support of the above

Improved understanding of degradation processes in electrolyte materials during operation ; knowledge-based
strategies to mitigate degradation and loss of properties
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e e SP1 Topic 3: New membrane materials and thin film
electrolyte deposition methods

New polymer, ionomer, proton and anion conductors, new proton conducting and oxide ion
conducting ceramics are required for improved performance/durability and to extend the achievable temperature
range of operation. The temperature region 200-450 °C is an opportunity to combine the advantages of polymer
and ceramic technologies and requires research for a viable solid electrolyte. Europe has a strong expert research
base and industrial groups that can integrate new findings into product portfolios.

== New types of anion and proton conducting polymer materials to enable their operating temperature ranges
to be extended upwards

== Widen understanding to enable development of oxide ion and proton ceramic electrolytes extending the
range of fuel cell/electrolyser operation temperature downwards

== Proton conducting materials for 200-450 °C, with consideration of associated processing methods

== New electrolyte membrane chemistries, designs and architectures providing smarter, adaptive materials-
based solutions to performance loss over time

== Experimental and modeling tools and methodologies for detailed in situ and operando characterization
== New processing and methods for thin film electrolyte deposition

== Validation in complete cells against accepted benchmark materials

== Novel means to limit fuel crossover in direct-liquid fuel cells

Elaboration of radically new electrolyte materials and architectures with control at the nanoscale and offering a
step-change improvement in properties, and extending the temperature range of operation



s o s e SP1 Topic 4: Electrolytes for the membrane-electrode
interface

Little is known and understood about the specific properties required of the binder used in the
electrode, and at the interface between membrane and electrode. Generally the same ionomer is used as in the
membrane, while different properties are required (conductivity, oxygen permeability, mechanical properties
etc.) Furthermore, research on development of hydrocarbon based binders for proton exchange membrane cells
is in its infancy. In the field of anion exchange membranes, research on electrolytes for the membrane-electrode
interface is even less advanced. Mixed ionic/electronic conductors provide an opportunity that has been
insufficiently explored for PEMFC.

== Analyse the international state of the art, on-going funded investigations, opportunities
== Fundamental study of the three phase boundary
== Improved understanding of the properties required for a functional efficient ionomer

== Characterization techniques, rheology and permeability tools, and experimental protocols for electrolyte
binder, and AFM methods for ionomer morphology characterisation

== Understanding of degradation phenomena undergone by polymer binders during cell operation

== Preparative and processing routes to new binders for proton and anion exchange membranes

== Catalyst inks incorporating new ionomer materials and processing methods for implementation

== Methods for the characterization of ionomer distribution in a catalyst layer

== Benchmark cells incorporating new binders against current products to validate the new approaches

== |nvestigate mixed ionic-electronic conductors for use at the interface of cells incorporating a polymer
membrane

Tailored electrolytes for the membrane-electrode interface, novel processing methods for binder dispersions,
improved understanding of degradation effects specific to the electrolyte at the interface.



——— European Energy Research alliance

SP1 Topic 5: Validation

Integration of new membrane (polymer, ceramic) materials into Europe's fuel cell industry
requires that they be validated under practical and realistic operation conditions and compared with state of
the art reference MEAs and cells; this is essential to ensure the credibility of the results. This validation should
include performance and durability considerations. Assessment is also required of the feasibility of industrial

scale-up and should include a preliminary evaluation of costs. This topic includes considerations of scale-up,
mnnufnrfurp, riurnhilify, cost pﬁfprﬁ\/pnpcc

== Link with SP2 Catalysts and Electrodes for optimal added-value

== Investigate the electrical performance of complete cells (ceramic) and MEAs (polymer membrane), and
parametric studies to determine influence of operation variables on performance

== Apply internationally recognised accelerated stress tests, including those that may be developed in Topic 2,
to assess the durability of new electrolyte materials compared with the state of the art

== Develop and apply diagnostic tools to complete cells to assess state of health
== Perform preliminary assessment of costs and compare with incumbent approaches

== Preliminary study of the feasibility of scale-up, including scaleability of the synthesis approach and
processing steps, and toxicity, in particular with regard to chemicals and solvents used in the preparation of
electrolyte materials, during processing, and for elaboration of membranes.

Validation of electrolytes by incorporation in membrane electrode assemblies, resulting in robust solid
electrolytes for proton exchange, anion exchange and oxide fuel cells. Proof-of concept for new electrolytes
and transferable results for scale-up and prototyping.



SP1 Implementation Milestones

9 milestones from the 5 topic areas in the timeframe 2015 to >2020 each with

measureable objectives, consolidating EU lead in electrolyte innovation and enabling
advanced European MEA technologies

IVIHIIESLUIIC 11LIC

wvicds>uidwvic
Objectives

1Hunce
frame/year

M2.2 Novel electrolyte materials - .Anion exchange membranes for FC/electrolysers with increased temperature 2016
Anion stability compared to SoA

M2.3 Novel fuel cell electrolyte .Proton exchange membranes for operation to 120 °C at low RH, while achieving | 2017
materials - PEM target conductivity

M2.4 Novel PEM electrolyser . Low cost alternatives to Nafion-type membranes for PEM electrolysers, with 2017
membranes low H2 crossover and high stability to differential pressure in fully swollen state

M2.5 Novel ceramic electrolyte . Stable, durable ceramic membranes achieving target conductivity at 400 °C 2018
materials

M2.6 Degradation resistant . Knowledge-based implementation of mitigation strategies to membrane 2017
membranes degradation leading to MEA durability exceeding SoA

M2.7 Improved understanding of . Numerical tools for multi-scale level investigation of transport mechanisms 2018
transport processes in fuel cell | . Experimental tools for study of structure and dynamics
and electrolyser membranes . Improved understanding of impact of membrane microstructure on properties
during operation

M2.9 Validation of electrolyte . Advanced characterization >2020

technologies

. In situ characterization results showing alignment with long-term industry
targets in terms of performance, durability and cost
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Approximate Implementation of SP1

Estimated number of projects related to the number of objectives for any given Topic.
Estimated average budget per project related to expected effort required.

Nr. Budget

Main Outcome .
projects MEuro

1.1 Fundamental understanding of transport processes in 4 12
proton, anion and oxide ion conductors and their relation to
electrolyte membrane microstructure

1.2 Improved understanding of electrolyte membrane 6 24
degradation phenomena and approaches to mitigate
degradation and loss of properties

1.3 Next-generation membrane materials: beyond the limits of 8 35
current electrolytes through knowledge-based research

1.4 Improved electrolytes for the membrane-electrode interface 3 10

1.5 Validation of electrolytes in MEAs under practical operation 4 15

conditions with benchmarking of performance and
durability, including cost-effectiveness.

Total 25 96




FC&H2 Joint Programme — SP2
Catalysts and Electrodes

Luis Colmenares, SINTEF Materials and Chemistry
Email: luis.colmenares@sintef.no

Peter Holtappels, DTU Energy
Email: peho@dtu.dk
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Energy Research Alliance

SP2 Objectives and Key Topics

1) Gain a better fundamental understanding of FC&EC
electrochemical processes (including determination of active
surface and degradation mechanisms), material properties and the
Inter-relationship among catalyst structure, reactivity and stability.

2) Implementation of computational assisted design of tailor-made
electrodes, catalyst and supports.

3) Development, adaptation and optimization of material synthesis
processes to achieve tailor-made catalyst (electrodes, catalysts
and supports) properties.

4) Electrode engineering to integrate and optimize electrodes
(catalysts and supports) into cell architectures.



~EERA
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~ SP2 Topic 1: Fundamental understanding of FC & EC electrochemical processes
and materials

Electrodes/electrocatalysts in fuel cells and electrolyser cells are usually multifunctional materials in

a complex environment, which to date are not yet fully understood. While catalytic activity of non-noble metal
catalysts is an issue for low temperature systems, the electrode processes at elevated temperatures are still not well
understood. New analytical techniques are needed to better characterise materials and interfaces, and thus be able
to correlate materials chemistry, morphology and functionality.

== Gain a better comprehension of the relationship between catalyst/electrode chemical nature and its activity under
relevant and clearly defined operating conditions. This addresses single materials but also materials combinations and
especially interfaces. This understanding should lead to:

= |dentify performance limiting steps and lifetime limiting processes, and how they correlate with structural
parameters, chemical and electronic properties of materials and interfaces.

== Optimize catalyst and electrode properties for the electrochemical reaction considered.

e New characterization techniques allowing in-situ or in-operando investigation of catalyst surfaces and interfaces
(incl. local polarization phenomena) to follow chemical, electronic and structural.

e |dentification of critical operation regimes for the individual fuel cell and electrolysis technologies.

e Quantitative models for electrode degradation.

e Strategies to accelerate long-term testing depending on individual fuel cell and electrolysis technologies.
e Normalized tests to assess the electrocatalyst/electrode performance.

e Knowledge-based design/quest for more active, selective and stable catalysts and material combinations for




——— European Energy Research alliance

SP2 Topic 2: Design and development strategies for electrodes, catalysts and
their supports

Current electrode materials for PEMFCs and SOFCs seemed to be agreed on to be noble metals and
Ni-cermets/rare earth perovskites, respectively. Even though developed up to high performance and several
thousands of hours stability, costs and life time targets are not yet reached with SoA electrode materials. Cheaper
materials have to be searched for including new catalyst. Optimizing the utilization of noble metal catalysts by
integration in advanced electrode structures with favoured transport and turnover rates. New types of electrolysis
cells based on new electrolyte materials (e.g. anion conducting membranes) are in an early development state and do
need the development of new, adapted electrodes.

== Develop and implement a systematic approach to design new materials for fuel cells and electrolysis cells
== Assess of new catalyst designs and electrode architectures.

== Alternative support materials to improve stability and catalyst utilization with respect to carbon based.
== Develop electrode materials for new/advanced electrochemical cells.

e Suggestions for non-precious metal catalysts (NPMCs) for low-temperature FCs and ECs. ¢ New electrode structures
with improved noble metal utilization. e Systematic computer assisted approach models describing different catalyst
and support compositions and architectures. ¢ New electrodes for intermediate temperature cells (200 — 600 °C). ¢
Long-term stable and robust electrodes for ceramic based fuel cells. ¢ Bifunctional electrodes for unitized
regenerative fuel cells. ®« Novel anode electrocatalysts for the direct utilization of hydrocarbons at IT-fuel cells. o
Reduced noble metal loading anode electrocatalysts for the direct oxidation of methanol/ethanol at low temperature.
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SP2 Topic 3: Adapting catalyst synthesis for tailoring catalyst properties

New catalyst designs and electrode materials might require also new manufacturing processes to
supply the materials on a technically relevant scale and competitive costs. Advanced fabrication includes for instance
the synthesis of supported OER electrocatalysts with low noble metal content and of nano-structured catalyst for
alkaline membrane electrolysers, as well as core shell type structures in low temperature cells. Electrodes in high
temperature cells are today activated by a so-called impregnation process, which is sometime hard to be controlled.
Recent research addresses alternative methods to form nano sized catalysts in porous ceramic cells, the so called
exsolution process, which is not yet fully explored to date. Thin-film techniques are also often discussed in the frame

of electrode designs. Such and most likely other new processes need to be developed further to be sufficiently
controlled for up-scaling.

== Explore and develop new fabrication processes for tailor-made electro catalysts and electrode materials. This will
take either already existing routes up to a technically relevant level or include the search for alternative fabrication
techniques in cases where no known principle can be applied for.

== Include appropriate quality assurance throughout the process. The fabrication processes should preferably by
environmentally friendly, low-cost, fast and with low energy usage.

e Development of novel inorganic and organic electro catalysts based on e.g.: (a) Wet Chemistry (WC); (b) Sono-
electrochemistry (SE); (c) Flame Spray Pyrolysis (FSP); (d) Physical Vapour Deposition (PVD).

e Synthesis of supported ORR and OER electro-catalysts with low noble metal content.
e Nano-structured catalysts for proton conduction and alkaline membrane electrolysis.
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SP2 Topic 4: Materials integration and electrode fabrication & manufacturing

The performance of functional materials does not only depend on the materials properties alone,
but also on the effective integration of the materials into a suitable structure. This is of particular importance if multi
functionality has to be maintained as for electrodes: electrochemical activity, mass transport ability, electronic
conductivity and mechanical integrity. In particular, this topic is relevant for micro-fuel cells based upon lateral flow.
At the end a working electrode for either fuel cell or electrolysis cell has to pass a proof of concept including the
demonstration of its manufacturability.

== Realize and characterise advanced electro-catalysts and electrodes by developing and optimizing their processing
method. This includes the optimisation of manufacturing parameters (e.g. ink composition, three-dimensional
electrodes).

== Develop new manufacturing techniques. The performance of the cells needs to be evaluated by investigating as
much as functional aspects as possible (e.g. electrocatalytic activity, fuel efficiency, transport (water / gas,
conductivity) on a technically relevant scale.

* Proof of concept for new electro-catalysts and electrodes.

* Proof of concept for nano structured electrode designs. ® Proof of concept of new fabrication processes.
e Optimize preparation methods for electrode inks.

e Optimize solvent-free preparation technique for electrodes

* Optimize deposition techniques. ® Development of methods of quality assurance.
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SP2 Implementation: Milestones

Time
Milestone Title sl frame/yea
Objectives )
== |dentifying targets for catalysts/electrodes
== SOA catalyst/electrodes
M2.1 Roadmap for FC/EC == SOA definition of synthesis routes 2015
catalyst/electrodes . X . .
== Report with established synthesis routes, equipment and
infrastructure for catalyst/electrode development
M2.2 Alterr)?tlve electrode materials == Electrodes with superior performance compared to SoA 2016
identified
Optimisation of catalyst/electrode | == Optimized preparation methods for electrode
M2.3 . . o\ . 2018
manufacturing processes == Optimized deposition techniques
LT-FC/EC fabrication methods for == Electrodes with same or superior performance compared to
M2.4 . 2019
ultra-low noble metal loadings SoA
M2.5 Computer assisted materials == Commonly accepted software developed 2020
development
M2.6 Computer assisted electrode design == Commonly accepted software developed 2020
(architecture) development
M2.7 | LT-FC/EC Advanced characterization | == In-situ and In-operando test center established >2020
M2.8 [ IT-FC/EC Advanced characterization | == In-situ and In-operando test center established >2020
M2.9 HT-FC/EC_Ad\(anced == IN-situ and In-operando test center established >2020
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Approximate Implementation of SP2

Nr.
projects

Main Outcome

Fundamental understanding of FC & EC

2.1 electrochemical processes and 24 72
materials

59 Design of tailor-made electrodes, 35 133
catalyst and supports

53 Adapting catalys.t synthesis for tailoring 16 57
catalyst properties

54 Materials integration, electrode design 20 100

and fabrication

Total 95 372
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Funding EERA JPs

== EERA's aims in 2008: coordination of Europe’s research at
lower TRLs with the aim to accelerate the market uptake of
low carbon technologies. And doing so based on national
resources!

== Detter align European research in order to leverage the
resources available in national innovation systems

== JOint programmes are alive and active, responding to
competitive calls, running pilot projects and providing expert
recommendations to policy makers. All is done based on the
participating institutions in-kind and voluntary support
difficult in today’s world of competitive funding
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Activities of EERA Fuel Cells and H2

== Biannual meetings
== SP Workshops
== Strategy documents — Implementation Plan

== Joint proposals for funding especially FCH JU, bilateral

== Proposals to COST programme
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Concluding remarks

Implementation Plan of the EERA Joint Programme is a comprehensive
strategy document for low-mid level TRL research on Fuel Cells and
Hydrogen

Mid- and long-term research is essential to satisfy the requirements of
next generation (lower cost/increased lifetime/improved sustainability)
fuel cells and electrolysers and maintain European competitiveness

A coordinated effort at EERA level to interact with NCP (NMBP, Energy,
Transport) for topics proposals for 2018-2020 Work Programme is needed
to topics complementary to/completing those is the FCH 2 JU annual
implementation plans, i.e. R&D starting at lower TRLs

To fund trans-national research in FCH, coordination between national
agencies and programmes should be improved, but this is difficult

Participation of Visegrad group countries and neighbouring regions in
EERA JP Fuel Cells and Hydrogen is only partial — please join !
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More information

http://www.eera-set.eu/eera-joint-programmes-
ips/fuel-cells-and-hydrogen/

https://setis.ec.europa.eu/

Contacts:
Coordinator JP Fuel Cells & H2
Angelo Moreno, angelo.moreno@enea.it

Contact at EERA secretariat
Salvatore Amico-Roxas salvatore.amicoroxas@enea.it
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