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1.2 Short description of project objective and results

Participation in the Annex 31 of the International Energy Agency assures influence on
the international R&D programs for hydrogen and fuel cells with focus on PEM. In the
Annex relevant organizations from North America, Europe, Korea and Japan take part.
The network collaboration has resulted in many new constellations for project work,
new customers and new employees during the last four years. The purpose of the inter-
national collaboration is to identify and develop new technologies in order to reduce the
cost of production and to improve the efficiency and lifetime of fuel cells and fuel cell
systems. Originally Hans Aage Hjuler was asked by EUDP to become a member of the
Annex.

Deltagelse i [EA Annex 31 sikrer indflydelse pa de internationale programmer for brint
og breendselsceller med fokus pd PEM. | Annexet deltager der relevante organisationer
fra Europa, Nordamerika, Korea og Japan. Netveerksarbejdet har resulteret i mange nye
samarbejdsrelationer i de seneste fire dr. Formalet med det internationale samarbejde er
at identificere og udvikle teknologier for at nedbringe produktionsomkostningerne og at
forbedre effektivitet og levetid af breendselsceller og brazndselscellesystemer. Hans
Aage Hjuler blev oprindeligt bedt af EUDP om at blive medlem af annexet.






1.3 Executive summary

Participation in the Annex 31 of the International Energy Agency assures influence on
the international R&D programs for hydrogen and fuel cells with focus on PEM. In the
Annex relevant organizations from North America, Europe, Korea and Japan take part.
The network collaboration has resulted in many new constellations for project work,
new customers and new employees during the last four years. The purpose of the inter-
national collaboration is to identify and develop new technologies in order to reduce the
cost of production and to improve the efficiency and lifetime of fuel cells and fuel cell
systems. Originally Hans Aage Hjuler was asked by EUDP to become a member of the
Annex.

1.4 Project objectives

Objective: To contribute to the identification and development of techniques to reduce
the cost and improve the performance and durability of PEFCs and PEFC systems.

Operating Agent: D. J. Liu, U. S. Department of Energy, Argonne National Laboratory

Subtask 1: Stack Materials

~Membrane materials (new functional groups, cheaper membranes, composite mem-
branes, high-temperature membranes, low-humidity proton conductors)

~Electrode catalysts (lower Pt loadings, CO tolerance, lower-cost higher-performance
structures, non-Pt materials)

~Bipolar plates (new materials, improved manufacturability, lower costs)

—Cells and stack assemblies (higher power density, low degradation, light-weight, lower
cost, continuous fabrication techniques, >100°C operating temp.)

Subtask 2: System, Component, and Balance-of-Plant Issues End-user aspects (con-
taminants, humidification and thermal management, operating environments and duty
cycles, rapid-start, durability, freeze-thaw cycling, and characterization of materials and
components). System-level issues (systems analysis, stack/system hardware designs,
fuel processing, and prototypes)

Subtask 3: Direct Fuel Polymer Electrolyte Fuel Cells
{e.g., Direct Methanol, Direct Ethanol, Direct Borohydride FC)

Cell materials (anode and cathode catalysts, reduced precious metal loadings, MEA
designs and processes for reduced fuel crossover, fuel impermeable membranes, anion-
conducting membranes). Operating conditions {pressure, temperature, vapor versus lig-
uid feed, fuel concentration, etc.). Stack and system designs and analyses (modeling,
high-temperature operation, high power densities, high efficiencies, performance over
duty cycles, etc.)

Annex 31 is a research and development oriented Annex with the objettive to contribute

to the identification and development of techniques and materials to reduce the cost and

improve the performance and durability of polymer electrolyte fuel cells (PEFC), direct

fuel polymer electrolyte fuel cells (DF-PEFC), and corresponding fuel cell systems.

Major applications are in the automotive, portable power, auxiliary power units (APU),
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stationary power (residential, commercial), and combined heat-and-power (CHP) sec-
tors.

The R&D activities in Annex 31 cover all aspects of PEFC and DF-PEFC, from indi-
vidual component materials to whole stacks and systems. These activities are divided

into three major subtasks: 1) new stack materials, 2) system, component, and balance-
of-plant, and 3) DF-PEFC.

Research in the new stack materials aims to develop improved, durable, lower-cost
polymer electrolyte membranes, electrode catalysts and structures, catalyst supports,
membrane-electrode assemblies, bipolar plates, and other stack materials and designs
for PEFC.

The second subtask addresses stack, system, and balance-of-plant issues in PEFC sys-
tems. It includes systems analysis, stack/system hardware designs and prototypes, and
modelling and engineering. This subtask also engages in testing, characterization, and
standardization of test procedures related 1o end-user aspects, such as the effects of con-
taminants on durability, water and heat management, operating environments and duty
cycles, and freeze-thaw cycles. The development of fuel processors for PEFC for CHP
and APU applications is also addressed in this subtask.

The third subtask focuses on the research and development of DF-PEFC technology,
including systems using direct methanol fuel cells, direct ethanol fue! cell, and direct
borohydride fuel cells. It involves development of the cell materials, investigation of
relationship between cell performance and operating conditions, stack and system de-

sign and analysis, and investigation of fuel-specific issues for these direct-fuel polymer
electrolyte fuel cell systems.

Participating countries:
Austria
Denmark
China
Finland
France
Germany
Italy
Israel
Japan
Korea
Mexico
Sweden

United States






In more detail:

Participants list
NAME COUNTRY COMPANY EMAIL
Viktor Hacker Austria Graz University of Technology viktor hacker@tugraz. at
Shanna Knights Canada Ballard shanna knights@ballard.com
Steven Holdcroft Canada Simon Fraser University and holdcroft@sfu.ca
NRC Canada
Hans Aage Hjuler Denmark Danish Power Systems hah@daposy.dk
Jari lhonen Finland V1T Jari.lhonen@vit. fi
Henri Kariméki Finland VTT Henri Karimaki@vtt fi
Thierry Priem France Commissariat 2 I'Energie th dr
Atomique (CEA)
Werner Lehnert Germany Forschungszentrum Jalich w.lehn -juelich
Carsten Cremers Germany ICT Fraunhofer rsten.cram ict. fraunhofer,
Alex Schechter Israel Ariel University lex@arial.ac. il
Alessandra Car- ltaly CNR-ITAE lessandra.carbone@i or.it
bone
Akimasa Daimaru Japan Daido University adaimaru@daido-it. ac jp
Gu-Gon Park South Korea Korea Institute of Energy Re- quaon@kier.re. kr
search
EunAe Cho South Korea Korea Advanced Institute of Sci- eacho@kaist.ac.kr
ence and Technology (KAIST)
Ulises Cano Mexico Instituto de Investigaciones Eléc- ucano@iie org mx
tricas (HE)
Goéran Lindbergh Sweden KTH - Royal Institute of Tech- lgoeran_lindbergh@ket kth.se
notogy
Rakel Wreland Sweden KTH - Royal Institute of Tech- rakel2@kth se
Lindstrém nology
Lars Petterson Sweden KTH - Royal Institute of Tech- larspi@ket kth se
nology
Di-Jia Liu USA Argonne National Laboratory

diliu@anl.gov







1.5 Project results and dissemination of results

* Meetings every half year

» Combined with conferences (Danish suggestion)

» All participants give lectures on their R&D activities

» Exchange of experiences

* Visit at the world’s biggest MCFC power plant in Korea

* Company visit at Hyundai and test run of fuel cell car

* Attempt to expand the group to include more countries (Danish suggestion):
» Turkey, Spain and Switzerland
» Difficult due to lack of resources

* Dissemination activities

* A brochure with descriptions of technologies and partners has been made after
initiative from Danish Power Systems

* Coliaboration with IIE, Mexico about HTPEM
* Delivery of materials to Japanese customer

* Recruitment of intermational employees

It would not have been possible without the membership of IEA and the funding from
EUDP.

1.6 Utilization of project results

The utilization of the project results has especially been concerned with the writing of a
book (see link in the Annex on page 6) with descriptions of technologies and partners
have been made after initiative from Danish Power Systems.

We have also delivered materials to Japanese customer. We have further been able to
expand our collaboration with partners in Germany, i.e. Forschungszentrum Jiilich and
Fraunhofer.

The project has been presented at the DBBD in Odense, Denmark and at a seminar in
Copenhagen.

Further, we have successfully recruited international employees.






1.7 Project concilusion and perspective

[EA provides an important network within hydrogen and fuel gells.

The participation has provided new contacts, new employees and new customers.
The funding from EUDP for HAH’s participation in Annex 31 ended by the end of
2018.

Annex

Relevant links:

The link to the IEA organization:

https://www.ieafuelcell,.com/

The link to the book that we have published:
https://www.ieafuelcell.com/documents/annex%2031 2017.pdf







