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Strategic International Collaborative Research Program (SICORP)
EIG CONCERT-Japan Joint Research Program
Executive Summary of Final Report

1. Project title : Development of Advanced and Innovative Metal supported Cells using
proton conducting ceramics to foster Hydrogen society Implementation |
2. Research period : 04/2018 ~ 03/2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Hiroshige Professor | International Institute | Project
Matsumoto for Carbon-Neutral manager
Energy Research, Evaluation of
Kyushu University steam
electrolysis
properties of
metal-supported
cells
Co-PI Koji Amezawa Professor | IMRAM, Tohoku Characterization
University of cathode
materials
Co-PI Fumitada Iguchi | Associate | Graduate School of Mechanical
Professor | Engineering, Tohoku | characterization
University of metal support
(04/2018-03/2021) cells
School of
Engineering, Nihon
University
(04/2021-03/2022)
Collaborator | Takashi Associate | IMRAM, Tohoku Characterization
Nakamura Professor | University of cathode
materials
Collaborator | Yuta Kimura Assistant | IMRAM, Tohoku Characterization
Professor | University of cathode
materials
Total number of participants throughout the research period: 10
Partner-side
Name Title Affiliation Role in the
research project
Pl Remi Costa Head of Institute of Technical | Project
High Thermodynamics, manager,
Temperature | German Aerospace | Development/
Cells & Center assessment of
Stacks metal-supported
cells
Co-PI Noriko Sata Scientist Institute of Technical | Development /
Thermodynamics, assessment of
German Aerospace | metal-supported
Center cells
Co-PI Marit Stange Senior SINTEF Development of
Research metal-supported

Scientist

cells
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Co-PI Turks Norby Professor Department of Development of
Chemistry, metal-supported

University of Oslo cells

Total number of participants throughout the research period: 8

4. Summary of the international joint research

In order to use renewable energy continuously and efficiently, technology for storing and
transporting energy is needed. Solid Oxide Cell (SOC) in fuel cell mode, is capable of
electrochemically and efficiently producing electricity from the chemical reaction between
oxygen in the air and fuel. On the other hand, depending on the operation in the electrolytic
mode, fuel can be produced from electric energy. SOC is the most efficient of the various
types of fuel cells and can flexibly handle a wide variety of fuels, however, due to the
essential properties of ceramic materials and the high operating temperature (> 700 °C), it
must be more robust and durable.

In this project, as an innovative concept, metal support cells based on proton conductor
ceramics (PCC) has been investigated that operates at intermediate temperature
(400-600 °C) in both fuel cell and electrolytic modes. The purpose is to develop Metal
Supported Cells, MSC. By replacing the porous ceramic substrate with an inexpensive
porous metal, a robust cell can be constructed. PCC-based cells have the structural
advantage of avoiding fuel dilution by reaction products over oxide ion conductor cells and
can improve fuel utilization during fuel cell operation. In this project, development of PCC
technology has been pursued that enables the ultimate electrical energy conversion.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

A metal support cell using a proton conductive oxide (PCC-MSC) was successfully
manufactured by DLR, Oslo University, and SINTEF on the European side, and succeeded
in operating steam electrolysis at 500-600 °C. The selection of electrodes and electrolytes is
based on the guidelines presented by Kyushu University and Tohoku University on the
Japanese side, and the mechanical properties examined at Tohoku University are used for
their operation. This project demonstrated for the first time that the operation of a metal
support cell by a proton conductor has been confirmed. As a result of this international joint
research, guidelines for PCC-MSC fabrication technology has been developed with future
potentials.

5-2 Synergistic effects of the joint research

This project involves a major technical challenge aimed at realizing a metal support cell
using proton conductive ceramics, which has never been successful so far. The Japanese
side participated in the evaluation of materials and cells for the cell production on the
European side, and aimed to realize the cell by accumulating a wide range of knowledge,
technology, and experience in Japan and Europe. Although there was a big obstacle due to
covid-19, a big synergistic effect was obtained, such as obtaining a sufficient effect by
international joint research using online tools, achieving a predetermined purpose, and
obtaining a clue for future joint research development.

5-3 Scientific, industrial or societal impacts/effects of the outputs

Through this project, we were able to demonstrate the concept of a proton conductor
metal support cell for the first time and show the possibility of device application of proton
conductive ceramics widely internationally. Based on the achievements of this project,
including discussions, intellectual property, and academic achievements of this project, we
will proceed with research aimed at putting this device to practical use.
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