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oReport summary (English)

Principal investigator: Hiroyuki UCHIDA, Professor, University of Yamanashi
R & D title: Development of a Reversible Solid Oxide Electrolysis Cell for Efficient
Hydrogen Production and Power Generation in the Fuel Cell Mode

1. Purpose of R & D

We have developed a highly efficient reversible solid oxide cell (R-SOC). When an SOC is
operated as a solid oxide electrolysis cell (SOEC), large-scale renewable electric power (solar and
wind power generation) can be stored as hydrogen. The stored hydrogen is supplied to an SOFC (the
reverse operation mode of the SOEC, to match the electricity supply with demand), fuel cell vehicles,
or industrial uses (NH3 production, oil refining, synthetic fuels, etc.). The present research aims to
contribute toward establishing low-carbon technologies as well as a hydrogen energy society.

2. Outline of R & D
(1) Contents:
1. High-performance and durable electrodes for a reversible SOEC/SOFC (University of Yamanashi)
We have developed novel electrodes with high-performance and durability. Based on the analysis
of the operation and degradation mechanisms, concepts for such electrodes have been established.
2. High-performance cell/stacks and H»-gas seal for a reversible SOEC/SOFC (Noritake Co., Ltd.)
We have developed ceramic single cells and glass materials to seal Hr-gas in a reversible
SOEC/SOFC. We have established a production method of 1 kW-class stack.
3. Analyses of cell/stacks and systems for a social implementation (Tokyo Gas Co., [.td.)
For a social implementation of a reversible SOEC/SOFC system with high efficiency, a suitable
shape & size of cell/stack, current collection, and gas distribution have been examined.

(2) Achievements:
1. High-performance and durable O, electrodes with ceria-based interlayers
The performance and durability of a composite oxygen electrode, La;—SrxCoi—yFe,O3 and

samaria-doped ceria (LSCF-SDC), have been improved greatly by the use of a dense and uniform
SDC interlayer (patented preparation method). The effect of the uniform interlayer on the electrode
performance has been clarified for the first time.
2. High-performance H; electrodes and suppression of the degradation by reversible operation

We have prepared high-performance double-layer (DL) H» electrodes with highly-dispersed Ni-Co
catalysts by controlling the microstructure. With the use of our O, and H; electrodes, the voltage
efficiency for an SOEC has been estimated to be 98% at 750°C. The durability of the DL-H»
electrode has been improved greatly by a reversible cycling operation between SOEC and SOFC.
3. High-performance cell/stacks and glass materials to seal H,-gas

We have succeeded in establishing a production method of practical-size single cells. It was
effective to apply a new method (patented by University of Yamanashi in the project team) to
densify the ceria-interlayer for the O electrode. Projected performances in both operation modes of
SOEC and SOFC have been achieved at our 10-cell stack with newly developed glass sealant.
4. Analyses of cell/stacks and systems for a social implementation

By utilizing the exothermic/endothermic heat during Ha-storage/supply for metal-hydride, the

system efficiency of R-SOC can be increased. We have estimated a projected system cost, which
enables Ho-production cost competitive to those by other water electrolysis technologies.

(3) Future developments:

In order to commercialize SOEC/SOFC for the storage of large-scale renewable electric power,
it is essential to decrease the cost of cell/stack with high-performance and durable electrodes as well
as Hx-gas seal. While a high current density (HCD) operation is effective for the cost reduction, we
need to develop countermeasures against an accelerated degradation at the HCD. For a social
implementation of the system, it is necessary to collaborate with a system company, solving various
issues such as effective utilization of exhaust heat from SOFC operation-mode.



