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Toward the development of sustainable energy system Professor
Tatsuya Kawata

Energy Resources

HRTFOMRFHIF. RERNELZORRICAF AN EFOSVREOERTH S, REBEOHRTERIC. HEBRILFE T/ RI(C
EBIXINF—BHEMAICRARGBIRILF BN, SLOTRILF—FREM. FMRRERSICHDEGRERTOERRME L
FEBEREZERAFELL WS, BE - IRXLF—HBEOBRICE. CERBOBHENAEBETEIRILF—OREMRIGDHDH LW
MOBERHFAREER., ZORMBRELT, SHE, SMAEOEFREYTREIEH] (SOFC) K LUVE KK ER I (SOEC) D
ERICHDERBEMFEZIND LT, FRANOEEEOHBEL. YATFLAICAVWSKZMEOERREICSTIMBLZEN. EBRIEEICOVT,
#Ah%, BRLE. BRICFZERETIBEMICL>THSNITT B,

Our research target is to develop environmentally friendly energy-conversion systems. Our special focus is on high-temperature electrochemical devices
such as solid oxide cells, which are useful for high-efficiency energy conversion between chemical and electric energy. Research studies on the mechanical
reliability of solid oxide fuel cells (SOFCs) and solid oxide electrolysis cells (SOECs), which are tightly linked with physicochemical and thermodynamic
properties, have been performed through collaboration with other research groups inside and outside the university. A simulation code was developed to
evaluate the deformation based on transient distribution of chemical potential inside the materials. The mechanical and physicochemical properties of the
constituent materials have been measured at elevated temperatures in controlled atmospheres to be used for the simulation.
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Development of advanced evaluation and
analysis technologies for the durability of
solid oxide fuel cell stacks and the
development of a high-toughness cell

NEDO’s project involving the development of advanced evaluation and
analysis technologies for the durability of solid oxide fuel cell (SOFC)
stacks was launched in FY2020. It aimed to develop advanced stack-
evaluation techniques to achieve super-high efficiency of 65% LHV (lower
heating value) and a lifetime longer than 130,000 hours. In this project, a
research consortium organized by the University of the Tokyo, Kyoto
University, Kyushu University, AIST, CRIEPI, and Tohoku University
collaborates with companies that have developed SOFCs. Under high-
output conditions, high fuel utilization causes various operating conditions
at different places within a cell. The degradation behavior may also differ
from the average operating conditions. Therefore, the cell’s local
degradation should be evaluated. Our lab contributes to the development
of the mechanical reliability evaluation method. A stress test apparatus has
been developed to achieve high toughness, which extends the application
range of SOFCs (Fig.1).

Fundamental technologies for liquid fuel
production using high-temperature
co-electrolysis

To achieve carbon neutrality by 2050, not only electricity generation but
also chemical-industry feed stocks and fuels for transportation must be
decarbonized. Much attention has been given to a new fuel production
process using captured carbon dioxide and renewable energy. A co-
electrolysis of carbon dioxide and steam by solid oxide cells is proposed to
produce a syngas for liquid fuel production. Our laboratory has participated
in the NEDO project since FY2021 to realize this technology. In the
project, we have evaluated the basic properties of co-electrolysis cells. A
specific model electrode cell was designed for the analysis of co-
electrolysis reaction to extract critical issues of cells (Fig.2). The results of
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the model cell analysis were fed back to a design of a practical porous
electrode. This scheme contributes to rapid development of co-electrolysis
cells at high temperature.

Educational activities

Lab workers consist of four staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 18 students (10
master’s students and eight undergraduates). Four graduate students and
four undergraduate students graduated in March.

Fig.1 Apparatus design and simulation of robustness evaluation for SOFCs.
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Fig.2 Specific model electrode cell for analysis of co-electrolysis.
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