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Toward the social implementation of green hydrogen production and utilization technology
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The SOFC/SOEC Implementation Center (SOCs) was established in July 2023 as an interdepartment center between the Graduate Schools of
Environmental Studies and Engineering, aiming at the social implementation of green hydrogen production and utilization technologies. The center’s

name, “SOFC,” stands for solid oxide fuel cell, which is a high-efficiency fuel cell that operates at high temperatures, whereas “SOEC” stands for solid

oxide electrolysis cell, which uses the reverse reaction of SOFC to produce hydrogen or green fuels from renewable energy. The SOCs aims to promote

the social implementation of these technologies and the early realization of carbon neutrality through the provision of technical information to member

companies and technical exchanges.
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Fig. 1 Carbon neutral society through SOFC/SOEC technology.

SOFC/SOEC to enable carbon neutrality

Short- and long-term storage of electricity are an important issue in the
use of fluctuating renewable energies. "Green hydrogen” from water
electrolysis and “green methane” or “e-fuel” (liquid fuel) synthesized
from CO; and green hydrogen have the potential to solve this problem.
There are various methods of water electrolysis, but SOECs can achieve
much higher efficiency than other methods if installed where waste heat
is available. SOECs can also co-electrolyze CO- and H,O, and they can
effectively utilize the reaction heat from methane and e-fuel synthesis.
SOECs are being developed mainly in Europe and the United States, and
many companies in Japan have begun development of SOECs. SOFCs,
on the other hand, are gaining popularity as a highly efficient distributed
power source using town gas, and approximately 200,000 units of the
household fuel cell “ENE-FARM Type-S” have already been sold in
Japan. The development of SOFCs fueled by pure hydrogen is also
progressing. A future carbon-neutral society is expected to be achieved
through a hydrogen-/carbon-recycling energy system (Fig. 1) that
utilizes SOFC and SOEC.
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Fig. 2 Concept of SOFC/SOEC Social Implementation Center (SOCs Center)
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Fig. 3 Scenes from the Open Science Event at the SOCs Center.

Purpose of establishing SOCs center

SOFC and SOEC use a ceramic electrolyte (stabilized zirconia: YSZ)
that exhibits high O* ion conductivity above 600°C. An oxygen electrode
and a fuel electrode are placed on both sides of the electrolyte to form a
“single cell,” which is connected in a series to form a “stack.” The stacks
are combined with auxiliary equipment to form a “system.” The
temperature and materials used are quite different from those of other
types of FC and EC, and the design of the stack is not standardized, so
each company must accumulate its own know-how. This causes a long
development period, and it is difficult to gain social recognition.
Therefore, we established the SOC in July 2023 to form a forum for
information exchange among companies and between companies and
universities. Currently, 30 companies are participating in the center at
an annual membership fee of 220,000 yen. Here, we offer literature
information, hold basic lectures, provide individual consultations and
trial experiments, introduce university seeds and corporate technologies,
and conduct intercompany matching (Fig. 2).

Activities in this fiscal year

During the current fiscal year, two open science events were organized.
On July 25, a basic lecture course was held in the Ecolab main conference
room, followed by an international workshop on November 7 at the
Graduate School of Environmental Science main building. At the
international workshop in November, two researchers were invited not
only from Japan but also from the Republic of Korea. They delivered
lectures on recent research and development trends in solid oxide cells in
Korea, introduced cutting-edge research topics, and provided instruction
on analytical methodologies. In addition, a book supervised by our
center, “SOFC/SOEC Technologies for Carbon Neutrality: From
Fundamentals and Evaluation Methods to System Applications Including
Thermal Utilization,” was published by CMC Research. Furthermore,
since the first year of operation, we have continued to distribute paper
reviews and short explanatory videos for member companies on an
irregular basis.
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Fig. 4 List of Short Technical Explanation Videos for Member Companies.
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