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Development of Boil-Off Gas Suppression Technology for Liquid Hydrogen Using GM Cryocooler
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Photograph of boil-off gas suppression unit for liquid hydrogen
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Against the background of the enactment of
the Hydrogen Society Promotion Act and related
developments, efforts are underway toward the social
implementation of hydrogen as an energy carrier. Liquid
hydrogen(LH>) has a much higher density than gaseous
hydrogen, enabling efficient storage and transportation.
However, because its boiling point is extremely low at
—253°C(20K), evaporation occurs and boiloff gas(BOG)
is continuously generated. Therefore, from the perspective
of both safety and economics during storage, zero boil-
off(ZBO) technology is required to suppress losses
caused by BOG generation. In this development, a test
apparatus equipped with an SHI 20K single-stage
Gifford-McMahon(GM) cryocooler was constructed,
and experiments on hydrogen liquefaction and BOG
recondensation were conducted. As a result, even under
heated conditions, we successfully suppressed the
pressure rise inside the vessel completely for more than
ten hours. Furthermore, by evaluating the recondensation
efficiency and estimating the payback period when
introducing this system, it was found that the investment
could be recovered within a short period of a few years,
demonstrating sufficient economic advantages.
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Left: Schematic configuration of recondensation test apparatus; Right: SHI single stage GM cryocooler used in this study
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Time-series results of temperature and pressure during sequence of tests, including liquefaction, recondensation and

cryocooler shutdown
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Break-even lines based on electricity cost and hydrogen unit
price during recondensation operation
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Measured recondensation efficiency under external heat loads
of 40-60 W
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Estimated payback period as function of hydrogen unit price
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