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An Economic Analysis on Slush Hydrogen Containing Liquid and
Solid Phase for Long-Term and Large-Scale Storage
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sh.park@iae.re.kr Abstract >> Slush hydrogen containing liquid and solid hydrogen is expected to

_ _ achieve zero boil-off by suppressing boil-off gas because heat of fusion for solid
iz\fz;’zd ;8M/;zr"2’§§222 absorbe the heat ingress from atmosphere. In this paper, quantitative analysis
Accepted 7Juneyy 2022 on storage cost considering specific energy consumption between 1,000 m*

class liquid hydrogen storage system with re-liquefaction and slush hydrogen
storage system during equivalent zero boil off period. Even though approximately
50% of total storage capacity should be converted into solid phase during the ini-
tial cargo bunkering, total energy consumption to convert into slush hydrogen is
relatively 25% less than re-liquefaction energy for boil off hydrogen during zero
boil off period. That's because energy consumption of slush phase change take
up only 1.8% of liquefaction energy. moreover, annual revenue requirement in-
cluding CAPEX, OPEX and electric cost for slush hydrogen storage could be more
reduced approximately 32.5% than those of liquid hydrogen storage and specific
energy storage cost ($/kg-H,) could also be lowered by about 41.7% compared
with liquid hydrogen storage.
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Fig. 1. Concept of liquid hydrogen storage and re-liquefaction
for long term storage
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Table 1. Design condition of LH, and slush H. storage tank sys-
tem with re-liquefaction

Contents Unit Storage ype
LH, Slush Hy
Tank diameter m 12.4 12.4
Tank surface m’ | 483.05 | 43805
Tank volume m’ 998 998
Heat ingress W/m’ 3 3
Solid/liquid ratio % - 50
Fluid density keg/m’ 71 81
Storage capacity ton 70.88 81.36
Heat of fusion kJ - 6,652,966
Boil-oft gas (BOS) kg/day 281 -
Zero boil-off (ZBO) day - 53.136
Total BOG during ZBO kg 14,917 -
Hydrogen compressor barg 10
outlet pressure
Helium flow rate kg/h 270
Helium compressor outlet barg 9 -
pressure
Helium expander outlet barg 0.5
pressure
Slush production type - Freeze-thaw
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