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Abstract - BOG (Boil Off Gas) generation is unavoidable in the liquefied hydrogen carrier, and proper measures are necessary to prevent
pressure problems inside the cargo tank. The BOG can be used as propulsion fiiel or ships, and the remaining parts used for propulsion
must be eflectively managed, such as in the form of reliquefying or burning. This study proposes an BOG reliquefaction system optimized
or a 160,000 m3 liquefied hydrogen carrier with a hydrogen propulsion system. The system comprises a hydrogen compression and helium
refrigerant section, and increases the efliciency by eflectively using the cold energy of the BOG discharged from the cargo tank. In this
study, the system was evaluated through the exergy efliciency and SEC (Specific Energy Consumption) analysis according to the rate
of the reliquefaction of the BOG while the hydrogen BOG with a supply temperature of 220 C entered the reliquefiction system. As a
result, it showed SEC of 411 kWh'kgLHZ2 and exergy efficiency of 60.1% at the rate of reliquefiction of 20%. And the parametric study
of the eflects of varying the hydrogen compression pressure, inlet temperature of the hydrogen expander, and the feed hydrogen
temperature was conducted.

Key words - Avdrogen, boil off gas, reliquefaction, liquefied hydrogen carrier, exergy efliciency, specific energy consumption
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(Lowesmith et a.,, 2014).
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Table 1 Specification of liquefied hydrogen tanker in this

study
Items Values
Ship classification Gas carrier
Cargo tanker capacity 160,000 m®
Deadweight (DWT) 31,000 ton
Service speed 18 knots
Type of cargo tank IMO Type B prismatic
Boil-off rate (BOR) 0.3 %/day
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Fig. 1 Design of the re-liquefaction system for liquefied hydrogen tanker
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Table 2 Exergy efficiency and specific energy consumption

& 7ed

Re-liquefaction Exergy SEC
ratio (%) efficiency (%) (kWh/kg)
20 60.1 4112
30 587 4.207
40 52.3 4728
50 44.2 5.593
60 394 6.267
70 36.6 6.751
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Exergy Efficiency

Fig. 2 Exergy efficiency and destruction of each component
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Nomenclature

Symbols
w, Net required power
m Mass flow rate
e Mass exergy
Ne Exergy efficiency
Abbreviations
BOG Boil-off gas
BOR Boil-off rate
COP Coefficient of performance
COMP Compressors
CR Coolers
DWT Deadweight
EXP Expanders
GCU Gas Combustion Unit
HEX Heat exchangers
IMO International Maritime Organization
LH; Liquefied hydrogen
LNG Liquefied natural gas
SEC Specific energy consumption
SOx Sulfur Oxides
\% Separators
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