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Abstract @ In this study, we investigated the characteristics of the process of hydrogen production using boil-off gas (BOG) generated from an
LNG-fueled ship and the application of hydrogen fuel cell systems as auxiliary engines. In this study, the BOG steam reformer process was designed
using the UniSim R410 program, and the reformer outlet temperature, pressure, and the fraction and consumption of the product according to the
steam/carbon ratio (SCR) were calculated. According to the study, the conversion rate of methane was 100 % when the temperature of the reformer was
890 °C, and maximum hydrogen production was observed. In addition, the lower the pressure, the higher is the reaction activity. However, higher
temperatures have led to a decrease in hydrogen production owing to the preponderance of adverse reactions and increased amounts of water and carbon
dioxide. As SCR increased, hydrogen production increased, but the required energy comsumption also increased proportionally. Although the hydrogen
fraction was the highest when the SCR was 1.8, it was confirmed that the optimal operation range was for SCR to operate at 3 to prevent cocking. In
addition, the lower the pressure, the higher is the amount of carbon dioxide generated. Furthermore, 42.5 % of the LNG cold energy based on carbon

dioxide generation was required for cooling and liquefaction.
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Fig. 1. Schematic diagram of methane steam reformer.
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Fig. 2. Schematic diagram of BOG steam reformer process for carbon capture using LNG cold energy.
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Fuel reforming reaction :

CH,+ H,0= CO+ 3H,(r,), AH=206.2kJmol " @)

CO+H,0< CO, + H,y(r,), AH=—41.2kJmol " ®)

CH,+2H,0< CO, + 4H,(ry), AH=165.0kJmol ' (9)

Water gas shift reaction :
CO+ H,0& COy + Hy,(ryyoe) AH=—412kJmol*  (10)

Methanation reaction :
CO+3H,< CH,+ H,O 1y
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E}(Xu and Froment, 1989; Posada and Manousiouthakis, 2005).
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Table 1. Setting parameters for the sensitivity analysis

Parameter Value
Ship type LNG fueled ship
Ship size (m’) 200K
Reformer pressure drop (kPa) 70
WGS pressure drop (kPa) 70
Reformer inlet pressure (kPa) 700
Reformer inlet temperature ('C) 500
Steam temperature (C) 170
Steam pressure (kPa) 500
BOG mass flow (kg/h) 5,313
BOG temperature (C) -130
BOG pressure (kPa) 101.3
Steam mass flow (kg/h) 13,282.5
Heat exchanger pressure drop (kPa) 10
SCR 2.5

Methane 97 %

BOG composition (mole %) Nitrogen 3 %
0

Table 2. Variable conditions for the sensitivity analysis

Parameter Value
Reformer inlet temperature ('C) 600-1,100
Reformer inlet pressure (kPa) 500-2,000
BOG mass flow (kg/h) 3,000-7,000
Steam mass flow (kg/h) 3,000-30,000
SCR 2-10
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Fig. 3. Hydrogen production at the outlet of the reformer
according to the temperature and pressure of the

reformer.
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