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Abstract - For the hydrogen liquefaction, the large amount of energy is consumed, because precooling,
liquefaction and ortho/para conversion heats should be eliminated. In this paper the basic design and thermal
analysis are carried out to reduce the energy consumption by using LNG cold energy for precooling process in
hydrogen liquefaction processes. The LNG cold energy utilization for hydrogen precooling enables not only to
get energy saving for liquefaction, but to recover the wasted cold energy to sea water at the LNG terminal. The
results show that the energy saving rate for liquefaction using LNG cold energy is almost 75% of current
industrial hydrogen liquefaction plant. The demand flow-rate of LNG is only 15T/D for 1T/D hydrogen
liquefaction.

Key words : hydrogen, liquefaction, energy saving, LNG cold energy, precooling, liquid nitrogen, basic
design, thermal analysis
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Table 1. Theoretical liquefaction heat of hydro-

gen
Heat quantity

Latent heat 0.123 kWh/kg
Sensible heat 0.977 kWh/kg
Ortho/para conversion heat 0.145 kWh/kg
Total 1.246 kWh/kg
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Fig. 1. Current liquiefaction process of hydro-
gen|[5].
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Table 2. Power consumption of current hydrogen
liquefaction process[6].

Power consumption of each
process(MW) 1T/D 10T/D 30T/D
Compressor for source
0.0850 0.850 2.550
hydrogen
Compressor for low 00133 | 0133 | 0408
pressure hydrogen
Compressor for high | 480 | 2217 | 6408
pressure hydrogen
-40C refrigerator 0.0046 0.047 0.149
N2 re-liquefaction 0.1341 1.283 3.775
Total consumption 0.4850 4.530 13.29
Unit consumption
1. . .
(kWh/Nm3) 0480 0.978 0.955
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Fig. 2.

Flow diagram of hydrogen precooling
process using LNG cold energy(1).

Fig. 3. Flow diagram of hydrogen liquefaction
process using LNG cold energy(2).
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Table 3. Condition of each point of Fig. 2 pro-

cess

1 (107 1 | 2 |2 |2 |27

T(C) 25 |-253| 20 | 86 | 20 | 25 |-156
P(kg/cm®) 1 1 1 |10]10]2 ] 75
Flowrate(kg/h) | 42.8 | 9.5 |52.3 | 523 | 52.3 | 52.3 | 188
Quality 101010 10| 10| 10| 0
57 1677 | 3 4 | 5| 6 | T |2201] 23
-156 | -40 | -85 | -150 | -155 | -95 | -40 | -156 | -20
75 | 75 | 20| 20| 75| 75| 75 1 | 40
188 | 188 | 523 | 523 | 220 | 220 | 220 | 433 | 433
0 |10 10| 10| 0 |057] 10 | 1.0 | 10
24 | 25 | 26 27 28 5 6 7
2160 | 20 | 20 | -85 | -150 | -156 | -95 | -40
1 40 | 40 40 40 | 75 75 75
627 | 627 | 106 | 106 | 106 | 220 | 220 | 220
10 | 1.0 | 1.0 | 1.0 | 10 0 | 057 | 10
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Table 4. Condition of each point of Fig. 3 liquefaction process

5 6 7 8 9 10 10¢ | 10 | 10°¢ | 29 30 32 33 34 35
T(C) -177 | -195 | -214 | -230 | -238 | -245 | -253 | -253 | -253 | -190 | -190 | -207 | -232 | -235 | -253
P(kg/cm’) 20 20 20 20 20 20 1 1 1 40 40 40 40 40 1
Flowrate(kg/h) 523 | 523 | 523 | 523 | 523 | 523 | 523 | 95 | 428 | 106 | 433 | 433 | 433 | 433 | 433
Quality 1.0 1.0 1.0 1.0 1.0 1.0 | 0.18 | 1.0 0 1.0 1.0 1.0 1.0 0 0.28
36 37 38 40 42 43 4 45 46 47 50 51 52
T(C) -253 -253 -246 -234 -236 -237 -219 -200 -182 -190 -244 214 -201
P(kg/cm’) 1 1 1 1 1 1 1 1 1 40 1 1 1
Flowrate(kg/h) 31.1 122 31.1 12.2 31.1 433 433 433 433 62.7 62.7 62.7 62.7
Quality 0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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