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Thermodynamic analysis and optimization of hydrogen liquefaction system coupled
with LNG cold energy and waste heat recovery
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Abstract: Hydrogen liquefaction energy consumption accounts for a large proportion (from 30% to 50%) of the total cost in liquid
hydrogen end-use applications. To reduce the energy consumption of large-scale hydrogen liquefaction plants, a novel hydrogen
liquefaction process coupled with liquefied natural gas (LNG) cold energy and waste heat recovery was proposed. The new process is
based on the configuration of “LNG precooling + multi-stage helium Brayton refrigeration” and incorporates two energy recovery
subsystems. Specifically, a direct expansion power generation cycle is introduced in the LNG precooling section to recover the pressure
energy during LNG vaporization for power generation and enhance the precooling performance. Meanwhile, an Organic Rankine Cycle
(ORQC) is integrated into the helium compression section to recover the waste heat of high-temperature helium for power generation. The
feasibility of the proposed process was verified through steady-state process simulation and thermodynamic analysis, including energy
consumption, exergy analysis and heat exchanger evaluation, using Aspen HYSYS. The results indicate that, at a liquid hydrogen
production capacity of 120 t/d, the specific energy consumption of the proposed process is 6.22 kW-h/kg, and the overall exergy
efficiency reaches 48.95%. Compared with the baseline process, the proposed process reduces LNG consumption by 29.2% and specific
energy consumption by 5.61%. In addition, the recovery of compressor waste heat to drive the ORC significantly decreases the exergy
destruction in the cooler by 60.54%. Under the premise of ensuring reasonable heat transfer efficiency, further energy reduction can be
achieved by appropriately increasing the LNG flow rate and optimizing the ORC evaporation pressure. The proposed process exhibits
advantages of low energy consumption and high exergy efficiency, providing a useful reference for LNG receiving terminals to realize
cold energy utilization and high-efficiency hydrogen liquefaction.
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Fig.1 Process flow of hydrogen liquefaction system coupled with LNG cold energy and waste heat recovery
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Table 1 Parameters of each stream in proposed process

biidike R °C &1 /kPa R (kgs™) i /(I kg /(K kg!eCty  REEE /%
Feed 25.0 2100 1.39 1.107 -11.66 24.80
H1 -153.0 2100 139 2463 2433 34.43
H2 207.0 2100 139 -3269 -33.83 58.17
H3 -225.2 2100 1.39 -3634 -40.69 77.83
H4 -245.2 2100 1.39 -4288 -58.72 97.89
H5 2525 2100 1.39 -4401 -63.40 99.78
LH 2529 130 139 -4416 6327 99.78
LNG -160.0 120 3.54 -5167 4.29

L1 -158.5 3000 3.54 -5159 4314

L2 -77.0 3000 3.54 -4642 7.436

L3 -77.0 3000 2.84 -4824 8.306

L4 -155.9 120 2.84 -4983 8.548

L5 10.5 120 2.84 -4563 10.96
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Table 1 Parameters of each stream in proposed process (coninued)

i HEE °C & /1 /kPa R /(kgs™) 18 (I kg™") 1 /(kI-kg'-°C™)
Lo -77.0 3000 0.70 -3903 3.90
L7 -135.5 120 0.70 -3903 4.251
L8 10.5 120 0.70 -3329 7.242

1 23.65 250 20.6 -7.177 19.11
2 196.2 650 20.6 889.7 19.51
3 140.7 650 20.6 601.1 18.85
4 25 650 20.6 -0.452 17.15
5 186.6 1600 20.6 839.3 17.53
6 170.0 1600 20.6 752.8 17.34
7 25 1600 20.6 -1.062 15.28
8 -168.2 1600 20.6 -1008 9.83
9 -168.2 1600 4.6 -1008 9.83
10 -215.1 250 4.6 -1249 10.62
11 -168.2 1600 16 -1008 9.83
12 -207.0 1600 16 -1212 7.402
13 -207.0 1600 3 -1212 7.402
14 -236.7 250 3 -1362 8.184
15 -207.0 1600 13 -1212 7.402
16 -225.2 1600 13 -1309 5.69
17 -225.2 1600 10.5 -1309 5.69
18 -246.9 250 10.5 -1415 6.46
19 -225.2 1600 2.5 -1309 5.69
20 -245.2 1600 2.5 -1418 2.729
21 -258.2 250 2.5 -1476 3.455
22 -246.5 250 2.5 -1413 6.547
23 -246.8 250 13 -1415 6.477
24 -229.5 250 13 -1324 9.133
25 -230.9 250 16 -1331 8.968
26 -209.7 250 16 -1221 11.08
27 -210.9 250 20.6 -1227 10.98
28 -170.1 250 20.6 -1014 13.61
R1 185.0 2630 13 -1784 2.585
R2 99.80 100 13 -1895 2.638
R3 32.0 100 13 -2384 1.093
R4 33.52 2630 13 -2378 1.098
RS 33.52 2630 3 -2378 1.098
R6 185.0 2630 3 -1748 2.585
R7 33.52 2630 10 -2378 1.098
R8 185.0 2630 10 -1748 2.585
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Fig.2 Composite curves of heat exchangers HX1 to HX6 in proposed process
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Table 2 Power of main equipment in proposed process

e ZiES BERS R kW N kW
P1 29.83

NI 101.31
P2 71.48
C1 18475.67

FEGERLCR T 35774.56
2 17298.89
El 452.70
E2 1108.00
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TR AL Cin 30D E4 1118.00 4730.66
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Fig.3 Net power consumption of overall system and its

subsystems in proposed process
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Fig. 5 Exergy efficiency of each equipment in proposed process
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