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Abstract: To address the issue of insufficient overall energy integration and optimization in coal
supercritical water gasification hydrogen production systems, this study proposes a demonstration
system for decoupled supercritical water gasification-oxidation hydrogen production targeting a
hydrogen output of 1000 m® « h™' Cunder standard conditions of 0 °C and 1 standard atmosphere).
A thermodynamic analysis of the system’s energy efficiency is conducted. Design parameters of
the decoupled system are determined based on gasification characteristics of different coal types,

and the influence of different coal qualities, temperatures, and pressures on the system’s energy
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efficiency is investigated. The mechanisms of irreversible losses in the gasifier, oxidizer, heat
exchanger group, and the entire system are revealed using graphical exergy analysis. The results
indicate that under a coal-to-water mass ratio of 1 ¢ 4 and a mass flow rate of 1 280 kg « h™', the
hydrogen production efficiency of Hongliulin coal reaches 66. 92%. The system’s hydrogen
production efficiency initially increases and then decreases with rising preheated water temperature, while
both total gas production and hydrogen yield decline with increasing reaction pressure. The gasifier and
oxidizer contribute the largest irreversible losses in the system, primarily due to significant grade
differences between high-grade gas-producing and low-grade heat-absorbing mixed working
fluids. Reducing the grade difference between hot and cold fluids-i. e., minimizing temperature
differences throughout the heat exchange process-is the key approach to reducing irreversible
losses in heat exchangers. The findings of this study provide technical references for the design of
coal supercritical water gasification hydrogen production systems.
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Fig. 1 Schematic diagram of decoupled coal supercritical-water gasification system for hydrogen production
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Table 1 Elemental analysis and proximate analysis of Hongliulin coal

TCE B Y% Tlb A3 21 43 1 B B/ Y
KEPAE/(M] » kg™ D)
C H N S o) KA Koy BES  BEEmK
74. 29 4. 69 1.00 1.12 9. 26 2.79 6. 84 33.19 57.18 29. 61
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Table 2 Gasification characteristics of Hongliulin coal in supercritical-water fluidized bed"*!

SRR B %
HEH Ay B U H, 4 /(mol » kg™')  BrEE{LA%/ %
H, CO CH, CO; C, H, C, Hs
10 56. 20 1. 68 9. 30 31.69 0. 05 1. 07 77.5 100. 2
20 56. 20 1. 88 9. 31 31. 39 0. 04 1. 20 77.5 100. 5
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Table 4 Parameter settings of key operating units
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Table 5 Elemental and proximate analyses of various coal
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PHEE A 40. 50 3.25 0.57 0.19 21. 43 18. 42 15. 64 32.21 33.73 13.23
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Table 6 Reaction parameters of gasification reactor and hydrogen yield at PSA outlet for various coal

ALK AR &/ (kmol » h~

)

HEFD RN RE/C &A=/ (kmol « h™1)
T H e — & bk e =R
£L IR 31.31 12. 70 1. 64 20. 79 700 44. 80
AR S 31.73 5.96 1.33 16. 39 717 25. 70
P g 32.00 2. 69 1.35 15.08 746 15. 48
A B 32.30 10. 07 1. 64 19.73 709 38. 26
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Table 7 System efficiency analysis of Hongliulin coal at different temperatures

SAL R R ETER/ KEFER/ EmAER/ BREALR/ REWARRE/ RGEMMEEE/ REHEA

BIGARKEE/C (kg h ™D kW kW (kg*h™b (MJ+h™) (M] +h™9) 8RN
700 65. 88 45. 66 5.47 640 18 950. 45 9 418. 86 49. 70
800 87. 21 45. 66 6. 45 640 18 950. 45 12 468. 41 65. 79
900 85.57 45. 66 9.14 640 18 950. 45 12 233. 94 65. 56
1000 79.78 45. 66 11.32 640 18 950. 45 11 406. 15 60. 19
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Table 8 System efficiency analysis of Hongliulin coal at different pressures
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25 85. 57 40. 54 5.12 9. 14 640 18 950.45 12 233.94 64. 56

30 88. 70 54. 09 6. 15 11. 68 640 18 950.47 12 681. 44 66. 92

35 87. 24 63. 14 7.17 13. 95 640 18 950.48 12 472.70 65. 82

40 86. 49 72.18 8. 20 16. 01 640 18 950.50 12 365.48 65. 25
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Fig. 4 EUD analysis of gasifier unit in decoupled

coal supercritical-water gasification system
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Fig. 5 EUD analysis of oxidizer unit in decoupled

coal supercritical-water gasification system
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Fig. 6 EUD analysis of heat exchanger unit in decoupled

coal supercritical-water gasification system
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Table 9 Temperature and exergy level of heat liquid in heat exchangers
o g PR IR O YR N BRI D RN | i v 2%
2 5 M/ C w7 W/ C R M/ C i o7 M/ C i o7 i} e
T TR 2% 1101 0.783 702 0. 694 483 0. 606 960 0.758 0.025 0.088
R 2 702 0. 694 356 0.526 347 0.519 483 0. 606 0. 088 0.007
RI-ES 356 0.526 213 0. 387 25 0 347 0.519 0.007 0. 387
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Table 10 Exergy destruction distribution in decoupled coal

supercritical-water gasification system
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Fig. 7 EUD analysis of decoupled coal supercritical-
water thermochemical reduction system for

hydrogen production
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