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Abstract: Aiming at the problem of insufficient overall energy integration and optimization in the coal
supercritical water gasification hydrogen production system, a coal supercritical water gasification-
oxidative decoupling type supercritical water hydrogen production demonstration system targeting a

hydrogen production capacity of 1000 Nm’-h"' was proposed, and the energy efficiency of this system
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was analyzed based on thermodynamic methods. The design parameters of the decoupled system were
determined according to the gasification characteristics of different coal types, and the influence laws of
different coal qualities, temperatures, and pressures on the system energy efficiency were investigated.
The mechanism of irreversible loss generation in the gasifier, oxidizer, heat exchanger group, and the
entire system was revealed using the Exergy Utility Diagram (EUD) method. The results show that
under conditions of a water-coal mass ratio of 1:4 and a mass flow rate of 1280 kg-h”, the hydrogen
production efficiency of Hongliulin coal reaches 66.92 %. The system’s hydrogen production efficiency
initially increases and then decreases with the rise in preheated water temperature, while both total gas
yield and hydrogen production decrease with increasing reaction pressure. The largest irreversible
losses occur in the gasification and oxidation reactors, mainly due to the significant exergy level
difference between the high-grade product gas and the low-grade heat-absorbing mixed working fluid.
Reducing the exergy level difference between the hot and cold fluids—i.e., minimizing the temperature
difference throughout the heat exchange process—is key to decreasing irreversible losses in heat
exchangers. The findings of this study provide valuable technical references for the design of coal
supercritical water gasification systems for hydrogen production.

Keywords: Supercritical Water Gasification; Decoupled System; EUD Analysis; Thermodynamics
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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
TER M EY % LSR5 B T 53U % K/
¢ H N S 0 KAy | WGy | WERSY | RERK (MJ-kg™)
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Table 2  Gasification characteristics of hongliulin coal in supercritical-water fluidized

bed"
— -
" SRENUNGAD S A
PSR IR R A : H, it (mol-kg) | B /%
H, Cco CH, Co, CH, | CH,
10 % 56.20 1.68 9.30 31.69 0.05 1.07 71.5 100.2
20 % 56.200 1.88 9.31 31.39 0.04 1.20 71.5 100.5
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Table 3 Summary table of system

parameters
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Table 4 Parameter settings of key operating units

ESEZAS PES RO E
JERLEE Friifie ok 640 kg-h's RLEE 25 °C; HJI24 0.1 MPa
JEELK Bk 640 kg-h's WREER 25 °C; K12 25 MPa
e a3 JEFh25 MPa; 87 H,0. N,. 0,. NO,. NO. S. SO,. SO,. H,. Cl,.
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Heite e 5 JYE§%. MIXED: 1; CIPSD: 0; NCPSD: 0
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Table 5 Elemental and proximate analyses of various coal

- T AT B M0 %% k3BT 3 0 Jo i 43 850 % R/
C H N S 0 Koy | WAy | HERSY | EER kg')
WERME | 49.03 | 3.40 | 047 | 046 | 12.62 | 17.10 | 9.96 | 23.91 | 49.03 20.46
PRI | 4050 | 3.25 | 057 | 0.19 | 21.43 | 18.42 | 15.64 | 32.21 | 33.73 13.23
MAKE | 7120 | 412 | 099 | 0.64 | 954 | 1097 | 248 | 31.38 | 55.17 2721
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Fig.2 Qas yields at outlet of gasification

reactor for various coal
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Table 6 Reaction parameters of gasification reactor and hydrogen yield at PSA outlet
for various coal

- AP AR 3/ (kmol b ) A 31! AT
AR H b —Sfbik | AR JE/°C (kmol-h™)
LTAIPRIRE 31.31 12.70 1.64 20.79 700.00 44.80
HEAR M 31.73 5.96 1.33 16.39 717.00 25.70
PR A 32.00 2.69 1.35 15.08 746.00 15.48
PASEE 32.30 10.07 1.64 19.73 709.00 38.26
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Table 7 System efficiency analysis of hongliulin coal at different temperatures
St Araa
FRUEEE | TR | KERER | TRAEDLRE | BERAR | RO ARER/ Ykl ERiE
K | (kg'h™) kW /KW (kg-h™) (MI-h™) Bem/MI-hY) | ROR%
JEE/ °C
700 65.88 45.66 5.47 640 18 950.45 9418.86 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
1 000 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
=3 A
;jﬁ GRS | KR TRE | K2 | TR gﬁg AR | i | R
JyMPa (kg-h™) /KW FL/kW AL /KW ) (MI-h™) (MJ-h™) ERD
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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Table 9 Temperature and exergy level of process streams in heat exchangers
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