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Abstract: To achieve the goals of carbon peaking and carbon neutrality, the technologies enabling
clean, efficient and low-carbon usage of coal, a supercritical water coal gasification combined cy-
cle power generation system based on thermochemical regeneration is proposed, in which the ex-
haust heat of gas turbine is used to provide reaction heat for the gasification process, and the gasi-
fication reaction and power cycle are integrated through thermochemical regeneration. The ther-
modynamic performance of the new system and the reference system was analyzed. The reason for
the decrease of the exergy destruction of the new system was revealed. The off-design condition

characteristics of the new system were studied. The results show that the net power generation
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efficiency and exergy efficiency of the new system reach 53. 37% and 52. 11%, respectively,

which is 6. 24 and 6. 09 percentage points higher than that of the reference system, respectively.

In the fuel conversion process, the exergy destruction of the new system reduces the 7. 15 MW,

accounting for 7. 26 % of the total exergy input, which is the key to improve the performance of

the new system. In addition, when the turbine inlet temperature increases from 1 000 C to 1 700°C, the

net power generation efficiency and exergy efficiency of the new system also increase, but the

increasing rate decreases. In this case, the optimal pressure ratio of gas turbine also gradually in-

creases. The new system realizes the cascade utilization of chemical and physical energies, and

provides a promising way for clean and efficient energy conversion and utilization of coal.

Keywords: supercritical water coal gasification; thermochemical recuperation; power generation

efficiency; exergy efficiency; cascade utilization
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Fig. 1 Flow chart of supercritical water coal gasification combined cycle power generation system
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Fig. 2 Flow chart of the reference system
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Table 1 Proximate and elemental analysis of Hongliulin coal

ZH % Bl
fik 74,29
£ 4,69
JCR ST BT A EL & 1. 00
Wi 1.12
E= 9.26
Ky 2.79
K5y 6.84
Tl 4387, B a5 5/ %% )
YR 5 33.19
IE 1 ik 57.18
A E/ (M « kg™ D) 29. 61
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Table 2 Key design parameters of the system
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Table 3 Results of the model validation
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Table 4 Energy balance results of the proposed system and

the reference system

sH ERG ELE ¥

}E S/% BE O S/%

BE &= s A /MW 96.09 100 96.09 100
G/ MW 51.28 53.37 45.29 47.13
R HL 42.45 44.17 32.23 33.54
HEEHL 9.45  9.84  18.64 19.40

[ #E L i/ MW 0.61 0.64 5,58 5.81
EX 0.61  0.64 0.21  0.22
ARSI 0.98  1.02
AT 1.53  1.59
23 43 LT 2.86  2.98
R Bk /MW 44,80 46.63 50.78 52.86
SAep 3.41  3.55  4.51  4.69

Ei ZUETES 24.56  25.56 8.31  8.65
%R 15.50 16.13 30.88 32.14
HLAR A 2= 1.34  1.39  1.37  1.43
Lot 2.85 2,97
L STH 2.86  2.98

K5 #AEALRL LKA T A a9 hE LR
Table 5 Comparison of the proposed system and system in

literature investigations

i Remi A/ ReEEL/ W ERBRER/
MW MW %
SCHik[27] 26.70 10. 23 38.31
k28] 225.50 95. 10 42.18
CHk[10] 181. 50 84. 60 46. 60
SCHRLS] 764,93 396. 42 51.82
SCHkC11] 393. 50 214. 00 54. 38
WAL 96.09 51.28 53.37

3.3 JBFESW

N TR R GRS TIHLEL, X R it Ay
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Table 6 Exergy balance results of the proposed system and

the reference system

a5 HRG SRS
BAE S/% BUE N/ %
TR A/ MW 98.42 100  98.42 100
YR/ MW 51.28 52.11 45.29 46.02
Ok / MW 47.13  47.89 53.13  53.98
PR Al 1o 29.89 30.37 37.04 37.63
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% 2.55  2.59 1.22 1.24
HEEHL .17 1.19  2.03  2.06
AL .17 1.19  1.42  1.44
£ 0.14  0.14  0.05  0.05
AEELL 0.23  0.24
HoAlb 451 2 9.17  9.31 5,30  5.39
Ei ZUETES 4.94 5,02 0.40  0.41
& BRI R 0.74 0.75 1.24 1.26
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G R E A 0.80  0.81
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Fig. 3 Gas molar fraction of the proposed system

and the reference system
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Fig. 4 Energy flow diagram of gasification process of the

proposed system
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Fig. 5 Energy flow diagram of gasification process of the

reference system
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Fig. 6 Effect of turbine inlet temperature in the proposed
system on optimum pressure ratio, net power genera-

tion efficiency and exergy efficiency
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ficiency and efficiency of the new system
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