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Thermodynamic analysis and process optimization of a coal gasification power
system with zero carbon emissions based on oxy-fuel combustion CO: cycle

XU Hongyu, CHEN Shuo, XU Cheng

(School of Energy Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: In the oxygen combustion CO; cycle, heat integration of the air separation unit (ASU) is commonly
used to improve the matching of the heat recovery process. However, the ASU heat integration increases the heat
recovery load, and the relatively low load ramp rate of the ASU affects the overall performance of the system. To
eliminate the need for ASU heat integration and further enhance cycle efficiency, a method involving split
adiabatic compression is proposed to balance the thermal capacities of the hot and cold streams. A power
generation system model based on the gasification oxygen combustion CO- cycle is developed in Aspen, and the
thermodynamic performance of the system, as well as the effect of ASU heat integration, are analyzed. A
recompression system is also introduced for comparison. The results show that, the conventional system with
integrated ASU heat has a net efficiency of 43.39%. Compared with a system without heat integration, the power
consumption of the ASU increases by 19.9 MW, while 180.8 MW of heat integration is provided, resulting in a
1.64 percentage points increase in net efficiency. Considering limitations in heat recovery, the optimal split mass
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flow rate for the recompression system is 258.2 kg/s. Compared with the ASU heat integration, the recompression
system reduces the heat recovery load by 59.8 MW, and the average heat exchanger temperature difference is
further reduced by 3.1 °C, improving the net efficiency to 43.52%. The study reveals the mechanism by which
heat integration affects the efficiency of the oxygen combustion CO; cycle and proposes an optimization to
decouple the power cycle from the ASU heat integration through the recompression process, providing theoretical
guidance for the parameter design of the recompression system.

Key words: oxy-fuel combustion, supercritical CO; cycle, coal gasification, carbon capture, recompression
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Fig.1 The conventional and recompression configuration of a coal gasification power system with zero carbon emissions based
on oxy-fuel combustion COz cycle
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PRI GR 2T 22.0 18.9
PEI T AR B2/ C 715.4 723.8
] 3458 6 Frf MW 1921.0 1861.1
%S4 H TR IMW 1026.0 1047.2
FIRAFREFEIMW 179.6 154.2
FE4EREAE/MW 63.4
B AR REFEIMW 226 226
AAEATREFEIMW 58.4 58.4
24> REFEIMW 1155 96.6
HAhgeRE/MW 2.8 2.8
1§ IR IMW 647.2 649.2
TR % 43.39 4352
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LIRAHT R, H RGNS S IR E T LR
BB ARG, XEEMRE T RENEATR
@ TORERFEE =, R T R K51
I COp 2 [a) 5 25 ik 22 BE A SR 1 Rl A% 1 e 1 3k
. M2 T, 4G At B I B AT DL 2L
P E SRk CO IR AR . MRS
FIRAR AT S HOR AR, FERSE RS ATET
AT DL o 20 R 4 O R A i A R A RE .
* 4 PR, HECHEMRARSG, HIES RSN HE
HX2 (PR 2K T 3.1 °C, [FFHE 2
AN R . IR, RGP T
59.8 MW, — & FEFERFAS 1 [l FAZE B il As

REERUL, TS E ke COL TEH, TEfR
IERGHCEIRRE T, o DR P E4E A2 7
SR G S FEERG, PRI B [ A B AT

44 it

B RHES A E EIRE CO MG, #RAT Wit S
. B ERT RatERe R, Gl RAE R
FEUALRERE T 30 IR 5 25 00 Bt G R,  FEXS
PR R B AT IR A, FESRIR.

DI R v i R U WAPN L EI N VES
[, TEE TSR350 1150 CHI30 MPa 414 T,
R S RE I LR G EH A AT IA 43.39%.

2) S5RAZAH R, K% HE S8
RN 25> BOCREREI N T 18.9 MW, A RS
Rt 7 180.8 MW [JFEE R, BAR T /i FE I g
BN, EA BT RS RN AR LRSS, 1535 T
R TRAIREIREE 7154 C, EHRNEEE T
1.64 H 5.

3) HIEAMEATERAEME, BT RS
TEZE R, [EaE HX2 W A iR B T s, A
S RS R R 258.2 kg/s I, FEIE4E RS
(1) B R B R 03 43.52% .

4) FRAREAE AT DA Rt [ Aad PR UL,
H5EMAGHAL, PR RAMEIRGE HX2 Pt
PIRZEMKT 3.1 °C, RGRIHRERD T 59.8 MW,
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