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Multivariate analysis of S-CO: oxy-fuel power generation system based on
response surface method

ZHANG Zhiyu'?, ZHU Lin!?, ZHANG Bo'?, QIN Xijie!*, CONG Jian"?, GAO Chenman'~
(1. School of Energy and Environment, Inner Mongolia University of Science and Technology, Baotou 014017, China;
2. Integrated Research Large Platform for Comprehensive Utilization Technologies of New Important Energy, Baotou 014017, China)

Abstract: [Objective] Oxy-fuel combustion technology is a critical pathway for achieving near-zero emission from
coal-fired power generation, yet its high energy consumption from auxiliary systems constrains economic viability.
Integrating an S-CO: Brayton cycle can improve efficiency, but existing optimization studies predominantly rely on
single-factor analyses, failing to capture complex parameter interactions. This study addresses this gap by
developing a thermodynamic model and employing a multi-factor optimization framework to quantitatively analyze
the individual and interactive effects of key parameters, thereby optimizing system performance. [Methods] A
detailed thermodynamic model of an S-CO- Brayton cycle integrated with an oxy-fuel coal-fired power plant was
developed. To systematically investigate the multi-parameter design space, Response Surface Methodology (RSM)
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was employed. Using a Central Composite Design (CCD) within the Design-Expert software platform, a structured
simulation plan was executed. Four key operational parameters were selected as independent variables: the
economizer bypass ratio, the primary dry cycle flue gas proportion, the high-pressure turbine inlet pressure, and the
cold primary air temperature. The system's net electrical efficiency and exergy efficiency were defined as the
primary performance responses. Based on the simulation data, multi-factor quadratic regression models were
constructed. These explicit mathematical models enabled a rigorous quantitative analysis to determine the main
effect (individual influence) of each parameter and, crucially, to evaluate the significance and nature of the two-
factor interaction effects between them. [Results] The analysis yielded clear quantitative insights. The hierarchy of
influence for the four parameters on both net electrical efficiency and exergy efficiency was definitively established
as: primary dry cycle flue gas proportion > cold primary air temperature > economizer bypass ratio > high-pressure
turbine inlet pressure. More importantly, the interaction effect analysis revealed significant coupling between
parameters. For optimizing net electrical efficiency, the most pronounced interactions were between the economizer
bypass ratio and the primary dry cycle flue gas proportion, and between the high-pressure turbine inlet pressure and
the cold primary air temperature. For exergy efficiency, the interaction between the high-pressure turbine inlet
pressure and the cold primary air temperature was identified as the most significant. [Conclusion] This research
confirms that the S-CO: Brayton cycle can effectively mitigate the efficiency penalty associated with oxy-fuel
carbon capture. By moving beyond conventional single-factor analysis, the application of Response Surface
Methodology successfully quantified the complex interdependencies governing system performance. The study thus
delivers a clear, multi-stage optimization pathway and robust theoretical support for the design of high-efficiency
S-CO: Brayton cycle oxy-fuel power generation systems.

Key words: supercritical carbon dioxide; exergy analysis; Brayton cycle; oxy-fuel combustion; response surface
method
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Fig.1 System flowchart
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Tab.1 Main initial parameters of system analysis

S Bl SHAFK g
TR % TR % 935 | —IXTEHMEA L 50
1%
R 2R /% 94.5 BRI % 11
RGN % 90 B — R RIEE/°C 45
PRGN Y 91 A Fo A 3/ MPa 7.6
TR /% 33.8 R AR IR /°C 32
BN R 28.5 R IE/MW 300
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Tab.2 Validation of the S-CO: Brayton cycle oxy-fuel power generation system

HIUE=ga L/ C JREGE/ (kg « s)
AL SCHR[15] R % AL SCHR[15] R %
1 516.31 516.31 0 2209 2209 0
2 218.73 220.19 -0.66 2209 2209 0
3 86.07 86.87 0.92 2209 2209 0
3a 86.07 86.87 0.92 746.64 746.79 -0.02
4 32.04 32 0.125 1462.36 1462.21 0.01
5 80.63 79.85 0.98 1462.36 1462.21 0.01
6 218.21 219.07 -0.39 746.64 746.79 -0.02
6a 215 215 0 243.546 242.99 0.23
7 510.33 508.9 0.28 2209 2209 0
8 602 602 0 2209 2209 0
9 539.09 539.09 0 2209 2209 0
10 622 622 0 2209 2209 0

2 FRigit
ACFH RSM [0

BB (central

composite design, CCD) J7i%, {8l Design-Expert
VARG, ZEMICCRIGBOCHEIZT S 8120, 1
BLVABR R Ay — IR TIEIREAES] B &
JEZEF#EE RS C K — R D & IMHaiT
RN &= R Bk R TT R, #RGT

HUACR i B AR GURCR nex VENMINLIRFREAT S0 M,

(SEAINE: N SO NE) VL ANETf A TES (3 aNIE M5 P Sl L]

MR HARRL SEIstT S 807 5 S i S AR o
R 3 s i N T e PR B R et AT

R 3 WITERRRIHKEH

Tab.3 Design factors and design level numbers

Wit AR
1 0 1
Al% 9 11 13
B/% 30 40 50
C/MPa 28 29 30
D/°C 45 65 85

SR [N 21 225 SO 26T 52 ) A 2 UE Y T DN
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Tab.4 Design of influencing factors and response results

ik FAEISES i A,

g A%  Bl%  C/MPa  D/°C % Hexl %
1 9 30 29 65 4228 45.94
2 9 40 28 65 4241 46.01
3 9 40 29 85 42.15 45.73
4 9 40 29 45 41.71 45.40
5 9 40 30 65 4228 45.81
6 9 50 29 65 42.77 46.28
7 11 30 29 45 41.98 45.66
8 11 30 30 65 41.23 44.89
9 11 30 29 85 41.43 45.12
10 11 40 28 85 41.98 45.60
11 11 40 29 65 41.95 45.55
12 11 30 28 65 41.97 45.59
13 11 40 30 85 42.02 45.60
14 11 40 28 45 4235 45.94
15 11 50 29 85 4229 4595
16 11 40 30 45 41.83 45.40
17 11 50 29 45 4224 45.81
18 11 50 28 65 4297 46.45
19 11 50 30 65 4223 45.68
20 13 40 29 85 42.13 45.70
21 13 50 29 65 41.96 45.44
22 13 40 29 45 42.18 45.74
23 13 30 29 65 41.90 45.54
24 13 40 30 65 41.89 4543
25 13 40 28 65 42.03 45.61
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Tab.5 Variance analysis of net power efficiency of the S-CO:
Brayton cycle oxy-fuel power generation system

FERIE CPHM AmE W% F A P>F
Model ~ 3.0400 14 02172 31.670 0 <0.000 1
A 0.023 0 1 0.023 0 3.350 0 0.097 1
B 0.2210 1 02210 322300 0.000 2
C 0.005 5 1 0.005 5 0.807 0 0.390 1
D 0.103 6 1 0.103 6 15.100 0 0.003 0
AB 0.3522 1 0.3522 51.360 0 <0.000 1
AC 0.0257 1 0.025 7 3.750 0 0.0814
AD 0.079 6 1 0.079 6 11.600 0 0.006 7
BC 0.092 6 1 0.092 6 13.500 0 0.004 3
BD 0.041 0 1 0.041 0 5.990 0 0.0345
CD 0.510 4 1 0.510 4 74.420 0 <0.000 1
A? 0.042 0 1 0.042 0 6.120 0 0.0329
B2 0.103 5 1 0.103 5 15.080 0 0.003 0
2 0.697 3 1 0.6973  101.680 0 <0.000 1
D? 0.880 7 1 0.8807  128.4200 <0.000 1
T2 0.068 6 14
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R 0.9779
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Tab.6 Variance analysis of thermal efficiency of the S-CO2
Brayton cycle oxy-fuel power generation system
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Fig.2 Influence of the combination of influencing factors on
the net electrical efficiency of the system
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Fig.3 The influence of the combination of influencing
factors on the exergy efficiency of the system
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Tab.7 Parameters of the regression equation
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Y n fex

a 403.041 79 367.4922
Xi 0.083 505 7 0.217 139
X> 0.471 0.524 794
X3 -26.591 -23.529 02
Xa 0.313 260 0.238 147
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Tab.8 Comparison of predicted and simulated values of
response targets for the S-CO: Brayton cycle oxy-fuel
power generation system
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