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The Performance Analysis and Multi-Objective Optimization of
ORC Systems Based on NSGA-II and Entropy Weight TOPSIS Method
Kang Xuguang Mu Yongchao Wang Ziteng
( School of Energy and Environmental Engineering, Hebei University of Engineering, Handan, 056038 )

[ Abstract]  To address the issues of insufficient utilization of low-temperature flue gas waste heat and low thermo-economic
performance of the Organic Rankine Cycle (ORC), a Basic Organic Rankine Cycle (BORC) and a Regenerative Organic Rankine
Cycle (RE-ORC) were constructed at a heat source temperature of 130°C, with R245fa and R600 as working fluids for comparative
analysis. Thermodynamic, economic, and spatial compactness evaluation models were established using MATLAB coupled with
REFPROP9Y.1, and the effects of the evaporator pinch point temperature difference, condensation temperature, and degree of
superheating on the performance of the systems were investigated. Subsequently, multi-objective optimization was performed using
NSGA-II. The results indicated that with increasing evaporator pinch point temperature difference, condensation temperature, and
degree of superheating, the RE-ORC system using R245fa exhibits higher #ex, while the system with R245fa shows lower LCOE
and APR compared to the system with R600. At the optimal solution, the RE-ORC system with R600 achieved optimal values of #ex,
LCOE, and APR of 58.29%, 1.22x102$/kWh, and 1.16m?kW, with a clear thermodynamic advantage. In contrast, the BORC
system with R245fa as the working fluid achieved optimal values of 7., LCOE, and APR of 53.75%, 1.08x102$/kWh, and
0.84m?/kW, demonstrating a clear economic advantage.
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Table 6 The optimal solution obtained by the
entropy-weighted TOPSIS method and the decision

variables at the optimum

BORC RE-ORC
ZH A B C D

R245fa  R600 R245fa  R600

Hex!% 5375 5388 5790 5829

LCOE/(102$/kWh) 1.08 1.10 121 1.22

APR/(m*kW) 0.84 0.86 1.15 1.16

ATJC 9.19 8.48 9.12 7.82

Teon/ C 2645 2644 250 2557

AT/ C 1549 1636 1661 1829

RS Pareto FI#IEAT 54 TOPSIS £ 13K
(B AR AR 45 R e B AR AR I U SR A B TSR 6 B
TNo HHER 6 nIH, XJLLASEL TOPSIS £ ifig, 1&
[f— R4t M, R600 LJii ffInex =T )5 R245fa, 1M
K LJf R245fa ) LCOE 1 APR A1, 7E[H— T
J#i T, RE-ORC % BORC FE I H! 5 & f)7ex- LCOE
A APR , R600 T Fi F & 7l & 441% ,
0.12x10-2$/kWh, 0.30m%/kW; R245f TJ5ii T4 5
4.15%, 0.13x102$/kWh, 0.31m%kW. X b
R HI, R245fa TEN R AT AT KT
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BORC #%i.

(3) KA R TOPSIS 741k 5152 15 R245fa
FIR600 H 2 G S FERTHT SR X T AR T,
TJ57 R600 Ftpetinex ¥ T L5 R245fa, it LCOE
Al APR ¥ T L5t R245fa. % T A 548, RE-ORC
ARG MR T BORC R4 ERUETR, X
FI 5 R600 ) BORC &R it fine~ LCOE Fil APR
53318 58.29%. 1.22x1028/kWh 1 1.16m*kW, #7
PEAC S & o K T R245fa ) BORC 2 G5t ex
LCOE Al APR 43 %~ 53.75%+ 1.08x102$/kWh
0.84m¥kW, ZUFHALHA IR .
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