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Design and performance analysis of a novel solar polygeneration system
based on S-CO: Brayton cycle

WANG Gang, XU Chenxu, GAO Chuntian

(School of Energy and Power Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract: [Objective] To improve the comprehensive energy utilization efficiency of solar thermal power
generation, this paper presents a novel linear Fresnel reflector (LFR) concentrated solar polygeneration system using
supercritical carbon dioxide (S-CO;) Brayton cycle and organic Rankine cycle (ORC), which is designed for
producing electricity, fresh water and hydrogen. [Methods] By using the Ebsilon code, the operation performance
of the polygeneration system is investigated. [Results] The results show that the output power and Brayton cycle
efficiency of the polygeneration system are 50.0 MW and 44.0%, respectively. The hydrogen production rate and
freshwater production rate of the polygeneration system are 18.34 kg/h and 311.61 t/h, respectively. The LFR solar
section, Brayton cycle, ORC hydrogen production section and multistage flash desalination facility can achieve the
coordinated operation effectively during a long term. [Conclusion] The economic performance evaluation results show
that for the polygeneration system, its levelized costs of electricity, hydrogen and freshwater are 0.72 yuan/(kW Hh),
28.8 yuan/kg and 7.75 yuan/t, respectively, revealing the economic feasibility of the polygeneration system.

Key words: polygeneration system; supercritical carbon dioxide; Brayton cycle; multistage flash desalination;
hydrogen production; solar power generation
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Fig.1 The novel linear Fresnel reflector solar polygeneration system using S-CO: Brayton cycle and organic Rankine cycle
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Tab.1 Parameters of the polygeneration system

ZH HfE
2P 3R R 2K R BB 3 T A /m? 1.822X 106
i A GEAAm3 2.741X10%
S-CO; [f))fi Bt &/(kg 57%) 451.0
FERAEHUIN DR C 320
FRAEHLIA L1 S3/MPa 7.6
SEHLIN LR C 631.7
EHLIIN T £ F1/MPa 20.0
R EIHRIMW 50.0
ORC #fH ThZ/MW 3.13
PEM J B EE/C 80.00
PR (kg hh) 18.34

WRAKFEZR/(th ) 311.61

20.000 MPa |l 137.081 kJ/kg

428368 C [451.000kg/s

0.186 MPa|738.684 ki/kg
o 642.334 C[1157.000 kg/s

&

631686 °C |451.000kg/s

|
H___ 50.000 MW
7.596 MPa | 987.104 ki/kg
= 501,556 C [451.000 kg/s

3.868 MPa | 506.000 kJ/kg

440.000°C | 4165.200 t/h
0.100 MPa | 2736.969 kJ/kg
130.126 C | 194.400 t/h

2 ‘Fil‘—“r[-

0.186 MPa[640.531 kl/kg

e T
21
&

¢- 7589.354 kW

20.005 MPa|351.193 ki/kg
70.437°C  |321.000 kg/s

7.560 MPa | 522.586 kl/kg

556.983 C14 165.200 t/h

Fr)
ey TR

H0.135MPall95.991 kl/kg
50.000 C [7514.134 t/h
N

&k

o
o
0.025 MPa|255.311 kJ.«"kg/ \0025 MPa|271.927 kJ/kg

65237 °C |7202.520t/h

64.964 C [311.614t/h

99.511°C 1451.000kg/s
- 0 7560 Mpa [327.786 ki/kg
F’ 32.000°C |321.000 kg/s
SASOMW]
Fr .
] e "
: PEM
Q, 0,1,0 | H
s B N
ey |0 A
IR

[E 2 £T Ebsilon BB~ ARG ERE

Fig.2 Ebsilon-based simulation model of the polygeneration system
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Tab.2 Simulation results of the polygeneration system under
design condition
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Fig.3 Operation simulation results of the polygeneration
system
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Tab.3 Economic analysis results of the polygeneration system
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