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Thermo-economic evaluation of organic Rankine cycle power
generation system driven by industrial boiler waste heat
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Abstract: In this paper, thermo-economic evaluation of organic Rankine cycle power generation system
driven by industrial boiler waste heat is carried out. In particular, the effects of different heat exchanger
configuration, working fluids and heat source temperature on net power output (W, ). electricity
production cost (Cgpe) » investment cost per power output (Ccpr) and payback period (Pppp) are compared
and analyzed. The results show that the Ppp, decreases with heat source temperature and mass flow rate
increasing. The heat exchanger configuration FS (finned tube heat exchanger as evaporator and shell and
tube heat exchanger as condenser) performs efficiently and has the best economic benefit, which gives Ccpr
23 800 RMB/kW, Cgp 0.285 RMB/kWh, Pppp 5.58 years and W, 91.5 kW, while the economic benefit of
heat exchanger configuration SS (two shell and tube heat exchangers as evaporator and condenser) is the

worst. From economic point of view, R123 is the best working fluid for organic Rankine cycle power

WrHE HHA:2018-07-19

HEWA EHF RPN H (51576019) s 35 4 B Je #5558 H (3110010602) ,
Supported by National Natural Science Foundation of China (51576019) ,and Eguipment Pre-research Projects
(3110010602).

YER B A X (1990—) . 2, Bl B T AR O, 32 2 M0 59 4 i 25 4% . 7 487 T8 Az )
XU R N B #8244 20, (E-maiD liuchao@ cqu.edu.cn,



% 11 409 X T, 5 ORC A JA Tk 45 47 18 &, 4 K & 3 R 2 5% M3 4 71

generation system driven by industrial boiler waste heat.

Keywords: organic Rankine cycle; thermo-economic evaluation;electricity production cost; payback period
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Table 1 the values of constants for different equipment

B e s R T A U W TR 12 AL
K, 4.665 6 4.830 6 4.324 7 3.389 2 2.247 6
K, —0.155 7 —0.850 9 —0.303 0.053 6 1.496 5
K, 0.154 7 0.318 7 0.163 4 0.153 8 —0.161 8
C, 0 0.038 81 —0.001 64 —0.393 5 —
C. 0 —0.112 72 —0.006 27 0.395 7
C, 0 0.081 83 0.012 3 —0.002 26 —
B, 0.96 1.63 1.63 1.89 —
B, 1.21 1.66 1.66 1.35 —
F. 1 1.3 1.25 L5 —
Fim — — — — 3.3
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Table 2 Properties of candidate organic working fluids

TR AFE WRRE/C R /MP ODP ity
R236¢ea 152.04 139.3 3.50 0.000 1410
R600 58.12 152 3.80 0.000 ~20
R245fa 134.05 154 3.65 0.000 1050
R123 152.93 183.7 3.66 0.010 77
R601a 72.15 187.2 3.38 0.000 ~20

SCHR BT AR ER 3 PR
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Table 3 Parameters for calculation

ZH B ¥ A
PR E 160~200 C

I AR 30 000~40 000 m®/h
R T 5~29 C
Yo B g I R 22 5~29 C
HRR 0.7 —
85 IR 25 °C
WELIE 101 kPa
IR A 82 C
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Table 4 Working fluid selection and net electric power

HERE/(teh™D) LIS
160 170 180 190 200
10 157.84 191.23 220.22 247.40 281.99
20 180.09 218.20 251.27 282.28 318.68
30 202.35 245.16 282.44 317.17 361.52
35 213.48 258.64 297.97 334.61 381.40
40 224.61 272.13 313.50 352.05 401.28
Tk R236¢a R236ea R245 R1z3 R1z3
R600 R601a R601a
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