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Thermo-Economic Performance Evaluation of
A Parabolic Trough Solar Direct Vaporization Organic Rankine Cycle System
Wei Taibao Mu Yongchao Zhao Shengyu
( School of Energy and Environmental Engineering, Hebei University of Engineering, Handan, 056000 )

[ Abstract ] This study is based on a parabolic trough solar direct vaporization Organic Rankine Cycle (ORC) system,
investigating the effects of evaporation temperature, condensation temperature and superheat degree on the system’s thermal
efficiency, exergy efficiency, total exergy loss and levelized cost of energy (LCOE). The results show that: the system’s thermal
efficiency and exergy efficiency are positively correlated with evaporation temperature and superheat degree, but negatively
correlated with condensation temperature; the total exergy loss is negatively correlated with evaporation temperature and superheat
degree, yet positively correlated with condensation temperature. In terms of economic performance, the LCOE first decreases and
then increases with the rise of evaporation temperature, while it is positively correlated with condensation temperature and
negatively correlated with superheat degree. Within the variation range of key parameters, the working fluid R141b achieves the
maximum thermal efficiency and exergy efficiency as well as the minimum total exergy loss, thus exhibiting superior
thermodynamic performance; whereas R123 yields the minimum LCOE, demonstrating preferable economic performance.

[Keywords] Parabolic trough; Organic Rankine Cycle; Levelized cost of energy; System thermal efficiency
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Table1 Working medium parameters

T Il FHIERE/C ODP GWP
R1233zd(E) 165 0.00034 1
R1224yd(Z) 150.54 0.00023  0.88

R245fa 154.01 0 820

R600 151.9 0 0.1

R141b 204.5 0.11 700
R123 183.7 0.02 770
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Table 2 DVG-ORC system calculation parameters
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Table 3 Component investment cost
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TR 3500 (Pp) 0.41

SIS A7) FrR.

Asol = M ( 17)
Gsol
AR AR (18) FR.
1000mChs - h)
Acon = ———— (18)

UAT

o U AR R E, W/m?, B 250W/m219);
AT ARHCFER 2, C
(Ts—Tou)—(T1—Thn)
(TS_Tout)

T1—Tn

XA sy T oA LA A gyt i 1R
B, Cs T Touw NEHKEEH OHREE, C

RYUFE R -

ZLyear = Z1otCRF (20D

AT = (19

In

KA Zo ARGUBIRBEA, $5 CRF A
FICREL %,
i(1+i)"
(1+i)" -1

s i NFERE, W 6.15%: n ARG
/F%’ EX 25a.

RGUYED A

Zmain = ZyearQwang (22)

K OQwang WRGIBATYEY A R, W
2.5%.

ik, UL REIRRRA YT A s (23)
B o

LCOE =

CRF = 2D

Zyear + Zmain

t opP el
A 1, NEIBIT/NTEL, HL6500h.

(23)

3 HRER
3.1 AR

Kl 2 Bl N 78 R R HECR IR . A
Bl 2 nTDUE Y, B TR 8RR EERIIE I, Rgi#h
RORANWIIE N, 7575 KU BE A A B, R245fa Al
R1244yd (Z) Rt &R AE S, HEEEZ KR
FEITE R, RGP IE IR A Wg . LA R123
KB, BITFRAKRE N 100CH, REHGEERN
8.623%, M KIEEN 150 CH, PR E
11.6%. fEZKRILE N 150°CH, R141b HELZFKEL
R123 5 0.32%, AR R600 & 1.54%.

13

= R1233zd (E)
®  RI224yd (Z)
12 A R245fa o
v R600 . * 2
# Rl41b o <
i < RI23 . pe i -
éf > <4 - a
B -
é: * - re $ v
g Uil o * < - +
:‘“' - < - ¢ L 2
W * o - ’
9| < - ¢
: e
s
g |l-¥
L 1 1 1 L L 1 L ' ' i
100 105 110 115 120 125 130 135 140 145 150
AR EreC

2 ERIREXRFERYERFE
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Fig.3 Influence of evaporation temperature on exergy

efficiency
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Fig.5 Influence of evaporation temperature on LCOE
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Fig.6 Influence of condensation temperature on system
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Fig.7 Influence of condensation temperature on exergy
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Fig.9 Influence of condensation temperature on LCOE
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Fig.10 The effect of overheating on system efficiency
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Fig.12 Influence of overheating on total exergy loss
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