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Abstract: In this paper, an unsteady heat transfer model was established to simulate the energy efficiency of different solar
systems such as solar photovoltaic-thermal (PV/T) system, photovoltaic (PV) system and solar water heater system under
different climate conditions. The Analytic Hierarchy Process (AHP) method was then used to make a comprehensive
analysis about the accumulated net income and payback period of these solar systems on equal terms, by using the results
of the heat transfer model under three different electricity price in Beijing, Guangzhou and Yinchuan. Results showed that
the economy of solar systems is not only interacted by cost and efficiency, but also by natural environment and electricity
price. Under consideration with multi-elements, the evaluation may provide reference for the solar technology application.
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Fig. 1 Level section of PV/T system (partial channel)
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Fig. 2 Computational flow chart
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Tablel Input parameters of the simulation model

HA: 1mx1m

BT 0.85

KA 0.88
EttRiE R EIE : 0.025 m

e

HA: 1mx1m

TREEREL: 0.045
FEMEZRAE T OCHIALACE: 015
ISR . 0.80

RHTH: 0.80

JeRTHIAR

HEf: Imx1m

RS 0.01 mx0.03 mx1m ( HxWxL)
BN 8

KIS FIAS 058 W-m K
JKHYZEE . 1000 kg'm™

FEBhES: 4200 J-kg VK
TEIEPKAYRE: 1 ms™

IKFEZRL: 100 L

W AT A

FAMEEE: 293 K
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Table 2 The efficiency performance of the three systems under
different radiation intensities
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500 0.1260 0.51 01321 061 Table 3 Average radlatl‘on Parameters of the three fltles ‘
600 0.1256  0.51 0.1284 0.60 g PRI H AR Y BRI
700 0.1253  0.50 0.1247 0.62 _ G/ (MIm™) t/h
800 0.1250 051  0.1209 0.61 At 13.46 3.73
900 01247 051 0.1171 0.61 I 11.60 322
1000 0.1244  0.50 0.1132 0.61 I 15.85 4.40
T4 AR R
Table 4 Average temperatures of the three cities
e AR 7 < SETH R
1 2 3 4 5 6 7 8 9 10 11 12 T,/ C
Jea -46 22 45 131 19.8 240 258 244 194 124 41 -27 1150
Il 133 144 179 219 256 272 284 281 269 237 194 152 2183
R —-9.0 —48 28 106 169 214 234 216 160 9.1 0.9 -6.7 8.52
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Table 5 Efficiency of the three systems under different conditions per day

PVIT 2% PV R5E KFHREHUK %
i
Tl¢/ K un fn i HL ) /KW h My Wi /kWh o, T1;/ K .,
Jent 298.5 0.44 0.47 0.126 5 0.40 0.108 4 301.4 0.53
I 307.3 0.45 0.39 0.121 0 0.35 0.108 7 309.8 0.54
el 297.4 0.42 0.56 0.127 6 0.48 0.108 1 300.8 0.51
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Table 6 Judgement matrix

H, Hh
H 1 3
H 1/3 1
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Table 7 Weight target
L # q
e 0.75 0.75 0.75
# 0.25 0.25 0.25
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Table 8 Equivalent efficiency of the three systems

e LRA BRI ISR
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b 0.14 0.08 0.07
T 0.13 0.08 0.06
I 0.15 0.08 0.08
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Table 9 Costs of the three systems
X BT AR / (JG/m?)
T & A e H]
PV/T 850 30
PV 500 20
KBAREHIK R 400 10
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Table 10 The income comparison of the three systems in
different districts

b Spyir/ JG Spy / JC S/ Jt
demt 143.10 81.35 69.84
T 144.73 87.67 78.25
ol 160.24 87.89 83.50
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Fig. 3 Performance of accumulated net income and cost payback period of different systems in different cities
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