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Abstract The development of photovoltaic-thermal (PVT) technology has been introduced in recent years specifically to increase
PV efficiency. One of the characteristics of PV systems is that the electricity generation increases as the solar radiation
increases whereas the efficiency decreases because of high surface temperatures. Using a photovoltaic-thermal system, the
surface temperature can be decreased by capturing the excess heat and the efficiency can be increased due to these
characteristics. In this paper, three cases are introduced : 1) PV _r as the reference case, 2) PVT a, which uses air as a
heat source, and 3) PVT_w, which uses water as a heat source. Experiments were performed, analyzed, and compared to
examine the effect of the PVT type on the efficiency of the system. The results showed that ETC(%/C) efficiency of the
PVT cases was increased versus the reference case due to decreasing surface temperature. Total efficiencies, which are electrical
efficiency and thermal efficiency, for each PVT are tested and found to be 12.22% for PV r, 29.50% for PVT a, and 68.74%
for PVT w.
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Table 1 PV panel characteristics

Electrical characteristic at STC

Maximum power 235 Wp
Maximum voltage 30.72 A%
Maximum current 3.65 A
Open circuit voltage 37.33 v
Short circuit current 83 A
Module efficiency 14.4 %
Cells efficiency 16.1 %

Fill factor 75.8 %

Maximum system voltage 1000 VDC
Power toleance 0/+5 w
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(a) Air duct
Fig. 2 PVT thermal collector.

(b) Water tube
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Table 2 PVT _a characteristics

Air thermal collector

Blower Power 90 W
Motor Form BLDC
Revolution 1500 RPM

Coolant AIR
Flow Rate 59.35 CMH
Inlet Duct Diameter 100 mm
Control On/Off

Table 3 Performance data of PVT w

Water Thermal collector

Internal Fuild Volume 1500 ml
Pressure 2 bar
Coolant Water

Flow Rate 5 LPM

In/Out pipe 12 mm
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Table 4 Fitted equations for PV power

Wo(W) = axTa("C) + bxG(W/m’) + C

a b C
PV r -1.399 0.1837 46.0941
PVT a -1.2586 0.2356 15.8567
PVT w 0.0636 0.3674 -69.7987
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Table 5 Fitted equations for Surface temperature on
each experiment

T«('C) = axTa("C) + bxG(W/m) + C

a b C
PV r 1.1397 0.0269 1.4651
PVT a 0.7746 0.0100 10.0186
PVT w 0.2169 0.0001 14.2328

Table 6 PV efficiency and surface temp. at 25°C, 700 W/m’
T('C)  G(W/m))  T(C) Ty (%)

PV_r 25 700 48.79 12.22
PVT a 25 700 36.38 13.06
PVT w 25 700 19.73 13.68
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Table 7 Fitted equations for thermal energy

Wi(W) = axTa("C) + bxG(W/m’) + C

a b C
PVT a 0.3020 0.1551 71.8399
PVT w 16.4893 0.7259 -290.8343

Table 8 Total efficiency of each cases

77[,1'(%) 77;,1;1(%) ntnml(%)
PV r 12.22 0 12.22
PVT a 13.06 16.44 29.50
PVT w 13.68 55.05 68.74
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