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ABSTRACT The use of new and renewable energy has increased in several fields. The use of solar energy has taken up a large portion
of new and renewable energy. The method to collect solar energy is to produce electricity and obtain heat energy. A photovoltaic cell
converts solar light directly to electricity by a photoelectric conversion element. In heat collection, the technology stores solar heat in
a fluid using a thermal collector. A PV/T panel is a combination of a photovoltaic panel and a thermal collector, which can produce
electricity and heat energy simultaneously. This study examined the electricity and heat energy output of a PV/T panel. Test
equipment was developed to measure the performance of a PV/T panel. The results were analyzed by statistical analysis and a
regression equation was derived. The heat energy output and electricity can be predicted through the regression equation of the PV/T
panel test results. The performance of a PV/T panel predicted by the derived model formula fitted similarly the actual experimental
results. The initial framework was constructed and reported at the 2017 conference of the KSME!"
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Fig. 1. Schematic of testing equipment
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(b) Circulating water supply and control device

(c) Testing equipment for the solar simulation chamber
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Fig. 2. Testing equipment
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Table 1. Main specifications of PV/T panel

No Item Specification
1 Panel area 1.68 m’
Panel dimensions
2 1,68 X1,00 X
(H X W X D) . . 0.11m
Electric output 275 W
4 Heat output 1,000 W
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(b) Another example of test result

Fig. 3. Test results of PV/T panel in natural solar test
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Table 2. Test results of PV/T panel in natural solar test

flow electric heat .
temperature radiation
No (C) rate output output (W /mz)
(kg/s) (W) (W)

1 17 0,0630 186.0 1,353.5 829.3
2 35 0.0630 163.7 751.6 758.1
3 17 0.,0316 168.1 1,000.3 7667
4 35 0.0630 133.6 615.2 610,8
5 17 0.0316 156.4 927.9 709.0
6 35 0.0316 197 4 5227 967.6
7 35 0.0316 75.9 155.8 328.5
8 17 0.0630 146.6 1,224.7 651.1
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Table 3. Regression analysis of heat output in natural solar

test
Source DF | Adj SS Adj MS | F-Value | P—Value
Regression | 3 [1,066,480| 355,493 635,63 0,000
water T | 1 | 624,221 | 624,221 | 1,116.13 | 0,000
flow rate | 1 | 207,789 | 207,789 371,53 0.000
radiation | 1 85,472 85,472 152,83 0.000
Error 4 2,237 559
Total 7 | 1,068,717
Model Summary
S R-sq R-sq (adj) R—sq (pred)
23.649 99.79% 99.63% 98.91%

46 ATHHOAX]

Y
l
r
Jo
lo
ot
ro
X
s
N
=
me
>
ot
©

E2AELE, 47 A $h s

23t 4= girk. A B3 o2 gt AA) AdolA 24
g+ Ak Blaet o] Table 49k 2}, 8714 2] o
3 A olZgtat AR 27ke] Aol YAkEo] 565 8W
8|12 W Aol 19 7907 FA|4k YAlEFo] T00W

Main Effects Plot for heat output(W)
Fitted Means

water_T(C) flow rate(ka/s) radiation(W/m*2)

1100
1000
900
800

700

Mean of heat output(W)

600

500
16 24 32 0030 0045 0.060 500 750 1000

All displayed terms are in the model.

Fig. 6. Main effects plot for heat output in natural solar test
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Table 4. The results of predicted and measured outputs in natural solar test

o predicted by regression equation actual measured different
condition

heat output electric output | heat output |electric output| heat output |electric output
25.0C, 0.0316 kg/s, 565.8 W/m? 606,4 W 1253 W 6945 W 128 3 W 12.7% 2.3%
25.0C, 0.0630 kg/s, 747.3 W/m? 1,039.6 W 164.7T W 1,072.4 W 164.1W 3.1% 0.4%
25.0C, 0.0630 kg/s, 912.2 W/m’ 1,139.56 W 196.5 W 1,108, 9 W 198.8 W 2.8% 1.2%

Table 5. Regression analysis of electric output in natural

solar test
Source DF | Adj SS Adj MS | F—Value | P—Value
Regression | 3 | 9,757.69 | 3,252.56 | 776,96 0,000
water T 1 109,73 109,73 26,21 0.007
flow rate 1 36.59 36.59 8.74 0,042
radiation | 1 | 8,693.61 | 8,693.61 | 2,076,69 | 0,000
Error 4 16.75 4.19
Total 7 19,774.44
Model Summary
S R-sq R-sq (adj) R-sq (pred)
2.046 04 99.83% 99.70% 99.04%
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Fig. 7. Main effects plot for electric output in natural solar test
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Table 6. Test results of PV/T panel in solar simulation chamber
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5 20 0 0830 716 790 1 599 4 Table 7, Regression analysis of heat output in solar simulation
= : : = chamber
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7 33 0 0630 713 357 1 536 9 Source DF | Adj SS | Adj MS | F—Value | P—Value
3 33 0.0630 1001 6961 931 4 Regression 3 | 8,176.16 | 1,058,72 | 249.24 0,000
9 2 0.0630 99 8 11230 899 0 water T 1 27.33 27.33 6.43 0,026
10 33 0.0630 95 1 é’)77 3 898 1 flow rate 1 7.26 7.26 1.71 0.216
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Fig. 12. Main effects plot for heat output in solar simulation
chamber

Table 8. Regression analysis of electric output in solar simulation

chamber
Source DF | Adj SS Adj MS | F—Value | P-Value
Regression | 3 1,283,788 | 427,929 | 189,36 0.000
water T 1 | 685,344 | 685,334 | 303.26 0.00
flow rate | 1 16,251 16,251 7.19 0,020
radiation | 1 | 591,889 | 591,839 | 261.91 0.000
Error 12 27,119 2,260
Total 15 11,310,907
Model Summary
S R-sq R-sq (adj) R-sq (pred)
47,538 4 97.93% 97.41% 96.29%
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Table 9. The results of predicted and measured outputs in solar simulation chamber

i predicted by regression equation actual measured different
condition

heat output electric output | heat output | electric output | heat output | electric output
20.0°C, 0.0316 kg/s, 666.9 W/m” 829.8 W 816 W 9011 W 85.7TW 7.9% 1.3%
20.0°C, 0.0500 kg/s, 697.8 W/m’ 8989 W 846 W 929 9 W 86,7 W 3.3% 2.4%
20.0°C, 0.0435 kg/s, 603.2 W/m” 788.7T W 77.3 W 802.3 W 78.4 W 1.7% 1.4%
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