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Abstract

Semi-Transparent Photovoltaics (STPV) panels are integrated into building windows to allow
natural light transmission while generating electricity. However, conventional energy
simulation tools often underestimate the indoor heat transfer, as they fail to accurately account
for the thermal effects of STPV power generation. This study develops an indoor surface
temperature prediction model for STPV modules to simulate the thermal behavior during power
generation and enhance the reliability of energy performance assessments. Using measured
mock-up data, Pearson correlation and multiple regression analyses were conducted, and power
production per unit area (PPA), outdoor temperature (OT), and relative humidity (RH) were
identified as the primary factors influencing the surface temperature of the STPV module. The
heat transfer calculation involves comparing the surface temperature of the STPV module with
the indoor temperature, and the model is applied only when the power production per unit area
exceeds 2.32 Wh/m® for crystalline silicon modules and 4.13 Wh/m? for amorphous silicon
modules. Overall, this approach provides a refined assessment of the indoor thermal performance
of STPV systems, ultimately improving the reliability of energy performance evaluations.
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STPV  : Semi—Transparent Photovoltaics, BFE33 Ef=3{-]

c=Si - Crystalline Silicon Module, 2874 &2-&{-]

a-Si . Thin—Film Module, 2123 R-5{-]

MT . Module Temperature, A & 25 TH 5[]

GHI . Horizontal Solar Irradiance, =8 AAEHW/m?]

GTI : Tilted Solar Irradiance, ZAAFA YAFEHW/m’]

oT . Outdoor Temperature, £]7] -2=[C]

RH . Relative Humidity, 5= [%]

WS . Wind Speed, €%{m/s]

PPA : Power Generation per Unit Area, 25 H2F A2 Wh/m?’]

T . Temperature, 2=[K]

Q © Quantity of Heat, L= W]

A : Area, H&[m?]

h . Convective Heat Transfer Coefficient, th SAGAGIW/m’K]
A7 A

o 2HE-E2R A W/mK']

g STPV EH HARS-]

surface @ HE FH Y
indoor AW I

rad D BAL

conv DO

predicted : FH 2= A 2 7]Ht
simulated : AlE#|0]A Hlo]E] 7|9k

additional : 49| 7149 a1t
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A4tef] 91219 Mock-Up 7A8-2 thaket 83 2704 STPV BE<] 52 B4517] S1al A= it A
B0 7t A B2 Fig. 20 AAIElO] Qlck. B2 |, W5, EA%, AT, 532 5714 Bl = 74
=, ZH Qlellis AL BFY(90°, 75°, 30°) 3 23 BRI (15°, 3°)9] AA] 27t A8 = et AW 372 AL
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o] Qi Z+ F7tolle A A RE(c-5) T} Bty RE(a-Si)o] 22 2] Elo], STPV AlAdle] d7 EAv A
2 RS ¥ w4 QS A I

2.6m

AL AFEE STPV &2 Glass—to—Glass FEHZ AAE 9E5d EZ, AT Z20 w2t A= Qi)
T RE2 U 37](7F2 1100 mm, A2 1300 mm)2 ARE|L 0w, 242t 649] & 22 F=I9ict 2
A 252 5 mme] AHEFE(Low-Iron Glass), 1 mm<e] PVB (Polyvinyl Butyral), 4 mm¢] CL (Clear
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Glass), 8 mm2] 571, 6 mme] CLZ 7=} Bt 52 4 mmo] 2472, I mme] PVB, 5 mm2]
CL, 8 mm®] 371%, 6 mm®] CLE /4% FARF 25 7HA1L 9

Mock-Up 7=9] glofe] 482 2016'd 5Y5E] 20173 447H2] 158 3FA 02 ZP= gl o, 55 b
olf= 2T 28 QRMAARE, 7] =&, i S Ui 24 2R 25, e A S 21 25),
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3tq, s Bkl EH 2 Halel A EAL BAsigr,

Table 1 Characteristics of Installed Module Types

Category c-Si a-Si
Madule Glass 1100
Air -
Type g g
! | = -
Section Glass to Glass Glass to Glass
Thickness 5 mm (Low-iron) + 1 mm (PVB) + 4mm (CL) 4 mm (Low-iron) + 1 mm (PVB) + 5 mm (CL)
24 mm: 10 mm (Module) + 8 mm (Air Gap) + 6 mm (CL)
Size 1100 mm x 1300 mm 1100 mm x 1300 mm
Transmittance 10% 10%
Power Conversion 0 )
Efficiency 16% 10%
Temperature
Coefficient -0.501 -0.340
U-Value 1.61 Wm’K 1.55W/m’K
SHGC 0.13 0.19

3.2 fjo[&] 2|
2016\ 57 20179 49714 =3 ol 5, BUE R Aul A o= 2Fast 7Rk V1o = 87
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Table 2 Analysis Period for Model Development (Total 43 Days)

Year 2016 2017
Month 11 12 1 2 4
Start Date 9 21 17 4 7 11
End Date 15 27 21 10 14 19

Table 3 Description of Mock-Up Data

Category Variable Abbreviation Unit
Horizontal Solar Irradiance, Tilted Solar Irradiance GHI, GTI W/m?
. Outdoor Temperature oT °C
Environmental Data o
Humidity RH %
Wind Speed WS m/s
Power Generation per Unit Area PPA Wh/m’
Module Data
Indoor Surface Temperature of Module MT °C
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Fig. 3 Pearson Correlation Analysis of c-Si Fig. 4 Pearson Correlation Analysis of a-Si
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4.2 t=eEA

moj& ATEAS Foll AAE HeES E8olo], STPV BEQ Ay & 31 2 (MDE =51 9t
o524 (Multiple Regression Analysis)= 538513t} thg2]AaAlolxle B HET WHFHPPA),
Q7] 2=(01), sERH)E =142 Aok, Bao] AU = 3 255 S50 AHste] 7t
0] FFe= Brbolth 74 A HIE o= STPV B 255 o|Sok= 3] 2 412 A1)} Aok

MT = By+ B, X PPA + B, X OT+ By X RH (1)

A7NM, By 275, By, By, By= A7 BE AAT AR, 97| 25, s HlEEst sl AARKB) ot
4 Avk= Table 49} Table 501l 8oF=]o] Qlrt. Table 4= 244 & (c-S) 9] 2 AASB) ¥ B+5} 3]
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Table 4 Surface Temperature Prediction Model for c-Si

Unstandardized Coefficient
Standard error

Variable t
B Standar.d error 8
of estimate
(constant) 11.454 0.616 18.586
Power Generation per Unit Area 1.928 0.029 0.656 65.463
Outdoor Temperature 1.128 0.021 0.464 53.238
Relative Humidity -0.132 0.008 -0.171 -17.073

Table 5 Surface Temperature Prediction Model for a-Si

Unstandardized Coefficient
Standard error

Variable t
B Standar@ etror 8
of estimate
(constant) 10.594 0.514 20.602
Power Generation per Unit Area 8.950 0.104 0.712 85.933
Outdoor Temperature 1.158 0.018 0.464 63.893
Relative Humidity -0.116 0.007 -0.147 -17.767

43 RAAS

reo] o= AsHAS Hrlslr] 916, 20164 59 1325E 20161 109 8L7HA] 2] Hlo[el 2 AFg5to] A%
S g5t o] Hlojels el ko] AREE 20161 11495 H 201749 49712 9] Hlo]eje} thE A]712] ]
ole] &, Relo] thofet fF T A Al Adsa Hol=A] B7Fs] figtolnt. AEol A& Hlofel 4
A 717k Table 601l AAE]e] Qlom, 7+ G 24 AR} Fa o] A= o] ek

Table 6 Analysis Period for Model Validation (Total 44 Days)

Year 2016
Month 5 6 7 8 9 10
Start Date 13 14 26 17 14 1
End Date 21 20 31 21 22 8

Az A}, AAA RE(-5) 2] BAASRY) ZHL 0.851, BHEFE RE(a-Si) 2] AAAZRY) 3+ 0.897=,
T od BT =0 o & A& B} o] A¥k= Fig, 59} Fig, 6] AP oM QI 4= Q1o o]F §5
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Fig. 5 Scatter plot of c-Si Fig. 6 Scatter plot of a-Si
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ojgict,
Qa,d,ditional = Qpredicted_ Qsimulated (5)
Quddiional = 021 7%, STPV H 0= Qlsf A2 F714Q1 4 o] LAk 2mfstH, = Quadional
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Is previous PPA
2 8.79 Wh/m? ?
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Fig. 7 Flowchart of Model Application for c-Si Fig. 8 Flowchart of Model Application for a-Si
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