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Abstract

Recently, with the increase in regulations on self-power generation of energy in buildings,
building-integrated photovoltaic systems (BIPV), that is, solar power on the outer walls of
buildings, are also on the rise. Thus, considering the shadow of a building, the power generation
of an elevated solar cell module according to differences in location, shadow, and reflectance
(albedo) must be analyzed. In this study, we used a ray-tracing method and a three-dimensional
(3D) optical design simulation program. For ray-tracing simulation, we produced sophisticated
structures and provided optical properties, and a correction process for the surface temperature
was conducted using a temperature correction formula. In addition, the characteristics and
accuracy of the simulation were compared using Solar Pro data. Finally, in this study, we report
the amount of power generated according to differences in location, shade, and reflectance
(albedo).
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Fig. 1 Drawing of the designed building from above and the location of the BIPV
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Fig. 2 Comparing the power generation of Ray tracing with Solar Pro using a temperature calibration formula
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Fig. 3 Annual power generation of photovoltaic module depending direction
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Fig. 4 Hourly power generation of photovoltaic module depending on direction (4™ floor)
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Fig. 5 Power generation of photovoltaic module depending on shadow effects
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Fig. 6 Power generation of photovoltaic module depending on albedo (2021.04.15. North 2" floor)

Fig. 6 20218 49 159 5% 3F2] 235 #olofl AR HieFd BEs 7oz AlgeoldS X3t 2
o, FH 222 Wiakeo] mhe I I T8 Yehdt). Fe. 6(a)= oFAEE WM ghofl mhE 2
Fog YT HRgo] 15%2 G738 uf, ofATE HIES 10%2} 30%2 473 5 Bl wsteleh Fig. 6(b)=

T HPARE Zhofl whe ek 2 oA mE Hhakgo] 10%2 AT of, L WhARE-S 15%9 30%2 7%t

S H| WSk 11 Av £ T BT T SLEEO HARg: Flo] ol E R STIeke As ERlg
4= Stk Fig. 6 9] ®l|ofl A T=Tree &, A= AsphaltE oJn|gtct. BiARgof whe Hde At Eot 7L 125

Lo
-

gofl wh2 st £/d Fo7} 7het Ray tracing 7|%= A3l Hlalotirt.

= d7E 20 292 LEste] 1A, 59, WHAke(albedo) Zfolofl mhe A Ejfd mEo] ol o
Sl 2445}t Ray tracing 712 o8t Alg#oldoli e F1 x20l| ofsf] ghte= dade et Al
=d|oldo] 7 shH WAL S, FhERt ohye} o, At Ao mE WAL Bl Bfet B 5 A4 EE &
ol = ot S5 AL 24T & Sl 2 AF-E Fleiile et Ray tracing o] @7 HER

A1 o

Journal of the Korean Solar Energy Society Vol. 43, No. 6, 2023 35



el ] =2l

3D g5t A AlEd|o]A g 739l LightTools (Synopsys)S ©-&5199t}. o] #HAo|A] efofd REo] ¥
7t I ER] g2 A= AlEEo]do] XISYE]7] mhEe] & HA £A1S o] 8of| W At B of
.

o]

AN

2 0] F0 Ak thevt Pt

1) Solar Pros} 181 @17ef] A&+ Ray tracing 7]%& o] 44+ A Beo14 i el A Befol o] 7}

5otk 5 B olgsto] F2a Wk Temi HlZ S Holut o7k Aol M 4 gk

o
rlr
4
i
1o
N
)
[u
)
o,
iy
ro,
ful
o
o
A
kN
1o
=]
rE
_@
=
W
A
rlr
AN
3
5=
"
o=
E%"
g
R
>
i

v

Jold 23 Alofle Biefd ae] 1 27t e HA] ¢f7] m2ef 2k A 4418 ol8sl EAe 1

sli5H Solar Proo] Z1# o] vlsxet iieko 2 Heleh= Ak HofFglnt. Bid ae] B 2

T g8l Y& vIAH ol Aol mkE LA ghe] Mol Jge = Aoz & 4 qlrh

2) g Bge] A7) {eol] whE R el met St AR HE = o sk A Eelst
ATt o= Eie] $17] Helol ofet Avtolnt. 1 3t He] ATt sEAIN HEES A HERe=
Heiet B g o] 2] el met, Sl e 2 AR, EEeliE o, AZoe &%

=
N
rE
-
BN
it
1o
=
g
Q.
)
ro
r L
<
%
i
R
o
2
rE

satoiet. 79 72| WAFgo] ol i
o] 271819100, ofi= ¥hAElo] Ble Rl S5 jeo] Z71517] whEo] Lehd Aol
1 A7) AihE F3) Ray tracing 71 o185 A1B 1AL et ofe] 045 Teld Il eokd

=
BE] WG Hla} 7%-6}1:4, ol 5 Bl T A7 U ORI Al 0] TS, TR W
Z

37
This study was supported by the Energy Technology Development Program of the Korean Institute of
Energy Technology Evaluation and Planning (KETEP) (Grant No. 20213091010020).

REFERENCES

1. LONGi, LR5-72HPH 535-545M (35-35&15) V14 KR, 2022. https://www.longi.com/kr/download/. last accessed
on the 12" October 2023.

2. Lee, . R.,Bae, I. S.,Kim, J. O., and Shim, H., Photovoltaic System Output Forecasting by Solar Cell Conversion
Efficiency Revision Factors, The Transaction of the Korean Institute of Electrical Engineers B, Vol. 54B, No. 4,
pp. 188-194, 2005.

Journal of the Korean Solar Energy Society Vol. 43, No. 6, 2023



Ray Tracing 7|#¥= OlSat EHRFE &7 AlZ201d _ Bi5il 2

3. Shin, J. H, Lee, Y. S., Lee, S. J., and Moon, J. F., A Study on the PV Module Power Measurement Method
through Integrated Correction of Temperature and Irradiance, The Transactions of the Korean Institute of
Electrical Engineers, Vol. 71P, No. 4, pp. 210-215, 2022, https://doi.org/10.5370/KIEEP.2022.71.4.210.

4. Shin, J. H., Lee, Y. S., Lee, S. J., and Moon, J. F., A Study on the Temperature Correction Method to Improve
the Electrical Power Measurement of PV Module, The Transactions of the Korean Institute of Electrical
Engineers, Vol. 71P, No. 2, pp. 87-92, 2022, https://doi.org/10.5370/KIEEP.2022.71.2.87.

5. Cho, S. W., A Study on the Relationship Between Photovoltaic Module Surface Temperature and Photovoltaic
Power Using Real Experiment, Journal of the Korean Society for Geothermal and Hydrothermal Energy, Vol.
14, No. 3, pp. 8-14, 2018, https://doi.org/10.17664/ksgee.2018.14.3.008.

6. Yoon,J.H.,An, Y. S., Song, J. H.,Kim, S. G,, Lee, S. J., and Choung, Y. K., A Study on the Power Performance
Measurement of Transparent Thin-film PV Windows Depending on the Inclined Angle, Journal of the Architectural
Institute of Korea Planning & Design, Vol. 24, No. 9, pp. 271-278, 2008.

Journal of the Korean Solar Energy Society Vol. 43, No. 6, 2023 37



