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Abstract

A building-integrated photovoltaic (BIPV) system integrates solar modules into the exterior
structure of buildings. Particularly, in countries with limited land area and many high-rise
buildings, such as Korea, BIPV is a favorable technology for securing building energy
production capacity. Herein, a three-dimensional dynamic thermal analysis was conducted on
the most widely applied curtain wall-integrated and spandrel-integrated BIPV systems in Korea.
The analysis involved deriving the rear temperature of the module to examine the
power-generation efficiency and output under actual operating conditions. The power
generation efficiency of the curtain wall-integrated BIPV system decreased by a maximum of
4.35% compared with that of the individual modules, whereas it decreased by a maximum of
5.10% for the spandrel-integrated system.

Keywords: 71-& A &} FF(Building integrated photovoltaic), € = (Heat transfer), =&
Z7A(Operating condition), 2F7 & S(Electrical efficiency), <= E5-J(Temperature characteristic)
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Table 1 Examples of PV and BIPV system configurations

General PV module Glazing type BIPV system Insulation type BIPV system

BIPV module + Argon gas + Low-e film BIPV module + Air gap (or ventilated air)

G/G(G/B) PV module + Clear glass + Insulation + Back panel

3. CIR|2F U BIPV A|AL SHA D M|

3.1 Akzefjopd ==

B oA BIPV AJAELS] G 542 9]o 7)) PhysibelA] Voltra 8.15 AMg5}ltt. o ==
122 ENISO 6946% 2! ENISO 1021190 )73} 331 52 JA g4 =g 72io g A|7HAs| u2
7VddIolE S = Qe 4= gl olof w2 @ Fio] 7hsatet. Eet, Bt el ek B9 vk
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02 AFsl= dlolE(EN ISO 10077-2:2017, EN ISO 10456)% 7|0 2 &1k

THK 40 Arr
L THK 80 Insulation

| THK 11.65 G/G PV module | ¢ THK 11.65 G/G PV module
I THK 8 Alr | THKS8  An

UL THK 5 Clear glass i THK 5 Clear glass

M THK 8 Air THK8 A

: THK 5 Clear glass THK 5 Clear glass

I

I

I

Fig. 1 Sectional view of the vision (left) and spandrel (right) parts of the BIPV system for simulation modeling

Table 2 Specification of the PV and BIPV modules for simulation analysis

Parameter PV / BIPV module
Cell type (-) c-Si
Size (m?) 0.98
Electrical efficiency (%) 19.6
B, (00 192
Vi V) 40.4
Uy () 9.78
Voe (V) 48.9
L. (A) 10.27
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Table 3 Properties of the BIPV system for simulation analysis

Thermal

Part of . .. Emissivity Density Specificheat Reflection = Transparent
D, Material conductivity L] [ke/m’] kg K] [l [
. [W/m-K] &
G/G PV module 0.250 0.84 2277.0 750.0 0.05 0.09
Tlr“?le Low-e glass 1.000 0.06 2500.0 750.0 0.10 0.85
azin,
2208 Clear glass 1.000 0.90 2500.0 750.0 0.08 0.84
window
Cavity air (non-vent) 0.024 - 1.3 1006.0 - -
Aluminum 160.000 0.90 2800.0 880.0 0.20 -
Stainless steel 17.000 0.90 7900.0 460.0 0.10 -
Polyamid nylon 0.250 0.90 1150.0 1600.0 0.10 -
Frame o
PVC rigid 0.170 0.90 1390.0 900.0 0.10 -
Silicon pure 0.350 0.90 1200.0 1000.0 0.10 -
Natural rubber 0.130 0.90 910.0 1100.0 - -
Insulation Insulation 0.032 0.90 1200.0 1000.0 0.10 -
3.3 34z

£ PV RET}BIPY Al2-9] HE A Sf) 2B thge] A 9 Asle] AHe 4, 5, Ak
55 27 47351912 ™ o1& Table 4] HERA L. 1714, =
25 ofui2] Wop A 7120 defsteon] o1t W UARER 2010 ~ 20174 o TMY ol els B4
S9Ik. 4, PV BEo] Watste] glefo] 4712 W 1 nefslel Uxfe doleold PV BEC] 3

AG-EE 713 4 AXERS AF85HTt

2

QEL A ALE A Py L 2

Table 4 Boundary condition for heat transfer simulation for the PV and the BIPV system

Boundary condition Simulaition model Front side of PV/BIPV Back Side of PV/BIPV
parameter
Convective heat transfer PV module 0.043 0.043
coefficients
[m’*K/W] BIPV system 0.043 0.11
Weather data
PV module (considered electrical -
Radiation efficiency of PV)
[W] Weather data
BIPV system (considered electrical -
efficiency of PV)
PV module Weather data Weather data
Temperature Heating season Cooling season
[C] BIPV system Weather data (spring, winter)  (summer, autumn)
20 26
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Fig. 2 Temperature variation of the PV and BIPV systems during the spring season
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Fig. 3 Temperature distribution of vision and spandrel parts of BIPV system at 13:00 in spring
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Fig. 4 Temperature variation of the PV and BIPV systems during the summer season
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Fig. 5 Temperature distribution of vision and spandrel parts of BIPV system at 13:00 in summer
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Fig. 6 Temperature variation of the PV and BIPV systems during the autumn season
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Fig. 7 Temperature distribution of vision and spandrel parts of BIPV system at 13:00 in autumn
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Fig. 8 Temperature variation of the PV and BIPV systems during the winter season
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Fig. 9 Temperature distribution of vision and spandrel parts of BIPV system at 13:00 in winter

Table 5 Maximum temperature distance between ambient temperature and each simulation model (AT)

Simulaition model Spring Summer Autumn Winter

PV module 9.63°C 5.75°C 8.81°C 11.01°C

BIPV system Vision part 27.66°C 15.63°C 24.81°C 33.13°C
BIPV system Spandrel part 29.89°C 17.36°C 27.16°C 35.03°C

4.2 FHSE 24

| o ="

e go] HIR 5 AWER BIPV A 2|2 T PV Rego] s e AN RE $Hekr
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Fig. 10 Average electrical efficiency and accumulated power generation of the PV and BIPV systems over a period of 3 days
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