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Abstract

As in other photovoltaic systems, an increase in module temperature leads to a reduction in
performance in the building integrated photovoltaic (BIPV) system. Therefore, BIPV designers
must consider the temperature characteristics of the BIPV at the design stage, and this needs to
be reviewed based on long-term data. However, because most previous studies were conducted
in the short term under specific weather conditions, it is difficult to obtain basic data on
long-term performance. For this reason, this study aimed to provide basic data based on the
domestic typical meteorological year by using a simulation for a vertical exterior wall-type
BIPV system. The research method was as follows: (i) collect necessary data from the
field-installed BIPV system, (ii) establish and verify the simulation model based on the
measurement data, and (iii) calculate annual data of the vertical BIPV system using the
simulation model. As a result of the study, the surface temperature range, which accounts for
90% of the power generation time under the weather conditions in Daejeon, was 2.5°C ~ 42.0°C
under ventilator open conditions and 4.7°C ~ 47.5°C under ventilated closed conditions.
Accordingly, the reduction in module efficiency attributable to temperature increase was as high
as 7.2% in the ventilator open condition and 9.6% in the ventilated closed condition. Due to this
temperature difference, the power generation difference was as high as about 2% in the winter
when vertical solar radiation was high. In the summer, the difference was 1% ~ 1.5%.

Keywords: 7= 44| €3 A~ H(Building-integrated photovoltaic system), Bl %4
E 2L E4(PV module temperature characteristics), 5715 €7](Air cavity ventilation),
MCMC HEFYMCMC sampling), A7+ BF A" AlE o] (Annual PV system
simulation)
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Fig. 1 BIPV system installed on site (Left), Section view of the BIPV system (Right)

Table 1 BIPV module info

Items Value
Nominal power [W/m?] 166
Voltage at maximum power [V] 17.7
Current at maximum power [A] 9.2
Azimuth angle, Tilt angle 180° (South), 90°
Location (latitude, longitude) Daejeon, Korea (36.37, 127.37)

Table 2 Measuring device specifications

Items Instrument Measuring range Accuracy

Irradiance Pyranometer (MS-60) 0 to 2000 W/m® + 15 W/m?
Temperature Thermocouple (T type) -250°Cto 350°C +0.5°C
DC Power IV curve tracer 20 to 1000V +1.7%
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Fig. 2 Module temperature measured under clear sky conditions (Left), Field data of the power output versus module

temperature and irradiance for the module installed in site (Right)
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Fig. 3 Results for parameter estimation

Table 3 Results for estimation of parameter distribution

o Estimated mean Estimated std
Parameter Description
Opentype  Closetype  Opentype  Close type
0% The temperature coefficient of power [1/°C] -0.0037 -0.0042 0.0006 0.0004
Lpy PV system loss factor 0.149 0.134 0.013 0.134
a Empirically-determined 1st coefficient in SMTM* -3.089 -2.924 0.010 0.015
b Empirically-determined 2nd coefficient in SMTM* -0.024 -0.022 0.005 0.008

*SMTM: Sandia Module Temperature Model
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Table 4 Annual surface temperature statistics by city

City Open type Close type
Mean Std PCT-2.5% PCT-97.5% Mean Std PCT-2.5% PCT-97.5%

Busan 23.75 10.77 1.27 42.98 27.38 11.51 3.45 48.78
Daegu 20.84 10.58 -2.07 38.76 24.40 11.20 -0.23 43.67
Dacejeon 22.59 11.94 -0.94 4491 26.21 12.73 1.12 50.45
Gangneung 23.10 11.02 0.11 42.70 26.87 11.87 2.15 48.65
Gwangju 23.92 10.25 2.46 42.13 27.40 11.10 4.30 48.06
Jeju 25.24 10.56 3.89 43.60 28.40 11.44 5.78 49.27
Seoul 19.39 11.35 -4.31 39.14 22.74 11.84 -2.68 44.26
Mean 22.69 10.93 0.06 42.03 26.20 11.67 1.98 47.59
Max 25.24 11.94 3.89 4491 28.4 12.73 5.78 50.45
Min 19.39 10.25 -4.31 38.76 22.74 11.1 -2.68 43.67

PCT: Percentile
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daily power generation according to ventilation opening conditions (Right)
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