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Analysis of Output Characteristics of
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Abstract: An increase in the temperature of photovoltaic (PV) modules causes reduced power output and shorter lifetime.

Because of these characteristics, demands for the heat dissipation of PV modules are increasing. In this study, we

attached a heat dissipation sheet to the back sheet of a shingled PV module and observed the temperature changes. The

PV shingled module was tested under Standard Test Conditions (STCs; irradiance: 1,000 W/mz, temperature: 25°C, air

mass: 1.5) using a solar radiation tester, wherein the temperature of the PV module was measured by irradiating light

for a certain duration. As a result, the temperature of the PV module with the heat dissipation sheet decreased by 3°C

compared to that without a heat dissipation sheet. This indicated that the power loss was caused by a temperature

increase of the PV module. In addition, it was confirmed that the primary parameter contributing to the reduced PV

module output power was the open circuit voltage (Voc).
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Table 1. Characteristics of the shingled photovoltaic (PV) module
(supported values by the manufacturer).

Specification Value
Size (cm’) 20,759.98
I (A) 11.43
Ji (mA/cm®) 0.551
Voo (V) 453
FF (%) 79.16
Eff (%) 19.7
Vom (V) 37.5
Im (A) 10.93
Pm (W) 410
Temperature coefficient of Puay (%/C) -0.34
Temperature coefficient of Ve (%/C) -0.27
Temperature coefficient of Iy (%/C) 0.04

Table 2. Characteristics of the shingled photovoltaic (PV) module
(measured values under STC).

Specification Value
Size (cm’) 20,759.98
I (A) 11.16
Ji (mA/em?) 0.537
Voo (V) 4531
FF (%) 77.44
Eff (%) 18.88
Vom (V) 37.40
Im (A) 10.47
Pn (W) 391.95

Table 3. Shingled PV module parameters measured at various
temperatures before applying heat dissipation sheet.

Specification 55.2C 579C 60.6C
348.3 345.8
Pm (W) 350.7 (24 W) 25 W)
Ipm (A) 1.1 1.1 1.2
Vpm (V) 31.59 3137 30.87
Isc (A) 12.35 12.36 12.36
Voc (V) 40.2 39.8 39.4
FF (%) 75.34 75.09 75.10
Rt 2= 1o 2o YEh= V27 E & 29 &
HH 25O 54 JFE0R WERE AN P
= -0.335%/°C, Ise= 0.043%/°C, Vo= -0.276%/°C
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Fig. 1. Calculation of the temperature coefficients of the shingled

PV module by the least squares method.

Table 4. Performance of the heat dissipation sheet used.

Classification Unit Value
Usage temperature T -200~3,200
Thickness mm 2

Thermal Vertical 200
. . W/(m’k) ’
conductivity (257C) Horizontal 5
Electrical resistivity n&’m 1,000

Fig. 2. Internal structure of the solar radiation chamber (left)

and temperature distribution in the chamber (right).
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Fig. 3. Multichannel thermocoples attached to the rear side of
the shingled PV module.
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Fig. 4. Measured temperature variation of the shingled PV module
without and with heat dissipation sheet as a function of the
illumination time.
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Fig. 5. Infrared camera photographs of the shmgled PV modules
before (left) and after (right) applying heat dissipation sheet.

Table 5. Measured output power variation of the shingled PV
module for different temperature (W/O graphite sheet).
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Fig. 6. Measured output power variation of the shingled PV module
illuminated for different times.
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Fig. 7. Calculated output power variation of the shingled PV module
illuminated for different times.
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Fig. 8. Measured short-circuit current (Is) variation of the shingled
PV module illuminated for different times.
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Fig. 9. Measured fill factor variation of the shingled PV module
illuminated for different times.
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