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Abstract

As the supply of photovoltaic (PV) increases worldwide, the cumulative installations in 2018
were 7.9 and 560 GW in Korea and the world, respectively. Typically, when the ground on
commercial PV modules is installed, the area is limited; hence, new designs of PV modules are
required to install additional PVs. Among the new design of PV modules, lightweight PV
modules can be utilized in PV systems, such as buildings, farmlands, and floating PV.
Concerning the investigation of lightweight PV modules, several studies on materials for
replacing low-iron tempered glass, which comprises approximately 65% of the PV module
weight, have been conducted. However, materials that are used as substitutes for glass should
possess similar lightweight properties and reliability as glass. In this study, experimental tests
were performed to evaluate the applicability of ethylene tetrafluoroethylene (ETFE) film with
excellent resistance to water and aging as a front material of PV modules. The transmittance and
ultraviolet properties of the ETFE film were determined and compared with those of glass. A
1-cell module and laboratory-scale 24-cell module were manufactured using the ETFE film and
glass, and the electrical output was measured and analyzed. Furthermore, damp heat and thermal
cycle tests were conducted to evaluate the reliability of the ETFE film module. Based on the
experimental results, the electrical output and reliability of the ETFE film module were similar to
those of the glass module, and the ETFE film could be used as the front material of PV modules.

Keywords: 272 e]9F4 ©-5(c-Si PV module), 73 %S} € ¥4 2 -E(Lightweight PV module),
ETFE ®-E(ETFE film), A7]% &3 (Electrical Output), 41 ] (Reliability)
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Table 1 Characteristic of Low ion tempered glass and ETFE film

Transmittance average[%o]

o 2 o
Weight[g/cm] Product Thickness[mm] (300-1200 nm)
Glass 0.875 3.2 954
ETFE Film 0.009 0.5 94.1
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(a) ETFE film (b) Glass

Fig. 1 ETFE film and glass after UV test
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(a) Transmittance of ETFE film before and after UV Testing (b) Transmittance of Glass before and after UV Testing

Fig. 2 Transmittance of ETFE film & Glass before and after UV Testing
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Table 2 Electrical output of measured solar cell

P W] Vo V1 Vil V] 1i[A] LlAl FF[%] Eff[%]
441 0.635 0.540 8.6 8.2 80.2 17.95

ETFE &2 43 B 52 At efofy RE0] 73291 -72]/EVA/EIFHA]/EVA/Bach sheet F-20flA4 A
E Ao AREE EVA, Back Sheet:= FUSH AlES ARESIOH,
Lamination 573 %= Y51 X155ttt Fig. 32 AR 1 cell BE& YTt

(a) Glass 1 cell PV module (b) ETFE Film 1 cell PV module

Fig. 3 1 cell PV module according to front material
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Table 3 2 Electrical output of 1 cell PV module according to Glass and ETFE film

Voc[v] IYC[A] P max[w] FF[%] RV[ Y ]
Glass 0.635 9.2 43 73.9 0.01
ETFE Film 0.635 8.9 42 74.2 0.01
FF H o] AR HE BEe BRI W2 A2 =o17] S8l 60 E= 72719 BiFRIE AER
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ETFE 25 &2 SHO| f2& B A3 IAS HAsHT Fig. 4= ARFE 24 cell 72] &3 ETFE 2

52 et

(a) Glass 24 cell PV module (b) ETFE film 24 cell PV module

Fig. 4 24 cell PV module according to Glass and ETFE film
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Table 4 3 Electrical output of 24 cell PV module according to Glass and ETFE film

Vol V] L JA] Proax[W] FF[%]
Glass 24 cell PV module 153 9.13 105.9 75.87
ETFE Film 24 cell PV module 153 8.94 101.5 74.2

(a) EL image of glass 24 cell PV module (b) EL image of ETFE Film 24 cell PV module

Fig. 5 ELimage of 24 cell PV module according to Glass and ETFE film
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(a) Result of damp heat test of PV module using textured glass (b) Result of thermal cycle test of PV module using textured glass

Fig. 6 Result of reliability test of PV module using textured glass
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Fig. 7 Result of reliability test of PV module using ETFE film
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