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ABSTRACT: The photovoltaic modules installed in the actual field are affected by various external environments and the electrical
performance output value is generally lowered compared to initial output value. The most of photovoltaic modules consists of low iron
glass, encapsulant (EVA), back sheet, frame and junction box assembly based on the solar cells. In this paper, the characteristics of
encapsulant which is an important constituent material of photovoltaic module were verified by maximum power determination, electro
luminescence images, yellowness index measurement, and gel content measurement after ultraviolet (UV) irradiation exposure. The
most commonly installed 72 cells crystalline photovoltaic modules were tested after various UV exposure of 0, 15, 30, and 60 kWh/m?
and compared with the reference module. After UV exposure of 15 kWh/ m?, which is the current international test condition, a small
amount of change was observed in yellowness index and electroluminescence, while a gell content rapidly increased. At a cumulative
dose of 60 KkWh/m?, which will be a new international test condition in the near future, however, the yellowness index increased sharply

and showed the greatest output power drop.
Key words: Module, EVA, UV, Yellowness, Gel content

Nomenclature

EVA : Ethylen Vinyl Acetate

YI  : Yellowness Index
EL : Electro Luminescence
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Fig. 1. Implementation of Yl (Yellowness Index) equipment

CIE Standard llluminant and Standard Observer

Quantity

C, 1931 Dgs, 1931 C, 1964 Dgs, 1964
X, 98.074 95.047 97.285 94.811
Y, 100.000 100.000 100.000 100.000
Z, 118.232 108.883 116.145 107.304
Fa 0.7987 0.8105 0.7987 0.8103
Fg 0.2013 0.1895 0.2013 0.1897
Cx 1.2769 1.2985 1.2871 1.3013
C- 1.0592 1.1335 1.0781 1.1498
Residual error -0.0006 -0.0004 -0.0004 -0.0006

Fig. 2. Coefficients of the Equations for YI (Yellowness Index)
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Table 1. Maximum power measurement before and after UV
irradiation test

Prnax V. [
Type W) V) (A)
Specimen1 | Initial 344.31 47.02 9.66
(OKWhM?) | After UV | 344.26 47.03 9.66
Specimen I | Initial 345.7 47.06 9.66
(15 KWh/m?) | After UV 345.43 47.05 9.66
Specimen I | Initial 344.16 46.97 9.65
(30 KWh/m?) | After UV 343.68 46.95 9.63
Specimen IV | Initial 344.34 47.01 9.63
(60 KWh/M?) | After UV 343.49 46.93 9.64
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Fig. 3. Comparison of maximum power before and after UV
precondtioning test
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Fig. 4. I-V curves of before and after UV precondtioning test
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Table 2. EL images before and after UV preconditioning test

Type Before UV After UV

Specimen
I

Specimen
I

Specimen
m

Specimen
A%

Table 3. Changes of Y| after UV preconditioning test

Type Yl value
Specimen I (Ref. module) 0.00
Specimen I (15 kWh/m?) 0.09
Specimen III (30 kWh/m?) 0.12
Specimen IV (60 kWh/m?) 0.80
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Fig. 5. Comparison of maximum power degradation rate and
Y| value variation according to UV irradiation dose

Table 4. Results of Gel content after UV preconditioning test

Type Gel Content (%)
Specimen I (Ref. module) 80.92
Specimen 1 (15 kWh/m?) 90.63
Specimen I (30 kWh/m?) 90.84
Specimen IV (60 kWh/m?) 91.87
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Fig. 6. Changes of gel content according to UV irradiation dose
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