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Research on Ultraviolet Light Degradation According
to Types of Encapsulants for PV Modules
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ABSTRACT: Pressure to reduce costs in the current solar market is driving the development and implementation of new module designs
and prompting the use of new materials and components. In order to utilize the variability of each material that makes up the module,
it is essential to understand the basic characteristics of the material. In this article, we evaluate light degradation after UV irradiation as
an encapsulation material. Measure and analyze the results of various characteristic tests for discoloration, optical and electrical property
degradation before and after UV accelerated testing. To evaluate weathering stability, UV tests were performed comparing existing EVA
and UVT-EVA, POE and improved low-cost POE. Even in the weather resistance test with a total UV exposure of 60 kW/ m’, the
properties of the encapsulants were mostly stable. EVA and POE-based encapsulants showed slight differences, and these slight
differences are believed to pose a threat to long-term stability. This study is a basic analysis of encapsulation research for PV modules
and will be helpful in understanding future development and encapsulant properties.
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Scheme 1. Schematic diagram of ultraviolet irradiation experiment
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Fig. 1. Transmittance and reflectance spectra of encapsulant
(a,b-UVT c,d-EVA)
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Fig. 2. Transmittance and reflectance spectra of encapsulant
(a,b-low cost POE c,d-POE)
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Table 1. Module color difference value before and after UV

irradiation
Before | After A AE
L* 78.85 78.05 0.8
Point 1 a* -1.09 -0.99 0.1 1.5
b* 0.98 2.24 1.26
L* 78.43 81.81 3.38
EVA | Point 2 a* -0.9 -1.18 0.28 3.7
b* 1.06 2.57 1.51
L* 79.47 81.54 2.07
Point 3 a* -0.97 -1.4 0.43 2.78
b* 1 2.8 1.8
L* 68.74 70.9 2.16
Point1 a* -0.71 -0.72 0.01 2.19
b* 1.1 1.46 0.35
L* 62.7 62.61 0.09
UVT | Point2 a* -0.69 -0.76 0.07 1.61
b* 0.79 24 1.61
L* 65.42 66.1 0.68
Point3 a* -0.79 -0.58 0.21 1.25
b* 0.99 2.02 1.03
L* 69.16 69.44 0.28
Point1 a* -0.64 -0.29 0.35 0.46
b* 1.59 1.43 0.16
L* 69.67 67.37 2.3
l';°o‘“E’ Pointz |  a* 06 | 05 | 01 2.3
b* 1.57 1.65 0.08
L* 67.9 68.01 0.11
Point3 a* -0.46 -0.37 0.09 0.21
b* 1.6 1.45 0.15
L* 64.68 70.23 5.55
Point1 a* -0.66 -0.68 0.02 5.6
b* 1.23 1.97 0.74
L* 65.79 75.31 9.52
POE | Point2 a* -0.79 -0.78 0.01 9.53
b* 1.29 1.78 0.49
L* 69.39 69.85 0.46
Point3 a* -0.85 0.01 0.84 1.27
b* 1.14 1.22 0.84
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Fig. 3. Raman spectrum of laminated encapsulant (a-EVA,
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Table 2. Summary of electrical parameters of PV modules by
encapsulant (before/after UV irradiation)

EVA uvT

Before | After | loss% | Before | After loss%

PmI[W] | 22.961 | 22.743 | 0.95 | 21.794 | 21.771 | 0.11%

Isc[A] | 1.9214 | 1.9144 | 0.36 | 1.8270 | 1.8263 | 0.04%

Voc[V] | 156.126 | 156119 | 0.06 | 14.948 | 15.018 | -0.47%

Vpm[V] | 12.454 | 12.462 | -0.07 | 12.327 | 12.395 | -0.55%

Ipm[A] | 1.843 | 1.8249 | 1.02 | 1.7679 | 1.7564 | 0.66%

FF [%] | 79.003 | 78.578 | 0.54 | 79.795 | 79.372 | 0.53%

Eff[%] | 22.340 | 22128 | 0.95 | 21.204 | 21.182 | 0.11%
Low—cost POE Normal POE

PmI[W] | 21.411 | 21.209 | 0.95% | 21.728 | 21.769 | -0.19%

Isc[A] | 1.8108 | 1.8013 | 0.52% | 1.8251 | 1.8164 | 0.48%

Voc [V] | 15.056 | 15.073 | -0.11% | 15.071 | 15.147 | -0.51%

Vpm[V] | 12.368 | 12.332 | 0.29% | 12.331 | 12.389 | -0.47%

Ipm[A] | 1.7311 | 1.7197 | 0.67% | 1.7620 | 1.7570 | 0.28%

FF[%] | 78.534 | 78.112 | 0.54% | 78.993 | 79.12 | -0.16%

Eff[%] | 20.832 | 20.635 | 0.95% | 21.140 | 21.180 | -0.19%
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