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A Study on Degradation Phenomenon Based on Test Device
for Aging Diagnosis in PV Modules
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Abstract Generally, a proper evaluation method of the aging phenomenon of PV modules is required as
the electrical performance and lifespan of PV modules can degrade significantly due to several
environmental factors, while they are generally known as devices that are used semi-permanently for
more than 20 years. On the other hand, there is a lack of objectivity in the existing evaluation method
of the aging phenomenon, which compares the adjusted PV output based on STC with the initial PV
module specifications due to the data distortion while adjusting the measured data. Therefore, this study
implemented a test device for an aging diagnosis to measure and collect actual data from a PV module
section and modeled the data for aging using MATLAB S/W to minimize the variability of the PV output,
communication error, and delay. Furthermore, this study confirmed the usefulness of the presented test
device for aging diagnosis of the PV modules by diagnosing the total period and yearly-basis degradation
rate of aging PV modules as 25.73% and 1.55%, respectively, according to the on-site output
characteristics of the PV modules by season.

Keywords : PV Module, Aging Characteristics, Aging Factors, Output Characteristics, Aging Rate, Test
Device, Matlab
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Fig. 1. Degradation phenomena of PV modules
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Table 1. Deterioration characteristics of PV module
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Table 2. Specification of aging and new PV modules

classification moc‘?iligf(P N modules(PN)
manufacturer L H
model GMGO01530 KWSP50
date of manufacture 2001~2002 2019
type of crystal monocrystal monocrystal
maximum output(W) 53 50
open-circuit voltage(V) 21.7 21.5
short-circuit current(A) 3.25 3.19
voltage at m'aximum 17.4 175
power point(V)
current at m?ximum 3.05 286
power point(A)
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Fig. 2. Configuration of PV monitoring section
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Fig. 3. Configuration of testbed for aging diagnosis
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Table 3. Output characteristics of new PV modules

in spring
average PV output(W) | adjusted
module eason-basi| .
No. | Mar | Apr | May |averase(W [eec b
PN 1-1-1 | 27.38 | 24.75 | 26.08 26.07 27.63
PN 1-1-2 | 29.03 | 24.79 | 26.75 26.85 28.46
PN 1-2-1 | 35.83 | 33.93 | 37.31 35.69 37.83
PN 1-2-2 | 38.16 | 35.96 | 41.22 38.44 40.75
PN 2-1-1 | 38.34 | 36.04 | 28.78 34.39 36.45
PN 2-1-2 | 37.41 | 35.17 | 27.56 33.38 35.38
PN 2-2-1 | 28.51 | 29.15 | 37.54 31.73 33.64
PN 2-2-2 | 28.81 | 28.54 | 36.62 31.33 33.21
TS A9 e o g Ay W TPRE] A
H EYEALS BEEE A5t 2 Table 4, Table
59} Zro] yepd = Qlth. Table 489 Zo|, AR ES]
ALE Hdl 2892 &, 95, 7, ASE dHisto] &

ZF PN1-2-2 ZE°|A 40.75[W], PN2-2-1 ZEC|A
36.15[W], PN1-1-2 ZEj|4] 28.56[W], PN1-1-2 &L
EoA 37.26IWIE APgE1, REgd FFEH Hd
2 PN1-2-2 2EolA 35.65[WIE AR

Table 4. Output characteristics of new PV modules

by season

module average of new PV output(W) average

No. spring | summer fall winter | output(W)
PN 1-1-1| 23.15 16.14 26.77 35.41 26.49
PN 1-1-2 | 22.45 17.25 28.56 37.26 27.90
PN 1-2-1| 37.83 32.87 26.09 34.53 32.83
PN 1-2-2 | 40.75 35.93 28.71 37.20 35.65
PN 2-1-1| 36.45 23.83 28.33 34.48 30.77
PN 2-1-2 | 35.38 22.80 28.06 32.70 29.74
PN 2-2-1| 33.64 36.15 28.49 32.20 32.62
PN 2-2-2 | 33.21 35.62 28.14 32.69 32.42
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Table 5. Output characteristics of aging PV modules

by season
Module average of aging PV output(W) average
No. spring | summer fall winter | output(W)
PA 1-1-1 20.53 7.64 25.26 28.49 20.48
PA 1-1-2 19.44 7.26 26.95 27.64 20.32
PA 1-2-1 26.39 12.89 24.61 33.76 24.41
PA 1-2-2 | 26.89 13.38 27.08 33.38 25.18
PA 2-1-1 24.13 19.11 27.17 17.17 21.89
PA 2-1-2 26.14 20.44 26.47 17.84 22.72
PA 2-2-1 26.22 13.90 27.38 30.86 24.59
PA 2-2-2 26.44 14.50 26.55 32.09 24.90
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Evaluation on PV output characteristics in winter
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Table 6. Degradation rate of Aging PV module

output reduction rate(%) |degradation rate(%)

module No. spring Sun:me fall | winter pteortiac\)l d ;;Zerlralge
PA1-1-1 25.70 | 52.70 | 5.66 | 19.53 | 22.69 1.35
PA1-1-2 [ 31.84 |57.89 | 5.66 | 25.82| 27.16 1.65
PA1-2-1 30.25 | 60.78 | 5.66 | 2.21 25.64 1.55
PA1-2-2 34.02 | 62.75 | 5.66 | 10.27 29.35 1.81
PA2-1-1 33.81|19.80 | 4.10 | 50.20 | 28.85 1.78
PA2-1-2 26.11 | 10.39 | 5.66 | 45.44 23.59 1.41
PA2-2-1 22.04 [ 61.55 | 391 | 4.14 24.61 1.48
PA2-2-2 [ 20.36 | 59.29 | 5.66 | 1.85 23.20 1.38
average 28.2550.53 | 5.24 | 19.98 | 25.73 1.55
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Fig. 12. Total period and yearly-basis degradation rate
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