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(1) &%+ (AF-)
A~ AC = : PV Inverter £2 LISN et 80 cm -
B~ DC = : PV Inverter 1 £ - /gt B £ & 1 DC Source jg it F 7+ £
oo
~ JEFR QP ~ AVG & -
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4
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% 3~ Lg% F LpERIES
EREEE T Zeta-Score
A A B C
A B c
(MH2) | (@Buv) | @Buv) | @Buv) | (@BEY)
0.15 4573 | 4543 | 4433 | 4516 011 0.05 20.16
0.15 39.77 | 4047 | 4008 | 4041 | -0.07 0.07 20.01
0.16 4606 | 3549 | 4219 | 41.25 0.95 113 0.19
0.16 4117 | 31.04 | 3851 | 36.91 0.84 115 0.31
0.4 4555 | 3593 | 3391 | 3846 139 20.50 20.89
0.4 39206 | 2048 | 2705 | 3193 144 20.48 20.96
0.52 5143 | 5222 | 4980 | 5115 0.05 0.21 20.27
0.52 4375 | 4483 | 4315 | 4391 | -0.03 0.18 0.15
3.13 5499 | 4136 | 5428 | 5021 0.94 1.74 0.80
3.13 4814 | 3245 | 4882 | 4314 0.98 1.98 112
78 4728 | 4327 | 4559 | 4538 0.37 0.41 0.04
78 2002 | 3629 | 3973 | 38.68 0.26 0.47 0.21
* 4~ 2 9% NBpERESE
TSR E Ty Zeta-Score
e A B C
A B c
(MH2) | (@Buv) | @Buv) | @Buv) | (@BEV)
0.15 4737 | 4380 | 4354 | 4490 0.48 0.22 027
0.15 4137 | 3908 | 3895 | 39.80 0.31 20.14 017
0.16 4692 | 3496 | 3883 | 4024 131 1.04 20.28
0.16 4202 | 3122 | 3414 | 3579 122 20.90 20.32
0.4 4595 | 3180 | 3479 | 3751 166 112 20.53
0.4 2011 | 2579 | 2697 | 30.96 1.80 1,01 20.78
0.52 5134 | 4633 | 4982 | 49.16 0.43 20.56 0.13
0.52 4544 | 4095 | 4242 | 4204 0.49 20.39 20.10
3.13 5308 | 5113 | 5547 | 5353 0.09 0.47 0.38
3.13 4726 | 4354 | 4954 | 4618 0.09 20.64 0.54
78 2970 | 4326 | 4112 | 4469 0.98 20.28 20.70
78 4168 | 3631 | 3548 | 37.82 0.76 20.30 20.46
L5 AFRILD LR
EREEE T Zeta-Score
e A B C
A B c
(MH2) | @Buv) | @Buv) | @Buv) | (4BEY)
62 2257 | 3178 | 2910 | 29410 | -0.85 0.64 0.21
72 2148 | 3363 | 2510 | 2510 | -0.85 112 0.27
92 2731 | 3313 | 2580 | 2731 | -023 0.71 20.48
172 1466 | 1625 | 2280 | 1625 | -053 0.27 0.80
240 2123 | 2469 | 1730 | 2123 0.03 0.59 0.61
359 2463 | 1731 | 1950 | 19.50 0.67 20.52 20.16
%2 6~ L%z LkTREERES
Ry & PN Zeta-Score
#E 3 A B C
A B c
(MH2) | @Buv) | @Buv) | (@Buv) | (9BEV)
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240 | 2343 | 2024 | 2550 | 2343 | 006 | -046 | 040 |

XEABRTHERS BN BHRVEY 5 SEE S0 E
%

Zeta score ~ BB G4 E A ARQE2> HIEgr 2 H 2P o AT
BRI BENREREERF A A BLAET AL FER i AR

MR E 2 R L E - R BT A SRET PRS2
Bl TAVT g A WS e o
(1) IR M & PV inverter Rlz#ac 4 2 EMC § 5% 3 #icg 7 5 RV 4
* B A Ko
Q) A=ZEH2 V¥ ETLT G E A2 PV inverter £ £ A £ 4% F 52
RIPEFER TR FA S22 FES ] % %2 18P BpED-
R e
B)AX F4c 2 FHFTRFEEF LpRETR AL RATERY A=
SRR R AW F R B SRR o L H TR T 5T
-5 GANSA » 2 395 7 & CISPR 16-1-4 2 {58 353 » fe B 23 50

PIREE BRI PR AL AN T RRPIREET

BRI FERIIBEL I RGNV RS UREREFTRE
Bk - RPH RAFUF L EFES A BIBAZT 2 W HA

sk TREVRREFRASE LR REFER I FNTEPF

(2) PHEHFEREFRAIFES IR ERDRARES A ITEL
ALEH P R RATERSBAPM R 2 TRAT B HRRICE
i%ﬁ%ﬁ@%@%%%ﬁﬁwwﬁﬁﬁﬁﬂﬁﬁ’%éﬁﬂ?%%ﬁ
AR B e Rl AR AR B B A T AR R BRI AR M A
1 FRAAFATESNEDAPMBRIFENIE o3k o A1 TP RE
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10:00~10:15 3F |
) S~ S ey &+ Fﬁo;ﬁ
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materials used in photovoltaic modules - Part 1-7: Encapsulants - Test
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IEC 62938:2020 Photovoltaic (PV) modules - |2020-05-14
Non-uniform snow load testing

IEC Measurement procedures for | 2020-05-26

62788-1-6:2017/AMD1:2020 | materials used in photovoltaic
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Amendment 1

1-6:
Encapsulants - Test methods for

modules - Part

determining the degree of cure

in Ethylene-Vinyl Acetate

IEC 61701:2020 ED3

Photovoltaic (PV) modules -

Salt mist corrosion testing

2020-06-11

IEC TS 63126:2020 ED1

Guidelines for qualifying PV

modules, components  and
materials for operation at high

temperatures

2020-06-22

IEC TS 62788-5-2:2020 ED1

Measurement procedures for
materials used in photovoltaic
modules - Part 5-2: Edge seals -

Durability evaluation guideline

2020-06-22

IEC 62790:2020 ED?2

Junction boxes for photovoltaic
modules - Safety requirements

and tests

2020-07-15

IEC TR 63279:2020

Sequential and  combined
accelerated stress testing for

de-risking photovoltaic modules

2020-08-21

IEC 60904-9:2020 ED3

Photovoltaic devices - Part 9:
Classification of solar simulator

characteristics

2020-09-18

10.1EC 60904-1:2020 ED3

Photovoltaic devices - Part 1:
Measurement of photovoltaic

current-voltage characteristics

2020-09-25

IEC
60904-4:2019/COR1:2020

Corrigendum 1

Photovoltaic devices - Part 4:
Photovoltaic reference devices -
for

Procedures establishing

calibration traceability

2020-09-25
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IEC Measurement procedures for | 2020-10-15
62788-1-4:2016/AMD1:2020 | materials used in photovoltaic
ED1 Amendment 1 modules — Part 1-4:
Encapsulants — Measurement of

optical  transmittance  and

calculation of the
solar-weighted photon
transmittance, yellowness
index, and UV  cut-off
wavelength
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(1) 82/1798/NP Measurement procedures for electrically conductive adhesive
(ECA) used in crystalline silicon photovoltaic modules — Part 1:
Measurement of material properties [Closing date for vote 2020-12-11]

(2) 82/1804/DTS IEC TS 63140 ED1 Photovoltaic (PV) modules — Partial
shade endurance testing for monolithically integrated products [Closing
date for vote 2020-12-25]
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IEC 61853-1:2011 ED1 | Photovoltaic (PV) module performance testing and
energy rating - Part 1: lrradiance and temperature
performance measurements and power rating

IEC 61853-3:2018 ED1 | Photovoltaic (PV) module performance testing and
energy rating - Part 3: Energy rating of PV
modules

IEC 61853-4:2018 ED1 | Photovoltaic (PV) module performance testing and
energy rating - Part 4: Standard reference climatic
profiles
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exposures - Accelerated weathering tests of
polymeric materials
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IECTS Photovoltaic devices - Part 1-2: Measurement of
60904-1-2:2019 ED1 current-voltage  characteristics  of  bifacial
photovoltaic (PV) devices
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Accelerated Aging test and estimate of Hight Exposure for Photovoltaic
Modules
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High Light Intensity Accelerated Aging Test and
Evaluation of Solar Photovoltaic Modules

Y. K. Tseng, I. L. Kwo, C. Y. Gao, C. H. Lin, B. C. Kuo

Abstract—Solar photovoltaic is an important option for clean
energy, and countries around the world are actively promoting it.
However, the power generation efficiency of solar power plants affects
the willingness of investors, and the evaluation of the benefits is by
testing the power generation efficiency and durability. At present, the
main test is accelerated aging test and then measuring its power
generation. The main items are thermal cycle test, damp heat test, and
UV precondition test. However, the current accelerated aging test
results of solar photovoltaic modules are not consistent with outdoor
aging trends, that is, it is impossible to accurately estimate the power
generation benefit. The difference between them may be caused by the
difference between ultraviolet light and sunlight. Therefore, this
research plans to improve the accelerated aging test, in addition to the
alternating impact of temperature and humidity, in addition to selecting
a full-spectrum light source and increasing the illuminance. The full-
spectrum light source used will simulate as much as possible the effect
of sunlight illuminating the solar photovoltaic module, and the aging
factors caused by energy from ultraviolet to infrared can be covered.
The amount of energy will affect the reaction rate, so increasing the
illuminance will accelerate the accumulation of irradiance, which will
accelerate the aging and shorten the test time. The test in this study
obtained quite good results. The attenuation trend of the power of the
solar photovoltaic module against the cumulative irradiance is
consistent with the outdoor aging mode. Moreover, the test method of
using 3 times sunlight and temperature and humidity cycle can
simulate the aging behavior of solar photovoltaic modules in outdoor
operation. Exposure for 12 days can simulate 5 years of outdoor
operation, and 25 days can simulate 10 years of outdoor operation.

Keywords—Full spectrum light source, High light intensity
accelerated test, Light induced degradation, Solar photovoltaic module

[. INTRODUCTION

HE solar energy industry is different from the general

industry. The photovoltaic module itself is not a terminal
product. The electricity produced after the solar power station
is built is the source of the final investment profit. Based on the
current status of the industry, photovoltaic module
manufacturers need to provide a 25-year quality assurance that
the attenuation rate of power generation cannot be greater than
20% for their own products. The investor will use this basis to
evaluate the investment cost of the power station and the annual
income from selling electricity. Under the ideal situation
guaranteed by the module manufacturer, the bank uses the
results of the investor's evaluation of the power station to issue
a loan with the power station as a guarantee, so that the module
manufacturer and investors can profit.

Y. K. Tseng is with the National Yunlin University of Science and
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The quality assurance currently provided by photovoltaic
module manufacturers is based on the international standards
IEC 61215 and IEC 61730. These two specifications are
formulated by the International Electrotechnical Commission
(IEC) for the mainstream polysilicon solar cells (Poly-(silicon)
cells) in the current market. The content includes quality and
safety guarantees. However, with the advancement of
technology, the current regulations can only provide sufficient
guarantees for safety, which are obviously insufficient in terms
of functional characteristics. In the current situation, the
modules used in the construction of the solar photovoltaic
station have passed the certificates of IEC 61215 and IEC
61730. However, it is often found after several years of
operation that the power generation decay rate of some power
stations far exceeds the manufacturer’s guarantee, with a
decline of less than 20% within 25 years, but there are also a
few power stations whose power generation decay rate after 25
years of operation better than the manufacturer's guarantee. It
shows that the fundamental problem is that the existing
specifications cannot effectively distinguish between qualified
and unqualified modules.

Furthermore, high-quality module manufacturers will not be
able to highlight the advantages of their own products by
obtaining qualifications, and will lose out to manufacturers who
use low-cost modules to produce inferior modules in the initial
sales competition. These low-cost modules seize the market
share of high-quality products at low prices for the existing
standards cannot distinguish good from bad. Banks are
unwilling to use power stations as collateral for loans because
they cannot effectively provide guarantees for 25 years of
operation. Greatly increase the difficulty of financing
investment in power stations. Because it is not easy to raise
funds for power station investors, they have to use low-cost
modules to build power stations, thus falling into a vicious
circle. As a result, even if the solar energy industry has policy
support, funds cannot be effectively invested in the correct goal,
and the level of the industry cannot ultimately be improved.

How to correctly evaluate the full life of solar photovoltaic
modules and the long-term solar power attenuation rate has
become the most important key. The best way is to put the
module outdoors for 25 years and observe the changes in the
annual power generation. But module manufacturers can't wait,
nor can power plant investors. Therefore, this study is to
comprehend the aging trend and mechanism of solar

C. Y. Gao 1s with the Taiwan Electric Research & Testing Center, Taoyuan,
Taiwan 328453 ROC. (e-mail: chiayuan@ms.tertec.org.tw).

C. H. Lin is with the Taiwan Electric Research & Testing Center, Taoyuan,
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B. C. Kuo is with the Taiwan Electric Research & Testing Center, Taoyuan,
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Table 01  Electroluminescence images of module TERT002 (S/N T5-207P2-40241) before and after
_shipment
Before shipment (EL image of ISE) After shipment (EL image of TERTEC)
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Table 02 Electroluminescence images of module TERT005 (S/N PK300436) before and after ship-

ment
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After shipment (EL image of TERTEC)
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Table 03 Electroluminescence images of module TERT007 (S/N PK300455) before and after ship-

ment
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After shipment (EL image of TERTEC)
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