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PV modules Degradation Mechanisms
and !f’\ Performance i
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Su wq Kaunn 26 nu AWUS 2569 Diagnosing Solar PVModule Failure:

Major Visual Defects and Degradation

zo o m o n I i n e '.3 a 1 1 o : O 0 - 1 .I : 0 o u - Structural and Surface Integrity - ~ Outlining IEC 61215 criteria for ‘major visual defects' and —— Material Discolouration (Browning)

detailing degradation mechanisms like delamination,
discolouration, and diagnestic imaging.
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Encapsulant
EVA into EVA

EVA encapsulant braaks down into acetic acid,
causing yellowing and current loss.

Includes broken or cracked external surfaces and
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Encapsulation and Adhesion Limits
Bubbles or delamination are major defects if they
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PV Module Layers & Potential Failures

— Frame/Glass —— Advanced Diagnostic Imaging
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of Energy, and Energy Conservation Promotion Fund.
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CES Solar Cells Testing Center (CSSC)
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Solar Simulator forosmx 3 m

Class AAA Solar simulator
according to IEC60904-9

Able to test
many types of
solar panels
(Silicon, PERC,
TOPCon, HIT,
ABC, and
Bifacial)

CSSCis the accreditation laboratory
according to 1SO17025 and 1S09001.
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Long-term evaluation
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Long-term evaluation
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Browning/Yellowing/discolor
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Corrosion growth of solar cells in modules after 15 years of operation, 2020, Solar Energy 205, 409-431
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Browning/Yellowing/discolor
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Corrosion growth of solar cells in modules after 15 years of operation, 2020, Solar Energy 205, 409-431
CES Solar Cells Testing Center (CSS5C)
Pilot Plant Development and Training Institute, King Mongkut's University of Technology Thonburi
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Delamination

=

Back sheet
Delamination
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Corrosion growth of solar cells in modules after 15 years of operation,2020, Solar Energy 205, 409-431
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Annual expansion in delamination of front encapsulant in tropical climate Field-Operated PV modules, 2023, Solar Energy 262, 111850.
CES Solar Cells Testing Center (CSS5C)

Pilot Plant Development and Training Institute, King Mongkut's University of Technology Thonburi
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Delamination
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Annual expansion in delamination of front encapsulant in tropical climate Field-Operated PV modules, 2023, Solar Energy 262, 111850
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Corrosion
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Causes

Corrosion growth of solar cells in modules after 15 years of operation, 2020, Solar Energy 205, 409-431

CES Solar Cells Testing Center (CSS5C)
Pilot Plant Development and Training Institute, King Mongkut's University of Technology Thonburi
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Major Visual Defect according to IEC61215

8

Major visual defects

The purpose of the visual inspection is to detect any visual defects that may cause a risk of
reliability loss, including power output.

In some instances more testing may be required to finally decide if major visual defects exist
or not.

For the purpose of design qualification and type approval the following observations are
considered to be major visual defects:

a)
b)

c)
d)
e)
f)

9)
h)
i)

i
k)

Broken, cracked, or torn external surfaces.

Bent or misaligned external surfaces, including superstrates, substrates, frames and
junction boxes to the extent that the operation of the PV module would be impaired.

Bubbles or delaminations forming a continuous path between electric circuit and the edge
of the module.

If the mechanical integrity depends on lamination or other means of adhesion, the sum of
the area of all bubbles shall not exceed 1 % of the total module area.

Evidence of any molten or burned encapsulant, backsheet, frontsheet, diode or-active PV
component.

Loss of mechanical integrity to the extent that the installation and operation of the module
would be impaired.

Cracked/broken cells which can remove more than 10.% of the cell’'s photovoltaic active
area from the electrical circuit of the PV module.

Voids in, or visible corrosion of any of the layers of the active (live) circuitry of the module
extending over more than 10 % of any cell.

Broken interconnections, joints or terminals.
Any short-circuited live parts or exposed live electrical parts.
Module markings (label) are no longer attached or the information is unreadable.

4-.

IEA-PVPS T13-01: 2014

‘ IEA-PVPS T13-23: 2021

CES Solar Cells Testing Center (CSS5C)

Pilot Plant Development and Training Institute, King Mongkut's University of Technology Thonburi
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Crack

IEA PVPS T13-23: 2021
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Visual inspection Electroluminescence (EL)

Corrosion growth of solar cells in modules after 15 years of operation, 2020, Solar Energy 205, 409-431

CES Solar Cells Testing Center (CSS5C)
Pilot Plant Development and Training Institute, King Mongkut's University of Technology Thonburi



Electroluminescence (EL)

RD PV 028
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1EC 60904-13
(a) (b) (e)
Figure 2— Electroluminescence emission spectra for
(a) Si, (b) ZnO/CdS/Cu(In,Ga)Se, (CIGS) [2], and (c) CdS/CdTe [3]
Table 1 - Detectors and their applicable wavelengths
Detector Sensitive wavelengths
pm
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Ransome, Steve. “Energy modelling and rating - (a personal overview).”
2014 IEEE 40th Photovoltaic Specialist Conference (PVSC) (2014):
2047-2052.
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Type of cracks cells (IEC60904-13)

Mode C:
essential-cracks
(regions, Mode B:
2111%1}1 (c%,o(l)l.tfalsst)@ I, partially-cracks
(regions,
high contrast @ I,
low contrast @ 0.1 1)
Mode A:
micro-cracks
(line defects)

U

EL image with I EL image with 0.11,

CES Solar Cells Testing Center (CSS5C) 0
Pilot Plant Development and Training Institute, King Mongkut's University of Technology Thonburi



Potential induced degradation (PID)

https://www kiwa.com/globalassets/usa/pi-berlin/resources/kiwa-pi-berlin--kiwa-pvel--the-race-to-pv-cell-quality--compliance.pdf
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