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Aim

Estimate power loss
using daylight photoluminescence images
caused by series resistance defects

Fully automated algorithm




Longevity T

'sQ SJ limit

- - - -

[=2]
=}
T
4oa) JUaLIND ‘UodI|IS
a1ewnse ‘a)ysaolad 1s8q

Crucial to financial performance

efficiency [%]
F N

N
o

R, failure mode

1

(]

25 years |
— 30 years

35 years

1

2 3

Need for inspection

Daylight Photoluminescence Imaging (DPL)

4

degradation rate [%]

Power

A

LID0.3-5% Glass ARdeg.

g

PID
Diode failure

EVA discoloring

JCell interconnect breakage]

Contact failure j-box/
string interconnect
Glass breakage
\_Loose frame

Auesiep

-o < 3%
<10%

Corrosion of
cell & interconnect

> Time

Infant-failure Midlife-failure

Peters, I.M., Gallegos, C.D.R., Sofia, S.E. and Buonassisi, T., 2019. The value of efficiency in photovoltaics. Joule, 3(11), pp.2732-2747.
Kontges, M., Kurtz, S., Packard, C.E., Jahn, U., Berger, K.A., Kato, K., Friesen, T., Liu, H., Van Iseghem, M., Wohlgemuth, J. and Miller, D., 2014. Review of failures of photovoltaic modules.
Weber, J.W., Kunz, O., Knaack, C., Chung, D., Barson, A., Slade, A., Ouyang, Z., Gottlieb, H. and Trupke, T., 2024. Daylight photoluminescence imaging of photovoltaic systems using

inverter-based switching. Progress in Photovoltaics: Research and Applications.

" Wear-out-fail

ure



. | \Y
Degradation

5 4 Normal — s—

3 Mild Ry ==

% 3| (severeR,——
Series resistance (R,) reduces max power %2

. . . % | et

R, visible in DPL 3 | v
PL relative to defect size & severity

0.3 0.4 0.5 0.6 0.7
Voltage (V)

M

WARRRAAEE

,i!!:?f
T

LY [T

Iikid

I

Normal —
Mild Ry ===
................. : Severe R ===

L
f“‘lwﬂa‘r
T
Al

Gl

’z; I (‘
i
| T B 1ot

N
it

!
!

..............................................

‘M 1
-
r=ames =
varees
s .
senr=
-
=
——
T
——
s
a0
-
sem— P e
- - o
- = e x
= S - W
A e L id
— e Mihdd
e il
- e
= B
= — =
! =
e
- | ———

i
:II“
1
M

ik

1 2 3 4 5 6 7

Bhoopathy, R., Kunz, O., Juhl, M., Trupke, T. and Hameiri, Z., 2020. Outdoor photoluminescence imaging of solar panels by contactless Extracted Current (A)
switching: Technical considerations and applications. Progress in Photovoltaics: Research and Applications, 28(3), pp.217-228.



S 0C —SC N

. 1/ sc —sc -
R.in / BN
®

1
= .
= gl Vi Normalised
\ i
S 61 \\
< 4!
< 4 LAY T
g | POWEL—
O
3 \ T
) ____---\-'"d
0 = T T T
0.0 \ 0.1 0.2 0.3 0.4
! Voltage (V)

4
/7
-

Short-circuit Half short-circuit Open-circuit




Algorithm

Divide into 4 regions
Create electrical model
Fit observed DPL to model

Estimate power loss
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Experimental Verification

Original

Method estimated power loss 96mW =2.9%

LIV measured power loss 92mW =2.8%
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Simulated Results GRIDDLERAS
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Experimental Results
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Summary

R, power loss prediction using DPL
Accurate experimental results

Fully automated

Future: full modules
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