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niversity of Stuttgart

Institute for Photovoltaics - ipv

o

@ director Jurgen H. Werner

@ 4+1 work groups

@ new group Energy Storage (Peter Birke)
@ 25 coworkers, including 10 PhD candidates
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Outline

Quality Assurance in PV - why?
Common methods

maging techniques

Daylight Luminescence System (DaySy)

DaySy - a very good option!
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"

Development of electricity generation and installed capacity of photovoltaic plants in Germany

Gross electricity generation in billion kilowatt

hours

Motivation: keep 38 GW alive!
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38 GW PV installed in Germany
all cells/modules series-connected !!
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"y Only few methods for troubleshooting

compare strings (big PV plants)
analyse string or module I/V
outdoor thermography

electroluminescence

¢ 6 6 ¢ ¢

dismantle and check indoor

ipv.
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Dismantle and check indoor
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Indoor flasher measurement: effect of broken cell after 5 years of
outdoor operation [courtesy of Peter Bentz, Solarfabrik Freiburg]
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Infrared imaging of PV Parks
[courtesy of C. Buerhop, ZAE Bayern]




Typical thermography image

wwwigutachten, streib.de 55.0°C

182°C

hot spot, probably due to broken cell
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Thermography
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47,5
- 45,0
425
40,0
375

- 350

325

316°C

poor cable connection, wrong connector type?
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Module Failure Modes

Microcracks, broken cells,
finger interruptions

Delamination
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Optical Characterization Methods

UV - Fluorescence Thermography Luminescence

Irradiate module Detect heat where it Use solar cells as
with UV light and IS now... light emitting diode
visually inspect the and see where the
response current is going..

SOIGr;Pzen’rrum
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Electroluminescence of transport damage

-l
e :

aging after 200 cycles in climatic chamber:

power loss! //7p\‘/'_




The DaySy Method

@ Electro (EL)- and photoluminescence (PL) characterization
2 In full daylight = Independent of surrounding light
2 On mounted modules and full strings
m Using either the PV-plant or a DC source as power supply
- From an overview to detail images!
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Measure when YOU want: 100% Availability Day and Night

< DaySy - PL >

DaySy — Self Powered EL
DaySy — EL with Power Generator |
Night -EL ( 5 Night -EL
4 Thermography >

100 700 700 100

Daytime Irradiance in W/m?

DaySy EL of installed Module 8 MP Dark-Box EL MPP Thermography
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sola

'Angry birds'

Damage detected in Japan near golf course at coastline.
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DaySy —EL (self-powered)

DaySy EL

WA R NG SRR . RS- [ Sy

[ ———F e LA o - R e P P .
- - - - s A . LW e -y =
== =3 ] N e S S el @ .

good

”‘ﬁbh J == —— =% e e -
s i e @ o - g o v e A

Saiadiee o IS RRs Bl R R Lo R PR
amdnamndeast = V2 Loee . B P om0 B - T - )
Bt Vs i e B R s e T ST s e
t =l R Y S S S
TR IS N MRt S OEYtInag TSR g T IR s vty
e T e N T S——— Es Foan. T T )

bad

Dark Box EL @ 1OA

w:

DaySy Box

[

solar zentrum
stuttigart




Do NOT "Karcher" your PV !

’ Severe damage due to R
el high-pressure cleaning ///p“/'_

https://www.kaercher.com/de/inside-kaercher/sponsoring.html



Do NOT drop PV modules from the truck

ONE broken module will kill the
performance of your complete string
(until bypass diodes will take effect).

5°|°r;i,\zen’rrum
stufigart 19



Broken bypass diodes - very common!

@ easily detected by DaySy, if in short-circuit
@ notso easy in I/V
@ almost no chance, if in open-circuit

SOIGr;Pzen’rrum
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Polarization of long strings (PID)

Polarization of Sunpower modules
towards high-voltage end of string. /I
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Whole string imaging

P71 TSN
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www.solarzentrum-stuttgart.com

Potential Induced Degradation (PID)

300 - Broken Cells

S

©

<

O

=

L

« 250 - 11

© Finger Clusters D

£ 200 - h.a"td K

g Single Fingers S

2 150 — 4

S 100 | Cracks 4 A~ -

£ 45 Mgy gy Yn

E , ahl
I I I
4 10 20

Modules per Image

Scenario

@ Field PV Installation, 250W, modules, 20 modules/string

@ Unpacking & Setup: 30 minutes; Wrap up: 15 minutes

@ Location of PV strings is known (good documentation) 10 min / string / operator
@ 1 minute for a EL image; 2 minutes for a EL+PL image

Inverter
Cluster
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Conclusion

DaySy detects

@ transport damage

@ wrong handling during installation
@ Installation / maintenance faults
9

module damage during operation
(thermal stress, mechanical strain, aging ..)

@ failures (bypass diodes, cell contacts, PID ..)

DaySy
@ helps training installers / PV companies
@ s THE good option for PV in Cyprus!
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for Questions & Discussion
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Whole String Imaging (1)

Potential induced degradation (PID)

poor low light response
damaged areas

groups of broken fingers /I
Very high throughput possible

~
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Whole String Imaging 2
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¥

LED Flasher
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everything connected In series

PV-Generator
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