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Do you have any questions?❓🙋

Send them in via the Q&A tab. 👉We aim to 
answer as many as we can today! 

You can also let us know of any tech problems 
there. 

We are recording this webinar today. 🎥

We‘ll let you know by email where to find it 
and the slide deck, so you can re-watch it at 
your convenience. 👀💡

Welcome!
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Trusted Experts Worldwide

From roofs on industrial buildings in central 

Europe to utility plants in desert regions, our 

experts are there for you.

▪ Specialized Factory Auditors

▪PV Systems Engineers

▪Accredited Testing Laboratories

Key PV Services Around the World

Wherever and Whenever You Need Us
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We Help You Improve
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Certification Data 
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Testing Inspection TrainingConsultancy

…
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1. Overview
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▪ Motivation

▪ Glass Breakage Pattern

▪ Background

▪ Mitigation Approaches Along the Value Chain

▪ Investigating Damage and Making a Claim

▪ Case Studies



Warming Stripes

1850 2022

1850 to 2022

Each color (8 blue und 8 red) = 0,1 K

mean: 1971 – 2000

by Ed Hawkins

5[1] https://showyourstripes.info



▪ Tackling climate change

▪ Dramatic growth rates for PV necessary and to 
be expected (1 to 3 TW per year)

▪ 200 - 400 GW of glass/glass (G/G) modules have 
been already produced and deployed

▪ For some projects, we observed breakage rates 
of 1; 3 and even 10 % 

2. Motivation
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Conclusion 1: Raise awareness immediately 

6[2] Jean-Nicolas Jaubert, PVEL, “The risk of breakage in thinner, not-fully 
tempered glasses, NREL-PVMRW 2023-02, Denver, CO

G: glass

BS: backsheet



3. Module Glass Breakage

What can be distinguished / 
What does it look like?

▪ Type of glass 
(heat strengthening process)

▪ Front or rear side

▪ Clear impact 
(edge or plane induced)

▪ Thermal or mechanical induced

▪ Origination with clamps or junction 
box

Problems

▪ Frame covered edge

▪ Superimposed by secondary 
breakage
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Float/patterned
Heat 

strengthened Fully tempered

[3]   George D. Quinn; Fractography of Ceramics and Glasses

[4]   Ekkehard Wagner, "Glasschäden„, 5. Auflage, 2020



4. Background – More Breakage
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Four Reasons

▪ Module design

▪ Glass quality / supply shortage

▪ Gaps in testing and certification of modules 
(glass, system)

▪ Other reasons

▪ Module failures

▪ Installation/mounting, O&M 



Module design
Thinner frames and larger module areas while 
also shortening the mounting rail

▪ G/BS -> G/G

▪ The modules have almost doubled in size 
compared to 10 years ago

▪ Half-cut cell-modules: 
3 holes in the rear glass
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4. Background – More Breakage
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Reduced glass quality: 
Thickness reduction and tempering process
2.0 mm glass used in dual-glass modules is only 
heat-strengthened, not fully tempered [2]

▪ Heat-strengthened glass has a reduced thermal-
change resistivity and bending strength

▪ Impact of glass shortages

▪ Use of non-solar glass for the backside

▪ Speeding up the lines leads to lower glass 
strength

▪ Technological improvements

4. Background – More Breakage
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Material Standard
Flexural
strength

Temperature
change 
resistance

Float glass DIN EN 572 45 N/mm² 40 K

Heat 
strengthened 
glass (HS, TVG)

DIN EN 1863-1 70 N/mm² 100 K

Tempered glass 
(FT, ESG)

DIN EN 12150 120 N/mm² 200 K

[2] Jean-Nicolas Jaubert, PVEL, “The risk of breakage in thinner, not-fully 
tempered glasses, NREL-PVMRW 2023-02, Denver, CO
[5] pv magazine: November 24, 2020 Max Hall

[5]



Gaps in testing and certification of modules and the 
glass?  (1/2)

▪ Missing specification and quality control

▪ No PV specific tests exists; only in the 
construction industry *

▪ Current safety factors do not provide enough 
design margin for additional stresses

▪ Minimum test loads of 2400 Pa are often not met

▪ Henry Hieslmair, DNV: “The module has become 
a load-bearing element" but is a rather flimsy 
material that breaks more easily [6]

▪ Daniel Chang, RETC: “Test for inhomogeneous 
loads missing” [8]

4. Background – More Breakage
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* DIN-EN 18008-1, 

ASTM C1048-12 & C1036

GB-T 17841 & 34328

[2]   Jean-Nicolas Jaubert, PVEL
[6]   DNV, “Stress concentrators”; H. Hieslmair, DNV, 2023
[8]   pv magazine Webinar | Module wind load resistance: Standards vs. reality, 30 August 2021, RETC

[2]



Gaps in testing and certification of modules and the 
glass?  (2/2)

▪ SML test (UL2703/IEC 61215:2021 within module 
type qualification) relies on only one module [4] 
and is provided as evidence of ‘compatibility’ 
between module and mounting

▪ Retesting guideline and certificates ignored: often 
the testing is done only on a few clamps/module 
combinations and not for every combination of 
clamp and tracker 

▪ Alf Oschatz, SBP Sonne: “The module in the 
simulation is only considered as load element but 
no load-bearing element”; “usability issues are 
missing […tracker, Resonance] the module is the 
weakest part in the chain” [7]

4. Background – More Breakage
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Conclusion 2: Current climate-specific testing, 
triple-IEC, hail, SML and DML are all in detail 
insufficient and were not able to avoid the current 
glass breakage issue

12[6]   DNV, “Stress concentrators”; H. Hieslmair, DNV, 2023
[7]   Statement from Alf Oschatz, SBP Sonne; 18.09.2023



1) Other module failures

▪ Hot-Spots (shunting, soldering, cell 
breakage) 

▪ Reverse currents

2) Installation / Aggressive mounting
 

3) Extreme weather / events

▪ Hail, Heavy snow and wind

▪ Flood, Earthquake

4. Background – More Breakage
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Conclusion 3: Work with experts from other fields for 
interdisciplinary cooperation as solar industry is 
currently lacking the necessary standards and 
approaches

13

Teresa Barnes: 

"Cost-driven industry – not 

[focused on] robustness" 
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[8]   pv magazine Webinar | Module wind load resistance: Standards vs. reality

30 August 2021, RETC

[8]



5. Mitigation Approaches Along the Value Chain 1/2
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• Desktop
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Opinion 
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SML … Static mechanical load

DML … Dynamic mechanical load

MB … Module breakage test

QA … Quality assurance



6. Mitigation Approaches Along the Value Chain 2/2

Testing beyond standards, R&D-level

▪ PVEL PQP mechanical and hail stress test sequences

▪ NREL, DMX: Mill. of small pressure cycles drive damage 
in cracked solar cells; [9]

▪ Imbalanced test loads [8]

▪ TüV-Rheinland: IEC 62938:2020 Non-uniform snow load 
testing  [10]

▪ Swiss Hail Register: More stringent than IEC [11]

▪ Shaker Test: IEC 60068-2-64:2008 + A1:2019

Others: see [8]

▪ Static simulations of complete systems including load 
bearing modules

▪ Wind-tunnel testing
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[8]   pv magazine Webinar | Module wind load resistance: Standards vs. reality

30 August 2021, RETC

[8]



6. Investigating Damage and Making a Claim

▪ Background

▪Weather event
reason for
breakage?

▪ BOM

Desktop

▪ Breakage pattern

▪ Identifying/ excluding
root-causes

▪ Installation and O&M

▪Module defects

On-site visit
▪De-framing

▪ SML/DML to
compare real 
installation with
design

Lab testing

▪ Support in claim
process

▪Opinion and 
guidance

Reporting/
expert opinion
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7. Case Study

Location Texas, US

Project size 200 MW

Date 2023

Issue / 
Services

▪ On-site inspection: Visual, RCA

▪ Expert Opinion 

▪ Issue: rear glass breakage
1) Too narrow clamp position
2) Low quality glass installed in 2019 
which is derated from a mechanical test 
point of view

▪ Approved test load from module manufacturer
with the tracker-system: 1600 Pa (test load) 

20.11.2023 – PV magazine webinar – THomas Weber, PI Berlin 17



7. Case Study
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Location Poland

Project 
size

20 MW

Date 2023

Issue / 
Services

▪ On-site inspection: Visual, RCA

▪ Reporting

▪ Issue: rear glass breakage < 1%
1) wrong clamp position, deviating 
torques
2) impact from pebbles during mowing



7. Case Study
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Location England

Project size 10 MW

Date 2021

Issue / 
Services

▪ Module type A broke, type B not due to 
wrong clamp

▪ Desktop work

▪ Root Cause Analysis

o On-site inspection: Visual and EL

o Laboratory: de-framing, SML

▪ Expert Opinion 



7. Case Study
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Location France

Project 
size

10 MW

Date 2021

Issue / 
Services

▪ On-site inspection: IR, 
Visual and EL

▪ Expert Opinion and 
Claim support

▪ Issue: Soldering defect 
on BB
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Conclusion
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▪ Raise awareness immediately

▪ → Today the glass bear a significant portion of 
the load

▪ Current climate-specific testing, triple-IEC, hail, 
SML and DML are all in detail insufficient and 
were not able to avoid the current glass 
breakage issue

▪ Cooperate with interfaces and experts from 
other fields for interdisciplinary cooperation as 
long as industry is lacking the necessary 
standards and approaches
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The latest news | print & online

New MPPT approach for multi-string PV 
systems under partial shading

by Blior Kahana

Agrivoltaic system achieves 9.9% efficiency, 
LCOE of $0.033/kWh
by Emilliano Bellini



Many more to come!

Coming up next…
Wednesday, 29 November 2023 Wednesday, 13 December 2023

Balancing the 
books on big 
solar’s 
weather risk

Achieving 
domestic 
content with  
solar trackers

6:00 am – 7:00 am CET, Berlin, Paris, Madrid
4:00 pm – 5:00 pm AEDT, Sydeny

11:00 am – 12:00 pm EDT, New York City

5:00 pm – 6:00 pm CET, Berlin, Paris, Madrid

In the next weeks, we will continuously 
add further webinars with innovative 
partners and the latest topics. 

Check out our pv magazine Webinar 
program at:

Registration, downloads 
& recordings are also be 
found there.

www.pv-magazine.com/webinars



https://events.hubilo.com/rteu23/register?utm_source=webi


Thank you for
joining today!

Mark Hutchins
Editor

pv magazine

PI Berlin


	01_pv magazine Webinar_Presentation_Pi Berlin
	Slide 1
	Slide 2

	2023Weber_pv-magazine_G-G-Breakage_v2.1_FINAL
	Core
	Folie 1
	Folie 2: Trusted Experts Worldwide
	Folie 3
	Folie 4: 1. Overview
	Folie 5: Warming Stripes
	Folie 6: 2. Motivation
	Folie 7: 3. Module Glass Breakage
	Folie 8: 4. Background – More Breakage
	Folie 9: 4. Background – More Breakage
	Folie 10: 4. Background – More Breakage
	Folie 11: 4. Background – More Breakage
	Folie 12: 4. Background – More Breakage
	Folie 13: 4. Background – More Breakage
	Folie 14: 5. Mitigation Approaches Along the Value Chain 1/2
	Folie 15: 6. Mitigation Approaches Along the Value Chain 2/2
	Folie 16: 6. Investigating Damage and Making a Claim
	Folie 17: 7. Case Study
	Folie 18: 7. Case Study
	Folie 19: 7. Case Study
	Folie 20: 7. Case Study
	Folie 21: Literature
	Folie 22: Conclusion
	Folie 23


	01_pv magazine Webinar_Presentation_Pi Berlin
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7


