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üMotivation: PV installations under challenging climatic conditions

üPV Industry trends in applications

üOutdoor failures observed with respect to Koeppen-Geiger climate zones

üCircular failure tree approach

üOur test results, and the manifold of test procedures and failure modes

üSummary & Outlook
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PV MARKETS 2018
ESTIMATED INSTALLATION 2019 ABOVE 100GW AGAIN
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Rapid worldwide market grow: mostly young systems, few data about long term performance

(IEA PVPS Task1: Snapshot 2019)

Changing markets 

o Early PV installations & markets: 

mostly in moderate climates 

Large incentives to get started

o NOW: many installations under 

more challenging environmental 

conditions 

o Extremely competing market 

conditions: Cost driven 

o Fast uptakes of new processes, 

materials and technologies if 

promising  

o Growing incentives for 

NON-renewables 

mailto:Karl.berger@ait.ac.at


KOEPPEN-GEIGER 
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Kottek, M., J. Grieser, C. Beck, B. Rudolf, and F. 

Rubel, 2006: World Map of the Köppen-Geiger climate 

classification updated. Meteorol. Z., 15, 259-263. DOI: 

10.1127/0941-2948/2006/0130.

Online map, and different scenarios how the climate zones may change in the 21th century,

http://koeppen-geiger.vu-

wien.ac.at/shifts.htm

mailto:Karl.berger@ait.ac.at
http://koeppen-geiger.vu-wien.ac.at/pdf/Paper_2006.pdf
http://dx.doi.org/10.1127/0941-2948/2006/0130
http://koeppen-geiger.vu-wien.ac.at/shifts.htm


PVPS Task 12 Environmental Impact Assessment Service Tool, http://viewer.webservice-energy.org/project_iea/

PV CO2 FOOTPRINT
IEA PVPS TASK12 IMPACT ASSESSMENT TOOL
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http://www.ertex-solar.at/de/produkte

Performance Ratio  [80%, SLT 25a]

PR = Yield / Reference Yield

Service Life Time: 80% of initial Power 

50g CO2 eq/kWh

70g CO2 eq/kWh

Vienna, Austria

Moderate Cfb

1360 kWh/m²a

Cyprus

Dry summer subtropical

(mediterranean) Csa

2240 kWh/m²a

http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#

BMLFUW 2017: EE in Zahlen 2016: 

ENTSO-E Import to AT 373.8 g CO2eq/kWhel,

AT Electricity Mix: 228.7 g CO2eq/kWhel

http://viewer.webservice-energy.org/project_iea/
mailto:Karl.berger@ait.ac.at
http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php


IF PV system is very performant and long-lasting ïbetter é and better the more sun we have

PV CO2 FOOTPRINT
IEA PVPS TASK12 IMPACT ASSESSMENT TOOL
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25g CO2 eq/kWh

40g CO2 eq/kWh

Performance Ratio  [90%, SLT 40a]

PR = Yield / Reference Yield

Service Life Time: 80% of initial Power 

http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#

BMLFUW 2017: EE in Zahlen 2016: 

ENTSO-E Import to AT 373.8 g CO2eq/kWhel,

AT Electricity Mix: 228.7 g CO2eq/kWhel

Vienna, Austria

moderate Cfb

1360 kWh/m²a

Cyprus

Dry summer subtropical

(mediterranean) Csa

2240 kWh/m²a
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IF PV system is very performant and long-lasting ïbetter é and better the more sun we have? 

PV CO2 FOOTPRINT
IEA PVPS TASK12 IMPACT ASSESSMENT TOOL
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25g CO2 eq/kWh

40g CO2 eq/kWh

Performance Ratio  [90%, SLT 40a]

PR = Yield / Reference Yield

Service Life Time: 80% of initial Power 

http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#

BMLFUW 2017: EE in Zahlen 2016: 

ENTSO-E Import to AT 373.8 g CO2eq/kWhel,

AT Electricity Mix: 228.7 g CO2eq/kWhel

Vienna, Austria

moderate Cfb

1360 kWh/m²a

Cyprus

Dry summer subtropical

(mediterranean) Csa

2240 kWh/m²a

mailto:Karl.berger@ait.ac.at
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MOTIVATION & OBJECTIVE
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ü Photovoltaic has enormous potential, and is able to outperform non-

renewables by an order of magnitude in CO2-footprint. 

This gets even better, when industry and its power supply gets more and 

more environmental friendly

ü But this is only true, if PV is performant and long lasting: 

Apart from initial failure modes, performance losses due to continuous 

ageing and degradation of the materials/components (ñmidlife failuresò) 

are defining the long-term stability and profitability of PV-systems 

ü To guarantee this, artificial accelerated ageing tests, simulating ageing-

induced degradation of PV-modules under given stress conditions, are 

seen as a key for an efficient and fast product improvements 

üAs a part of the Austrian ñEnergy Research Programò project INFINITY 

field failures were analyzed, and climate related test-procedures applied

mailto:Karl.berger@ait.ac.at
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MODULE FAILURE MODES
(OVERVIEW FROM 2014) 

Á Different PV-module failure types ïthe reverted Bathtub Curve

-Infant failure

-Midlife failure

-Wear-out failure

-

Á Although very general, 

failure modes to add?

-E.g. LeTID

-Other? 

© IEA PVPS T13-01:2014
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LeTID 0-8%
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MANIFOLD OF MODULE FAILURES

M. Halwachs et al., ñStatistical evaluation of pv system 

performance and failure data among different climate zones,ò 

Renew. Energy, vol. 139, pp. 1040ï1060, 2019.

10.12.2019   NIST / UL WS 

INFINITY Circular failure tree
Å 1048 samples

Å 340 sub-systems

Å 45 countries

V Literature

V Own data sets from O&M

V IEA PVPS Task 13 data collection

http://www.iea-pvps.org/index.php?id=344

Parts/Components

Failures

PV-Module

mailto:Karl.berger@ait.ac.at
http://www.iea-pvps.org/index.php?id=344
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IEC TC82 ACTIVITY ON COMBINED AND 

SEQUENTIAL TESTING
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Á Circular failure tree

Á Center: module

Á Outer areas: 

parts and interfaces

M. Halwachs et al., ñStatistical evaluation of PV system 

performance and failure data among different climate zones,ò 

Renew. Energy, vol. 139, pp. 1040ï1060, Aug. 2019.

P. Hacke & Tadanori Tanahashi: Draft IEC TR: 

Combined and Sequential Accelerated Stress Testing for Derisking

Photovoltaic Modules (IEC TC82 WG2 Spring meeting @ PTB, 2019)
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FAILURE STATISTICS FIELDED PV-MODULES

>2000, (303)
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Köppen Geiger main climate zone
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Glass 33% 22% 22% 19% -

Cells/Busbars 46% 29% 38% 62% 15%

Interconnectors 4% 5% 3% - 15%

Encapsulant 8% 11% 12% - 8%

Backsheet - 9% 1% 5% 54%

Junction Box 4% 15% 13% - 8%

Other 4% 8% 7% 14% -

RELATIVE PERCENTAGE OF REPORTED FAILURES PER COMPONENT AND CLIMATE ZONE AS DERIVED FROM THE INFINITY 

STUDY,  M. Halwachs et al., Renewable Energy, vol.139, pp. 1040-1060, 2019. 

Stress also by application / µ-climate
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MODULE FAILURE STATISTICS >2000
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Data: Halwachs, 2019.
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MODULE FAILURE STATISTICS >2000
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Data: Halwachs, 2019.


