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ABSTRACT: The Austrian national project INFINITY focuses on design improvements for PV system components 

operating in different climatic regions. This topic appeared increasingly often in the past Photovoltaic conferences, 

being a result from globalization of the PV industry and market, where the same components are mounted under 

different environmental stress. In this context the initial target of the project was to gather failure data from PV 

installations in various climate zones, mostly from literature and cooperation like the IEA PVPS Task 13. A 

standardized data input was achieved by using an extended format of the IEA PVPS Task13 failure survey, allowing 

to enter PV system and failure information in rich detail. The component’s structure and failure structure was elaborated 

by combining input from reliability workshop proceedings, Task13 and experience in Photovoltaic reliability testing. 

This structure was further mapped to a database to collect and prepare the input for further statistical analysis. This 

paper presents the results from comparing different climate zones in the frequency of failures from 1970 until now. 

From this already some differences can be seen between the different climate zones.   
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1 INTRODUCTION 

 

 In the past years several studies investigated the 

performance and reliability of PV power plants (e.g. [1-

3]). The Austrian funded project INFINITY aims on 

design recommendations and possible improvements for 

PV system components operating in different climate 

zones. One task is the analysis of state of the art 

performance and reliability issues in different climate 

zones. Therefore reliability issues of PV installations were 

collected from literature and cooperation. 

  In order to differentiate locations in different climate 

zones the Köppen Geiger classification scheme was used 

(see Fig. 1, [4]). It allowed to specify each PV 

installation’s climate zone with respect to main climate 

zone, precipitation and air temperature within a 0.5 degree 

latitude/longitude grid. 

 

 

2 DATA COLLECTION 

  

 Based on the PV failure survey developed within the 

IEA PVPS Task 13 [5], reliability issues were collected. 

Starting with the components defined in the original 

survey: “PV module”, “Inverter”, “Cable and 

Interconnector”, “Mounting and Other”; each 

component’s key elements (parts) were elaborated 

together with common associated failures (or 

degradations) as samples. 

 The developed extended surveys contain more detail 

on reported issues, while still collecting data in an 

anonymous way. Data from literature, PV system 

qualification within the project and cooperation like IEA 

PVPS Task 13 were structured into the format of the 

former mentioned surveys. 

 In order to allow the collection of surveys with 

variable component types (e.g. mono and poly crystalline 

Si PV modules in the same installation) such PV systems 

were separated in uniform units (sub-systems) of specific 

component types. This separation was necessary to clearly 

identify characteristics of component types and according 

failures. Different sub-systems within the same system 

were found to be affected by different failures [6]. 

 Each survey was capable of defining failures for a 

single sub-system by specifying the components and 

failures found (see Fig. 2). In Total surveys for 488 sub-

systems and 1243 different failure entries were created, 

collected and stored in an SQLite database. 

 

3 DATA FILTERING 

  

 In order to find relations between climate zones and 

failures and / or parts, the collected data was filtered for 

several aspects. 

 

3.1 Climate relation 

 As all arising failures from various components were 

collected, failures without any climate relation at all were 

removed from the evaluations. This mostly affects 

software and connectivity issues of inverters. 

 

Figure 1: World map of Köppen-Geiger climate 

classification [4]. 

 



3.2 Detailing general failures 

 The data collection was performed by several 

scientific partners. In order to not affect the data quality by 

different failure interpretation, the failures were entered as 

close to the stated failure in the original source as possible. 

This resulted in several failures in too little detail (e.g. PV 

module soiling). 

 Where in doubt: 

- “Soiling” in all combinations (homogeneous / 

inhomogeneous from Biofilm or Dust) was 

interpreted as failure of the front glass 

- “PID”, “hot spot”, “snail tracks”, “cracked” and 

“electrical mismatch” were interpreted as solar 

cell failure. 

- “Delamination over cells” was interpreted as 

front encapsulant failure 

- “Foreign particle embedded” and “signs of 

moisture penetration” were interpreted as 

encapsulant failures and 

-  “Increased series resistance” was interpreted as 

interconnect failure. 

 These replacements left more than 60 failures where 

the failure could not be linked to a specific PV module part 

only: “Breaks”, “burn marks”, “discoloring”, “corrosion” 

and “delamination” as well as 2 “lightning strikes”. 

 

3.3 crystalline silicon 

 Within the project INFINITY the focus was on mono 

and poly crystalline silicon technologies. Therefore all 

other technologies, including all unknown technologies 

were dropped from the evaluations 

 

3.4 Detail in climate zones 

 The initial attempt was to use the whole Köppen 

Geiger specification, divided in all possible sub climate 

zones. But a histogram for the individual components 

showed some of these containing very little amount of 

samples (see Fig. 3).  

Figure 2: Extended failure survey, originally from IEA PVPS Task 13. This survey allowed to enter the system properties (on 

top) and the found failures with their occurrence and impact. Each component may be defined in more detail by a dropdown 

list. 

 

Figure 3: Histogram of failures by their Köppen Geiger climate zone. The color resolves for different components. 



 To achieve a better distribution of samples, climate 

zones were solely broken down to the main climate zones 

A (equatorial), B (arid), C (warm temperature), D (snow) 

and E (polar), see Fig 4, removing samples, where no exact 

location was stated by the original source to derive the 

climate zone (N.A.). 

 

4 RESULTS 

 

After applying the above stated filters a total of 950 failure 

entries, 344 sub-systems in 45 countries (see Fig. 5) was 

left. But the distribution of samples in the various climate 

zones according to Fig. 4, solely shows a sufficient amount 

of PV module failures, to be discussed in detail. Therefore 

the following results will focus on the analysis of PV 

module failures.  

 Table I and II show the total amount of PV module 

failures in different climate zones and the distribution of 

PV module technology. The amount of unknown PV 

module type relates to inverter failures, where the module 

technology does not matter for evaluation and may be 

some kind of crystalline silicon but was not stated by the 

original source.  

For data collection a tree structure for PV parts was 

developed splitting up into each part of the component. An 

example path is: PV module – encapsulant – front 

encapsulant. In the same manner failures were structured 

into groups like heat damage or physical damage. This 

structure allowed multiple parts to have multiple failures 

and vice versa. So visualizing solely distribution for parts 

in different climate zones, omits information on the 

various possible failures. The same happened, if solely 

showing failures without the according parts, 

accumulating to probably misleading information. For this 

analysis only other and unknown failures in an undefined 

PV module part were removed, leading to total 791 

failures. Whereas unknown and other failures in certain 

parts and unspecified PV module parts with distinct 

failures were kept. 

 Fig. 6 shows histograms for the combination of part 

and failure having been found in each climate zone. The 

data was sorted descending for each climate zone 

separately. The three level tree structure of PV module 

parts was reduced to 2 levels, showing only the tip of the 

structure and not the whole root. The 2 level failure 

structure is fully visible with root and tip element 

separated by a “/”. 

 Additionally this analysis was done for all collected 

data (installations starting at 1970) and for all sub-system 

installations after the year 2000. Viewing both side by side 

shall allow to identify which failures modes have already 

been sorted out and which failure modes are still relevant 

to be investigated. 

 From Fig. 6 a very interesting finding is the number of 

PID found most prominent in younger times in A and C 

climate, showing 6 and 10 sub-systems being affected. 

 Another finding is the amount of soiling in A climate 

environment, which sums totally to 8 sub-systems being 

affect by different type of soiling. Homogeneous soiling 

by dust is also still an issue in climate B, which is 

reasonable for B, thinking about desert and stepped 

environment. 

 Climate D on the other hand shows mostly snow and 

hail affected failures (possibly also interpreting cell cracks 

as a result from high load on the module) with climate C 

showing also a high amount of hail damage. Cell cracks 

and cell hot spots in climate D are obviously all found in 

sub-system installations after the year 2000. 

 Same can be found for defect bypass diodes and 

pottant discoloring in climate B, which is the only climate 

zone having this high amount of defect by-pass 

Discoloring and delamination are spotted usually in 

older installations for A, while in B and C there is a 

Figure 4: Distribution of failures for different components 

in main climate zones. 

 

Figure 5:  The number of failure entries per country was 

marked from dark grey to blue worldwide (top) and in 

Europe (bottom). Most failures were collected from the 

US. 

 

climate A B C D E 

failures 128 242 373 46 13 

 

Table I:  Distribution of failures per climate zone, 

counting each failure type per individual sub-system 

 

Table II: Number of Failures for each PV technology, 

counting each failure type per individual sub-systems 

PV technology Failures 

mono cSi 407 

multi cSi 268 

x-Si 127 

 



reasonable lower, but still high presence corresponding to 

a shorter time period for the development of these defects. 

 

5 CONCLUSIONS 

 A descriptive analysis of PV module failures from the 

data collection in the Austrian national project INFINITY 

was presented. Data collection and filtering was described 

in order to allow for reproducible comparisons. 

 The collection of data resulted in 950 failure entries 

from 344 sub-systems in 45 countries all over the world. 

In order to identify climates for PV system locations the 

Köppen Geiger climate classification scheme was used, 

based on anonymous GPS data from PV installations or 

regions. 

 Data was collected mainly from climate zone C and 

poorly from climate zone E. The current basis of data 

allows to compare PV module failures between climate 

zones A to D. Several differences in the climate zones 

where found and shown. 

 At the current state of project INFINITY solely 

descriptive statistics on the collected data basis are shown. 

This data will be used to identify potentials to improve PV 

module parts to design PV modules for specific climates. 
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