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Executive Summary 

This report describes the activities, conclusions and continued efforts undertaken 
in Subtask 1 by the participating countries in IEA-PVPS Task 13. Subtask 1 
examines the PV power plant as a system. It collects and studies the data 
supplied from installed operating PV plants from different countries in order to 
understand better the efficiency and reliability of the current state of the art.  
 
Three Activities were defined for Subtask 1 as follows: 
 
Activity 1.1:  Database and Analysis of PV systems 
Activity 1.2:  Statistics on the operation of PV systems in operation for more than 

5 years 
Activity 1.3:  Failure analysis of operational PV systems in an attempt to 

understand cause and effect in PV system failure 
 
 

Database and Analysis of PV Systems 
 
The purpose of Activity 1.1 is to enrich and maintain the existing online 
performance database and to add new operational data from existing and new 
grid-connected PV systems. The activity deals with quality data only, selected and 
analysed for usability by experts from each of the contributing countries. 
 
Currently (May 2014), the PV online performance database contains operational 
data of 594 PV systems from 13 countries. Of these, data from 494 PV systems 
were collected during the former IEA PVPS Task 2. The spectrum ranges from 
small installations of less than 1 kW to power plants of more than 2 MW. The 
database includes datasets of PV systems with different cell technologies and type 
of mounting like flat roof, sloped roof, façade, ground mounted or PV sound 
barriers. 
 
An important function is the possibility to filter the available data within the 
database. This allows a comparison of the different plant data within the sorted 
arguments. Pre-defined filter criteria are: 
 

¶ Year of construction 

¶ Type of plant (i.e. flat roof, sloped roof, facade, etc.) 

¶ Installed nominal power 

¶ Country 

¶ Cell technology 
 
Using the filter options it is not only possible to analyse single PV systems but to 
draw graphs for a whole group of plants.  
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Beside the pre-configured filter and display options, other variants of filters and 
graphs may be desired. So it is possible to export the data to a spreadsheet 
application like Microsoft Excel. In this way, it is possible to create own graphs and 
to analyse the data in more detail. 
 
 

Statistics on the Operation of PV Systems 
 
Activity 1.2 takes the opposite approach, by attempting to answer the question 
ñHow well is PV serving the worldò. Therefore, only three parameters from as 
many PV systems as possible are analyzed:  
 

¶ Annual yield (kWh per installed kWp) 

¶ Performance Ratio PR 

¶ Degradation rate 
 
Participants in the Task 13 have attempted to collect appropriate data for a large 
amount of PV systems. Notably data from Italy, USA and Australia have been 
supplied for this. Limited data availability from other participating countries has 
been addressed by using so-called web scraping techniques that collect and 
organize performance data automatically in databases. In order to study 
correlation between performance and system size, data have been divided into 
system power classes ranging from < 1 kWp to > 10 MWp. In addition, 
performance data can be related to climate zones. Unfortunately, the amount of 
data collected did not allow for determination of degradation rates. 
 
We can conclude from data analyses that todayôs PV systems are in general 
ñdelivering what the salesman saysò, with country differences in annual yield that 
can well be explained by irradiation differences or climate zone differences.  
 
In order to follow the constantly growing PV market and the decentralized energy 
production we recommend to develop more sophisticated monitoring tools.  The 
creation of large databases has the advantage of high-resolution information that 
could give a clear image of the overall performance and the weak points of each 
installation. Moreover, it is possible to further study the performance mechanisms 
and the dependence over various factors.  
 
 

Failure Analysis of PV Systems 
 
The previous activities dealt with analysis of the PV system efficiency. This activity 
1.3 is aimed at finding the root cause of the faults that lead to system downtime or 
low efficiency, as expressed by a low Performance Ratio or efficiency. 
 
A study has begun to find correlation between defined faults, either hardware 
failure or low efficiency, and the system parameters immediately before the fault 
as compared to long before the fault. 
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The systems under study were and will be monitored for efficiency. When the 
efficiency drops or a failure becomes apparent the system parameters will be 
examined and compared to periods of time past.  
 
It is assumed that a correlation between monitored system parameters and 
specific failures can be found and catalogued. If a statistical correlation can be 
found between the changing characteristics of specific parameters and specific 
fault types, these correlations could be used as signs for impending failure.  
Such correlations could then be used to alert the owner on faults when no 
Performance Ratio monitoring exists. 
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1. Foreword 

 

The International Energy Agency (IEA), founded in November 1974, is an 
autonomous body within the framework of the Organization for Economic Co-
operation and Development (OECD) which carries out a comprehensive 
programme of energy co-operation among its member countries. The European 
Union also participates in the work of the IEA. Collaboration in research, 
development and demonstration of new technologies has been an important part 
of the Agencyôs Programme. 
 
The IEA Photovoltaic Power Systems Programme (PVPS) is one of the 
collaborative R&D Agreements established within the IEA. Since 1993, the PVPS 
participants have been conducting a variety of joint projects in the application of 
photovoltaic conversion of solar energy into electricity. 
  
The mission of the IEA PVPS programme is: To enhance the international 
collaborative efforts which facilitate the role of photovoltaic solar energy as a 
cornerstone in the transition to sustainable energy systems. 
 
The underlying assumption is that the market for PV systems is rapidly expanding 
to significant penetrations in grid-connected markets in an increasing number of 
countries, connected to both the distribution network and the central transmission 
network. 
 
This strong market expansion requires the availability of and access to reliable 
information on the performance and sustainability of PV systems, technical and 
design guidelines, planning methods, financing, etc., to be shared with the various 
actors. In particular, the high penetration of PV into main grids requires the 
development of new grid and PV inverter management strategies, greater focus on 
solar forecasting and storage, as well as investigations of the economic and 
technological impact on the whole energy system. New PV business models need 
to be developed, as the decentralized character of photovoltaics shifts the 
responsibility for energy generation more into the hands of private owners, 
municipalities, cities and regions. 
 
The overall programme is headed by an Executive Committee composed of 
representatives from each participating country and organization, while the 
management of individual research projects (Tasks) is the responsibility of 
Operating Agents.  By late 2014, fifteen Tasks were established within the PVPS 
programme, of which seven are currently operational. 
  
The overall objective of Task 13 is to improve the reliability of photovoltaic systems 
and subsystems by collecting, analysing and disseminating information on their 
technical performance and failures, providing a basis for their assessment, and 
developing practical recommendations for sizing purposes. 
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The current members of the IEA PVPS Task 13 include: 
 
Australia, Austria, Belgium, China, EPIA, France, Germany, Israel, Italy, Japan, 
Malaysia, Netherlands, Norway, Spain, Sweden, Switzerland, Turkey and the 
United States of America.   
  
This report focusses on the results of analytical photovoltaic (PV) monitoring,. 
Three research groups present their studies as developed under the Task 13 
umbrella. Each group draws on the international experience and expertise of the 
Task 13 members in researching, analyzing and reporting their results.  
Each group uses monitoring data of different resolution and quality, depending on 
the purpose of the research; degradation trending, PR trending, and failure 
analysis each require progressively fewer sets of higher quality data.  
 
The report expresses, as nearly as possible, the international consensus of 
opinion of the Task 13 experts on the subject dealt with. Further information on the 
activities and results of the Task can be found at: http://www.iea-pvps.org. 
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2. General introduction 

Talking about efficiency in photovoltaics (PV) the focus often lies on efficiency of 
cells or modules. However, it is worthwhile to devote at least equal attention to the 
overall efficiency of the entire photovoltaic system in order to make this technology 
a competitive and reliable alternative to conventional energy sources. Losses in 
inverters and cables, losses due to reflection and temperature effects as well as 
losses due to system outages can greatly affect the overall energy yield and thus 
the economic efficiency of a photovoltaic installation. 
 
In recent years, great progress in terms of the overall efficiency of PV systems has 
been made, which is reflected for instance in a clearly measurable increase of the 
performance Ratio. The Performance Ratio PR (see definition in section 2.2) as an 
important indicator of PV systems efficiency is explained in more detail further on. 
Typical ranges of the PR rose from 50% - 75% in the late 1980s via 70% - 80% in 
the 1990s to typically >80% nowadays, with some systems reaching 90% [1]. 
Nevertheless the PR bandwidth of newly installed PV still varying from 70% - 90% 
shows the necessity of evaluating the performance of entire PV systems. 
 

 

Figure 1: The Solar Olympics Pentathlon. 

 
Considering financial aspects of PV power generation the main focus is often 
limited to specific costs of cells, modules or systems. The production costs per 
kWh however are influenced to a large extent by the cost of capital and the costs 
of operation and maintenance.  
 
The latter are quite obviously affected by the reliability of the PV system. But the 
predictability and availability of PV power plants has also a considerable influence 
on the cost of capital, especially in the medium and long term. If it is possible to 
confirm the high reliability of this technology by independent and sound 
measurements over several years and for a large number of plants, the confidence 
of potential investors / creditors would increase continuously. In the end this would 
result in higher bankability, lower capital costs and hence lower production costs. 
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In an analogy to sports, aiming at an electricity supply based substantially on PV is 
more like competing in an Olympic multisport race than trying to win in one single 
discipline (Figure 1). 
 
 
This report describes the activities, conclusions and continued efforts undertaken 
in Subtask 1 by the participating countries in IEA-PVPS Task 13. Subtask 1 
examines the PV power plant as a system. It collects and studies the data 
supplied from installed operating PV plants from different countries in order to 
understand better the efficiency and reliability of the current state of the art.  
 
Three Activities were defined for Subtask 1 as follows: 
 
Activity 1.1:  Database and Analysis of PV systems (chapter 3) 
Activity 1.2:  Statistics on the operation of PV systems in operation for more than 

5 years (chapter 4) 
Activity 1.3:  Failure analysis of operational PV systems in an attempt to 

understand cause and effect in PV system failure (chapter 5) 
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3. Database and analysis of PV systems 

3.1 Introduction 
 
This activity redefines the existing PVPS online PV performance database in co-
operation with all Task 13 members. An adapted reporting format is created taking 
into account the results of the updated monitoring guidelines [3] elaborated within 
the European Project PERFORMANCE (Subproject 3) [4]. The present structure of 
the database has been left as it is, but is fully integrated into the online version of 
the database. The off-line version of the database will be discontinued. 
 
The target audience of the PV Performance database is: 
 

¶ PV planners 

¶ PV component manufacturers 

¶ PV plant owners 

¶ Vocational schools 

¶ Research laboratories 

¶ Utilities 

¶ Government agencies 

¶ NGOs 
 
New performance data from existing systems in the database is collected from 
Task 13 members and other members of PVPS. New systems have been added. 
It is of importance that only consistent high quality data is added to the database. 
Each national member has to ensure the quality of the data supplied. 
 
With high quality data it is possible to analyze the data in depth and create 
automatic online reports on a regular basis. This enhances the online database 
and attract a wider audience. 
 
The emphasis on the reporting will be issues not fully covered in earlier Task 2 
reports [5] [6] like module temperature, operational efficiencies, failure rate, and 
long-term system performance as well as system degradation. 
 
Recorded values of in-plane irradiation are not available for all plants with a 
sufficient accuracy needed for the observation of possible system degradation. 
Therefore, an additional task of this activity is to validate the irradiation resource 
on a tilted (or tracked) plane for a duration of ten or more years in the past. For 
this purpose, site specific and quality controlled irradiation data may be provided 
through a co-operation with IEA SHCP Task 36 and other sources. 
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3.2 Concept / terms 
 
In order to measure and compare the efficiency of entire PV systems it is 
necessary first to describe the whole energy conversion chain from solar 
irradiation input to electricity fed into the grid by suitable and normalized quantities. 
The normalized evaluation and presentation of the operational data in the IEA 
PVPS Performance Database is based on the Standard IEC 61724, "Photovoltaic 
System Performance Monitoring ï Guidelines for Measurement, Data Exchange 
and Analysis". Because the database comprises grid-connected PV-systems only 
some adaptions were implemented [2], [3]. 
 
Figure 2 shows a schematic illustration of grid-connected PV-systems along with 
the most important parameters. Hi represents the incoming solar irradiation onto a 
PV-Array. EA describes the DC-energy output of the array, for the purpose of 
simplicity, we assume this to be equal to energy EII which is fed into the inverter. 
As the cell temperature has a significant influence to the efficiency of PV-modules 
ambient temperature Tam and module temperature Tm are important for the 
complete description of the PV system. 
 

 

Figure 2: Normalized evaluation of a grid-connected PV-system. 

 
Knowing reference yield Yr and array yield Ya, capture losses Lc can be calculated. 
Beside the mentioned temperature effects there are several more factors that can 
contribute to generator losses, such as partial shading, soiling, reflection, MPP-
tracking-errors, conductor losses, and mismatch. 
 
The inverter transforms DC energy EII into AC energy EIO, which is fed into the grid 
(ETU). System losses of the inverter are calculated as the difference between Ya 
and the normalised final yield Yf.  
 
The Performance Ratio PR calculated from Yf  (AC side) and Ya (DC side) is the 
ratio between the energy actually generated to the energy an ideal lossless PV 
plant would have produced with the same amount of irradiation energy and at a 
module temperature of 25 °C. The PR is one of the most useful key figures to 
determine the efficiency of PV-systems regardless of module efficiency. 
 
In the Annex further recorded and derived parameters used for the PV 
Performance Database are listed. This standardization of parameters is crucial to 
allow a profound analysis and comparison of PV systems.  
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3.3 Using the IEA PVPS Performance Database 
 
The IEA PVPS Performance Database is basically open to everybody after 
registration. The database is available under the following address in the Internet: 
 
http://www.iea-pvps.org   
 
With a web browser the data of PV plants from different countries, sizes, and 
years of construction acquired and evaluated during the Task 2 (1993-2007) and 
Task 13 (after 2010) , can be accessed with an easy to use graphical interface. 
 
A search function allows for access to the data of a specific plant. In the overview 
ñPlantò the most important project specific data such as nominal power, number of 
modules or geographic location can be viewed. In further menus more detailed 
information such as type of the inverters and modules or the combination of the 
modules to strings can be accessed. The recorded data is evaluated and 
displayed in tables and graphs on a monthly base and in an annual overview, such 
as shown in Figure 3. The exemplary graph shows the monthly data from 2012 of 
a PV plant at Bolzano airport in Italy. 
 

 

Figure 3: Screenshot of the online database: Yield of a PV plant at Bolzano airport 
(Italy). 

  

http://www.iea-pvps.org/
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The 12 bars in the Figure 3 show the monthly average of the normalized yield per 
day. The normalization shows the average full operational hours per day. The 
overall height of the bar represents the Reference Yield Yr. The yellow part 
represents the array capture losses Lc, while the green part stands for the system 
losses Ls. If the part for capture losses and system losses is not available the total 
losses is shown in red. The blue part represents the final yield of the plant. The 
green line symbolises the (AC) Performance Ratio PR. It is not a straight line, due 
to different influences such as temperature effects or snow coverage of the 
modules. Additional information such as the outage fraction is shown with a red 
line. Outage can be caused by an outage of the inverters or of the overall system. 
Another important function is the possibility to filter the available data within in 
database. This allows a comparison of the different plant data within the sorted 
arguments. Pre-defined filter criteria are shown in Figure 4: 
 

¶ Year of construction 

¶ Type of plant (i.e. flat roof, sloped roof, facade, etc.) 

¶ Installed nominal power 

¶ Country 

¶ Cell technology 
 
 

 

Figure 4: Filter criteria with the online database. 

 
Within the filtered data, there is still the possibility to display the data on a monthly 
or annual base in form of tables. Additionally, there are five normalized and pre-
defined graphical displays of the data available which can be applied to the filtered 
data. 
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3.3.1 Analysing single PV systems 

Figure 5 shows the monitored annual Performance Ratio of a single PV system at 
Jungfraujoch in the Swiss Alps (3ô471 meters above sea level) for 16 years of 
operation. It can be seen that the PR of this system stays almost constant at about 
0.8 over this time period. 
 

 

Figure 5: Annual Performance Ratio of a PV system in Switzerland. 

 
In comparison Figure 6 shows the same type of chart for a selected PV system in 
Germany. The annual PR decreases significantly over the monitored time of 9 
years. Possible reasons for this decrease are degradation effects of the PV cells.  
 

 

Figure 6: Annual Performance Ratio of a PV system in Germany. 
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The annual PR of a third PV system located in Italy is shown in Figure 7. The PR 
of this system is varying noticeably over the monitoring period of 13 years. This 
indicates that the system experienced several outages since being installed. 
 

 

Figure 7: Annual Performance Ratio of a PV system in Italy. 

 

 

3.3.2 Analysing groups of PV systems using filter criteria 

Using the filter options it is not only possible to analyse single PV systems but to 
draw graphs for a whole group of plants.  
 
Figure 8 and Figure 9 show two charts of operational data from PV systems 
filtered by year of installation. Figure 8 shows the annual PR for PV systems 
installed between 1983 and 1990. Figure 9 shows the annual PR for PV systems 
installed between 2005 and 2012. Comparing the two graphs it is visible that more 
operational data is available for the more recent years. Furthermore it can be seen 
that the PR of the PV systems installed in the 80s vary around a value of 0.7 
whereas the PR of the newer plants show typical values of 0.8.  
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Figure 8:  Performance Ratio of PV systems installed between 1983 and 1990 
Plotted in the order of each plant-name and year of operation in the 
x-axis. 

 

 

 

Figure 9:  Performance Ratio of PV systems installed between 2005 and 2012 
Plotted in the order of each plant-name and year of operation in the 
x-axis. 
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Figure 10 and Figure 11 show two more graphs of the same PV systems 
discussed above. Here the final yield is plotted versus the reference yield. Figure 
10 shows data for systems installed from 1983 ï 1990, Figure 11 shows data for 
systems installed between 2005 and 2012. The blue line represents a PR of 1, i.e. 
an ideal PV system without losses under standard test conditions. A constant PR 
<1 would be represented by a line starting at 0 with slope corresponding to the PR. 
The further a data point, i.e. the annual final yield is away from the blue PR=1 line 
the lower the PR of the PV system for the respective year of operation. Comparing 
the cloud diagrams the data points in Figure 11 are closer to the blue line 
indicating a higher PR for the more recent PV Installations. 
 
This way of illustrating system performance is useful to compare a great amount of 
datasets graphically in order to analyse the influence of different factors such as 
cell technology, mounting type or others. 
 

  

Figure 10: Final yield vs. reference yield 
for PV systems installed between 1983 
and 1990 (Task 2). 

Figure 11: Final yield vs. reference yield 
for PV systems installed between 2005 
and 2012 (Task 2 & 13). 

 
 
A third predefined chart type is shown in Figure 12. For the example of Great 
Britain, the annual final yield in kWh/kWp is plotted. The values are not only 
influenced by the PR of the system but by the irradiation available at the location. 
Most values vary between 300 and 650 kWh/kWp.  
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Figure 12:  Annual final yield for PV systems in Great Britain. 
Plotted in the order of plant-name and year of operation. 

 
 
In Figure 13 the same type of chart is plotted for PV systems in Italy. As expected 
the values are higher than for Great Britain ranging from 600 to values of almost 
1800 kWh/kWp. 
 

 

 

Figure 13:  Annual final yield for PV systems in Italy.  
Plotted in the order of plant-name and year of operation. 
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Figure 14 shows the fourth predefined type of graph of the database web 
application for PV systems in Switzerland (left) and Italy (right). In this graphs the 

operational array efficiency ɖA is plotted vs. the nominal (theoretical) array 
efficiency ɖA,STC at standard test conditions. Standard test conditions (STC) are 
defined by a irradiation of 1000 W/m2 in the module plane, a module temperature 
of 25°C and a light spectrum at air mass (AM) of 1.5. As the charts are based on 
monthly data it is possible to illustrate and compare the range of the array 
efficiencies within the monitored years for selected PV systems. A major influence 
to the array efficiency is the seasonal change of the ambient temperature, which 
affects directly the temperature of the cells and therefore the cell efficiency. The 
red line in the diagrams represent an ɖA / ɖA,STC ratio of 1. Although data values 
above this line are possible for some sites (e.g. a cold and sunny alpine location), 
the datasets need to be verified carefully to avoid having datasets based on 
measurement or calculation errors in the database. 
 

 

  

 

Figure 14: Monitored array efficiency vs. nominal array efficiency at standard test 
conditions STC; left: selected PV systems in Switzerland, right: PV systems in 
Italy. 

 
 
  



 

19 
 

Figure 15 shows an example of the 5th predefined chart type. Annual irradiation in 
the module plane is plotted versus the latitude of the respective PV system. 
Operational data of all participating PV plants of Task 13 are included in this chart. 
This illustrates the bandwidth of irradiation that is available for the different sites 
and gives an impression of the geographical distribution of the PV systems 
included in the database.  
 

 

Figure 15: Annual irradiation in module plane vs. latitude of PV system location. 

 
Beside these pre-configured filter and display options, other variant of filters and 
graphs may be desired. For that purpose, an export filter has been implemented. A 
simple and effective way of using the database individually is to list annual or 
monthly operational data in a table and subsequently export it to a spreadsheet 
application like Microsoft Excel. In this way, it is possible to create own graphs and 
to analyse the data in more detail. 
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As an example in Figure 16, plant data of several PV systems contained in the 
database is shown. In Figure 17 an example of monthly operational data can be 
seen. 
 

 
 
Figure 16: Example of plant data contained in the database. 

 

Figure 17: Example of monthly operational data contained in the database. 

  

Nr.
Name	of		

plant
Country

Installation	
year

PV	plant	
	total		

nominal			

power		

@	STC

Cell		
techno-

logy

Data		
from

Data	to Mounting Latitude Longitude Altitude

Total		
number		

of	

	inverters

Total		
nominal	
power	

	inverter

Total		
number	

of	

	modules

Module		
area	of	all		

arrays

Nominal	
	array		

efficiency

1
3E_Vaartstra
at	61

BELGIUM 2010 3.18 poly 201203 201212
Sloped	
	roof

50.85 4.35 58 1 3.5 14 22.87 13.9

2
ABBfreestan
ding

SWEDEN 2005 3 poly 201106 201208
Free		
standing

59.62 16.56 20 3 3.3 30 25.2 11.9

3
Agassi	Prep	(
CDP)	#1

UNITED								
STATES

2010 146.64 mono 0 0
Sloped	
	roof

36.2 -115.16 620 1 135 611 996.03 14.72

4
Agassi	Prep	(
CDP)	#2

UNITED															
STATES

2010 121.68 mono 0 0
Sloped	
	roof

36.2 -115.16 620 1 135 507 826.49 14.72

5
Agder	Energi
	Kjoita

NORWAY 2011 45.18 mixed 201105 201309 Flat	roof 58.15 8 19 9 39.6 208 339.06 13.33

6
Bad	Krozinge
n

GERMANY 2004 66.3 poly 200412 201205 Flat	roof 47.92 7.7 233 13 59.8 442 518.91 12.78

7
Bad	Rappena
u

GERMANY 2008 417.6 thin	film 200807 201112
Free		
standing

24.24 9.1 235 40 400 5760 4147.2 10.07

8 BIRG
SWITZER-				
LAND

1992 4.13 mono 199501 200912 Facade 46.56 7.86 2677 1 3.4 78 33.3 12.41

9 Bodensdorf AUSTRIA 2012 19.8 poly 0 0
Sloped	
	roof

46.69 13.89 543 1 17 90 134.5 14.72

10
Bolzano	Airp
ort

ITALY 2010 662 thin	film 201009 201402
Free	
standing

46.5 11.36 262 75 645 8538 6150 10.76

11 BZɪGFV21 ITALY 2010 4 poly 201106 201212
Free		
standing

46.3 11.21 262 1 4 18 28.8 13.88

12 BZɪGFV22 ITALY 2010 0.97 thin	film 201106 201212
Free		
standing

46.3 11.21 262 1 1.1 36 21.6 4.5

13 BZɪGFV23 ITALY 2010 1.09 thin	film 201106 201212
Free		

standing
46.3 11.21 262 1 1.1 6 11.79 9.26

14
Campbell	Sci
entific

UNITED															
STATES

2011 13.4 poly 201104 201203 Other 41.74 -111.83 1382 1 13.4 64 95 14.11

15 CE1 ITALY 2009 19.8 poly 200906 201212
Sloped	
	roof

45.49 8.87 200 4 16.3 93 153 12.94

16 CE10 ITALY 2010 49.68 poly 201005 201209
Free		
standing

41.89 13.58 250 9 46.8 276 356 13.96

Name	of		plant Power Area Year Month M O Ta Tm EIO Yr YA Yf Lc Ls Ltot PR etaA etaINV etaTot Yield

ABBfreestanding 3 25.2 2011 6 1 0 20.51 27.07 357.86 4.81 -99 3.98 -99 -99 0.83 0.83 -99 -99 0.1 119.29

ABBfreestanding 3 25.2 2011 7 1 0 22.02 28.12 305.62 4.02 -99 3.29 -99 -99 0.74 0.82 -99 -99 0.1 101.87

ABBfreestanding 3 25.2 2011 8 1 0 20.17 27.04 302.22 4.01 -99 3.25 -99 -99 0.76 0.81 -99 -99 0.1 100.74

ABBfreestanding 3 25.2 2011 9 1 0 16.94 23.82 243.8 3.27 -99 2.71 -99 -99 0.56 0.83 -99 -99 0.1 81.27

ABBfreestanding 3 25.2 2011 10 1 0 10.97 15.94 145.99 1.94 -99 1.57 -99 -99 0.37 0.81 -99 -99 0.1 48.66

ABBfreestanding 3 25.2 2011 11 1 0 8.01 10.96 47.01 0.77 -99 0.52 -99 -99 0.25 0.68 -99 -99 0.08 15.67

ABBfreestanding 3 25.2 2012 3 1 0 6.14 17.79 247.72 3.24 -99 2.66 -99 -99 0.58 0.82 -99 -99 0.1 82.57

ABBfreestanding 3 25.2 2012 4 1 0 7.05 12.36 250.13 3.38 -99 2.78 -99 -99 0.6 0.82 -99 -99 0.1 83.38

ABBfreestanding 3 25.2 2012 5 1 0 14.96 18.39 281.68 4.75 -99 3.03 -99 -99 1.72 0.64 -99 -99 0.08 93.89

ABBfreestanding 3 25.2 2012 6 1 0 15.06 21.77 198.15 4.04 -99 2.2 -99 -99 1.84 0.54 -99 -99 0.06 66.05

ABBfreestanding 3 25.2 2012 7 1 0 20 27.46 208.44 4.13 -99 2.24 -99 -99 1.89 0.54 -99 -99 0.06 69.48

ABBfreestanding 3 25.2 2012 8 1 0 16.44 25 173.25 3.49 -99 1.86 -99 -99 1.62 0.53 -99 -99 0.06 57.75

BIRG 4.13 33.3 1995 1 1 0 -9.2 24.33 319.01 3.53 2.74 2.49 0.79 0.25 1.04 0.71 0.1 0.91 0.09 77.24

BIRG 4.13 33.3 1995 2 1 0 -4.7 24.82 373.19 4.4 3.55 3.23 0.85 0.32 1.17 0.73 0.1 0.91 0.09 90.36

BIRG 4.13 33.3 1995 3 1 0 -7.6 21.73 502.1 5.25 4.3 3.92 0.95 0.38 1.32 0.75 0.1 0.91 0.09 121.57

BIRG 4.13 33.3 1995 4 1 0.01 -2.4 20.69 507.77 5.1 4.48 4.1 0.61 0.38 1 0.8 0.11 0.91 0.1 122.95

BIRG 4.13 33.3 1995 5 1 0 0.7 19.73 468.6 4.45 3.99 3.66 0.46 0.33 0.79 0.82 0.11 0.92 0.1 113.46

BIRG 4.13 33.3 1995 6 1 0 1.9 16.89 357.55 3.42 3.14 2.89 0.29 0.25 0.54 0.84 0.11 0.92 0.1 86.57

BIRG 4.13 33.3 1995 7 1 0 8.4 21.75 229.3 2.48 1.96 1.79 0.52 0.17 0.69 0.72 0.1 0.91 0.09 55.52

BIRG 4.13 33.3 1995 8 1 0 4.6 18 200.08 2.02 1.71 1.56 0.31 0.15 0.45 0.77 0.11 0.91 0.1 48.45

BIRG 4.13 33.3 1995 9 1 0 0.4 19.67 337.57 3.37 2.97 2.72 0.39 0.25 0.65 0.81 0.11 0.92 0.1 81.74

BIRG 4.13 33.3 1995 10 1 0 5 31.82 436.57 4.44 3.73 3.41 0.7 0.33 1.03 0.77 0.1 0.91 0.1 105.71

BIRG 4.13 33.3 1995 11 1 0 -3.5 27.77 441.33 4.37 3.93 3.56 0.44 0.38 0.81 0.81 0.11 0.9 0.1 106.86

BIRG 4.13 33.3 1995 12 1 0 -6.5 22.98 334.48 3.13 2.89 2.61 0.24 0.28 0.52 0.83 0.11 0.9 0.1 80.99

BIRG 4.13 33.3 1996 1 1 0 -3.2 28.71 475.59 4.62 4.11 3.71 0.51 0.4 0.91 0.8 0.11 0.9 0.1 115.15

BIRG 4.13 33.3 1996 2 1 0 -9.9 22.77 433.07 4.39 4 3.61 0.39 0.39 0.78 0.82 0.11 0.9 0.1 104.86

BIRG 4.13 33.3 1996 3 1 0 -6.7 21.65 579.27 5.64 4.99 4.52 0.65 0.47 1.12 0.8 0.11 0.91 0.1 140.26

BIRG 4.13 33.3 1996 4 1 0 -2.6 20.16 431.79 4.3 3.83 3.48 0.48 0.34 0.82 0.81 0.11 0.91 0.1 104.55

BIRG 4.13 33.3 1996 5 1 0 0.7 17.28 396.91 3.78 3.37 3.1 0.4 0.28 0.68 0.82 0.11 0.92 0.1 96.1

BIRG 4.13 33.3 1996 6 1 0 4.5 18.13 261.2 2.78 2.3 2.11 0.48 0.2 0.67 0.76 0.1 0.91 0.09 63.24

BIRG 4.13 33.3 1996 7 1 0 4.8 17.12 227.83 2.34 1.95 1.78 0.39 0.17 0.56 0.76 0.1 0.91 0.09 55.16

BIRG 4.13 33.3 1996 8 1 0 4.2 18.1 198.65 2.06 1.71 1.55 0.36 0.16 0.51 0.75 0.1 0.91 0.09 48.1

BIRG 4.13 33.3 1996 9 1 0 0.5 21.88 331.18 3.43 2.93 2.67 0.51 0.25 0.76 0.78 0.11 0.91 0.1 80.19

BIRG 4.13 33.3 1996 10 1 0 0.7 29.07 436.76 4.4 3.76 3.41 0.64 0.35 1 0.77 0.11 0.91 0.1 105.75

BIRG 4.13 33.3 1996 11 1 0 -4.9 22.28 309.81 3.14 2.76 2.5 0.38 0.27 0.64 0.8 0.11 0.9 0.1 75.01

BIRG 4.13 33.3 1996 12 1 0 -5 28.21 369.64 3.61 3.2 2.88 0.41 0.32 0.73 0.8 0.11 0.9 0.1 89.5

BIRG 4.13 33.3 1997 1 1 0 -3.6 29.47 487.15 4.8 4.22 3.8 0.58 0.42 1 0.79 0.11 0.9 0.1 117.95
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3.4 Data input and quality assurance 

3.4.1 Quality over quantity 

For operational data of PV plants to be accepted in the PV Performance 
Database, pre-defined quality standards have to be fulfilled (see Figure 18). 
Several precautions have been taken to ensure the requirements of these 
standards are fully met. For every country there is one (or more) national expert 
who is responsible for quality assurance of the data provided from their respective 
country. 
 
Quality of the recorded data is ensured with the definition of minimal requirements 
for the data measurements carried out. Calibrated solar irradiation measurements, 
a correct measurement of the module temperature as well as the measurement of 
the energy flows on DC and AC side of the PV system are part of these 
requirements. The data has to be measured with a high time resolution and 
derived values have to be calculated by using standardized and defined methods 
of calculation. 
 

 

Figure 18: Topology of the PV Performance Database. 

 
  



 

22 
 

The national experts provide the measured and verified data to the database 
operator (TNC). For the process of entering data, a Filemaker runtime database is 
used (Figure 19). This Filemaker runtime database can be obtained for free from 
the database operator TNC. The user is provided with a standardized Excel 
Worksheet for entering the operational data into the import tool of the database. 
The import tool performs a check of the provided data. Incorrect inputs, such as 
logical contradictions, are detected and the user is prompted to correct the input. If 
the data sets fulfil the requirements, an export file is generated which then can be 
sent by email to the database operator. With this multi-level procedure it is 
assured that the minimal requirements for the quality of the data are fulfilled and 
the form of the data file is compatible with the database when it is provided to the 
database operator. The database operator conducts a last check of the data 
before importing the data sets into the main database. 
 

 

Figure 19: Screenshot of Filemaker runtime database. 

 

3.5 Present state of the PV Performance Database 
 
Currently the PV performance database contains operational data of 594 PV 
systems from 13 countries. Of these, data from 494 PV systems were collected 
during Task 2. The spectrum ranges from small installations of less than 1 kW to 
power plants of more than 2 MW. The database includes datasets of PV systems 
with different cell technologies and type of mounting like flat roof, sloped roof, 
façade, free standing or PV sound barriers. 
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Figure 20a: The amount of datasets collected by March 2014 within Task 13. 
 

 

Figure 20b: Time and country of data collection by March 2014 within Task 13. 

  

Task 13 overview_2

Page 1

Country PV Systems P0 (kW)

AUSTRIA 4 201

BELGIUM 1 3 1 10

FRANCE 7 21 7 91

GERMANY 7 2,914 7 516

ISRAEL 1 51

ITALY 31 943 31 1,078

MALAYSIA 1 45 1 12

NORWAY 1 45 1 29

SPAIN 1 14 1 72

SWEDEN 10 322 5 52

SWITZERLAND 11 1,464 10 1,434

UNITED STATES 25 2,464 21 1,349

Total 100 8,488 85 4,643
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4. Statistics on the operation of PV systems  

4.1 Introduction 
 
Over the past years the development of solar PV technology in combination with 
low installation and maintenance costs made PV systems a popular form of 
renewable electricity production. Especially, small and medium size domestic 
users have started to embrace solar technology in order to reduce their utility bills. 
The majority of domestic production is coming from a large amount of scattered 
systems that are less than 5 kWp and operate under various conditions with 
insufficient monitoring equipment. Consequently, failures and energy losses 
remain undetected for a long time and due to limited data availability many 
performance validation studies were mainly focusing on a specific geographical 
area with a limited amount of systems. As larger systems usually are fitted with 
extensive monitoring equipment, better control of performance is possible.  
 
The purpose of this study is to answer the question ñHow well is PV serving the 
world?ò. In answering this, the focus is on annual data in order to focus on what a 
customer/PV owner wants to know. Only three numbers will be reported: 
 

¶ Annual yield (kWh per installed kWp) 

¶ Performance Ratio PR 

¶ Degradation rate 
 
The simplicity of reporting only three numbers (but for a large number of systems) 
allows easy communication of the results to the PV customers/owners who wish to 
know ñWill this PV system REALLY deliver what the salesman says?ò 
 
Participants in the Task 13 have attempted to collect appropriate data for a large 
amount of PV systems. Notably data from Italy, USA and Australia have been 
supplied for this. Limited data availability from other participating countries has 
been addressed by using so-called web scraping techniques that collect and 
organize performance data automatically in databases. 
 

4.2 Methodology 

4.2.1 Data from participants 

A data sheet template was developed to collect aggregated performance data, see 
Figure 21. Data is sorted per year of installation and system size, the latter in bins 
of one order of magnitude difference, viz. < 1 kWp, 1é10 kWp, 10é100 kWp, 
0.1é1 MWp, 1é10 MWp, and > 10 MWp. Participants of the Task 13 were asked 
to collect data for different climate zones in their country, for instance Italy 
collected data for the North, Middle and the South. All data averaging was 
performed by the participants themselves to circumvent possible data 
confidentiality issues.  
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In the data sheet participants are requested to input: 
 

¶ Number of systems 

¶ Mean annual AC yield (kWh/kWp) 

¶ Mean annual Performance Ratio 

¶ Mean annual irradiation (kWh/m2) 
 

For all data also standard error in the mean is requested. Also, participants are 
required to specify the way in which Performance Ratio was calculated (averaged 
daily, or monthly), and how irradiance was measured (local sensor or satellite). 
 

 

Figure 21: Data sheet template for data collection. 

 


















































