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ABSTRACT

Switzerland takes part in the Photovoltaic Power Systems (PVPS) program of the International Ener-
gy Agency (IEA), Task 13: Performance and Reliability of Photovoltaic Systems, 2014 — 2017.The
overall objective of Task 13 is to improve the operation, reliability and, thus, electrical and economic
output of photovoltaic power systems and subsystems.

Task 13 is focusing on:

* Providing reliable statistical data for any kind of decision makers for different PV applications and
system locations (e.g. different countries, regions, climates).

+ Technical issues such as adapting test methods and reliability assessments of PV modules, com-
paring the long-term behaviour of systems and components, as well as performance analysis and
optimization of PV systems

Long term and standardized performance monitoring of PV plants is essential for future PV deploy-
ment. The value of performance monitoring is widely underestimated and lack of willingness to share
operational data make it difficult to obtain reliable project data. IEA PVPS T13 maintains a perfor-
mance database with predefined and standardized performance analysis. In this work, a new ap-
proach to assessing and analyzing performance data of large populations of PV plants is developed,
using existing yield data from Feed-in-Tarif (FiT) databases in combination with calculated solar irra-
diation values based on measured hourly solar irradiation data.

The fourth report “Analysis of Long-Term Performance of PV Systems”:

The report was prepared by the Task13 members with the main author Thomas Nordmann and Luzi
Clavadetscher TNC with Wilfried van Sark, The Netherlands and Mike Green, Israel. The report was
published in January 2015. These report investigates data supplied from installed operating PV plants
in different countries in order to improve understanding of efficiency and reliability issues of current
state-of-the-art PV systems. This new and fourth report concludes that PV systems installed in recent
years are in general “delivering what the salesman says”, with country differences in annual yield that
can well be explained by irradiation or climate zone differences. Based on the analysis of more than
600 PV plants in key countries around the world, the report also identifies numerous root cause of
faults that lead to system downtime or low efficiency, expressed by a low overall Performance Ratio.

New approach to analysing longterm performance of large populations of pv systems in FiT markets
with minimal efforts and costs:

This new approach is applied exemplary to the Swiss PV market, producing 1’170 PV projects for
performance analysis and confirming the potential to monitor large amounts of PV projects in all
countries with FiT. The number of entries in the IEA PVPS performance database over all countries
can be doubled with the assessed Swiss PV projects of this work. First findings confirm average PR
of 0.75, differences in performance between small and large PV plants in the range of 2...5% and
around 6.8% higher average specific yield than assumed in FiT models.
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Projektziele

Betrieb, Unterhalt und Ergdnzung weiterer Daten und PV Anlagen der Lander in die Performance
Web-Datenbank IEA PVPS Task 13.2.

Erfassung Schweizer Daten und Ergdnzung mit Anlagestandort, PV Technologie, Nennleistung, ge-
messener und verrechneter elektrischer Ertrag, Globalstrahlung.

Durchgefuhrte Arbeiten und erreichte Ergebnisse

Die Arbeiten der TNC Consulting AG umfassen folgende Themenbereiche:

1.
2.
3.

4.

Laufender Betrieb und Unterhalt der Performance Web-Datenbank

Report IEA-PVPS T13-05:2014 ,Analysis of Long-Term Performance of PV Systems*

New approach to analysing longterm performance of large populations of pv systems in FiT mar-
kets

Mitarbeit der Task13 Meetings und wahrend internationalen Konferenzen Intersolar und Europai-
sche Photovoltaikkonferenz.

. Laufender Betrieb, Erganzung und Unterhalt der Performance

Web-Datenbank

Fur die analytische Datenbank Task 13.2.1 sind seit August 2013 bis heute sind tber 200 Benutzer
aus ca. 60 Landern registriert. Insgesamt sind 119 PV Anlagen aus 12 Landern in der Datenbank mit
Uber 20'600 Messdatensatze vorhanden. 50 neue Anlagen wurden aus Deutschland per Dezember
2015 zugesagt, sind aber bis zum 1.3.2016 noch nicht eingetroffen. [1]

Figur 1: Anzahl PV Anlagen und installierte kW aus der IEA PVPS Datenbank

Die Datenbeschaffung verlief generell schleppend. Die in Aussicht gestellten zusatzlichen Datensatze
und Anlagen aus Australien, Deutschland und Holland sind weiterhin pendent.
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Anlasslich des Task Experten-Meetings Anfang Oktober 2015 in Australien wurde die immer grosser
werdende Anzahl von Beteiligten Lander am Task 13 nochmals eingeladen, ihre Projektdaten fir die
analytische Datenbank zur Verfligung zu stellen.

Nachstehende Zusammenstellung (Tabelle 1) zeigt die immer noch unbefriedigenden Mdéglichkeiten
zusatzlicher Projekte der einzelnen Lander.

Country Database Annual data Websource Due date
Australia pv-map.apvi.org.au
1: Nov 2015 (3); March
Austria 5 20 2016 (more)
2: Dec 2015
Belgium 3 3 May 2016 (1yr data)

? (awaits feedback

Chi
na 1 from institute)
Denmark 1-5 probably Nov 2015
At least 2, up to 60
France (will become clear | probably Jan or Feb 2016

in next weeks)

End of 2015 (following

G
ermany 50 (ISE) contact with Luzi)

Israel 1-5 Jan 2016

Italy 1 (EURAC) Jan 2016

Japan 1-2 probably March 2016

Malaysia

Nether-

lands

Norway

Spain

Sweden (need to talk to collea-
gues; Anna)

Switzerland

USA

Tabelle 1: Erhebung Wilfried van Sark, IEA PVPS Task 13, 10-13 October 2015

2. Report IEA-PVPS T13-05:2014 ,,Analysis of Long-Term Perfor-
mance of PV Systems*

Der Publik Report wurde im November 2014 abgeschlossen und im Januar 2015 publiziert. Als
Hauptautor war TNC verantwortlich fiir die Koordination und den Gesamtbericht in Zusammenarbeit
mit den zwei Co-Autoren Wilfried van Sark aus Holland und Mike Green aus Israel. [3]

Overview
This report investigates data supplied from installed operating PV plants in different countries in order
to improve understanding of efficiency and reliability issues of current state-of-the-art PV systems.

The first section describes the continued efforts to enrich and maintain the existing online performance
database and to add new operational data from existing and new grid-connected PV systems. This
activity deals with quality data only, selected and analysed for usability by experts from each of the
contributing countries.
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Currently (mid 2014), the PV online performance database contains operational data of nearly 600 PV
systems in 13 countries. The spectrum ranges from small installations of less than 1 kWp to power
plants of more than 2 MWp. The database includes datasets of PV systems with different cell techno-
logies and type of mounting like flat roof, sloped roof, fagade, 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. 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
analyze the data in more detail.

A complementary approach is described in the second section, attempting to answer the question
“‘How well is PV serving the world”. Therefore, only two parameters from as many PV systems as pos-
sible are analyzed:

— Annual yield (kWh per installed kWp)
- Performance ratio PR

Experts of Task 13 have attempted to collect appropriate data for a large amount of PV systems. No-
tably 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. It may be
concluded that today’s PV systems are in general “delivering what the salesman says”, with country
differences in annual yield that can well be explained by irradiation differences or climate zone diffe-
rences. While the first two sections deal with the analysis of PV system efficiency, the third section
aims at finding the root cause of faults that lead to system downtime or low efficiency, as expressed by
a low overall Performance Ratio. A study has begun to find correlation between defined faults, either
hardware failures or low efficiencies, and the system parameters immediately before the fault as com-
pared to long before the fault. 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 parame-
ters 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.

The Technical Report can be downloaded from the IEA-PVPS website www.iea-pvps.org.

3. New approach to analysing longterm performance of large popu-
lations of PV systems in FiT markets

Case study Switzerland: Development, Implementation and Application, analysis and first results, Au-
thor: TNC Consulting AG, Thomas Vontobel, Thomas Nordmann (Activity leader PVPS T13 2.1),
Ralph Lingel. Abstract Topic 5.2 EU PVSEC 2016, Munich [5]

Purpose of the work

Monitoring of performance of operating PV plants is essential to assess effectiveness of FiT schemes,
energy strategies and goals, confirming PV plants as reliable energy sources to political and other
decision makers.

Nonetheless it is not done on a large scale. This is partly due to the general lack of interest in perfor-
mance of PV plants as well as the lacking willingness of operators to share operational data, but also
because there is a perception that the process of performance surveillance is too complicated. IEA
PVPS T13 2.1 operates such a database for performance analysis.
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This paper describes a new method to use existing data to answer essential questions concerning
performance of PV plants and shows results such as Performance Ratio, development of performance
over time, comparison of performance for different sizes and types of PV plants with little effort and for
large numbers of PV plants.

The method is applied to Switzerland, where a sample of 1’170 PV plants is evaluated and first results
are presented. The method described can be applied to every country with a FiT scheme or similar,
centrally organised systems.

Approach

While In-Depth Monitoring of PV plants implies (additional) the need of hardware to monitor all of the
necessary data as well as a plant operator who is willing to share the operational data, there are other
approaches.

Every nation with a Feed-In-Tariff (FiT) or a similar system has a database with the yield of the PV
plants using FiT. For Switzerland, the grid operator Swissgrid collects the yield of PV plants in the FiT
scheme. These databases are used for accounting for produced solar electricity and paying out the
FiT and therefore have to at least account for the overall yield of a PV plant.

Basic information about the PV plant such as location, orientation and inclination of modules and no-
minal power are mostly available.

An agreement with the Swiss Federal Office of Energy and the national grid operator Swissgrid allo-

wed the use of data of the operational PV plants under the Swiss FiT scheme in an anonymous form.
The following questions are of specific interest:

- Do the PV plants perform well? How do they perform compared to the yield in FiT assumptions?

- Can a decrease in performance for a PV plant over time be observed?

- s there a difference in performance between new and old PV plants?

- Is there a difference in performance between large and small PV plants?

In order to calculate a Performance Ratio PR for PV plants, solar irradiation at the location is needed.
PR =Yf+ Yref

Figure 2: Around 160 meteo-stations in Switzerland are used as baseline for calculating solar irradiation at PV
sites.
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Values for solar irradiation are usually not available in FiT databases (neither measured nor calcula-
ted). For the approach described in this paper, measured data from a network of around 160 meteo-
stations is used to calculate the solar irradiation for the locations of the PV plants. This task is perfor-
med by MeteoTest, a Swiss company specialized in meteorology. (www.meteotest.ch)

The available 1’170 projects, corresponding to a nominal power of 49.3 MWp, have been split in two
groups: One group of 801 PV plants, which consist of a single module array, and a group of 369 PV
plants, which consist of several module arrays with different orientation and/or inclination. The selec-
ted evaluations shown here base on the first group of 801 projects.

Results

The following numbers apply to Switzerland. A total number of more than 8900 PV plants was opera-
ted under FiT when this project started. Not counted are PV projects on the waiting list (cap of FiT in
CH). An overall set of 1’170 records was identified for which data on yield was available suitable to
answer the above questions (for example having complete data on yield over a full year available). FiT
in Switzerland exists since 2009, giving a timeframe of 6 years of operational data for analysis and
evaluation.

Figure 3: Geographical distribution of the 1’170 PV plants corresponding to 49.3 MWp used for this evaluation.

Potential influence on performance monitoring —IEA PVPS T2 and T13

IEA PVPS performance database sets a benchmark on performance monitoring. In T13 and T2 an in-
depth analysis of performance is conducted. There are 19 countries providing operational data of PV
plants for performance analyses, leading to an overall of 594 projects in the IEA PVPS database.

The described approach using FiT databases for yield data and combining it with calculated solar irra-
diation delivers a total of 1’170 additional PV plants in this batch processed for Switzerland only. This
is an increase of 197% (double) in total number of PV plants available in the IEA PVPS databse. FiT
PV plants in Switzerland potentially allow for 10’512 PV plants for Switzerland only (current state Q4
2015).

The database developed for this project is highly flexible and can easily be adapted to different count-
ries and combinations of data available, offering the potential of a very large number of PV plants for
integration in performance monitoring such as IEA PVPS. Requirement for availability of good meteo-
rological data is in the view of the authors the only potentially restricting criteria.
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Figure 4: Existing projects in IEA PVPS database compared to projects processed in this batch for Switzerland.

For validation of the method described, the available data of the IEA PVPS database shall in parts be
recalculated using the method described and then compared with the obtained results from this work.

Data realiability and quality
Several calculations and evaluations have been performed in order to verify data quality from FiT

database.

In the FiT database nominal installed power and module area are specified. Where nominal power is
reliable, since it is verified upon entering FiT by a third party, module area is a value given by the FiT
applicant. Module efficiency is not specified in FiT database, but can be calculated using these two
available parameters.

Figure 5: Verification of user provided data quality by calculating module efficiency with verified nominal power
and user provided module area.

49 datasets have a calculated module efficiency of less than 12%, and 5 datasets have a calculated
module efficiency of above 25%. These datasets have to be assumed to be of poor quality leading to
these unrealistic module efficiencies.

These 54 datasets make up for 6.7% of the 801 overall datasets, supporting the impression of reliabil-
ity for information provided by FiT applicants and allowing better judgment of overall quality of derived
assumptions.
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Other inputs are also validated. For example, calculated solar irradiation is compared to measured
solar irradiation for exemplary PV plants where measured data is available. Existing values of the IEA
PVPS database are also used to verify the obtained results.

How well do the pv plants perform? Overall performance ratio
Overall performance ratio as defined by IEA PVPS (PR = Yf + Yref)is calculated on a yearly base for
all PV plants with a full year of yield data available as well as on a monthly base.

Figure 6: Comparison of all data available on annual performance ratios for 2014and 2013.

In this evaluation, performance data for the year 2014 is sorted declining. Performance data for the
year 2013 are shown in the same order of projects, allowing a comparison of development for each
project.

Most PV plants show constant annual performance. Those PV plants with low annual performance in
2014 and average performance in 2013 seem to have had a case-based issue leading to performance
decrease in 2014, while those which have low performance as well in 2014 as in 2013, a persistent
performance issue has to be assumed. This second case accounts for about 1.9% of the evaluated
PV plants.

Figure 7: Performance ratio according to IEA PVPS standards with solar irradiation vs. normalized yield plotted.

Average performance ratio over all years results in 0.75. As expected, some values clearly lie above
and some below average performance ratios. Possible reasons for such values are: faulty data, poor
performance of the PV plants, difference in calculated solar irradiation vs. on site solar irradiation.
Annual PR show a rather broad variance in values. To understand this variance better, PR calcula-
tions are performed on monthly base for more detailed insight in distribution of PR.
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For further improvement of PR calculations, available module temperature data shall be taken into
account.

Are the fit assumptions correct? Specific yield

FiT models are based on assumptions concerning annual specific yield for “good” PV plants. In Swit-
zerland, FiT calculations assume 950 kWh/kWp specific yield. Evaluation of the data sample shows a
higher specific yield than assumed.

Average Comparison to FiT
specific Yield assumptions
[kWh/kWp] [%]

2009 1’000 +5.2%

2010 945 -0.5%

2011 1’085 +14.2%

2012 1'049 +10.5%

2013 964 +1.4%

2014 1’038 +9.2%
Overall 1’013 +6.7%

Although not necessarily representative for a lifetime of a PV plant, for the 5 years evaluated, the av-
erage specific yield is 6.7% higher than the assumed specific yield in FiT calculations. This fact im-
plies, that in FiT success predictions, it can be expected that more solar electricity is generated with
the same amount of installed nominal capacity of PV plants than is assumed. This has to be taken into
account by decision makers.

The findings are compared to the findings with the second group of projects, containing PV plants with
several module arrays, such as east/west mounted PV systems.

Is there a decrease in performance over time?

PV plants with complete yield data as well for 2009 as for 2014 are compared to each other, giving the
largest possible time between datasets. This leaves a dataset of 88 PV plants. Overall performance
decrease is calculated at 0.79%. This is far less than could be expected for example based on module
efficiency warranties (25a, 80%). In order to quantify the finding, other sets of data are compared.
Performance 2013 is compared to performance 2009, showing a decrease of performance of 4.23%
for the same PV plants. Performance 2012 is compared to performance 2009, showing a decrease of
performance of 1.43%. For performance 2011 there is even an increase in performance of 1.25%,
while for 2010 there is a decrease of 1.52%

The development of performance over time within the 6 years of data available is within the borders of
data reliability and does not allow clear finding.

Figure 8: Performance on a yearly base for available datasets compared over a period of 6 years.
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Is there a difference in performance between small and large pv plants?
The database allows for easy selection of different sets of project criteria. One example is the compar-
ison of efficiency of small to large PV plants.

PV plants with a nominal installed power <15 kWp are considered small, where as PV plants with a
nominal installed power >50 kWp are considered large PV plants. The database provides 51...273
small and 19...313 large projects for 2009...2014. The difference in performance varies from year to
year, but shows a tendency that smaller PV plants are performing slightly less well as larger PV
plants. For 2010, the difference in performance was at 2.4%, for 2011 it was at 5.4%, in 2012 and
2013 it was at 5.0% and in 2014 it was at 6.6%.

A more restricting definition with small PV plants below 10 kWp (46...241 projects) and large PV
plants above 100 kWp (5...115) leads to the following results: For 2010, the difference in performance
was at 3.0%, for 2011 it was at 9.9%, in 2012 it was at 4.8%, in 2013 it was at 4.3% and in 2014 it was
at6.4%.

Figure 9: Visualization of two different sets of assumptions for comparing performance of large and small PV
plants.

The results found show that smaller PV plants are around 2-5% less efficient as larger PV plants.

Using the geographical data in the database, integration into GIS can easily be achieved in order to
empirically control representativeness in geographical distribution of the PV plants analyzed.

Figure 10: Geographical distribution of PV plants analyzed: Green: PV plants >100 kWp, pink PV plants <10kWp
all with at least one complete year of data on yield.
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Conclusions

- A new and efficient approach to assess and analyze performance data has been developed and
implemented, using existing yield data from FiT database in combination with measured and con-
verted solar irradiation for performance analysis delivering a vast mass of projects with small ef-
forts.

- The approach has been successfully applied to Swiss FiT projects producing 1’170 projects with
monthly yield and performance available over a period of 6 years. The approach can easily be
adapted for any country with a FiT scheme.

- The described approach delivers results, which can be classified somewhere between a global
(annual) and analytical monitoring. With monthly performance data available, the approach can be
used to complement the data acquisition for IEA PVPS performance database on a large scale.

First findings include:

- Average yield for the evaluated projects with one module array is 6.7% above FiT assumptions. PV
is underestimated.

- Small PV plants perform 2...5% worse than large PV plants.

- Average of annual performance for datasets analyzed is at 0.75. About 1.9% of the PV plants seem
to have a consistently lower than expected performance.

Weiteres Vorgehen:
Die ersten Erkenntnisse und das weitere Vorgehen mit den Task Mitgliedern betreffend des Daten-
transfers werden anlésslich des kommenden Task-Meetings in Bolzano im April 2016 diskutiert.

Zusammen mit Swissgrid muss festgelegt werden, wie die Datenschutzbedingungen eingehalten wer-
den kénnen und ob die projektindividuellen Daten ohne prazise Adressangaben (z. B. nur Kanton)
individuell in der Task 13 Datenbank 6ffentlich vorgehalten werden kénnen oder ob die Resultate nur
in anonymisierten Auswertungen verwendet werden kdnnen.

4. Mitarbeit der Task13 Meetings und Konferenzen per 1.3.2016
Bis Méarz 2016 wurden 4 Task-Meetings durchgefihrt.

1. Wien vom 17. — 19. Marz 2015: Keine Teilnahme von TNC aufgrund Terminiberscheidung mit der
Schweizer PV Tagung. Th. Nordmann wurde nach vorheriger Abstimmung und Koordination ver-
treten durch den Subtask Co-Leader Wilfried van Sark.

2. Task 13 Workshop in Miinchen anlasslich der Intersolar am 9. Juni 2015: Input Folien betreffend
Performance Database durch Th. Nordmann an Wilfried van Sark.

3. Hamburg anlasslich der EU PVSEC am 14. September 2015: Prasentation der Fortschritte durch
Th. Nordmann sowie Koordination des kommenden Task-Meetings im Oktober 2015 in Australien.

4. Vom 2. —7. Oktober 2015 fand das Task Meeting in Alice Springs und Melbourne in Australien
statt. Th. Nordmann hat an diesem Meeting aufgrund fehlender Finanzierung nicht teilgenommen.

Zukunftige Meetings und Konferenzen ab 1.4.2016:

5. Minchen EU PVSEC Juni 2016: Ausarbeitung des Abstracts Topic 5.2 “New approach to ana-
lyzing longterm performance of large populations of pv systems in fit markets with minimal efforts
and costs case study switzerland: development, implementation and application, analysis and first
results, TNC Consulting AG, Thomas Vontobel, Thomas Nordmann, Activity leader PVPS T13 2.1
und Ralph Lingel. [5]

6. Vorbereitung und Teilnahme des Expert Meetings Bolzano im April 2016.
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Nationale Zusammenarbeit

Fir den Schweizer Teil kann die umfassende Datenquelle von Swissgrid (KEV) mit genutzt werden
und damit eine sehr reprasentative Anzahl von Schweizer Anlagen in den internationalen Vergleich
vom Betriebsverhalten mit einbezogen werden.

Die Zusammenarbeit mit der Meteotest AG, Bern fur die Umrechnung der Einstrahlungswerte aus den
bestehenden 100 SMA Meteostationen erlaubt die Verwendung von qualifiziertem, Schweizerischem
Know-How im Rahmen der nationalen Zusammenarbeit.

Internationale Zusammenarbeit

Task 13 ist Teil der Photovoltaic Power System Vereinbarung der IEA, einer internationalen Zusam-
menarbeit. Folgende IEA PVPS Lander und Institutionen sind am Task 13 beteiligt: Australien, Oster-
reich, Belgien, China, Danemark, Deutschland, England, EPIA, Frankreich, Holland, Israel, Italien,
Japan, Malaysia, Norwegen, Spanien, Schweden, Schweiz, Thailand, Turkei, USA und Zypern.
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