T

F
H

Berner Fachhochschule
Haute école spécialisée bernoise
Bern University of Applied Sciences

g ! ] 1 ——
i 1 B .
| & i i£ ¢ E -
i ’5. g 4
I b 1
iR
1 | oy o
i i i AR
98 1 4 i A
- i { ] i
&

| 1)
||111j||

Il

4l i
II.

Long-term Measurements of PV Installations
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Relatore
Note di presentazione
I want to present some results we found after measuring a couple of PV-power plants over 25 years, and I hope to show why we think its imported to measure a power plant as long as possible.
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PV installations monitored by the PV LAB at BFH
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Located in four climate regions in Switzerland
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Relatore
Note di presentazione
first some words about our sites:
We measure PV-Installations at different places in different climate zones in Switzerland, and this is the interesting part of our measurement-network. Because we have now the possibility to compare the different development of PV-Modules, like these from Jungfraujoch with panels of a lower region like Burgdorf or Mont-Soleil.
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Robustness and degradation of Applied Sciences

Regarding long-term measurements:

Focus 20 years ago
What is the technical serviceability
of an installation?
What is the failure frequency of an
installation?
How many components need to be
replaced and how often (e.g.,
converters)?
What is the decrease in energy
yield due to dirt and module
ageing?
What is the lifetime of the PV
modules?
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Relatore
Note di presentazione
In the beginning of the measurements, the questions that interested, were things like: how often get it out of service. For example the converters.
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Robustness and degradation of Applied Sciences

Regarding long-term measurements:

Focus 20 years ago Focus today
What is the technical serviceability Long-term data records of high
of an installation? quality
What is the failure frequency of an

Used for model calibration

. R
installation (e.g., www.sonnendach.ch)

How many components need to be
replaced and how often (e.g.,
converters)?

What is the decrease in energy
yield due to dirt and module
ageing?

What is the lifetime of the PV
modules?
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Note di presentazione
To day the focus turns more to the use of the data, for uses like the calibration of models.

Sonnendach.ch is such an example.
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Example 1: Modelling of solar energy earnings on roofs in Switzerland
www.sonnendach.ch

Freely available web appli-
cation to calculate how

Sonnendach.ch: Geplante Publikationsdaten

much electricity / warm Toitsolaire.ch: Date de publication prévue _ g g o e sy
water can be produced on e
each individual building roof Je———
in Switzerland. et
The work will be completed in . ST A
May 2018, when calculations e
can be done on all roofs in St
Switzerland.
www.soonendach.ch is a
project financed by the Swiss
Federal Office of Energy
(SFOE). E
H
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Relatore
Note di presentazione
The goal of this project is, to give to every owner of a house in Switzerland the knowledge of the potential of energy production of his roof:
- For electricity by installing PV-modules
- For heath by installing thermal solar collectors

It’s only a couple of clicks and the web site shows the annual earnings of energy that can be done with every house.

bur -> nächste seite
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Ve e T w Model results are validated with
measured data from the long-term
S monitoring network operated by the
Solarpotentialanalyse fiir Sonnendach.ch //)/h PV LAB at BFH.
Schiussbericht G The PV installation sites used for the

Datum: 19.02 2016

-
oA il Ort: Bom

model validation (in total 10 systems)
all display a 10-year record (from
2004-2014). Three sites are located

Auftraggeber: Bundesamt fur Energie BFE. 3003 Bam

a Auftragnehmerin:
= - g Autiag

14. 3012 Bem

i Daniel Klauser {Meteotest)
20 Dachflichen [Vogelperspektive)

1 in the Bernese Oberland, one in the

::hglnltgmppe: Martin Hertach {BFE), Dominique Krophi (BFE J u ra M 0 u nta i n S ( M 0 nt SO | e i | )’ five i n

swisslopo)

- l & l u b u !‘ 1 ) BFE-Bereichsieltung: Mastin Hertach (Dienst Geoinformation ) B u rgd O rf (SW i SS Ba Si n ) a n d O n e i n
a BFE-Verirags- und Projektnummer: SU300186-01
F Basel.

9.2.1. Validierung mit langjahrigen Messreihen der BFH Burgdorf

Die Langzeitmessungen des Labors fir Photovoltaik der BFH Burgdorf umfassen 14 PV-Anlagen, die
teilweise mehrere Teilanlagen aufweisen. Davon wurden 7 Anlagen mit insgesamt 10 Teilanlagen fir
die Validierung ausgewéhlt. Die Daten wurden von der BFH Burgdorf fur die vorliegende Validierung
aufbereitet. Ausgewahlt wurden jene Anlagen, fir die mindestens fir 10 Jahre der Periode 2004 —
F 2014 Messwerte vorliegen. Umfangreiche Informationen zu den Anlagen sind auf der Webseite des
H Labors fur Photovoltaik (http:/www.pvtest.ch) zu finden. Von den 10 Teilanlagen liegen 5 in Burgdorf
(Gfeller, NewTech1-3, Schlossmat), eine im Jura (Mont-Soleil), eine im Baselbiet (Liestal) und drei im
Berner Oberland (Birg, Jungfraujoch).

Bern University
of Applied Sciences
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Relatore
Note di presentazione
But behind these values there are calculations that had to bee approved, therefore, Meteotest who did the work, used the long time series of the BFH.
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Robustness and degradation

Regarding long-term measurements:

Focus 20 years ago
What is the technical serviceability
of an installation?
What is the frequency of failure of
an installation?
How many components need to be
replaced and how often (e.g.,
converters)?
What is the decrease in energy
yield due to dirt and module
ageing?
What is the lifetime of the PV
modules?
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Focus today - Addendum:

What is the realistic duration of
a PV module's exposition to the
sun?

— Life time of a roof is 40 years
(SIA norm)

— profitability
(BKW pays 4 Rp. / kwh)



Relatore
Note di presentazione
An other use of the long series of data that are now available, is the analysis of the development of the panels.
I think it‘s realy important to know if a PV-roof stands 40 years. That‘s why we made a bachelor thesis on this subject.

Two students made an analysis about the degradation of the 555 kWp photovoltaic power plant of Mont-Soleil.
Therefor they used the data series collected in the context of our long-term measurement program.
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of Applied Sciences

Analysis of the time variation curves of the PV
installation sites at Mont Soleil (Jura Mountains) and
Jungfraujoch (Swiss Alps) by Breitinger & Moser
(2017)*:

- Siemens M55 modules on all PV installations
iIncluded in the analysis

- Age of PV modules included in the analysis:
25 years (+/- 2 years)

-> Results: Lifetime & degradation are linked to
climate (mean temperature, temperature
differences (min./max.), (solar radiation intensity)

* Bachelor Thesis, Spring Semester 2017:
“Auswertung 25 Jahre PV-Anlage Mont-Solei
Authors: Dominik Breitinger, Jirg Moser

III
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Relatore
Note di presentazione
They also toke some data of the installation of Jungfraujoch, bacause this Installation is in the high alps, exposed to a little differnt climaticle conditions.

The Pannels are Siemens M50 at Jungfraujoch and Siemens M55 at Mont-Soleil. The differnce between these pannels is, that the M55 have 3 cells more than the M50. 
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of Applied Sciences Normalised yields (Yr and Ya) are used to compare the PV installation sites:

Symbol / Term Meaning / Definition Unit

Yr = Reference Yield Yris equal to the time

= theoretical vield that the sun has to shine

measured by)([he with Go = 1kW/m2 to kWh / m’ _|h

pyranometer irradiate the energy Ha d -1kW / m? d
onto the solar generator

Ya = Array Yield Yais equal to the time

= Generator (DC-) that the Py plant has to

performance operate with its nominal [ kWh } _ [E}
power Poto generate d -1kW d
array (DC-) energy Ea
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Relatore
Note di presentazione
To find the degradation of the panels we use the normalised yields of the panels (generator) and the normalised reference yield.

It's clear that we want to compare values with the same units, and that is the case, like we can see in the unit-equations.
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Because Yr represents the effectively captured energy yield, while Yarepresents
the finally converted energy, we can put Ya in relation to Yr
and receive a quotient that represents a measure of the degradation.

Mont-Soleil: normierter Generatorertrag(Y,), normierter Solarstrahlungsertrag(Y,),
Generatorertrag/Strahlungsertrag (Y,/Y,) der Periode 2002 bis 2015
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Relatore
Note di presentazione
the quotient of Ya divided by Yr leads to the blue dotted, unit less, curve above,

its values are on the right side of the diagram, of course this quotient must be lower than one...
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ereptiedscences - Alinear curve fitting to the time variation curve provides the well known function:
y = ax + b, where the factor a represents the gradient that corresponds in our case to the
degradation per year in per-units [pu].

Mont-Soleil: normierter Generatorertrag(Y,), normierter Solarstrahlungsertrag(Y,),
Generatorertrag/Strahlungsertrag (Y,/Y,) der Periode 2002 bis 2015
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Relatore
Note di presentazione
as we can see, at Mont-Soleil we have a degradation of 0.57% per year for the PV modules
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The PV installation at Jungfraujoch has been operational for 25 years.
The diminution of the effective yield - over the analysed 20 years - is only 0.11% per year.

Jungfraujoch: normierter Generatorertrag (Y,), normierter Solarstrahlungsertrag (Y,),
Generatorertrag/Strahlungsertrag (Y,/Y,) der Periode 1995 bis 2014
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Relatore
Note di presentazione
Here at Jungfraujoch, we have the same calculations for the PV modules with a result of 0.11%.

This result is amazing, especially when we take in consideration that the irradiation at Jungfraujoch is higher than at Mont-Soleil.
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sern nversity Two PV modules at the Jungfraujoch installation were detached (after 25 years of
S operation) and flashed at the PV LAB at BFH in Burgdorf.

Degradation Module Jungfraujoch auf Toleranzbreite vom Datenblatt bezogen
fur Pmax' Pnom' Pmin' PIJ-GW

wn
B

+ 10% = 52.8 Wp, — degradation 0.40% per year
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- 4.6% = 45.8 Wp, — degradation 0.11% per year
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Betriebsjahre

——M75 +10% ——M75 +H0% M75 -10% 45.8W

A degradation of 0.11% per year (resulting from the measurement analysis)
suggests a performance of the new panel of 45.8 Wp. As compared to the
nominal 48 Wp of the data sheet, this is within the tolerance band of £10 %
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Note di presentazione
Let‘s prove this result by controlling the conditions at the beginnig. Unfortunately we don‘t know the effective performance of the panels when they were installed.

But we know, because of discussions between the producer and Dr. Häberlin, that it was lower than the nominal 48 Watt peak. The tolerance of this panel is  ±10%
so the minimum performance of these panels are 43.2 Wp 
and the maximum performance are 52.8 Wp.

The found degradation of about 0.11% per year leads to a performance at the beginning of 45.8 Wp (orange line in the graph) what is comfortably in the tolerance band of the ±10 % for the new panel..
So our calculations are not bad.
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The degradation analysis by
Breitinger & Moser (2017) reveals
that PV modules from the 1990s
are ageing less dramatically

than was anticipated 20 years ago.
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Relatore
Note di presentazione
If we keep in mind how the climate situation of these two power plants are, with about 1600 W/m2 at Jungfraujoch and about 1100 W/m2 at Mont-Soleil, our first thought we have, is:
Because of the higher irradiation at Jungfraujoch, these panels would have to be more stressed than the panels of Mont-Soleil.
But this isn‘t the case, so we see, other influence, like temperature, humidity, etc., are more important for the degradation than the solar irradiation.
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With new technologies, new questions are coming up!

Technology in 2014 Technology in 1995

Sunpower X21-345 Siemens M75

Nmodule - 21% - — Nmodule - 12 %
tolerance: +5% / -0% Ul tolerance: +10% / -10%
size: 8 x 354Wp BREUEE /758 size: 24 x 48Wp
= 2832Wp S RS = 1152Wp
= e : . 2
area: 13.05m2 - 1 {118\ area: 9.65m
N t : 97 % Ninverter - 93 %
inverter -
life time: life time:

already 21 years
« already» 3 years yery
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Relatore
Note di presentazione
The new technologies, give new performances like 21% compared to 12% 25 years ago, but there are also new unknowns, like the thickness of the wafers:
new wavers are typically 180 micro meters, old are about 400 micro meters.

Are the thinner Wavers as stresstolerant as the old were? So I wunder, if the new panels become as old as the Siemens panels we have now at the two presented installations
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Summary

The important question of long-term measurements today is:

What is the realistic duration of a PV module, when exposed to the sun
for work?

Need of long-term data records of high quality for:
- model calibration
- verifications of extrapolations regarding life time forecasts of PV-modules
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Thank you for your attention!

Contact:
urs.muntwyler@bfh.ch
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