
June 2000 ECN-C-00-067

Characterisation of PV Modules
of New Generations

Results of tests and simulations

J.A. Eikelboom and M.J. Jansen



2 ECN-C--00-067

Acknowledgement

The work was carried out under NOVEM contract 146.230-016.1 "Karakterisering PV
modules van nieuwe generaties". This report includes only part of the activities of the
above-mentioned contract, namely the results of characterisation activities at ECN. Two
amorphous Si modules will be monitored during the year 2000 and the characterisation
of these modules will be reported by the second project partner Ecofys.

Abstract

PV modules of nine different types were tested during indoor and outdoor
measurements. The electronic and thermal properties of the modules were determined
and in simulations the energy yield of these modules under typical Dutch
meteorological circumstances was calculated.
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1. INTRODUCTION

Global PV module production is growing rapidly. Although the market is dominated by
crystalline silicon modules, non-crystalline silicon modules are rapidly penetrating the PV
market. Besides various types of amorphous silicon modules with multi-junction layers,
modules based on new technologies are introduced, such as CIS or CdTe.
PV modules are incorporated in systems and the customers are interested in a high energy yield
of the systems. The energy yield from PV systems cannot be determined on basis of the nominal
power of the module. Under outdoor conditions the irradiance and ambient temperatures are
constantly varying and at non-standard conditions the characteristics of the modules are often
not known. At this moment there are no internationally accepted procedures to characterise
modules in such a way as to allow an accurate estimate of the annual energy yield for a PV
system at a specific location.

In this report a set of test procedures is described for the characterisation of PV modules. The
result of these tests is a characterisation of the PV module from which an estimate of the energy
yield can be obtained through simulations. In the framework of this project ECN has developed
procedures which are implemented on the test equipment. These are available to all interested
parties for testing purposes.

The aim of this project is to measure characteristics of a set of relevant types of PV modules in
order to make an estimate of the annual energy yield and to describe the test procedures. It was
explicitly not intended to compare actual performance of the modules with the data-sheet
specifications from the manufacturer. Not all modules were purchased on the 'free' market and
the number of modules (2) measured of each type is too small to draw any general conclusions.
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2. THE PV MODULES

PV modules were selected not only for reasons of the new technologies involved, but also for
reasons of comparison with existing techniques and the relevance to the Dutch market.
The modules as shown in table 1 have been tested.

Number Manufacturer Code Technology Area, m2

1 BP Solarex BP 585 Mono-Si, LGBG 0.6303
2 Kyocera KC60 Multicrystalline Si 0.4911
3 Siemens S30 CIS 0.2458
4 Siemens SM-55 Mono-Si 0.4274
5 United Solar Systems US-32 Amorphous Si (triple stack) 0.5222
6 ASE ASE-100 EFG Si sheet 0.8262
7 Free Energy Europe A13P Amorphous Si 0.2880
8 BP Solarex MST 43 Amorphous Si (double stack) 0.8210
9 Shell Solar Energy RSM 75 Multicrystalline Si 0.7113

Table 1 - PV modules under test

The FEE A13P modules and the Shell RSM75 were already available at ECN. Figure 1 shows
the PV modules, from left to right according to table 1.

Figure 1 - Line-up of the PV modules
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3. THE OUTDOOR TESTS

3.1 The equipment

The outdoor test facility at ECN consists of a test rig and a mobile robot positioner. On the test
rig modules can be mounted in a fixed position, facing south with a tilt angle of 30 degrees, see
figure 2.

Figure 2 - Test rig for PV modules

The robot is constructed from a satellite disc positioner and it can be placed on the roof of the
building of ECN Solar Energy, see figure 3. Two modules can be fixed on the frame. The
azimuth and the tilt angle of the frame can be varied through two remotely controlled motors.

A reference cell, a so-called ESTI cell calibrated by JRC-Ispra, measures the irradiance in the
plane of the frame on which the modules are positioned. This solar cell provides a small voltage
signal, which is proportional to the irradiance. A P100 sensor determines the temperature of the
module. The irradiance and temperature signals are amplified and measured by a PC.
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Figure 3 - Robot with two modules on the roof of the ECN - Solar building

The IV curves of the module are measured using a KEPCO power supply. The four-quadrant
power supply can operate as a source or a sink for electrical energy. In constant-voltage mode
the voltage over the module (as sensed by the power supply at the module terminals) is
determined by a voltage signal generated by DAC card in the PC.
For IV measurements the computer programme provides a time-series of voltages that control
the module voltage. For each module voltage the current generated by the PV module can be
measured. Thus the entire IV curve, including parts where the module is dissipating power, can
be determined within a few hundred milliseconds.
The computer programme controls the power supply through a DAC card and measures the
module voltage, module current, irradiance and module temperature through an ADC card.

All external signals are calibrated. The voltage and current signals from the power supply can be
calibrated using multimeters. The input signal (current/voltage to power supply) can be
compared to the output signal (digital representation) on the PC. Corrections for observed
relations between input and output can be made during the analysis of the data.
The temperature reading can be calibrated by recording the temperature as measured under
equilibrium conditions by a calibrated thermometer and comparing it to the temperature signal
on the PC.
The ESTI reference cell provides a certain voltage (app. 40 mV) at the irradiance corresponding
to Standard Test Conditions (STC), 1000 W/m2. The calibrations of this particular reference cell
were carried out by JRC-Ispra and NREL. The data acquisition of the irradiance signal is
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calibrated by giving at the input a specific voltage signal, recording the value as determined by
the computer programme and comparing it to the calculated value.

The module temperature is determined by the ambient conditions, such as the ambient
temperature, wind speed and the incident irradiance. In order to obtain module characteristics
for the module temperature of 25 °C corrections for non-standard temperatures need to be made.
The aim is to perform measurements at module temperatures as close as possible to 25 °C. In
order to keep the module temperature from rising far above the ambient temperature the module
can be shaded by covering it with a wooden plate.

The test procedure for measuring a PV module outdoors on the robot positioner is as follows:
1. Calibration of the current and voltage signal of the KEPCO power supply
2. Calibration of the temperature signal (from measured temperature to programme value)
3. Calibration of the irradiance signal (from voltage signal to programme value)
4. When relevant: calibration of the reference cell in solar simulator (from irradiance to

voltage signal)
5. Placing the PV module on the robot outdoors, making all electrical connections, cleaning of

the surface of the reference cell and the PV module
6. Putting the module surface perpendicular to the incident direct solar irradiance, if necessary

covering the module to keep the module temperature as close as possible to the ambient
temperature

7. After the module is uncovered IV measurements are performed automatically for every
irradiance interval of 50 W/m2. By rotating the module slowly out of the sun, the irradiance
is decreased until there is no direct sunshine on the module surface. During this rotation IV
measurements are performed continuously. Special care is taken to maintain a horizon, as
seen by the PV module, which is free from obstacles

Using this procedure the data of a number of IV curves with corresponding module
temperatures and irradiances are stored on hard disk of the PC. From the curves the open-circuit
voltage Voc, the short-circuit current Isc and the voltage/current Vmpp/Impp at Maximum Power
Point can be determined by local fits to the measured curve. Various procedures are available
for determining Voc, Isc, Vmpp and Impp at the standard temperature of 25 °C. The most general
method is by correcting the measured data using the known temperature coefficients of Voc, Isc
and Pmpp. For crystalline silicon an alternative method is using the two-diode model and making
the corrections based on the underlying physical model, see [2]. The entire test procedure for
outdoor measurements, including the set-up, takes approximately three hours.

The test rig (see figure 2) is meant for measurements that run over a period of a day or more.
During the course of the summer day the south facing PV modules have a good chance of
having incident irradiance from zero to well above 1000 W/m2, the temperature will be
determined by the meteorological conditions as ambient temperature, irradiance, the wind speed
and wind direction. Detailed measurements of one-minute average values of Pmpp, the irradiance
and the module temperature can be stored on the PC. Especially simultaneous measurements
allow precise comparisons between modules. Up to five modules can be monitored.

It has been verified for module #9 - a flat glass mc-Si module - that the differences between
efficiency curves determined by means of the robot positioner or the test rig are negligible. This
means that for practical purposes the temperature-corrected module efficiency does not depend
on the angle of incidence of the direct irradiance or the amount of diffuse irradiance.
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3.2 The measurement results
A typical result of the robot measurements is shown in figure 4. For the ASE module (#6) the
module efficiency is shown as a function of the irradiance for a module temperature of 25 °C.

Figure 4 - Module efficiency of ASE module as a function of the efficiency

The module efficiency is defined as the ratio between the output power of the module and the
incident irradiation on the entire module area, for a module temperature of 25 °C. This means
that the module efficiency is dependent on the space between the cells and the area of the frame.

For these measurements the module temperature was close to 25 °C. For the small difference
between the actual module temperature and the standard temperature of 25 °C the temperature
coefficient for the MPP point, as determined in the ECN climate chamber (see following
chapter) was used. Based on these discrete measurements a simple but accurate relation between
the module efficiency and the irradiance can be formulated in the form a series of connected
straight-line segments, as shown in figure 4.

Figure 5 shows the module efficiencies as a function of the irradiance, as determined for the
nine modules. It is well known that the amorphous silicon modules have an initial nominal
power that is well above the stabilised power as can be measured after several months of
outdoor exposure. In order to be independent from degradation effects and properties of
individual modules the module efficiencies as shown in figure 5 are scaled to yield the nominal
module power as specified by the manufacturer at the Standard Test Conditions irradiance of
1000 W/m2.

When the nominal powers of the crystalline silicon modules, as given by the manufacturers, are
compared to the nominal power as determined with the outdoor measurements it is observed
that the nominal powers as determined experimentally are all lower than that specified by the
manufacturer. The average is 6.5% below specifications, with minimum and maximum values
of 5.1% and 7.9 %.
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Figure 5 - Dependence of module efficiency on the irradiance for all nine modules
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4. THE INDOOR TESTS

4.1 The flashtester
In the laboratory IV measurements can be performed by means of a flash tester. The ECN
flashtester is a commercial model, the QuickSun tester manufactured by FORTUM, Finland, see
figure 6. The tester performs the measurement during a single flash, during which the IV curve
is measured within one millisecond.

The measurement procedure is based on the known properties of a reference module, which has
been calibrated externally, e.g. at JRC-Ispra or NREL-USA. The underlying assumption is that
this external laboratory has determined accurately the short circuit current corresponding to the
Standard Test Conditions, i.e. an AM1.5 spectrum, 25 °C module temperature, homogeneous
and perpendicular irradiance and 1000 W/m2 intensity. Homogeneity is obtained by the 6-meter
distance between the flash lamp and the PV module. The flash lamp and the PV module are
placed inside a cabin, which is painted black inside. Similarly black curtains and a diaphragm
guarantee that reflections towards the module from the interior sides are minimal. The paint and
the cloth were selected by ECN for their minimal infrared reflections. The homogeneity on the
module area was measured by placing the irradiance sensor in the various positions in the
measurement plane.

The measurement procedure starts with a flash test of the reference module, during which the
irradiance sensor of the flashtester (see figure 7) determines at what irradiance (as measured by
the sensor) the reference module has the STC short circuit current, as determined by the external
calibration institute. Then the reference module is exchanged for the test module and during the
subsequent flash the sensor triggers the IV measurement procedure at the exactly the same
irradiance signal as during the measurement of the reference module.
By virtue of the fact that the flash spectrum is sufficiently similar to the AM1.5 spectrum the
inaccuracy of this kind of measurements of the nominal module power is held to be around 5%.
The main inaccuracy is caused by the given inaccuracy of the STC short-circuit current
measurement of the reference module (3%)
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Figure 6 - PV  module in flashtester, at the back of  the module the climate chamber

Figure 7 - PV module in flashtester, to the left the ESTI reference cell
and the temperature sensor
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Based on the flash tester properties regarding the spectrum, homogeneity and stability (see [1])
the tester is classified by the manufacturer as a class A test device.

All nine types of modules of table 1 were flash tested. ECN has several multicrystalline silicon
modules available, which have been calibrated at JRC-Ispra. These modules can serve as
reference modules for this type of modules. For the IV measurements the reference module with
mc-Si solar cells as produced at ECN (code LC52) was used.
As the spectrum of the flashlight is not equal to that of AM1.5, the STC IV characteristics of a
module, which is not similar to the reference module, cannot in principle be determined with the
flashtester. This is caused by the differences in the spectral response of the solar cells, which is
not only determined by the type of material (e.g. CIS vs. crystalline of multicrystalline silicon)
but also by the manufacturing process (changes of emitter structure, surface passivation, quality
of bulk material, BSF layout, etc.). It is known however that the effects of variations in the
spectral response of crystalline silicon PV modules on the nominal power are rather small (in
general less than 2%), thus for these modules the flash test can give a good indication of the
nominal power. The nominal power of the non-crystalline silicon PV modules cannot be
determined by the ECN flash tester as no suitable reference modules are available.
However measurements of temperature coefficients of characteristic IV parameters can be made
for all PV modules on basis of flash-test results. It can be assumed that the irradiance during the
IV measurement does not influence the observed temperature dependencies too much.

Table 2 shows the difference between outdoor and indoor nominal power measurements for Si
based cell technologies, as percentage of the outdoor results. The differences between outdoor
measurements and flash-test are small, bearing in mind that the IV results from institutes like
JRC-Ispra and NREL have a stated inaccuracy of 3%. The calibration of the ESTI cell which is
used in ECN outdoor measurements is performed by NREL in the USA, whereas the
calibrations of the reference modules are all carried out at JRC-Ispra.

Number Code %, module A %, module B
1 BP 585 -0.5 -1.0
2 KC60 1.4 -0.4
4 SM55 -1.4 0.0
6 ASE-100 -1.6 -2.7
9 RSM75 0.3 0.1

Table 2 - Relative difference in nominal power of the two samples between
flash test results and outdoor measurement results

ECN intends to purchase as much as possible reference modules or reference cells to allow the
flashtester to be used for measurements of the nominal power of all kinds of PV modules.
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4.2 The results of measurements of temperature coefficients
The flashtester is built adjacent to a climate chamber, which has a double-glazed entrance door.
By opening a door at the end of the cabin a PV module inside the climate chamber can be flash-
tested at the ambient temperature of the climate chamber. The temperature can be controlled
between -10 °C and 80 °C. As an example table 3 shows the fit results of IV traces measured on
the ASE module (#6).

T amb Isc Voc Pmpp FF
°C A V W -

19.8 3.1037 42.74 98.65 74.37
10.0 3.0796 44.25 102.64 75.32
3.0 3.0578 45.17 104.94 75.98
15.2 3.1022 43.13 99.91 74.67
27.4 3.1221 41.37 94.67 73.30
39.2 3.1366 39.70 89.65 71.99
51.0 3.1485 38.04 84.27 70.36
63.0 3.1575 36.42 79.11 68.79
56.4 3.1517 37.91 83.94 70.25
43.2 3.1310 39.94 90.12 72.06
32.9 3.1267 41.39 94.71 73.18
20.9 3.1016 43.03 99.39 74.47
10.1 3.0700 44.43 102.96 75.49

Table 3 - IV parameters of the ASE module (#6)
as measured in the climate chamber

Figure 8 shows the dependence of these parameters on the ambient temperatures.
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Figure 8 - Dependence of Isc, Voc, Pmpp and FF on the ambient temperature
for the ASE module

Temperature ambient [C]

0 10 20 30 40 50 60 70

Sh
or

t c
irc

ui
t c

ur
re

nt
 [A

]

3.04

3.06

3.08

3.10

3.12

3.14

3.16

3.18

Temperature ambient [C]

0 10 20 30 40 50 60 70

O
pe

n 
ci

rc
ui

t v
ol

ta
ge

 [V
]

34

36

38

40

42

44

46

Temperature ambient [C]

0 10 20 30 40 50 60 70

M
ax

im
um

 P
ow

er
 [W

]

75

80

85

90

95

100

105

110

Temperature ambient [C]

0 10 20 30 40 50 60 70

Fi
ll 

fa
ct

or

68

70

72

74

76

78



ECN-C--00-067 17

Table 4 shows for the nine modules the temperature coefficients of the IV parameters.

TC Isc TC Voc TC Pmpp TC FFNumber Manufacturer Code ××××10-4 ××××10-3 ××××10-3 ××××10-3

1 BP Solarex BP 585 2.1 -3.7 -5.0 -1.6
2 Kyocera KC60 3.1 -3.6 -4.6 -1.5
3 Siemens S30 0 -2.9 -3.9 0
4 Siemens SM-55 0 -3.7 -5.2 -1.4
5 Uni-Solar US-32 8.6 -3.1 -0.8* 1.2*

6 ASE ASE-100 8.0* -3.4 -4.4 -1.6
7 Free Energy Europe A13P 8.3 -2.9 0* 2.0*

8 BP Solarex MST 43 7.2 -3.3 -1.8 1.2*

9 Shell RSM 75 1.8 -3.3 -4.6 -1.4

Table 4 - The temperature coefficients as measured for the PV modules, all numbers noted with
an * are given for 25 °C, as the temperature coefficients are not constant as function of
temperature.

4.3 The measurement results of outdoor degradation
The IV curves of the two samples of all nine manufacturers have been determined by indoor
flash-testing in December 1999. In January 2000 one of each pair of modules (coded "B") has
been placed on the outdoor test rig, figure 2. The other module (coded "A") was stored indoors.
In June 2000, after five months of outdoor exposure, the modules "B" were removed from the
test rig and thoroughly cleaned. Both modules "A" and 'B" of each manufacturer were again
flash tested.

The changes in the IV parameters Isc, Voc and Pmpp for each of the modules are shown in table 5.
When flash-test measurements are performed repeatedly on a specific reference PV module over
a period of weeks, it is found that the spread in the observed IV characteristics is of the order of
magnitude of 1%. As the indoor degradation as shown in table 5 is in general smaller than 1%,
it can be concluded that after six months of indoor storage the IV characteristics of the modules
"A" is too small to be determined.

From the modules that were exposed to outdoor conditions the CIS module and the amorphous
silicon modules show strong degradation of the maximum STC power. For the FEE module the
short-circuit current has decreased markedly by outdoor exposure, for the other modules that
show degradation it is especially the form of the curve which has been changed for the worst,
i.e. the fill factor has decreased.
Monocrystalline modules, as those of Siemens and BP Solarex, show hardly any degradation,
the multicrystalline modules of Kyocera and Shell Solar Energy show only very small changes
in the IV characteristics. The changes in the sheet silicon modules of ASE are negligible.

The meteorological conditions in the period January-June 2000 have been reasonably average
with several weeks of very sunny weather. The global irradiation during the period January-May
2000 in Petten was determined to be 425 kWh/m2, compared to an average value of
364 kWh/m2 for the corresponding period in the Test Reference Year of the Netherlands.
The modules have been replaced on the test rig for a second period of six months after which
they will be flash tested again.
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Manufacturer code Indoor
degradation, %

Outdoor
Degradation, %

Isc -0.8 -0.8
Voc -0.9 -0.5BP Solarex (c-Si) 1
Pmpp -0.3 -0.6
Isc -0.6 -1.5
Voc -0.5 0.0Kyocera (mc-Si) 2
Pmpp -0.7 -1.8
Isc -0.7 -2.6
Voc 0.0 -2.6Siemens (CIS) 3
Pmpp -1.2 -9.9
Isc -0.6 -2.1
Voc 0.0 -0.5Siemens (c-Si) 4
Pmpp 0.9 -1.1
Isc 0.0 -3.5
Voc -0.4 -5.4UniSolar (a-Si) 5
Pmpp -1.4 -18.7
Isc 0.3 -0.7
Voc 0.0 -0.2ASE  (c-Si) 6
Pmpp 1.0 0.1
Isc 0.0 -15.8
Voc 0.0 -2.2FEE (a-Si) 7
Pmpp -0.6 -35.9
Isc -0.3 -1.4
Voc 0.0 -3.0BP Solarex (a-Si) 8
Pmpp 0.1 -13.8
Isc 0.0 -1.5
Voc -0.5 -0.5Shell Solar (mc-Si) 9
Pmpp -0.5 -2.3

Table 5 - Indoor and outdoor degradation of IV characteristics -
Results of flash tests after indoor and outdoor exposure 

compared to results of initial flash test measurements
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5. DISCUSSION OF RESULTS

The annual yield of grid-connected PV systems is determined by the characteristics of the PV
inverter and the PV modules. On basis of the module characteristics as presented in this project
report ECN has developed a simulation programme, which is made available at the ECN - Solar
Energy web site, see http://www.ecn.nl/solar/.
The programme offers a user-interface where the system parameters can be specified and a
energy yield estimate can be made. The programme is based on typical Dutch meteorological
conditions as given in the Dutch Test Reference Year TRY of De Bilt, inverter characteristics,
as measured in other projects at ECN and widely accepted irradiance models, this programme
allows the user to make an energy yield simulation.
The user has to select a PV inverter and a number of certain PV modules, choose an orientation
for the modules and likewise a period during the year for which the yield is to be modelled. The
programme calculates the energy available at the AC side of the inverter, as well as more
detailed information about energy losses. The overall performance is characterised by the yield
in terms of kWh/kWp, kWh/m2 and the performance ratio. As was stated before in connection
with the presented module efficiencies in figure 5, all these calculations are based on the
nominal module power as specified by the manufacturer. Deviations between the actual power
(under standard test conditions) of installed modules and the nominal power as given by the
manufacturer ("name plate rating") can result in yield figures different from those simulated
here.

Table 6 shows the results for a south-facing PV system with a tilt angle of 35 degrees. The DC
yields are determined using a imaginary inverter with a unitary DC-AC efficiency. For a
realistic AC yield the Sunmaster 2500 inverter is selected, using a number of PV module as to
get a PV systems 20% oversized with respect to the nominal inverter power. The temperature
rise of the PV module above the ambient temperature is taken as 36 °C per 1000 W/m2, i.e. the
K-factor is 0.036 °C/(W/m2). The nominal power of the PV system is chosen to be 3 kWp, 
120% of the nominal power of the PV inverter.

Sunmaster 2500 PV inverter
Number Manufacturer DC yield

kWh/kWp
AC yield,
kWh/kWp

AC
yield,

kWh/m2

Performance
ratio

1 BP Solarex (c-Si) 977 868 117 0.80
2 Kyocera (mc-Si) 964 856 105 0.79
3 Siemens (CIS) 930 824 67 0.76
4 Siemens (m-Si) 963 855 110 0.79
5 UniSolar (a-Si) 1164 1038 64 0.95
6 ASE (Si) 966 857 104 0.79
7 FEE (a-Si) 1084 961 40 0.88
8 BP Solarex (a-Si) 1001 888 47 0.81
9 Shell Solar Energy (mc-Si) 961 853 90 0.78

Table 6 - DC and AC annual yields for all modules under test, determined for typical Dutch
meteorological conditions (TRY) and roof-integrated PV modules

It is evident that the amorphous silicon modules are showing high yields in terms of installed
nominal power. This is caused by several factors. First the low light level efficiency is relatively
high as compared to the STC efficiency. In the Dutch climate, where low light levels can be
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found during all seasons, this is especially important. The case of the United Solar module (#5)
is exceptional, as the STC efficiency is substantially lower than the low light level efficiency.
The parameters AC yield and performance ratio are both related to the installed nominal PV
power. In cases where the nominal efficiency is significantly lower than the average efficiency
this can result in high values for these yield parameters, which indicates that high values for
these yield parameters do not indicate an overall high energy yield.
From the amorphous silicon PV modules the United Solar has the highest efficiency, at STC as
well as at lower light levels. This, together with the special shape of the efficiency curve and the
lower temperature coefficient with respect to crystalline silicon, accounts for its very high
annual yield in terms of kWh/kWp as well as for the high performance ratio. The FEE module
shows constant efficiencies at almost all light levels and it consequently scores well in terms of
kWh/kWp. The temperature coefficients of all amorphous silicon modules are much lower than
that of crystalline silicon modules.

Both Siemens (CIS) and the Solarex Millenium have efficiencies which depend more strongly
on the irradiance, which for Siemens CIS results in the lowest ranking in table 6. Of the thin
film modules tested here it has nevertheless the highest STC efficiency.

The differences between the crystalline silicon modules are noticeable, but relatively small in
terms of kWh/kWp. The BP Solar BP585 (#1) has good low light level characteristics and is the
best in this crystalline subgroup.

Table 6 also includes the AC yield per module area, which shows the effect of the effective
module efficiency, as shown in figure 5, on the energy yield.

6. CONCLUSIONS

Thin-film PV modules show high performance ratio's and some have excellent low light level
characteristics. The low temperature coefficients also contribute significantly to their good
performance.
Crystalline silicon still shows the highest efficiencies, with mono-crystalline well above multi-
crystalline silicon technologies, but the differences between cell efficiencies are partly obscured
by variations in the cell-area fraction of the modules. Non-square cells of frames, which take a
sizeable part of the module area, decrease the module efficiency.

With a good design and adequate performance control it is well feasible to have PV systems in
the Dutch climate with annual yields over 900 kWh/kWp. Manufacturers of PV modules as well
as of PV inverters have to take special care of preserving at low irradiance as much as possible
the high nominal efficiencies that they claim for their devices.
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