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Abstract. There is a significant amount of research
in the literature concerning the performance of solar panels
operating during outdoor exposure, but the full topic is not yet
exhausted. One of the reasons is that the photovoltaic cell
technology is constantly evolving. In this paper, a comparison
oftwo types of CdTe and CIGS modules operated with
anominal power of 80 W and 140 W, respectively is studied.
The module tests were performed under external conditions
during autumn, winter, spring, and summer from October 2019
to July 2020 in the temperate climate of Migkinia, South Poland.
The photovoltaic panels were connected to the electric grid via
microinverters. During the tests, the temperature of the panels
was monitored. To determine the influence of solar radiation
on the energy conversion efficiency of photovoltaic panels,
a pyranometer installed in the plane of the panels was used.
Based on the monitoring of the atmospheric conditions and
the measurement of instantaneous power, the efficiency
of the modules is determined.

Key words. Thin film technology, PV modules, CdTe,
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1. Introduction

Around the world, demand for electricity is increasing and
with demand comes increased pressure to reduce
greenhouse gas emissions. This is resulting in a push
towards renewable energy sources, which include wind
energy, hydropower, tidal energy, geothermal energy,
ambient heat captured by heat pumps, biofuels and the
renewable part of waste, and solar energy (thermal,
photovoltaic and concentrated solar) [1]. Solar energy
is one of the most promising renewable energy sources,
and photovoltaics (PV) is one of the fastest growing
industries [2][3][4]. The development of photovoltaic
technology can be classified into three generations. First-
generation technology is based on silicon [5]. Second-
generation cells are thin-film technology
[61[71[81[9][10][11]. Third-generation solar cells include
organic and dye-sensitized solar cells [12][13]. Despite
the fact that silicon technology is very well developed,
theuse of high temperature, ultra-high vacuum
and the complex operation of cutting silicon wafers make
this technology inherently complicated. Over the past
decade, thin film materials have proved to be potentially
suitable for mass production of photovoltaic modules.
However, the dynamic development of thin film
photovoltaics is slowed down by the decreasing prices
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of silicon cell production [14]. Nevertheless, thin film
technology can be considered as the future of photovoltaic
development due to the possibility of obtaining this type
of cells on various substrates, such as on flexible
substrates and reduction panel weight, which is very
important in the case of installations on the roofs
of buildings or in the outer space [15]. Modules made
of second generation cells are characterized by the fact
that the semiconductor material is applied as a thin film
(only a few micrometers). The three major thin film
photovoltaic technologies in the market are a-Si
(amorphous silicon), CIGS (Copper Indium Gallium and
Selenide) [16][17] and CdTe (Cadmium Telluride) [18],
which the oldest is the first of them. Among these, CdTe
and CIGS modules achieves the highest -efficiency
compared to the amorphous silicon. Solar cell CIGS
and CdTe efficiency are 23.3% and 21.0%, respectively
[19][20]. The electrical characteristic —parameters
are provided by manufacturers of photovoltaic modules
in the safety data sheets. However, this specification
is generally referred to standard test conditions (STC:
irradiance 1000 W/m?, cell temperature 25 °C, air mass
AM 1.5 andzero incidence angle), which differ
significantly from the actual operating conditions
of the PV system [21] Due to this, it is important to test
PV modules under real working conditions. There is a lot
of work focused on studying the efficiency and electrical
parameters of solar panels operating in various regions
around the world but this subject is not yet exhausted
[22][23]. One of the reasons is that photovoltaic cell
technology is constantly evolving. In the following
papersit has been proved that the efficiency
of photovoltaic systems depends on the location
[24][25][26], weather [27] and angles of surface
orientation in relation to the horizon and azimuth
[28][29][30]. The objective of this paper is to add to this
area of study with an analysis of the CdTe and CIGS
modules fabricated by thin film technology working
in the temperate climate. The power generated of each
module was determined. This work presents the results
of tests performed for four months in autumn, winter,
spring and summer using a monitoring facility the work
of the panels under current operating conditions such
as temperature and solar radiation. The temperature
of the module and solar radiation are very important
parameters that affect the PV efficiency [31].
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2. Experimental setup
A. The study location

The photovoltaic system under study is installed
in the Photovoltaic Laboratory located in the area
of the AGH-UST Educational and Research Laboratory
of Renewable Energy Sources and Energy Saving
in Migkinia near Krzeszowice, Poland (50°09°37.4”N
19°36°04.7”E). Migkinia is located in a warm, temperate
and transient climate, so it is characterized by variable and
various types of weather.

B. Description of the Photovoltaic and Monitoring
System

The tests were performed for two different thin film
photovoltaic modules, ie. two CdTe modules (ASP,
China) and three CIGS modules (TSMC Solar, Germany)
each of them with nominal power of 80 W and 140 W.
Table I is shown their main technical characteristics.

Table I. Electrical characteristic of photovoltaic modules
at standard test condition

Module type
Parameters CdTe CIGS
ASP- TS-
51-80, 140C1,
Module type/Producer ASP TSMC
SOLAR
Power (£ 5%) (W) 80 140

Number of panel per PV array | 3 2

Total power of PV array [W] 240 280
Open-Circuit Voltage (V) 118 63.1
Short-Circuit Voltage (A) 0.98 3.50
Voltage at Pmax (V) 92 45.3
Current at Pmax (V) 0.86 3.09
Maximum system Voltage (V) 1000 1000
Temperature power coefficient | 0.06 0.01
Area of PV module [m?] 2.16 217
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The photovoltaic modules of the different technologies
are coplanar with a tilt of 30° to the horizontal ground
surface and faced south. The system of photovoltaic
modules used for the tests is shown in Fig. 1. All PV
modules have been connected to the electrical grid with
220-Watt microinverters Micro Replus-250 (Renesola
Deutschland GmbH, Germany). The photovoltaic system
also included meters of DC network parameters NEMO
D4 DC (IME, Italy), which allowed measurement
of the modules voltage, current and power. In order
to measure the intensity of solar radiation, the LP PYRA
03 AC Pyranometer was used.

The temperature of the modules was measured
and recorded using PT100 temperature sensors (Heraeus
Nexensos GmbH, Germany) located on the back
of the modules and the MPI-8-T-1-0 (METRONIC)
temperature recorder. The measured parameters were
saved using the mLog program (Metronic AKP Ltd.,
Poland) in one of the four months, i.e. October, December
in 2019 and March and July in 2020. In this work,
the results for the chosen four days from each of that
month are presented.

3. Results and Discussion

Daily solar radiation variation for chosen one day
in October, December, March and July are shown
in Fig. 2. On the basis of the obtained results, it can be
concluded that in March the sky was cloudless, as there
are no rapid changes in the solar radiation. In July,
the chart rapidly changes. It was caused by cloudy skies
what the weather data clearly shows. Similar conclusions
can be drawn for the solar radiation results from
the December day. In October, the solar radiation
was typical for a cloudless day, except for the afternoon
hours. We can see a sharp decrease in the recorded solar
radiation, which could be caused by temporary cloudiness
or other shadings of the pyranometer, for example
by employees of the Photovoltaic  Laboratory.

The temperature obtained by the PV modules during
the selected day in October, as well as the solar radiation
values are presented in Fig. 3.

Fig. 1. a) CdTe and b) CIGS photovoltaic modules in the Photovoltaic Laboratory in Migkinia
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Fig. 2. Daily profile of solar radiation on chosen one day
of the October, December, March and July
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Fig. 3. Daily profile of temperature and solar radiation of CIGS
and CdTe modules on one chosen day of the October
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The highest solar radiation among chosen days was in July
and its maximum value was 1280 W/m’. Whereas,
in March, October and December the solar radiation was
986 W/m* 877 W/m®> and 627 W/m’ respectively.
The measurement results show that the temperature
of the modules strongly depends on the solar radiation.
The CIGS modules heat up slightly more (57 °C at 12:30)
than CdTe modules (55 °C at 12:30) under the same solar
radiation conditions. The results of measurements of solar
radiation and module temperature, due to seasonal
fluctuations under moderate climate, indicate that the STC
conditions used for testing PV modules are rarely met.
The CIGS photovoltaic modules are considered to be one
of the most efficient as the highest light-to-power
conversion efficiency material [8]. This fact was
confirmed by the results of tests carried out
at the Photovoltaic Laboratory in Migkinia. Fig. 4 presents
examples of power profiles generated by PV modules
(CIGS and CdTe) in relation to the unit area obtained
during one day of October, December, March and July.
The highest power generated per square meter of a module
was obtained in July, March, October and December,
respectively. For CIGS modules, the maximum values
of generated power on selected days were as follows:
121 W/m? (July), 114 W/m* (March), 102 W/m? (October)
and 83 W/m? (December). In the case of CdTe modules,
the values of generated output power was 104 W/m?,
77 W/m%, 69 W/m*> and 48 W/m® on the chosen day
of July, March, October and December, respectively.
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Fig. 4. Examples daily profiles of power generated by particular PV arrays regarding to unit surface area
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during one day of a) October, b) December, ¢) March and d) July
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Fig. 5. Examples of daily profiles of solar radiation and output power per square meter PV modules for CIGS and CdTe modules
in one chosen day in different months of the year a) October, b) December, ¢) March and d) July

Daily profiles of solar radiation and output power per
square meter PV modules in one chosen day in different
months of the year are presented in Fig. 5. The efficiency
of PV modules, which can be defined as a fraction of solar
energy falling on the panel and converted into electricity,
is shown in Fig. 6. The figures compare the efficiency of
CIGS and CdTe modules on chosen days. The efficiency
of CIGS modules is about 13%, while in the case of CdTe
modules this value is lower, as it is about 8§%. Changes in
performance can be correlated with the susceptibility of
modules to heating. The lowest influence of operating
temperature is observed in the case of CdTe modules. The
efficiency PV module depending on PV module
temperatures are presented in Fig. 7. This figure shows
that the increased temperature causes the efficiency of
output power generated throughout CIGS module
decrease. Inthe case of the CdTe modules, changing
temperature does not significantly affect their efficiency.
This means that the highest insolation does not always
lead to an increase in the generated output power. High
solar radiation can lead to an increase in the generated
output power, while the influence of the panel temperature
on the efficiency can be so high that it can reduce it.
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4. Conclusion

The of CIGS and CdTe modules. The tests were
conducted paper presents the results of the long term tests
of two types under natural sunlight conditions. Results
show that the CIGS and CdTe PV module's efficiency
is affected by the increase in the temperature of modules.
The lowest influence of operating temperature is observed
in the case of CdTe modules. Based on the research
results, it can be concluded that it is difficult to obtain
the module efficiency declared by the producer.
Itisrelated to the operation of modules under real
conditions, which are different from those of STC.
Therefore, it is very important to test PV modules under
real sunlight conditions.
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