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ABSTRACT

Photovoltaic (PV) panels are energy production elements that are directly and catastrophically affected by climatic conditions. In this study, the performances of
monocrystalline and polycrystalline photovoltaic panels, which are most commonly used in photovoltaic systems, were experimentally examined in summer and
winter seasons. A comparison was made of the factors affecting the electrical performance of PV panels in summer and winter seasons under geographical climatic
conditions at Istanbul University—Cerrahpasa Avcilar center. In this experimental study, monocrystalline and polycrystalline PV panels with a power of 100 W were used.
By drawing the characteristic curves of the current-voltage—power parameters, which are the electrical output parameters of the PV panels, seasonal performance

comparisons were made comparatively with different weather conditions following the instantaneous effect in Avcilar, Istanbul.
Index Terms—tEfficiency, environmental factors, PV panel, seasonal effect
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I. INTRODUCTION

Energy is the most important factor that has become the basic need of all humanity in the last 100
years.The increase in global energy demand, limited resources of fossil fuels, and global warming
have led to a shift toward clean and environmentally friendly renewable energy sources. On the
basis of this transformation, solar energy, which is a renewable energy source, stands out as the
primary energy source. According to the report published by International Energy, in Fig. 1, solar
energy will be the first with 22.2% power capacity, leaving behind other energy sources in 2027
[1]. Photovoltaic (PV) systems have become the cornerstone of renewable energy, providing a
sustainable and environmentally friendly method of electricity generation. The efficiency and
output parameters of PV systems can vary significantly depending on seasonal changes, espe-
cially between summer and winter. Understanding these differences is crucial to optimizing per-
formance, predicting energy yield, and improving the operation of PV systems [2]. The efficiency
and output of PV systems are affected by various environmental conditions such as temperature,
solar radiation, wind, and pollution. For this reason, many studies have been conducted on sea-
sonal environmental factors for PV systems analysis.

Researchers have shown that PV systems can operate marginally better in winter compared to
summer [3]. This is because they found that higher solar radiation levels in the summer months
lead to increased dust accumulation on PV panels, which negatively affects performance, and
they found that the loss in the summer months is 8.7% more than in the winter months [4].
Additionally, Tamoor et al. found that dust pollutants and suspended particulate matter affect
the performance of PV systems with a greater impact in summer than in winter. They found that
there were more than 100 quarries in the geographical location where they studied, and as a
result of the measurements, they found that energy production decreased by 10.68% in June and
8.03% in January [5]. In their study, Abdallah et al. made comparisons with 6-month periods as
January-June and July-December. They extracted the lost power difference of 8.98% and 9.23%,
respectively. As a result, they noted that rain had a positive effect on the performance of PV sys-
tems, with higher average values in the spring/summer season [6].

Khan and Memon studied the effect of temperature on PV performance and revealed that in hot
and arid climates such as Pakistan, surface temperatures significantly affect the performance of
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Fig. 1. Share of cumulative power capacity by technology, 2010-2027 [1]

PV modules in both summer and winter [7]. Additionally, Saadoon
et al. have conducted research to reduce temperature-related per-
formance degradation by using nanofluids for thermal management
in PV systems in Iraq during summer. By using 1g and 1.5g nano-
fluids to reduce the PV panel temperature, they achieved an overall
efficiency of 15% and 18%, respectively [8].

In their study on the operating conditions of PV systems in Malaysia,
Mohammad and his colleagues found that the output power
decreased by 0.22% when the cell temperature increased by 1°C
[9]. In Fig. 2, Katkar and colleagues presented the efficiency change
according to the PV panel surface temperature value. While it oper-
ates at maximum efficiency at 36°C, efficiency decreases at higher
and lower temperatures. They found that the efficiency at high tem-
perature was significantly less than the efficiency at low tempera-
tures. They measured efficiency to 4% when the module temperature
increased from 36°C to 40°C [10]. Similarly, Malik and colleagues
found that the module temperature efficiency at 64°C decreased by
69% compared to standard test conditions (STC) [11].

Seasonal changes also play a role in the performance of PV sys-
tems. Gopi and colleagues emphasized the importance of taking
seasonal changes in weather parameters into account when mod-
eling energy production in tropical regions. They found that wind
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Fig. 2. Effect of PV panel temperature on efficiency [10].
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is not very effective in PV energy production depending on the
region, and the efficiency is high when atmospheric pressure is low.
They have presented that the energy production and performance
of PV systems are almost the same in winter and summer seasons,
especially in geographically tropical regions [12]. By testing PV pan-
els with an inclination angle of 13° in summer and 30° in winter,
Sharma et al. found that the incoming solar radiation increased by
2.41% and the annual efficiency increased by 0.26% [13]. As a result,
the performance of PV systems in summer and winter depends on
temperature, solar radiation, dust accumulation, pressure, rain, etc.
It is affected by a combination of factors such as seasonal changes.
Understanding these factors and their interactions is crucial to
optimizing the performance of PV systems under different climatic
conditions.

The amount of humidity in the atmosphere has various effects on
the efficiency of PV panels. Katkar et al. found that when the rela-
tive humidity increased from 48% to 60%, the module efficiency
decreased from 12.04% to 9.7% [10]. In another study, Ramli et al.
found a more than 40% decrease in PV power output at 76.32%
humidity in rainy weather conditions [14].

This study was designed experimentally in an outdoor environment
at Istanbul University—Cerrahpasa Avcilar center. Measurements of
all environmental factors in summer and winter for the Avcilar region
of the system in the field were recorded according to the IEC 61724-
1:2021 standard [15]. In addition, while the environmental param-
eters were measured, the electrical output values of the PV panels
were constantly recorded. By making seasonal analysis of the geo-
graphical conditions of PV systems, it can provide a resource in terms
of the efficiency of the systems and investments.

Il. MATERIALS AND METHODS

The PV system for the experimental study shown in Fig. 2 was
designed to include a monocrystalline and a polycrystalline PV panel
of 100 watts each. While electrical measurements were made auto-
matically with this PV system electronic load, data measurements
and records were made in the system according to IEC 61724-1:2021
standards.
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Fig. 3. Data acquisition system outdoor test bench [15].

With the complex data collection system given in Fig. 3 of the experi-
mental study, the electrical output parameters of PV panels and the
environmental parameters affecting them, such as solar radiation,
temperature, and humidity values, are recorded.

While the electrical parameters and characteristic curves are
obtained by automatically measuring the electronic load PV panels
with the control box, the weather station measurement values are
obtained wirelessly via the data console in Fig. 4. All collected data
are transferred to a computer, visualized and analyzed.
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Fig. 4. Data acquisition system [15].
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TABLE I. ELECTRICAL CHARACTERISTICS OF PHOTOVOLTAIC MODULES AT
STC

Module Name TT100-36PM TT100-36P

Cell type Monocrystalline Polycrystalline
Maximum power (Pmax) 100 W 100W
Maximum power voltage (Vmp) 20.60V 194V
Maximum power current (Imp) 486 A 516 A
Open circuit voltage (Voc) 24.0 5V 229V
Short circuit current (Isc) 513A 552 A
Number of cells 36 36

Dimensions 680 X 790 X 20 mm 674 X 944 x 20 mm

In terms of comparison and accuracy of the study, experiments were
carried out using PV panels whose electrical properties under standard
test conditions are given in Table 1, one monocrystalline panel and
one polycrystalline panel of the same brand with equivalent power.

I1l. RESULTS

With the experimental study, the data obtained from the measure-
ments made with PV panels during the summer (June-July-August)
and winter (December-January-February) months in Avcilar district
are presented graphically.

Fig. 5 shows the solar radiation value affecting PV panels in sum-
mer and winter. According to the analysis made here, the highest
solar radiation value was measured as 1200 W/m? on average in
June and July, while the lowest value was measured as 50 W/m? in
December. It has been determined that the average solar radiation
value decreases the most in January and February.

The temperature measurement value, which is another environmental
condition affecting PV panels, is presented in Fig. 6. The highest tem-
perature was measured in July and August, and the lowest temperature
was determined in January. It has been determined that the summer-
winter outdoor temperature difference affecting PV panels is 35°C.

The humidity amount for summer and winter seasons is given in Fig.
7. Although the amount of humidity is generally similar in summer
and winter, it has been determined that the average humidity value
in winter is higher. In the winter months, the humidity level is more
like 90%, and in the summer months, especially in July, a serious
humidity level of 30% has been detected.

Characteristic curves of monocrystalline (Fig. 8) and polycrystalline
(Fig. 9) PV panels, whose measurements were made automatically
by the data acquisition system, were obtained. Fig. 8 shows the cur-
rent-voltage (I-V) and power-voltage (P-V) values of the six-month
maximum value of the monocrystalline PV panel. In Fig. 9, the I-V and
P-V values of the six-month maximum value of the polycrystalline PV
panel are given.

Current, voltage, and power data of the 6-month characteristic curve
graphs of the PV panels shown in Figs. 8 and 9 are given in Table 2.
When the data were examined, it was determined that December
was, on average, more productive than July.
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Fig. 5. Solar radiation value in 2023 summer and 2024 winter seasons.
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Fig. 7. Humidity value in summer 2023 and winter 2024.

IV. CONCLUSION the efficiency of PV panels. For this reason, extensive PV panel effi-

ciency studies are carried out in the literature on different climates
The use of solar energy is rapidly increasing in the field of renewable 31 geographical locations. In this study, the effects of environmen-
energy. Although there are international standards for the applica-  ta] parameters radiation, temperature, and humidity affecting the
tion and use of solar energy, environmental factors and the geo-  gperating performance of PV panels in the Istanbul-Avcilar region of
graphical location used provide different operating performance on  Tijrkiye were investigated. Experimental studies carried out outdoors
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Fig. 8. Monocrystalline PV panel |-V and P-V characteristic curves for 2023 summer and 2024 winter seasons.
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Fig. 9. Polycrystalline PV panel I-V and P-V characteristic curves for 2023 summer and 2024 winter seasons.

TABLE Il. PHOTOVOLTAIC PANEL MONTHLY MAXIMUM ELECTRICAL OUTPUT PARAMETERS

Monocrystalline PV panel

Polycrystalline PV panel

| \' P | \' P
1 June 2023 524 13.84 72.54 1T June’23 445 154 68.53
2 July 2023 523 13.51 70.76 2 July23 4.21 15.15 63.81
3 August 2023 5.25 13.97 73.38 3 August23 5.04 14.85 74.88
4 December 2024 472 1517 71.66 4 December24 3.87 16.72 64.70
5 January 2024 3.75 15.85 5945 5 January24 2.84 17.78 50.63
6 February 2024 4.22 16.44 69.40 6  February 24 324 1848 59.89
PV, photovoltaic.
and data measurements were made according to IEC 61724-1:2021 output was measured to be in August and the least maximum
standards. power output to be in January. Although the highest radiation
. value is in July, the reason for obtaining the maximum power
As a result of these experiments; . . . -
in August is the temperature. The temperature in August is
1. Monocrystalline PV panel power output has been found to lower than in July. This increases the PV panel’s operating
be generally higher than the polycrystalline PV panel power efficiency.
parameter. 3. Although the high radiation value and lower humidity value in

According to the summer and winter seasons of monocrys-
talline and polycrystalline PV panels, the maximum power
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July compared to the winter months are among the factors that
increase PV panel efficiency, it has been observed that PV panels
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work more efficiently compared to July due to the lower tem-
perature value in December.

Between summer and winter seasons, the power difference
between monocrystalline PV panels were determined to be
19%, and the power difference for polycrystalline PV panels
were determined to be 32%.

It has been observed that the efficiency of PV panels decreases
depending on the increase in humidity. It has been observed
that suspended water particles in the air block the solar radia-
tion reaching the PV panel surface and reduce the efficiency
even if the solar radiation value is high. It also reduces the per-
formance of the PV panel by causing corrosion.
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