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1. Introduction

In recent decades, we have adopted various forms of clean energy, such as solar energy, which is
environmentally friendly. Two main reasons for transitioning to sustainable, clean energy sources are
the rising energy prices and the anticipated depletion of fossil fuels. Solar energy stands out as one of
the most promising renewable energy resources. However, dust accumulation and high temperatures
can significantly reduce the efficiency of solar panels. In the Middle East, Iraq is among the
countries most affected by sand and dust storms. To evaluate the impact of cleaning on the efficiency
of photovoltaic (PV) mono-crystalline modules, an experimental setup was established using nozzles
to spray water on both sides of the panels. This nozzle assembly was designed to ensure that the
water spray was evenly distributed. A total of 20 nozzles (10 on each side) were installed for this

purpose. [1].

One effective way to prevent photovoltaic (PV) cells from overheating, which can damage the panel
and reduce its output current, is to keep the cells cool. The operating temperature is a crucial factor
influencing the energy generation potential of a PV module. Generally, higher temperatures have an
inverse effect on both efficiency and output power. Two critical elements that contribute to
enhancing efficiency are minimizing reflections (with a reflection coefficient of 0.260) and
effectively dissipating thermal heat (measured at 0.218 nD°). These factors significantly improve the
performance of commercial solar panels when immersed in water. [2]. This study is the first of its
kind to assess the impact of various types of particulates, such as coal, cement, and dust, on the
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performance of photovoltaic panels in Iraq. In the coming years, investments in PV panels along the
Erbil-Kirkuk highway are expected to increase. This highway and the ongoing construction in the
region generate a significant amount of dust, which adversely affects the performance of the
photovoltaic panels.

This paper discusses the effects of dust formation, cell temperature, ambient temperature, and water-
cooling systems on photovoltaic (PV) panels. Considering that Iraq predominantly has a desert
environment, the impact of weather conditions is critically important for any related decision-
making. The findings of this research will help determine whether regular cooling and cleaning of
PV panels are necessary, and if so, what the optimal frequency and duration should be.

2. Literature Review

This paper provides a comprehensive overview of research studies related to solar technology, the
accumulation of dust, and the influence of temperature on the performance of photovoltaic (PV)
panels. It highlights experimental investigations of various types of cooled and cleaned PV systems
based on different technologies used in solar systems.

This study examines the mechanisms of dust adhesion and separation, as well as the temperature
changes resulting from the air-blowing procedure. Implementing an effective cooling method can
significantly enhance the efficiency of photovoltaic (PV) systems. These systems require large
amounts of water, which poses a significant challenge for large-scale PV power plants. We are
investigating a new cooling and cleaning system for solar PV modules that also regulates cell
operation using compressed air. This research utilizes PV arrays that provide a dry facility and
conducts empirical tests to quantify the increase in power generation resulting from the cooling and
cleaning effects [3]. The current study investigates a pulse spray water cooling system for
photovoltaic panels, focusing on minimizing water consumption. Previous research on water spray
cooling systems has shown potential benefits [4]. Research has shown that cooling photovoltaic (PV)
panels from the front is significantly more effective than other methods. This cooling technique can
lower the temperature of the PV panels by up to 12%, leading to an increase in electrical efficiency
of approximately 14% [5]. At the South African facility, photovoltaic panels are cleaned using a
standard cleaning machine, along with labor, soap, and water. To improve this process, the researcher
proposed a cleaning method that reduces costs by determining the optimal number of cleaning events
and the ideal number of modules to clean each year. This approach acknowledges that, although less
frequent cleaning may lead to a decrease in power production, it can still be more cost-effective [6],
showing the cost-effectiveness of the strategy before the field implementation of the strategy. In a
separate indoor experimental study conducted in Iraq, researchers examined the cleaning
effectiveness of various ratios of household detergents and water for cleaning a 50-watt PV module
covered with dust [7]. The researchers discovered that the power output from manual washing with
the respective cleaning mixtures increased by 7.4% following the cleaning operation. During the
operation of photovoltaic (PV) modules, dust particles can have two effects: they can scatter light
when they accumulate on the front surface of the module, and they can also come from airborne dust
particles in the surrounding environment [8]. Most solar energy is lost as heat, resulting in low
energy conversion efficiency of these panels. This increase in temperature of the PV cells reduces
both voltage and electrical power output [9].
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3. Factors Affecting PV Panel Efficiency

Environmental conditions can degrade the performance of photovoltaic systems, such as solar
radiation, temperature, dust, and shading. This section discusses the impact of two significant factors
on the surface of solar panels: high temperatures and dust accumulation.

3.1 The impact of temperature on the effectiveness of solar panels.

Ambient and operational temperatures significantly impact the surface temperature of solar cells,
posing a challenge in generating solar electricity and reducing the efficiency of solar photovoltaic
(PV) systems. Photovoltaic panels lose efficiency by approximately 0.5% for each degree the
ambient temperature rises. The system proposed in this study consists of two main components:
cooling units and solar panels. The performance of the system was evaluated under two different
cooling conditions: natural cooling and cooling with a thermoelectric module. The results
demonstrate that using a thermoelectric module in conjunction with a heater can enhance the power
output and efficiency of solar panels by an average of 10.50%. Throughout the testing period, the
average temperature of the solar panel was about 10.04 °C lower than the operating temperature
without the cooling intervention. [10].

3.2 The effect of dust on the performance of PV panels

The phenomenon known as soiling occurs when dust accumulates on solar panels, which reduces the
optical efficiency of concentrated solar power (CSP) systems. While data for solar photovoltaic (PV)
systems is available on a wide geographic scale, to better understand soiling impacts, researchers
aligned precipitation events reported at a nearby meteorological station (located 3.4 km away) with
satellite-derived solar resource data. This systematic analysis examined the average annual operating
performance of a large commercial facility with a capacity of 86.4 kW DC. The findings revealed
that soiling losses were approximately 0.21% per day. Figure 1 illustrates how dust accumulates on a
PV panel. [11]. In dry parts of the world, sand dust harms solar photovoltaic (PV) installations [12].

Figure 1: PV panel in UCSD with dust accumulation

Dust particles deposited on panel surfaces are approximately 30 mm in size on plain glass. The
hydrophobic silica solution can reduce the adhesion strength of these particles. [13]. However, dust
buildup and elevated panel temperatures significantly impair solar panel performance, rendering
them a less potent alternative energy source [14].

3.3 PV cooling methods

The performance of thermal complexes, specifically photovoltaic/thermal (PV/T) systems, is
significantly influenced by various factors, one of which is the high surface temperature of solar
cells. To address this issue, we employed nanofluid cooling, specifically a nano-liquid composed of
FesO4 and water, in six different experimental setups. Of these, two setups utilized uncooled PV
cells, while one used pure water for cooling. The results indicated that when compared to both water-
cooled and uncooled PV solar cells, nanofluids effectively function as coolants and enhance the
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overall performance of the PV cells. When nanofluids were applied at a volume fraction of 1%, we
observed maximum electrical and thermal efficiencies of 19.5% and 55.45%, respectively. These
findings stem from experimental investigations on the effects of water spraying on the efficiency and
temperature of photovoltaic panels. As demonstrated in Figure 2, the water spraying mechanism
applied to both the front and back surfaces of the photovoltaic panel successfully reduced the panel
temperature and increased electrical output. The efficiency improved by approximately 30 °C, with
reported increases of 16.3% in electrical output and 14.1% in overall efficiency [15-17]

Figure 2: Cooling the front and back sides of PV panels by water spraying.
3.4 PV cleaning methods

In regions like the US and Europe, where dust deposition is relatively low, the air is gradually
cleaned more effectively by natural elements such as snow, wind, and rain. In contrast, areas like
North Africa and the Middle East face significant challenges with dust and sand, which can severely
impact the efficiency of solar panels. In these locations, it becomes necessary to use artificial
methods to clean the panels. Cleaning is performed using mechanical methods such as brushing,
blowing, and wiping, all under electronic and electrical control. [18] and developed a self-cleaning
mechanism for a single-axis solar tracking device. This technology involves spraying a stream of
water onto the surface of lambda tips to remove dust particles.

4. The Methodology

For the practical analysis, this research utilized two identical solar panels. One panel was
intentionally soiled with cement, coal, and dust, and the other panel remained clean, while the
properties of both solar panels were already known. Thermocouples from three sensors were attached
to the surface of each solar panel to measure their temperatures from 9:00 AM to 5:00 PM, with data
recorded every hour. The recorded data included light output, the temperature of each panel, and
measurements of current and voltage. Connections were established around the actual data,
accompanied by images that demonstrate how each solar cell behaves in different scenarios.

4.1 Experimental setup

The experimental instrument was constructed and installed on the rooftop of Al-Kitab University in
Kirkuk, Iraq, located at a latitude of 35.46° and a longitude of 32.9°. The parameters of the
photovoltaic (PV) system, detailed in Figure 3, are connected to the steel structure and titled at an
optimal angle of 32.9° towards true south, which is ideal for the climate of Kirkuk [19]. The device
is equipped with two test systems. The first system is designed for cleaning and cooling the panel
surface using distilled water, which is delivered through nozzles mounted at the top of the panel. The
second system measures the accumulation of dust and serves as the base system. As shown in Figure
4, the photovoltaic (PV) module is the core component of the system; it undergoes cleaning and
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cooling once the system is activated. The experiment was conducted between 9:00 AM and 5:00
PM,on hourly basis
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Figure 4: The experimental setup.

The measurements were taken under the conditions shown in Figure 5. A UNI-T UT 203 ammeter
was used to measure the voltage and current produced by the solar panel at different loads. This
setup allowed us to find the threshold for connecting the solar panel, so we could set the maximum
electrical energy output while adjusting for the optimal resistance. The solar panel's temperature was
measured with a K-type thermocouple, which has an accuracy of =1 °C and an operating range of
=50 to +70 °C. This was done to monitor any temperature increase caused by dust, coal, and cement
buildup during the experiment[20]. During this period, solar radiation intensity was recorded using
an SM 206 digital radiation meter, with an accuracy of £10 W/m?. Additionally, the volumetric flow
rate of water in the copper tube was measured with a rotameter.
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1. Thermocouples Sensor

3. Clamp meter 4. Rotameter

Figure 5: Measuring devices and sensors.

Four different weights of dust were applied to the surfaces of the solar panels, and measurements
were taken daily and weekly. The weather conditions and environment affecting the solar panels
resulted in the type of dust deposited on the panels being the same as that on the roof of the building
where the experiments were conducted. To determine the accumulated weight of dust on the panels,
an area of the building surface equal to that of the solar panel was used. The collected dust samples
represented various periods of dust accumulation. The following hypothesis was considered: the
amount of dust accumulated on the surface of the panel is homogeneous. The tilt of the solar panels
was taken into account, and dust was collected from the tilted surfaces. The weights of the dust
samples were transformed into thicker layers. Different weights—200, 300, 400, and 500 grams—
were used to assess their impact on the performance of the photovoltaic (PV) panels.

5. Results And Discussions
5.1 Effects of irradiation level

Figure 6 illustrates the capacity and efficiency of solar panels with and without water cooling. The
maximum capacity reached 198 watts for panels using pulsed water spray cooling systems, while the
uncooled panels produced a maximum of 175 watts. Additionally, the efficiency of the cooled panels
improved to 13.7% after implementing the cooling system.
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Figure 6: Power and efficiency performance.
5.2 The effect of ambient temperature on the power and efficiency of PV panels

The water cooling process reduces the temperature of the solar panels. An ongoing study has resulted
in a 10% increase in electricity generation and a 17°C decrease in the temperature of photovoltaic




Eurasian J. Sci. Eng., 11(2) (2025), 357-367 363

panels. This is a significant advancement, as solar panels are only able to convert about 20% of the
solar energy they receive into electricity. Figure 7 illustrates how the cooling process affects the
efficiency and power of the cells, demonstrating that both power and efficiency increase with
cooling.
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Figure 7: PV performance in the process of cooling.
From the cooling results, the power performance increased to 197.7 W at 2:00 pm.
5.3 Effects on the temperature of PV panels

Generally, the variations in solar panel energy production are primarily influenced by ambient air
temperature and the amount of sunlight received. The intensity and duration of sunlight play
significant roles in determining energy output, which can be adversely affected by high temperatures
and other environmental factors. For instance, Figure 8 illustrates that the maximum panel
temperature without cooling reached 68 °C. However, this temperature was reduced to 49 °C with
the implementation of pulsed water spray cooling systems.
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Figure 8: PV temperature with time.
5.4 Effects of dust on the performance of the PV panel

The photovoltaic (PV) panels have been operating for one week and have accumulated dust of
varying weights on their surfaces. This dust accumulation has resulted in a cooling effect on the PV
modules, which leads to reduced power output. After removing 200 grams of dust from the surface
of the solar panel, the power output was measured at 187 watts, and the efficiency was calculated at
11.67% with a plate temperature of 57 “C when the solar radiation intensity was 977 W/m? From
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this experience, we learned that dust accumulation causes an increase in temperature for the panels,
which in turn reduces their efficiency and power output. As illustrated in Figure 9, the deposition of
500 grams of dust had a more significant impact on panel efficiency compared to other weights. The
maximum energy values obtained during practical testing were lower than those recorded for a clean
panel, measuring 169.36 W/m? for the clean panel and only 56.47 W/m? for the panel with dust
accumulation. The data was plotted, and the results demonstrated that dust deposits on the surface of
the photovoltaic panels resulted in a considerable loss of energy. Figure 9 shows the effect of dust
accumulation at different weights.

5.5 The effect of coal, cement, and plaster on the performance of the panels

The maximum power output and the mass of coal dust deposition are presented graphically in Figure
9. The blue line represents the coal-contaminated panels, while the red line indicates the actual
power outputs of the clean panels. The primary objective of this research is to investigate the impact
of coal dust accumulation on the performance of solar PV panels. The experimental results revealed
a gradual decrease in generated power due to the buildup of coal dust on the surface of the solar
panels, reducing the output to 152.7 W. However, when a cooling and cleaning system was
employed, the power output increased to 158.6 W.
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Figure 9: Coal deposition.

Figure 10 illustrates that the energy output of solar panels decreases more significantly when the
temperature of the dirty panel, particularly one affected by cement, is higher. The graphs demonstrate
the temperature differences between the sediment-laden solar panel string and the surrounding
environment. Ultimately, the performance of the pulsed water spray cooling systems improved the
average electricity efficiency by 14.5%.
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Figure 10: Shows curves for the difference in power and efficiency between a cement-deposited
panel and a water-cleaned panel.

The impact of cooling technologies on the temperature of photovoltaic (PV) panels and their power
output under varying solar radiation levels shows that water spray cooling is the most effective
method at higher levels of solar radiation. The results indicate that the efficiency decreased to 10.7%,
while the power output of the panel that had cement deposited on it was 155 W.

In Iraq, dust deposition on photovoltaic (PV) systems is more than double that in urban areas like
Athens, where natural precipitation is more common. This highlights the significant impact of dust
on solar energy systems in desert regions. Consequently, the accumulation of dust does not enhance
the light-focusing effect on solar panels, ultimately diminishing their efficiency.

6. Conclusions

To improve the efficiency of photovoltaic panels, a study employed a pulsed spray cooling system
tailored for the climatic conditions of Kirkuk, Iraq, through experimental research. Environmental
factors such as temperature, humidity, wind, and dust deposition significantly impact the
performance of solar panels. It was observed that the energy output and efficiency increased,
reaching 197.7 watts with an efficiency of 14.5% when the panels were cleaned and cooled using the
pulsed spray cooling system. This system was developed by directing water from a sprayer
positioned on the front surface of the photovoltaic panel, resulting in a 14.5% boost in efficiency.
Dust and other debris can accumulate on the panels, decreasing their efficiency and reducing the
potential electrical energy they can generate. Water stands out as the most efficient, accessible, and
cost-effective resource for removing dust, which enhances photovoltaic panel performance by
cooling and cleaning the surface. Since its introduction, deep immersion spraying has demonstrated
excellent cooling and cleaning abilities on solar photovoltaic cells. These findings emphasize the
importance of regular cleaning and cooling techniques in maximizing the efficiency and energy
output of photovoltaic modules.

Future studies could explore the long-term effects of different cooling and cleaning methods, as well
as how dust characteristics influence solar module performance. Analyzing the relative costs of
various cooling and cleaning options may provide valuable insights for practical implementation in
solar energy systems. Furthermore, mathematical models describing the operational parameters of
solar panels with direct water cooling and cleaning systems will be developed and integrated into
dynamic simulations based on experimental data.
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