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ABSTRACT: Dust pollution is one of the significant external factors that negatively affect the performance of solar
panels. In this study, we model the impact of dust accumulation on the energy output of photovoltaic panels by analyzing
real-world environmental conditions. The research examines how varying levels of dust particles reduce light
transmission to the panels, ultimately decreasing their efficiency. By using simulation techniques and experimental data,
this paper provides insights into the degradation in solar panel performance caused by dust buildup, offering potential
solutions for mitigating these effects and improving energy generation in dusty environments.
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l. INTRODUCTION

In recent years, solar energy has become one of the most promising renewable energy sources due to its sustainability
and low environmental impact. However, the efficiency of solar panels can be significantly reduced by various
environmental factors, including dust accumulation. In regions with high levels of dust, such as Tashkent, Uzbekistan,
this issue becomes even more pronounced. Dust can accumulate on the surface of solar panels, affecting their ability to
capture sunlight and, consequently, their electrical output. This paper investigates the effect of dust on the voltage-current
(V-A) and power-voltage (P-V) characteristics of solar panels, focusing on experiments conducted in Tashkent, where
dust pollution is a common issue.

Understanding how dust impacts the electrical performance of solar panels is crucial for improving their efficiency and
extending their operational lifespan in dusty environments. This research aims to quantify the extent of this impact and
propose potential solutions to mitigate the effects of dust accumulation.

1. GEO SCATTERED TYPE BIG DATA IN APPLICATION

The importance of solar panels as a source of renewable energy is increasingly recognized worldwide. However, their
performance can be heavily influenced by external factors, such as dust, dirt, and other particulate matter. In urban and
semi-arid regions like Tashkent, where dust storms and pollution are prevalent, solar panel efficiency can be severely
compromised. Dust accumulation reduces the amount of sunlight reaching the panel’s surface, thereby decreasing the
amount of energy that can be converted into electricity.

In this context, understanding the impact of dust on the voltage-current and power-voltage characteristics of solar panels
becomes essential. This research not only contributes to the scientific understanding of solar panel performance in dusty
environments but also offers practical insights into how these panels can be optimized or maintained to ensure better
energy production.

The findings of this study are particularly significant for regions with similar environmental conditions, where solar

energy systems are a key component of the energy infrastructure. By addressing the effects of dust, this research aims to
improve the efficiency and reliability of solar power systems, making them more sustainable in the long run.
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1. SYSTEM ANALYSIS

Numerous studies have addressed the impact of dust on the efficiency of solar panels. According to literature, dust
accumulation leads to a reduction in the transmission of sunlight, thus decreasing the amount of energy generated by
photovoltaic systems. The thickness and type of dust, as well as the local climate conditions, significantly affect the
degree of performance degradation.

Studies such as those by Goudarzi et al. (2017) and Al-Mohamad et al. (2019) have shown that dust reduces solar panel
efficiency by blocking sunlight and increasing the surface temperature of the panels. Furthermore, research conducted in
arid and semi-arid regions, including the Middle East and North Africa, has highlighted that dust accumulation can reduce
efficiency by up to 40% over a short period of time.

In Uzbekistan, a limited number of studies have focused on the specific impact of dust on solar panels in Tashkent and
other cities. These studies suggest that dust accumulation could significantly affect the energy production of solar systems,
particularly during the dry seasons when dust storms are more frequent.

The methodology and findings of these studies are reviewed to provide a basis for understanding the mechanisms of dust
accumulation and its effects on solar panel performance. This survey of existing literature will guide the experimental
approach and help contextualize the results obtained in the current study.

IV. METHODOLOGY

The experimental setup for this study was designed to evaluate the effect of dust accumulation on the voltage-current (V-
A) and power-voltage (P-V) characteristics of solar panels. The experiments were conducted in Tashkent, Uzbekistan, a
city known for its high levels of dust and pollution, which can severely affect the performance of solar systems. The
following methodology was applied to ensure accurate and reliable results:

1. Selection of Solar Panels: Four identical monocrystalline solar panels were selected for this study. These panels
were chosen because of their widespread use in the region and their relatively high efficiency compared to other
types of panels. Each panel was rated for 300 W peak power output under standard test conditions (STC).

2. Experimental Conditions: The solar panels were installed in an open area at the International Solar Energy
Institute (Quyosh Energiya Xalgaro Instituti) in Tashkent. The installation angle was set to the optimal tilt for
the region (approximately 30 degrees), and the panels were exposed to natural sunlight. The experiments were
conducted over a period of six months, during which dust accumulation was monitored and measured regularly.

3. Dust Accumulation and Cleaning Protocol: The panels were exposed to natural dust accumulation without
any cleaning intervention during the first phase of the experiment. To simulate realistic conditions, dust
accumulation was allowed to build up for one week before measurements were taken. In the second phase of
the experiment, the panels were cleaned using a soft brush to remove the dust and restore their surface to its
initial state.

4. Measurement and Data Collection: The voltage-current (V-A) and power-voltage (P-V) characteristics of the
panels were measured using a PVA-1000S PV Analyzer Kit (Solmetric). The measurements were taken under
standard solar radiation levels, as well as under varying levels of dust accumulation. For each measurement, the
following parameters were recorded:

Voltage (V) and current (1) for different levels of irradiance

Power (P) as a function of voltage (V) for the P-V curve

Temperature of the panel surface using a thermal imager

Dust thickness on the surface using a non-contact photoelectric tachometer

O O O O
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5. Analysis: The data collected from the PV Analyzer, along with the dust thickness and temperature
measurements, were used to analyze the effect of dust on the V-A and P-V characteristics. Specifically, the
following parameters were evaluated:

o  The reduction in voltage and current as dust accumulated on the panel surface
o  The impact of dust on the panel's maximum power point (Pmax) and overall efficiency
The correlation between dust thickness and energy production over time.

V. EXPERIMENTAL RESULTS

The results obtained from the experiments showed a clear correlation between dust accumulation and the reduction in the
electrical performance of the solar panels. The following observations were made:

1. Effect of Dust on V-A Characteristics: As the dust accumulated on the surface of the panels, the voltage output
decreased significantly. The voltage-current (V-A) curve shifted downward, indicating a reduction in the panel’s

ability to produce electricity. The voltage drop was most pronounced during periods of heavy dust accumulation,
especially after one week of exposure.

V-A Characteristics (Clean vs Dusty Panel)
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Fig 1. shows the V-A characteristics for clean and dust-covered panels. It is evident that the voltage levels for the
dusty panel were lower across all current values.

2. Effect of Dust on P-V Characteristics: The P-V curve, which represents the power output as a function of
voltage, also demonstrated a noticeable decrease in performance due to dust accumulation. As dust covered the
panel, the maximum power point (Pmax) shifted to lower voltage values, and the total power output decreased
by up to 25% under significant dust conditions. This indicates that dust not only reduces the voltage but also
impairs the panel’s ability to generate maximum power.
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P-V Characteristics (Clean vs Dusty Panel)
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Fig 2. Displays the P-V curves for both clean and dust-covered panels, clearly showing the drop in power output
due to dust.

3. Temperature and Dust Thickness Measurements: Surface temperature measurements revealed that dust

accumulation also contributed to an increase in the panel’s surface temperature, which further reduced its
efficiency.
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Fig 3. Shows the temperature variation in relation to the dust accumulation, illustrating that the surface
temperature of the panel increased as dust thickness increased.
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4. Summary of Efficiency Reduction: The efficiency of the panels was calculated based on the ratio of actual
power output to the theoretical maximum power output under standard conditions. The efficiency reduction due
to dust accumulation was found to be approximately 20-25%, depending on the thickness and type of dust.

Table 1 provides a summary of the efficiency loss for different dust accumulation levels.

Dust Thickness (mm) | Efficiency Loss (%) | Maximum Power Output (W)
0 (Clean) 0 300
0.5 10 270
1.0 20 240
15 25 225

VI. CONCLUSION AND FUTURE WORK

The experimental results demonstrate that dust accumulation has a significant negative impact on the electrical
performance of solar panels. The voltage-current (V-A) and power-voltage (P-V) characteristics of the panels were
adversely affected, with noticeable reductions in voltage, current, and power output as dust accumulated on the surface.
The findings also highlight the importance of cleaning and maintaining solar panels in dusty environments to ensure
optimal energy production.

Given the substantial impact of dust on panel performance, future work should focus on developing efficient dust removal
systems, such as automated cleaning technologies, to mitigate this issue. Additionally, further research into dust-resistant
coatings and materials could provide long-term solutions to improve the durability and performance of solar panels in
dusty regions like Tashkent.

In conclusion, this study underscores the need for addressing the effects of dust on solar energy systems, particularly in
areas prone to dust storms and pollution. By implementing proper maintenance strategies and improving panel technology,
the efficiency and longevity of solar panels can be significantly enhanced, contributing to the overall success of solar
energy adoption.
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