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Abstract

Solar energy is one of the most promising renewable energy sources due to its cleanliness and
sustainability. However, the efficiency of solar panels is significantly affected by the
accumulation of dust, dirt, bird droppings, and other environmental pollutants on their surface.
Regular cleaning of solar panels is therefore essential to maintain optimal power output.
Manual cleaning methods are time-consuming, labour-intensive, and sometimes unsafe,
especially for large-scale solar installations. This project presents the design and development
of an automatic solar panel cleaner robot that efficiently cleans the surface of solar panels
without human intervention. The robot operates using electric motors and cleaning mechanisms
such as rotating brushes or wipers, controlled by a microcontroller. It moves smoothly over the
panel surface, removing dust and debris while minimizing water usage or enabling dry
cleaning. Sensors may be incorporated to detect panel edges and obstacles to ensure safe
operation. The proposed system reduces maintenance costs, improves energy efficiency, and
enhances the lifespan of solar panels. It is especially suitable for large solar power plants and
rooftop installations where frequent cleaning is required. The solar panel cleaner robot provides
an economical, eco-friendly, and reliable solution for maintaining solar panel performance.
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1. INTRODUCTION

Solar energy has emerged as one of the most reliable and sustainable sources of renewable
energy, playing a vital role in meeting the increasing global demand for electricity. Solar panels
convert sunlight into electrical energy; however, their performance is highly dependent on the
cleanliness of their surface. In outdoor environments, solar panels are continuously exposed to
dust, dirt, bird droppings, and other atmospheric pollutants, which form a layer over the panel
surface and significantly reduce light absorption and power generation efficiency. Studies have
shown that dust accumulation can reduce solar panel efficiency by 20-40%, making regular
cleaning an essential maintenance requirement. Traditional methods of cleaning solar panels
involve manual labour and the use of water, which are time-consuming, costly, and sometimes
unsafe, particularly for rooftop installations and large solar farms. In addition, frequent manual
cleaning increases the risk of panel damage and requires system downtime. To overcome these
challenges, the concept of a solar panel cleaner robot has gained significant attention. A solar
panel cleaner robot is an automated system designed to clean the surface of solar panels
efficiently without human intervention. The solar panel cleaner robot uses motor-driven
brushes or wipers controlled by a microcontroller to remove dust and debris from the panel
surface. Sensors can be integrated to detect edges and obstacles, ensuring safe movement across
the panel. Such systems can operate with minimal water usage or even in dry-cleaning mode,
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making them environmentally friendly. By automating the cleaning process, the robot improves
energy output, reduces maintenance costs, enhances safety, and extends the lifespan of solar
panels. Therefore, the solar panel cleaner robot presents an effective and practical solution for
maintaining optimal performance of solar energy systems in both residential and large-scale
installations.

2. LITERATURE RVIEW

[1] The study concludes that dust deposition on photovoltaic panels causes a significant
reduction in energy yield, with losses varying based on dust type, density, and environmental
conditions. The paper emphasizes that regular and effective cleaning is essential to maintain
optimal solar panel performance and long-term energy generation efficiency.

[2] This paper concludes that automatic solar panel cleaning systems greatly improve cleaning
efficiency and reduce human effort compared to manual methods. The authors highlight that
automation ensures consistent panel maintenance, improves energy output, and enhances the
reliability of solar power systems.

[3] The authors conclude that the designed and fabricated solar panel cleaning robot effectively
removes dust from panel surfaces using a motor-driven mechanism. The system demonstrates
improved solar panel efficiency, reduced maintenance cost, and safer operation, making it
suitable for large-scale solar installations.

[4] This research concludes that an automatic solar panel cleaning system significantly
increases power output by maintaining a clean panel surface. The study also indicates that
microcontroller-based control improves cleaning accuracy and reduces water consumption,
making the system economical and environmentally friendly.

[5] The paper concludes that the developed solar panel cleaning robot provides a cost-effective
and reliable solution for solar panel maintenance. The authors report improved energy
efficiency, reduced labour requirements, and better adaptability for different panel orientations.
[6] This study concludes that using an Arduino-based controller simplifies the design and
control of a solar panel cleaning robot. The system effectively removes dust and enhances solar
panel efficiency while being low-cost, flexible, and easy to implement.

[7] The authors conclude that the physical properties of dust particles, such as size and
composition, have a major impact on photovoltaic cell performance. The study reinforces the
importance of frequent cleaning to minimize efficiency degradation caused by dust
accumulation.

[8] This paper concludes that loT-based smart solar panel cleaning systems enable remote
monitoring, automation, and efficient scheduling of cleaning operations. The integration of loT
improves system intelligence, reduces manual intervention, and enhances overall performance
and maintenance efficiency of solar power plants.

3. CONCLUSION

The solar panel cleaner robot offers a reliable and efficient solution to overcome the challenges
associated with dust and dirt accumulation on solar panel surfaces, which directly impacts their
energy generation efficiency. By automating the cleaning process, the system significantly
reduces dependence on manual labour, lowers maintenance costs, and minimizes the risks
involved in cleaning rooftop and large-scale solar installations. The integration of motor-driven
brushes or wipers with microcontroller-based control ensures effective and uniform cleaning
while conserving water or enabling dry-cleaning operation, making the system
environmentally friendly. Furthermore, the use of sensors enhances the safety and accuracy of
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the robot by preventing panel damage and ensuring smooth navigation across the panel surface.
The proposed design improves overall energy output, extends the operational life of solar
panels, and increases the reliability of solar power systems. With further advancements such
as loT integration and improved navigation techniques, the solar panel cleaner robot has strong
potential for widespread adoption in residential, commercial, and industrial solar installations,
contributing to more sustainable and efficient renewable energy utilization.
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