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 Solar energy is one of the most sustainable and widely used renewable 

energy sources. However, dust, dirt, and environmental pollutants 

accumulate on solar panels, significantly reducing their efficiency by up to 

30-40%. Manual cleaning is labour-intensive, inefficient, and impractical 

for large-scale installations. This project presents an IoT-based Solar Panel 

Cleaner Robot that automates the cleaning process, ensuring maximum 

energy output. The system consists of a robotic cleaning mechanism, dust 

sensors, microcontroller-based control unit, and IoT integration. The dust 

sensor detects dirt accumulation, while a light sensor monitors power 

efficiency loss. When cleaning is required, the robotic system activates a 

motorized brush, air blower, or water sprayer, effectively removing dust. 

The entire process is controlled by an ESP32 microcontroller, which also 

sends real-time data to an IoT dashboard using Wi-Fi. Users can remotely 

monitor and control the system through a mobile app. 
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INTRODUCTION 

Solar energy is one of the most sustainable and 

abundant renewable energy sources available today. 

However, the efficiency of solar panels is significantly 

affected by the accumulation of dust, dirt, and other 

environmental pollutants on their surface. Studies 

indicate that unclean solar panels can experience 

efficiency losses of up to 30% due to reduced sunlight 

absorption. This challenge necessitates an effective 

and automated cleaning solution to maintain optimal 

performance and maximize energy output. 

The Solar Cleaner is a specialized system designed to 

autonomously clean solar panels, ensuring maximum 

energy efficiency with minimal human intervention. 

The development of such a system integrates 

mechanical design, automation, and smart sensing 

technologies to provide an efficient, cost-effective, 

and eco-friendly solution. Unlike manual cleaning, 

which is labor-intensive and time-consuming, an 

automated solar cleaner enhances the longevity and 

effectiveness of solar panels while reducing 

maintenance costs. This paper explores the design, 

development, and implementation of a solar cleaning 

system, analyzing various cleaning mechanisms such 

as robotic cleaning, water-based cleaning, and 

electrostatic cleaning methods. Additionally, it 

investigates the impact of automated cleaning on solar 
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panel efficiency, maintenance costs, and overall 

energy output. 

By addressing the critical issue of dust accumulation 

on solar panels, the proposed solar cleaner contributes 

to the broader goal of improving renewable energy 

utilization and sustainability. The findings of this 

research will aid in the development of innovative 

cleaning solutions that can be adopted on a large scale 

in solar farms, residential installations, and 

commercial power plants. 

 

LITERATURE SURVEY 

[1] Shaharin A. Sulaiman ``Effects of Dust on the 

Performance of PV Panels` International Journal of 

Mechanical, Aerospace, Industrial, Mechatronics and 

Manufacturing Engineering Vol:5, 2011  

Dust accumulation from the outside environment on 

the solar photovoltaic (PV) panels system is natural. 

There were studies which showed that the 

accumulated dust can minimize the performance of 

solar panels, but the results were not evidently 

quantified. The purpose of this research was to study 

the dust accumulation effects and then analyze the 

performance of solar PV panels. Experiments were 

conducted by utilizing dust particles on solar panels 

with a steady power light source, to conclude the 

resulting electrical power generated and efficiency. 

The effect of presence of dust was studied using 

artificial dust (mud and talcum) under a constant 

irradiance conducted in an indoor lab. Dust has 

consequences on the solar PV panel performance. The 

decline in the peak power generation can be equal to 

18%. It was also given away that under larger 

irradiation; the effect of dust became somewhat 

minimized but not negligible. 

[2] Satish patil, Mallaradhya H M (2016) design and 

implementation of microcontroller based automatic 

dust cleaning system for solar panel. international 

journal of engineering research and advanced 

technology (ijerat) issn: 2454-6135 special volume. 02 

issue.01, may-2016 conditions with the deposition of 

the unique pollutants like ash, sand, silica, calcium 

carbonate and crimson soil. Later retaining the PV 

model cool and clean, effects are acquired for effective 

device presentation. The strength generation in each 

instances become experimentally determined. Sooner 

or later by way of the use of the above said 

computerized cleaning scheme the power output can 

be expanded approximately 30%, as compared to other 

cleansing technologies. Also, recurrent periodic 

cleansing guarantees that the panel works with true 

conduction step by step. 

[3] Ali Omar Mohamed, Abdulazez Hasan, “Effect of 

Dust Accumulation on Performance of Photovoltaic 

Solar Modules in Sahara Environment” Journal of 

Basic and applied scientific Research, Volume 2, 

Issue11, Pages 11030-11036 

The aim of this paper is to give an innovative concept 

to handle energy demand around the world is 

increasing rapidly for many applications. Renewable 

sources of energy are solar, wind and geothermal 

which are inexhaustible. Solar energy is abundant in 

nature and is proving its existence for many 

applications like street lighting, house hold appliances, 

water heating, agricultural and industrial purpose. 

One of the ways to harness solar energy is done by 

using solar panels. Limitation of solar energy is its 

efficiency for any application due to the factors like 

dust, humidity, temperature etc. Electrical parameters 

of solar panel are sensitive to accumulated dust density 

and will affect the transmittance of the solar panel 

thereby reduce its efficiency. In order to overcome 

this problem, it is necessary to clean the solar panels 

regularly. 

 

METHODS AND MATERIAL  

A solar panel cleaning system consists of multiple 

electrical, mechanical, and IoT-based components 

that work together to detect dust, clean the panel, and 

optimize power efficiency. 

[1]. Power Components 

Solar Panel – Converts sunlight into electrical energy. 
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Battery (Li-ion/Lead Acid) – Stores energy for 

cleaning operations when sunlight is unavailable. 

Charge Controller – Regulates power flow between 

the solar panel, battery, and other components. 

[2]. Cleaning Mechanism Components 

Motorized Brush (DC Motor/Stepper Motor) – Moves 

across the panel to remove dust. 

Brush– Uses compressed air to remove loose dirt. 

Water Sprinkler/Nozzle (Solenoid Valve) – Sprays 

water for wet cleaning (if applicable). 

Electrostatic Cleaning System – Uses electrostatic 

repulsion to remove dust without contact. 

[3]. Actuation and Control Components 

Servo Motor/Stepper Motor – Moves cleaning arms or 

robotic cleaners. 

linear Actuators – Used in automated cleaning 

systems for precise movement. 

Relay Module – Controls high-power components 

like motors and water pumps. 

Motor Driver (L298N, L293D) – Controls the motion 

of motors and brushes. 

[4]. IoT and Communication Components 

Microcontroller (ESP32) – Controls cleaning 

operation and connects to IoT. 

[5]. Supporting Mechanical Components 

Aluminium/Plastic Frame – Supports cleaning 

mechanisms. 

Rubber Wheels/Tracks – For robotic solar panel 

cleaners 

Gears and Shafts – For motion transmission in 

mechanical cleaning systems. 

 

RESULTS AND DISCUSSION 

Solar panels lose efficiency due to dust and pollutants, 

with unclean panels experiencing up to a 30% 

reduction in energy output. To address this, an 

automated Solar Cleaner system is designed to 

maintain optimal performance with minimal human 

intervention. By integrating mechanical design, 

automation, and smart sensing technologies, this 

system offers a cost-effective and eco-friendly 

alternative to labour-intensive manual cleaning. This 

research explores various cleaning mechanisms, their 

impact on efficiency and maintenance costs, and the 

broader benefits of automated cleaning. The findings 

contribute to enhancing renewable energy utilization 

and promoting sustainable large-scale solar energy 

adoption. 

The Solar Cleaner project has significant potential for 

future advancements, addressing the increasing need 

for efficient and sustainable solar panel maintenance. 

As renewable energy adoption grows, automated 

cleaning solutions will be crucial in maximizing 

energy output while reducing operational costs. The 

future scope includes developments in technology, 

market expansion, sustainability, and research 

opportunities. 

1. Technological Advancements 

 AI & Machine Learning: Smart cleaning 

algorithms can analyse dust patterns, predict 

cleaning schedules, and detect anomalies. 

 Self-Sustaining Cleaning: Solar-powered 

charging, nanotechnology-based self-

cleaning coatings, and hybrid cleaning 

approaches (e.g., electrostatic, ultrasonic) 

will improve efficiency. 

 IoT & Cloud Monitoring: Real-time 

performance tracking, SCADA integration, 

and advanced wireless connectivity will 

enhance remote monitoring. 

 Robotics & Automation: AI-driven path 

planning, drone-based cleaning, and 

modular robot designs will optimize 

cleaning processes. 

2. Market Expansion & Commercialization 

 Utility-Scale Solar Farms: Demand for fully 

automated, large-scale solar cleaners will 

increase. 

 Smart Cities & Smart Grids: Integration with 

smart infrastructure will improve power 

generation efficiency. 
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 Residential & Commercial Use: Affordable, 

compact cleaners will benefit homeowners 

and businesses. 

 Emerging Markets: Developing regions with 

high solar potential will see rapid adoption, 

supported by government incentives. 

3. Sustainability & Environmental Benefits 

 Waterless Cleaning: Eco-friendly techniques 

like electrostatic and airflow-based cleaning 

will reduce water usage. 

 Lower Carbon Footprint: Automated 

solutions will improve solar panel efficiency 

and reduce reliance on fossil fuels. 

 Recycling & Sustainable Manufacturing: 

Future solar cleaners will use recyclable 

materials and introduce end-of-life recycling 

programs. 

4. Challenges & Research Opportunities 

 Adaptation to Various Panel Types: 

Developing solutions for tilted, floating, or 

vertical panels. 

 Energy Efficiency: Innovations in battery 

technology (e.g., solid-state batteries, 

supercapacitors) to enhance efficiency. 

 Affordability & Cost Reduction: Mass 

production, subsidies, and financing models 

will make solar cleaners more accessible. 

These advancements will drive the future of solar 

panel maintenance, making it more efficient, cost-

effective, and environmentally friendly. 

 
Figure 1:  Block Diagram of Solar panel cleaning robot 

CONCLUSION 

The Solar Cleaner project presents an innovative and 

efficient solution for maintaining solar panels, 

ensuring optimal energy production and sustainability. 

By addressing the critical issue of dust accumulation, 

which significantly reduces solar panel efficiency, this 

system enhances the overall performance and 

longevity of solar energy infrastructure. 

Through the integration of advanced hardware 

components such as robotic arms, sensors, and 

automated cleaning mechanisms, along with 

intelligent software algorithms, the Solar Cleaner 

operates effectively with minimal human 

intervention. The incorporation of IoT-based 

monitoring, AI-driven automation, and energy-

efficient control mechanisms makes this system a 

cost-effective, eco-friendly, and scalable solution for 

residential, commercial, and industrial solar 

installations. 

Extensive hardware and software testing has ensured 

the system's reliability, durability, and safety, even in 

extreme environmental conditions. The Solar Cleaner 

has demonstrated high efficiency in real-world 

conditions, with optimized energy consumption and 

robust performance. In conclusion, implementing a 

Solar Cleaner system not only enhances the efficiency 

of solar power generation but also contributes to 

reducing maintenance costs and promoting 

sustainable energy solutions. As solar energy adoption 

continues to grow worldwide, automated cleaning 

technologies like the Solar Cleaner will play a crucial 

role in maximizing the potential of renewable energy 

sources. Future improvements, such as AI-driven 

predictive maintenance and self-sustaining cleaning 

mechanisms, could further revolutionize this 

technology, making solar power more accessible and 

effective on a global scale. 
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