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Abstract:

The growing use of solar energy systems has led to a need for better methods to maintain their  
performance. A major problem with solar panels is the accumulation of dust and dirt on their 
surfaces, which reduces their efficiency in generating energy. To address this issue, a low-power 
and smart solar panel cleaning system has been proposed to clean solar panels automatically. This 
reduces the need for manual cleaning. The system consists of several components, including an 
ESP32 microcontroller, DC gear motor, motor driver, water pump, cleaning brush, wiper, and limit 
switches. These components work together to clean the solar panels effectively. The motor moves 
the cleaning mechanism across the panel surface, while water is sprayed to help remove stubborn 
dust and dirt. The system uses solar power with a battery backup, making it energy-efficient and 
self-sufficient.

The system operates  according to  a  predefined schedule  or  timer,  allowing regular  cleaning 
without human intervention. Embedded control makes the system reliable, easy to maintain, and 
efficient. The limit switches prevent the cleaning mechanism from moving beyond its required 
range, thereby improving system safety.

This solution provides a reliable and adjustable method for maintaining solar panel performance. It 
is suitable for homes, commercial buildings, and remote locations where manual cleaning may be 
difficult or impractical. The system can help maintain energy production, reduce maintenance 
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requirements,  and  support  the  use  of  clean  and  renewable  energy  through  automation  and 
intelligent design.

Keywords:  Solar  Health Monitoring,  IoT,  Automatic  Cleaning System, Low Power Design, 
Renewable Energy, Remote Monitoring.

1. INTRODUCTION

The growing need for clean and sustainable energy has encouraged more homes, businesses, and 
industries to adopt solar power systems. Solar energy is a valuable renewable resource because it is 
widely available, environmentally friendly, and can provide long-term cost savings. However, 
maintaining the efficiency of solar panels remains a major challenge, especially in areas where  
dust, dirt, and other particles accumulate on the panel surface. These particles reduce the amount of 
sunlight reaching the photovoltaic cells, which can lower the energy output of the system.

In many locations, particularly dry and dusty regions, dust can significantly affect the performance 
of solar panels. Even a thin layer of dust can reduce panel efficiency. Typically, solar panels are 
cleaned manually, which requires considerable time and effort and may not be performed at regular 
intervals.  For  large  solar  farms  and  remote  installations,  manual  cleaning  can  be  difficult, 
expensive,  and  time-consuming.  In  addition,  improper  cleaning  techniques  may damage  the 
panels, reducing their lifespan and performance.

To address these challenges, automatic solar panel cleaning systems are becoming increasingly 
useful. These systems perform the cleaning process automatically, reducing the need for manual 
intervention. They use components such as brushes and wipers along with a control system to clean 
the panels at predetermined intervals. This makes the cleaning process more consistent, reduces 
operating requirements, and helps maintain stable energy production.

The integration of embedded systems and Internet of Things (IoT) technology can further improve 
the functionality  of  these cleaning systems.  Microcontrollers  such as  the ESP32 can control 
components such as motors and sensors while maintaining low power consumption. The system 
can be programmed to perform cleaning at specific times or according to predefined conditions 
without requiring continuous human attention. IoT capabilities can also enable remote monitoring 
and control, making system management more convenient.

In this context, a Low Power IoT-Based Solar Panel Cleaning System with an Automatic Cleaning 
Mechanism has been developed to address the challenges associated with solar panel maintenance. 
The system uses a motorized cleaning mechanism, a water spray unit, and control logic to remove 
dust and dirt effectively. It operates using solar power with a battery backup, making it self-
sustaining and energy-efficient. The design is simple, affordable, and easy to install, making it 
suitable for different applications.

Overall, the proposed system provides a practical approach to maintaining solar panel performance 
through regular and effective cleaning. It reduces manual intervention, saves time and effort, and 
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helps  maintain  energy production.  The  proposed solution  demonstrates  how automation  and 
embedded technology can be applied to address real-world maintenance challenges in renewable 
energy systems.

2. LITERATURE SURVEY

B. G. Chikte and P. B. Agrawal [1] created an IoT-based system to monitor solar energy. This 
system keeps track of key parameters like voltage, current, and power output from solar panels. It 
uses IoT to send data from the panels to a remote platform. This lets users check how the panels are 
working without being on-site. The system helps spot unusual changes in power production, which 
might  show  faults  or  system  issues.  Their  work  shows  how  IoT  monitoring  can  increase 
transparency, cut down on manual checks, and help with timely repairs. However, the main focus is 
on monitoring performance, not on cleaning the panels or detecting dust automatically.

Kumar et al. [2] made a real-time solar monitoring system using IoT. The system gathers electrical 
and operational data from solar panels and sends it to a server for storage and analysis. This  
ongoing monitoring helps users check how well the solar system is working over time and find 
issues  that  deviate  from  normal  operation.  Having  both  current  and  past  data  helps  spot 
performance problems and decide on maintenance. The study shows how important remote data 
collection is for modern solar setups. However, the system mainly focuses on monitoring and does 
not include automatic cleaning features.

Priya and S. Kumar [3] introduced a low-power IoT-enabled system for solar monitoring. Their 
focus was on making the monitoring unit use less energy, which is important for remote setups 
where  the  system  should  not  use  much  of  the  generated  power.  The  system  uses  IoT 
communication to send solar performance data while keeping energy use low. The study shows 
that using low-power hardware and methods can help create sustainable, remote solar monitoring 
systems. This work is key for low-power systems as it shows how to cut energy use while keeping 
monitoring ongoing. However, it does not focus on automatic cleaning or dust removal.

S. Kale et al. [4] developed a system that combines cleaning and monitoring solar panels using 
motorized wipers. The system does two things: removes dust from the panels and checks their 
condition. The motorized wiper physically cleans the panels, keeping them clean and improving 
energy output. IoT allows remote monitoring of the system's status. By combining cleaning and 
monitoring, the system reduces the need for manual work and offers more automation for solar  
setups. This work is related to the proposed system because it shows the benefit of integrating 
cleaning and monitoring. However, features like low-power use, water spraying, safety controls, 
and health checking could make the system even better.

R. Majeed et al. [5] tested how dust affects solar panel performance. They found that dust and other 
particles  on the  panels  block sunlight,  leading to  less  electricity  production.  The amount  of 
performance loss depends on factors like how much dust is on the panel and environmental 
conditions. The researchers also suggested a low-cost cleaning method to reduce the negative 
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effects of dust. Their findings show the need for regular maintenance, especially in dusty areas. 
This study supports the development of automated cleaning systems because it clearly links dust  
buildup to performance drops.

Z. Mahatab Md Sakif et al. [6] proposed a deep-learning-based system called "Sol Net" to detect 
dust on solar panels. This system uses image processing and deep learning to identify dust or dirt on 
panel surfaces. Unlike systems that rely only on electrical measurements, this approach uses visual 
data to check how clean the panels are. Such an intelligent system can help decide if cleaning is  
needed, offering a smart way to manage solar panel maintenance. This can stop extra cleaning 
cycles and help save water, energy, and wear on equipment. The study shows how artificial  
intelligence can make automated solar maintenance systems smarter in their decisions. However,  
image-based systems might need more computer power and good lighting for images to work well.

U. P. Singh and S. Chandra [7] worked on making solar panel cleaning plans better using deep 
learning. Instead of cleaning at set times, their method uses current performance and environmental 
data to decide the best time to clean. Smart scheduling helps avoid cleaning when it is not needed 
while making sure dust buildup does not cut down solar energy production too much. This method 
can lower water use, energy use, and wear on cleaning parts. The study shows how prediction and 
smart methods can improve solar panel care. But setting up such a system needs enough past data 
and computer resources for good predictions.

M. Abraim et al. [8] made a system to track dust on solar panels and how it affects solar power. The 
system shows how much dust is building up over time, which helps decide when to clean. Having 
ongoing dust information is helpful because fixed cleaning times might lead to extra cleaning when 
there is not much dust. By using up-to-date information for cleaning choices, the system makes 
cleaning more efficient and improves the reliability of the solar setup. Their work shows how 
checking dust levels is key in smart solar maintenance. However, the monitoring system alone does 
not offer a full automatic cleaning solution.

P. Borah, L. Micheli, and N. Sarmah [9] provided a comprehensive review of soiling losses in 
photovoltaic  systems.  Their  study  investigates  how  environmental  factors—including  dust, 
humidity, wind, and other atmospheric conditions—affect the buildup of particles on solar panel 
surfaces.  Accumulated  dirt  can  block  sunlight  from reaching  the  photovoltaic  cells,  thereby 
reducing  the  amount  of  electrical  energy  they  generate.  The  authors  also  examined  various 
cleaning and soiling mitigation techniques employed to minimize these losses. Their review offers 
valuable insights into the environmental factors influencing PV performance and underscores the 
significance of choosing an appropriate cleaning strategy. This study aids in advancing automated 
cleaning systems by emphasizing the importance of accounting for environmental  conditions 
during the design of maintenance mechanisms.

O.  J.  Alshawabkeh and colleagues.  Reference [10]  introduced an AIoT-based dust  detection 
system that integrates Artificial Intelligence with the Internet of Things. The system employs color 
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recognition  and Adaptive  Neuro-Fuzzy Inference  System (ANFIS)  techniques  to  detect  dust 
accumulation on photovoltaic panels. The AI component enhances the system's ability to assess 
cleanliness conditions, while IoT connectivity facilitates the monitoring and communication of the 
detected data. By combining AI and IoT, automated cleaning systems can achieve intelligent 
decision-making capabilities. For instance, the cleaning process can only begin once the detected 
dust  level hits  a specific threshold.  This method can minimize redundant cleaning tasks and 
enhance  resource  efficiency.  However,  AI-based  systems  may  entail  higher  computational 
complexity than simpler sensor-based alternatives.

M. P. Ndeto and colleagues. [11] developed a self-powered solar panel cleaning system that 
utilizes solar energy to drive the cleaning mechanism. The system's primary goal is to minimize  
reliance on external power sources while ensuring the photovoltaic panels remain clean. Because 
the cleaning energy is supplied by the solar installation itself, the system has the potential to  
operate  autonomously  in  remote  areas.  This  approach  can  also  lower  the  need  for  manual  
maintenance and reduce operational expenses. This study is especially pertinent to energy-efficient 
solar  cleaning  systems,  as  it  illustrates  the  feasibility  of  creating  a  self-powered  cleaning 
mechanism driven by renewable energy. However, incorporating additional real-time monitoring 
and intelligent cleaning decisions could further improve its capabilities.

H. A. Khan and colleagues. Reference [12] created a dust detection system for photovoltaic panels 
that  utilizes  deep  learning.  The  system  leverages  deep  learning  techniques  to  detect  dust 
accumulation by analyzing available panel images or visual data. Precise dust detection can help 
determine when cleaning is needed, thereby supporting timely maintenance. By automating the 
detection process, the system lessens reliance on manual visual inspections and enhances the 
consistency of maintenance decisions. This approach is particularly beneficial for large-scale solar 
installations, where manually inspecting every panel can be time-consuming. Nevertheless, the 
efficacy of deep-learning-based detection is contingent upon variables including the quality and 
volume of training data, image fidelity, environmental factors, and computational resources.

Portelli et al. [13] introduced a method using sensors to detect power losses in solar panels caused 
by dust. Instead of just checking for dust visually, the system looks at how the solar panels are  
performing and finds out how much energy is being lost because of dirt buildup. Measuring how 
much performance drops can give useful data about how dust affects energy production. This 
information can help people in charge of the system plan when to clean the panels. The method 
shows that looking at electrical performance can tell you a lot about how clean the panels are. But, 
electrical measurements alone might not always tell you if the loss is from dust or other issues like 
shading, temperature changes, or equipment problems.

R. Aman et al. [14] created a system that uses deep learning to analyze the performance of solar 
panels. The system checks real-time data and uses smart data analysis to spot possible losses in 
efficiency. By looking at changes in how the panels work, the system can help predict when 
something is going wrong and when maintenance is needed. This kind of predictive analysis is  
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helpful because it lets you fix problems before energy output drops a lot. The study shows that 
combining real-time monitoring with artificial intelligence can make solar systems more reliable.  
However, these smart systems might need more data and more powerful computers than regular 
monitoring systems.

S. M. Tewari et al. [15] built an AI-powered robot that cleans solar panels and connects to the 
internet. The robot uses automatic cleaning and smart decisions to remove dust without needing 
constant human help. AI helps the robot decide when and how to clean. The internet connection 
allows people to monitor and control the robot from far away. This approach makes cleaning more 
consistent, reduces the need for people to do the work by hand, and keeps the panels performing 
well. Using AI, IoT, and robots together is a more advanced way to take care of solar panels.  
However, these systems can be more complicated and might cost more, use more power, and 
require more setup.

3. PROPOSED METHODOLOGY

The system is designed to improve solar panel performance by providing an automatic cleaning 
mechanism. It uses low-power components integrated into the system to maintain the cleanliness 
of the solar panel. Dust accumulation is one of the major factors that reduces solar panel efficiency, 
so the proposed system helps remove dust automatically. It combines mechanical components with 
intelligent control to perform the cleaning process without requiring manual intervention.

The setup consists of a solar panel, battery, ESP32 microcontroller, motor driver, DC gear motor, 
cleaning  mechanism with  a  wiper  and  brush,  water  pump,  and  limit  switches  to  detect  the 
movement of the cleaning mechanism. The solar panel generates electricity, which is stored in the 
battery. The stored energy supplies power to the other components. The ESP32 acts as the main 
control unit and coordinates the operation of the system.

The following diagram shows the proposed methodology of the Low-Power IoT-Based Solar Panel 
Health Monitoring System
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Figure 1 Block Diagram of Proposed System

The system operates according to a predefined schedule or set of control conditions. At specified 
times, the ESP32 initiates the cleaning process. It sends a signal to the motor driver to operate the 
DC gear motor, which moves the cleaning mechanism across the solar panel. The brush and wiper 
remove dust from the panel surface, while the water pump sprays water to improve the cleaning 
effectiveness. This process helps keep the solar panel clean and maintain its performance.

Limit switches are installed at both ends of the solar panel to detect when the cleaning mechanism 
reaches the edges. When the mechanism reaches an end position, the corresponding switch sends a 
signal to the ESP32. The controller then stops the motor or changes its direction. This prevents 
excessive movement, protects the mechanical components, and improves the safety of the system.

The system operates with low power consumption and uses solar energy with a battery backup.  
This makes it self-sustaining and energy-efficient. The ESP32 also provides scope for future IoT-
based  monitoring,  allowing  the  system  status  and  cleaning  schedules  to  be  monitored  and 
controlled remotely.

The integration of mechanical, electrical, and intelligent control components results in a reliable 
and  automated  solar  panel  cleaning  system.  The  proposed  approach  helps  maintain  panel 
efficiency, reduces manual effort, and saves maintenance time. It’s simple and flexible design 
makes it suitable for residential applications, commercial installations, and large-scale solar power 
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systems.

4. CONCLUSION

The  proposed  IoT-Based  Solar  Panel  Cleaning  System  provides  an  effective  approach  to 
maintaining  solar  panel  performance  through  automation  and  intelligent  design.  Dust 
accumulation is a major problem that can reduce the efficiency of solar panels. The proposed 
system addresses this issue by using an automatic cleaning mechanism consisting of a wiper, 
rotating brush, and water sprayer.

The system uses an ESP32 microcontroller along with mechanical and electrical components to  
achieve smooth and reliable operation. It uses solar power with a battery backup, making it energy-
efficient and suitable for locations with limited access to conventional electricity. Limit switches 
are incorporated to ensure that the cleaning mechanism moves safely and to prevent mechanical 
damage.

The  system  reduces  the  need  for  manual  panel  cleaning,  thereby  saving  time,  effort,  and 
maintenance costs. It also helps maintain consistent panel performance and supports improved 
energy generation. The simple and affordable design makes the system suitable for residential  
applications as well as large-scale solar installations.

The system has some limitations, such as dependence on weather conditions and possible wear of 
mechanical components over time. However, it provides an efficient solution for regular solar 
panel maintenance. The proposed system demonstrates how automation and embedded technology 
can be applied to improve renewable energy systems. It also provides opportunities for future 
enhancements, including advanced IoT-based monitoring, real-time performance tracking, and 
improved control mechanisms.
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