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Abstract
Solar energy has emerged as a sustainable and efficient alternative to conventional energy sources.
However, maintaining solar panels is crucial to ensure optimal performance and longevity. Accumulation
of dust, dirt, and environmental debris can significantly reduce energy efficiency, leading to increased
operational costs and potential system failures. To overcome this issue, we suggest an loT-based Solar
Panel Maintenance and Prevention System that facilitates automated cleaning and preventive
maintenance via a mobile app. This system improves the efficiency of solar panels by offering remote
control features, automated cleaning systems, and real-time monitoring capabilities. Solar panels are a
long-term investment in renewable energy, providing an environmentally friendly solution to electricity
generation. But their effectiveness relies heavily on frequent maintenance and cleaning. Lack of
maintenance results in energy loss, higher costs, and ultimate system degradation. Conventional cleaning
techniques are often labor-intensive, time-consuming, and even dangerous in some instances, particularly
for solar panels on rooftops. To address these issues, our project proposes an loT-based mobile app that
will automate and streamline solar panel maintenance. Our setup incorporates an loT-based relay system
through which users can operate a water pump remotely using a mobile app. Upon receiving a cleaning
command from the app, the relay turns on the water pump to enable an automated cleaning process. The
relay automatically turns off after a set period of time, providing effective usage of water and avoiding
damage caused by overcleaning. This automation minimizes manual intervention, making solar panel
cleaning easy and efficient. In addition to automated cleaning, the mobile app offers key maintenance
management features. Users can program cleaning cycles according to environmental conditions, receive
reminders for regular inspections, and view maintenance history logs to monitor system performance over
time. The app also features an Al-driven chatbot that provides real-time advice, troubleshooting
assistance, and best practices for maximum solar panel maintenance. Through the utilization of loT and
Al, our system ensures optimal operation of solar panels with minimal human intervention. The solution
presented maximizes convenience and accessibility for residents, lowering costs of operation and
maximizing energy yields. With automatic cleaning and intelligent maintenance assistance, the system
enhances the use of solar energy in a sustainable way, increasing the life expectancy of solar panels and
their overall performance. Our loT-based solution is
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INTRODUCTION

The relay control system based on 10T is an intelligent and effective solution that enables users to
remotely switch on/off electrical devices using an ESP32 microcontroller, a relay module, and a web
interface. The project is intended to improve convenience, energy efficiency, and automation by making
it possible for users to switch on/off devices via a smartphone or computer. The system is connected to
a Wi-Fi network, enabling users to access and control the relay through a web server or mobile app.

Hardware components consist of the ESP32 microcontroller, which is the processing core, a relay
module for the switching of appliances, and a power supply for stable use. The software aspect is to
program the ESP32 with Arduino IDE or Platform 10 and couple it with a web-based interface for
convenient control. The web server running on the ESP32 offers a minimalistic interface with buttons
to switch the relay state [1]. Users can access this interface from any device on the same network, which
is extremely convenient.

When in use, upon user click of the “ON” or “OFF” button through the web interface, the command
is received by the ESP32 and it operates the relay accordingly. The relay acts to turn the connected
appliance either on or off. This eliminates the use of physical switches to automate homes in a more
simple and efficient way.

Moreover, this system is also extremely scalable and multiple relays can be controlled in parallel. This
system can be applied in several applications including home automation, control of industrial equipment,
smart irrigation, and energy management. With the integration of 10T technology, its functionality
increases, and thus it is an economical and user-friendly solution for contemporary smart systems.

AUTOMATED SOLAR PANEL CLEANING SYSTEM USING IOT: BLOCK
AND USE CASE DIAGRAMS

This block diagram in Figure 1 illustrates an automated solar panel cleaning system powered by loT
components. The system operates by receiving user commands through a mobile or web-based
application and executing them using an ESP32 microcontroller. The process starts when the user
interacts with the application, sending specific signals to the ESP32. Acting as the central controller,
the microcontroller processes these commands and forwards them to the relay module for further action.
The ESP32 ensures that user instructions are accurately interpreted and transmitted, enabling the
automated control of the cleaning system [2]. Through this coordinated operation, the system achieves
efficient solar panel maintenance with minimal manual effort, enhancing energy generation by keeping
the panels clean and operational.

The relay module acts as a switch, controlling the state of the water pump. When the user sends an
ON command, the relay module activates the water pump, initiating the cleaning process. Water is then
supplied to the solar panels, effectively removing dust and debris. The system is designed to operate for
a specific time duration, ensuring a thorough cleaning while minimizing water consumption [3]. Once
the set time elapses, the system automatically turns off the water pump to prevent unnecessary water
usage. If the user decides to stop the process manually, they can issue an OFF command, which
deactivates the relay module and shuts down the water pump immediately. This system ensures an
efficient and automated approach to maintaining solar panel efficiency. By integrating 10T components
like the ESP32 and a relay-controlled water pump, it reduces manual effort while optimizing the
cleaning process. The automation improves solar panel performance, leading to better energy generation
and prolonged lifespan, making it an effective and smart solution for solar panel maintenance.
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Figure 1. Block Diagram of automated solar panel cleaning system.

COMPONENT FLOW AND OPERATION OF THE ESP-BASED SOLAR PANEL
MAINTENANCE SYSTEM

The operation of an automated solar panel cleaning system intended to optimize energy output by
maintaining the panels clean and clear of dust and debris is depicted in Figure 2. The system
incorporates a number of essential elements that cooperate to automate the cleaning procedure with the
least amount of human involvement [4-7].

The process starts with the user, who is crucial in starting the cleaning procedure. The user initiates
the cleaning process by sending a command or granting authorization using a mobile application or
similar interface. Because it initiates the entire system workflow, this input is essential.

When the user gives the ESP microcontroller a command, it starts working. The ESP serves as the
system's primary controller or brain. It interprets the command it has received and controls the control
flow by guiding the relay module. Without having to handle each component by hand, the
microcontroller makes sure that the user's orders are carried out precisely.

The actual cleaning procedure is carried out by the Relay Module. It acts as an electrical switch to
turn on and off other pieces of gear. The relay module starts the water flow required for cleaning by
turning on the Water Motor in response to commands from the ESP microcontroller. To prevent wasting
water or electricity, the relay module also shuts off the water motor when the cleaning cycle is over.
Because it pumps water through the system at a high enough pressure, the water motor is essential. This
guarantees that the solar panels are cleaned completely, getting rid of any accumulated dirt and dust
that can lower their effectiveness [8]. By automating this procedure, the system promotes sustainability
and efficiency by lowering manual labor and water waste while maintaining optimal energy generation.
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Figure 2. ESP: Solar panel maintenance system.

RESULT AND DISCUSSION
Result

The automated solar panel cleaning system successfully integrates multiple components to achieve
remote, efficient cleaning. The ESP32 microcontroller, mounted on a breadboard, acts as the system's
core, processing Wi-Fi commands from a smartphone application. Upon receiving the user’s input, the
ESP32 communicates with the relay module, which operates as a switch to control the water pump. The
water pump, submerged in a reservoir, draws water through attached pipes and distributes it evenly across
the solar panel using a soft piping system. A miniature solar panel setup is used to simulate a real-world
installation, demonstrating effective cleaning with minimal manual intervention. The smartphone
interface provides real-time updates on system status, allowing users to monitor and control operations
easily [9]. Power is supplied via USB for the ESP32 and an external source for the pump. Overall, the
system showcases a practical and efficient loT-based approach for maintaining solar panel efficiency
through automated cleaning. Additionally, Figure 3 represents the working model, Figure 4 shows the
connection between ESP32 and Relay module and Figure 5 showcases the solar panel cleaning.

DISCUSSION

e Microcontroller unit (ESP32): The microcontroller, which is located on a breadboard, is the
central unit of the system that processes the commands from a smartphone through Wi-Fi. It is
linked to a relay module, which drives the water pump to initiate remote operation.

e Relay module: This module acts as a switch, receiving commands from the microcontroller to
switch the water pump ON or OFF. It is the key element in automating the cleaning process.

e Water pump and reservoir: An underwater water pump, which is housed in a water vessel,
supports the cleaning operation by sucking water from a pipe that is attached to the solar panel.
The pump switches on once a command has been sent to the relay module.
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Figure 4. ESP 32 connection with Relay module.
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o Water flow system: Soft pipes distribute water from the pump to the solar panel in order to achieve
uniform flow for effective cleaning.

e Solar panel model: A miniature solar panel, placed on a stand, is a real solar installation. The
system washes the panel by spraying water through the pipes attached to it.

e Smartphone interface: The smartphone app offers an easy-to-use interface, showing real-time
relay and pump status and enabling users to remotely control the cleaning process.

o Power supply: The microcontroller is supplied with power through a USB connection, while the
water pump is powered with an external supply [10].

CONCLUSION

This project showcases how 10T technology can be combined with solar energy to create a smart and
efficient system for maintaining solar panels. By using an ESP32 microcontroller, a relay module, and
a water pump, we have built an automated cleaning system that helps keep solar panels free from dust
and debris. The ability to control and monitor the system through a mobile interface makes it user-
friendly and convenient, reducing the need for manual intervention. Since the system is powered by
solar energy, it remains self-sustaining and eco-friendly, cutting down on electricity costs and
promoting renewable energy use.

One of the biggest advantages of this project is its ability to maintain solar panel efficiency without
requiring constant human effort. The automation ensures that panels remain clean, maximizing energy
output and making solar energy even more effective. The real-time feedback provided through the
mobile interface adds another layer of convenience, allowing users to check the system’s status and
performance anytime.
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Looking ahead, this project could be improved by integrating smart sensors that detect dust levels
and activate the cleaning system only when needed. Al-based analysis could also help predict
maintenance schedules, making the system even more efficient. Ultimately, this project contributes to
a cleaner and more sustainable future by ensuring solar panels perform at their best.
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