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Abstract 

The exponential growth of solar energy as a renewable energy 

source emphasizes the importance of optimizing solar panel 

efficiency and maintenance. One critical challenge for solar 

cells is the impact of environmental factors, particularly the 

accumulation of dust and debris on panel surfaces. To solve this 

problem, our project introduces an automatic cleaning system 

for solar panels. offers a dual function of user-scheduled 

cleaning and intelligent automatic cleaning. In addition, the 

system has a vertical roller brush mechanism that ensures 

precise and efficient cleaning.The user-scheduled cleaning 

mode provides a flexible interface that allows users to 

customize cleaning schedules according to individual 

preferences and usage needs.Intelligent automatic cleaning 

mode marks a paradigm shift in solar panel maintenance. Using 

advanced sensors such as light sensors and a real-time clock, 

the system calculates the capacity of the solar panels in real 

time. This data-driven approach intelligently schedules 

cleaning cycles, dynamically adapting to actual maintenance 

needs. Light sensors measure the intensity of sunlight, while a 

real-time clock ensures accuracy and adapts cleaning processes 

to environmental and seasonal changes. 
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1. INTRODUCTION  

 
Conventional maintenance strategies for solar panels 

are based mainly on manual cleaning methods that require 

regular maintenance activities by personnel to mitigate the 

effects of surface contamination. However, these manual 

approaches are inherently laborious, time-consuming, and 

often impractical for large PV devices. In addition, the 

frequency and effectiveness of manual cleaning depends on 

external variables such as weather conditions, environmental 

conditions and geographical location. Therefore, there is an 

urgent need to design and implement automatic solutions that 

can proactively meet the maintenance needs of solar panels 

while avoiding the limitations of traditional cleaning methods.  

In response to these needs, "Automatic solar panel cleaning 

systems" has emerged as an attractive way to improve the 

efficiency, longevity and sustainability of solar energy 

infrastructure. Such systems use cutting-edge technologies 

including robotics, sensors, artificial intelligence and advanced 

materials to autonomously detect, assess and mitigate the 

adverse effects of surface contamination on solar panels. By 

integrating these innovative elements into a single framework, 

automated cleaning systems offer a versatile approach to 

optimizing solar panel performance, streamlining maintenance 

and enhancing the overall resilience of the system in various 

environmental conditions. 

 

2. BACKGROUND OF THE WORK 

 
The detrimental effects of soiling on solar panel 

performance are well-documented. Studies have shown that 

even a thin layer of dust or debris can lead to a notable 

reduction in energy output, with potential losses ranging from 

5% to 30% depending on the severity of contamination and 

prevailing environmental conditions. Over time, the cumulative 

impact of soiling can significantly undermine the economic 

viability and energy yield of solar PV installations, 

necessitating periodic cleaning and maintenance interventions 

to mitigate these losses. 

Traditionally, the cleaning of solar panels has been performed 

manually or through rudimentary methods such as hosing down 

the panels with water or using handheld brushes. While 

effective to some extent, these manual approaches are labor-

intensive, time-consuming, and inherently unsustainable, 

particularly for large-scale solar installations or remote off-grid 

systems where access and logistics pose significant challenges. 

In response to these limitations, the concept of an Automatic 

Solar Panel Cleaning System has emerged as a promising 

solution to streamline and optimize the maintenance of solar 

PV arrays. By integrating advanced technology, automation, 

and intelligent monitoring capabilities, these systems offer a 

proactive approach to panel cleaning that enhances efficiency, 

reliability, and overall system performance. 
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3. METHODOLOGY  

 

The automatic solar panel cleaning system operates in 

two distinct modes to ensure efficient maintenance and optimal 

performance of solar panels. 

 

In Mode 1, known as scheduling mode, users have the 

flexibility to set predetermined cleaning schedules according to 

their preferences. For instance, a user may choose to schedule 

cleaning every three days. In this case, the system will 

automatically initiate cleaning once every three days without 

requiring manual intervention. This mode provides users with 

control over the frequency of cleaning, allowing them to tailor 

the maintenance schedule to suit their specific needs and 

environmental conditions. 

In Mode 2, termed sensor-based mode, the system 

leverages real-time data from sensors to automatically trigger 

cleaning when certain conditions are met. The system 

integrates data from voltage sensors, light sensors, and real-

time sensor modules to make informed decisions about when 

cleaning is required. For example, if the voltage and current 

output from the solar panel drop below a predefined threshold, 

and the light sensor indicates that sunlight intensity is 

sufficient, the system interprets this as a signal of dust 

accumulation on the panels.  

 

 
 

Fig 1: Block diagram of the proposed work 

 

3.1 DATA COLLECTION 

3.1.1 SOLAR PANEL OUTPUT DATA 

The process involves regularly measuring the voltage 

output of the 9V 5W solar panel at predetermined intervals, 

such as hourly readings. By capturing these voltage readings 

over time, the system can establish a comprehensive 

understanding of the solar panel's performance under various 

lighting conditions. This data serves as a critical indicator for 

assessing the effectiveness of the solar panel and detecting any 

deviations from expected output levels. Moreover, analyzing 

the voltage output data enables the system to identify instances 

of reduced performance potentially caused by dust 

accumulation on the solar panel's surface. With this 

information at hand, the system can autonomously trigger the 

cleaning mechanism when necessary or as per user-defined 

schedules, ensuring optimal efficiency and performance of the 

solar panel system. 

 

Fig 2: Solar panel output data for every hour 

 

3.1.2 LIGHT INTENSITY DATA 

The light sensor continuously monitors the intensity 

of sunlight reaching the panel, providing real-time data on the 

illumination levels. This information is crucial for 

understanding the solar panel's performance relative to 

environmental conditions. By analyzing the relationship 

between light intensity and voltage output, the system can 

determine if decreases in output are due to insufficient sunlight 

or dust accumulation. For instance, if the voltage drops while 

light intensity remains adequate, it suggests that the panel's 

efficiency might be hindered by dirt or dust buildup. This 

insight enables the system to make informed decisions 

regarding the initiation of the cleaning process. By integrating 

light intensity measurements into the control algorithm, the 

system can autonomously trigger cleaning actions when 

necessary, ensuring optimal performance and efficiency of the 

solar panel system. 

 

Fig3: Light intensity captured by BH1750 light sensor 
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3.2 WORKING METHODOLOGY 

3.2.1 CLEANING MECHANISM: 

The cleaning mechanism of the automatic solar panel 

cleaning system primarily relies on a roller brush to effectively 

remove dust, dirt, and other debris from the surface of the solar 

panels. This roller brush mechanism operates by moving 

vertically (up to down) across the panels, utilizing rotation to 

dislodge and sweep away accumulated particles.The roller 

brush is a central component of the cleaning mechanism, 

typically comprising a cylindrical brush with bristles or soft 

material. As it moves across the surface of the panels, the brush 

agitates and loosens debris, ensuring thorough cleaning even in 

hard-to-reach areas or corners. The vertical movement of the 

brush ensures comprehensive coverage of the panel surface, 

maximizing cleaning efficiency. 

The cleaning process is controlled and coordinated by 

the system's main controller, the ESP32 microcontroller. The 

ESP32 regulates the operation of the roller brush based on 

predefined algorithms and input from sensors, ensuring that 

cleaning occurs at appropriate times and intervals to maintain 

optimal performance of the solar panels. 

 

Fig 4:Cleaning mechanism of the system 

3.2.2 MODE 1: SCHEDULING MODE: 

In Mode 1, the automatic solar panel cleaning system 

operates on a scheduling basis, allowing users to set 

predetermined cleaning intervals according to their preferences 

and requirements. This mode offers users a convenient and 

customizable approach to solar panel maintenance, ensuring 

regular cleaning without the need for manual intervention. 

The scheduling process begins with the user accessing the 

system's interface, typically through a user-friendly application 

or control panel. Within this interface, users can input their 

desired cleaning schedule, specifying parameters such as the 

frequency of cleaning and the time of day when cleaning should 

occur. For example, a user may choose to schedule cleaning 

every three days or at specific times such as early morning or 

late evening when solar panel output is minimal.Once the 

cleaning schedule is set, the system's main controller, the 

ESP32 microcontroller, manages the scheduling process. The 

ESP32 stores and executes the user-defined cleaning schedule, 

ensuring that cleaning occurs at the specified intervals. When 

the scheduled cleaning time arrives, the system activates the 

roller brush and water spraying mechanism, initiating the 

cleaning process. 

           

Fig 5: Scheduling mode user interface 

3.2.3 MODE 2: SENSOR MODE: 

Mode 2 of the automatic solar panel cleaning system 

operates on a sensor-based approach, leveraging real-time data 

from various sensors to autonomously initiate cleaning when 

specific conditions indicative of dust accumulation are 

detected. This mode offers a proactive and adaptive solution to 

solar panel maintenance, optimizing cleaning frequency based 

on environmental factors and panel performance.The sensor-

based mode relies on three key sensors: voltage sensors, light 

sensors, and a real-time sensor module. These sensors 

continuously monitor and collect data related to the 

performance of the solar panels and the surrounding 

environment. The voltage sensors measure the electrical output 

of the solar panels, providing insights into their efficiency and 

power generation. Light sensors measure the intensity of 

sunlight, indicating the availability of light for solar panel 

operation. The real-time sensor module may include additional 

sensors such as temperature sensors or humidity sensors, 

providing contextual information about environmental 

conditions. 

The decision-making process in Mode 2 is driven by 

intelligent algorithms that analyze the data from these sensors 

to determine when cleaning is necessary. For example, if the 

voltage and current output from the solar panels fall below 

predefined thresholds, indicating reduced efficiency possibly 

due to dust accumulation, the system interprets this as a signal 

for cleaning. Additionally, if the light sensor detects sufficient 

sunlight indicating daytime operation and the real-time sensor 

module indicates an opportune time for cleaning (e.g., low 

demand for electricity or minimal shading), the system 

concludes that conditions are favorable for cleaning. 
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Fig 6:Sensor mode user interface 

4. PERFORMANCE TESTING 

4.1. FUNCTIONAL TESTING: 

Sensor Accuracy: Verify the accuracy of sensor readings by 

comparing them against known standards. Test the voltage 

sensor's ability to measure the solar panel's output voltage 

accurately and ensure the light sensor provides reliable 

readings of sunlight intensity. 

Mode Selection: Test the functionality of the user interface for 

selecting between scheduling and sensor-based cleaning 

modes. Ensure that users can input cleaning schedules 

accurately and switch between modes seamlessly. 

4.2. SCENARIO TESTING: 

Variety of Lighting Conditions: Test the system's performance 

under various lighting conditions, including bright sunlight, 

cloudy weather, and low light conditions. Ensure that the 

system can accurately detect changes in light intensity and 

adapt cleaning operations accordingly. 

Simulated Dust Accumulation: Introduce controlled amounts 

of dust or dirt onto the solar panel surface to simulate real-

world conditions. Monitor the system's response and evaluate 

the effectiveness of the cleaning mechanism in removing 

debris. 

4.3. SAFETY TESTING: 

Emergency Stop Functionality: Test the emergency stop 

mechanisms to ensure they function correctly in halting the 

cleaning process when necessary. Verify that users can 

interrupt the operation safely in case of emergencies. 

Damage Prevention: Assess the system's safeguards to prevent 

damage to the solar panel or the cleaning components. Test fail-

safe measures to ensure they activate appropriately in the event 

of malfunctions or anomalies. 

5. RESULTS: 
 

The integration of scheduling and sensor-based 

operation modes enables the system to adapt to diverse user 

requirements and environmental conditions. In Mode 1, users 

can schedule cleaning sessions based on their preferences and 

operational needs. By analyzing historical data and user-

defined parameters, the system autonomously initiates cleaning 

routines at predefined intervals, ensuring proactive 

maintenance and optimal performance of the solar energy 

system. This scheduling feature provides users with flexibility 

and control over the cleaning process, enhancing overall system 

efficiency and reliability. 

Furthermore, the sensor-based operation mode enhances the 

system's autonomy and responsiveness to real-time 

environmental changes. By monitoring key parameters such as 

voltage, current, light intensity, and time of day, the system can 

dynamically adjust cleaning schedules and intensity based on 

prevailing conditions. For instance, if the voltage and current 

output from the solar panels indicate reduced efficiency, 

coupled with favorable sunlight conditions and time of day, the 

system autonomously initiates cleaning to remove dust 

accumulation and restore optimal performance. 

The integration of the ESP32 microcontroller as the main 

controller for the cleaning system is instrumental in facilitating 

seamless communication and coordination among system 

components. With its advanced processing capabilities and 

versatile connectivity options, the ESP32 enables efficient data 

acquisition, sensor interfacing, and decision-making logic 

implementation. Moreover, its low-power consumption and 

compact form factor make it well-suited for deployment in 

energy-efficient and space-constrained applications, such as 

solar panel cleaning systems. 

 
Fig 7: final look of the system 

 

 

 

 

6. CONCLUSIONS 

 
In conclusion, the automatic solar panel cleaning 

system stands as a pivotal innovation in the realm of solar 

energy maintenance, offering a robust solution to combat the 

detrimental effects of dust accumulation on solar panel 

efficiency. Throughout this project, the meticulous design, 

development, and evaluation of the automatic cleaning system 

underscore its potential to revolutionize the way solar energy 

systems are maintained and operated. By harnessing the 

capabilities of the ESP32 microcontroller and integrating 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 08 Issue: 04 | April - 2024                                SJIF Rating: 8.448                            ISSN: 2582-3930     

 

© 2024, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM29809                                                  |        Page 5 

scheduling and sensor-based operation modes, the system 

exemplifies adaptability and responsiveness to diverse 

environmental conditions and user preferences.  

Its efficiency and effectiveness in removing dust and 

debris from solar panels not only ensure optimal light 

absorption and energy production but also reduce manual labor 

and resource expenditure associated with traditional cleaning 

methods. Moreover, the system's reliability and performance 

have been demonstrated through rigorous testing, underscoring 

its capacity to minimize downtime and maximize energy 

output. While the initial investment may be substantial, the 

long-term benefits and cost savings offered by the system 

outweigh the upfront costs, making it a financially viable and 

sustainable solution for solar energy system maintenance.  
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