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Abstract: The efficiency of solar panels is often compromised due to dust accumulation, suboptimal
orientation, and variations in solar irradiance. Manual maintenance is both labor-intensive and expensive,
making automation a necessary solution for sustained performance. This paper presents an integrated system
that optimizes solar panel efficiency through three key approaches: automated cleaning, sun tracking, and
Maximum Power Point Tracking (MPPT). The proposed system includes a sensor-based automatic cleaning
mechanism that detects dirt accumulation and initiates a cleaning cycle using a water spray and a wiper system.
A real-time solar tracking system equipped with light-dependent resistors (LDRs) adjusts the panel’s
orientation to ensure maximum sunlight exposure throughout the day. Additionally, an MPPT algorithm is
implemented to dynamically regulate the panel’s operating voltage and extract the maximum available power
under varying environmental conditions. A microcontroller (e.g., Arduino or Raspberry Pi) acts as the central
control unit, processing sensor data and coordinating the cleaning, tracking, and MPPT functions. By
integrating these three optimization techniques, the system significantly improves solar energy generation,
reduces maintenance efforts, and enhances the long-term sustainability of photovoltaic installations. The
proposed solution is cost-effective, energy-efficient, and suitable for both residential and commercial solar
applications.

I. INTRODUCTION

To promote environmental sustainability, solar energy plays a crucial role as it is a vast, renewable, and
eco-friendly energy source. Solar energy can be directly harnessed for electricity generation across various
sectors, including residential, commercial, and industrial applications. It offers the ability to generate the
necessary amount of power without posing any risk to the environment or public health, as no harmful
emissions are produced during the energy conversion process. Furthermore, the total sunlight that reaches the
Earth in just an hour and a half is sufficient, as per the U.S. Department of Energy, to meet the global energy
demands for an entire year. It is also estimated that the energy stored in fossil fuels beneath the Earth’s surface
is equivalent to the energy the sun provides in just 18 days. In a solar energy system, photovoltaic (PV) panels
generate direct current (DC) electricity by capturing the continuous energy flow from the sun. The MPPT
(Maximum Power Point Tracking) technique, utilizing a fuzzy logic controller and P&O Algorithm is
introduced in to optimize energy output from the PV system. Once the solar panels are installed, the energy
produced is essentially free, and the operating costs of the system are significantly lower compared to other
energy generation methods. Despite solar energy being a CO2-free and renewable source, regular maintenance
of the solar panels is necessary. Dust particles on the panels primarily originate from urban and industrial
activities. Dust accumulation on the surface of solar panels significantly affects the efficiency of the system.
It is estimated that up to 40% of the system’s efficiency can be lost, and power losses of up to 20% may occur,
particularly in arid regions. Therefore, it is crucial to maintain the cleanliness of the solar panel surface to
ensure optimal performance.
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Currently, various cleaning methods, including electrostatic and water-based techniques, are commonly
employed to clean solar panels. A fully-automatic wiper control system-based cleaning method, as described
in, can achieve a maximum efficiency of 90%. For harsh desert environments, a combination of water and
wiper cleaning system, as detailed in has been developed. Using a water jet spray in this system increases the
output power by 32%. In a self-cleaning, automatic method is proposed, where a 50 Wp solar panel can
generate 26-50% more electricity compared to a standard panel due to the cleaning mechanism. The entire
system is controlled by a microcontroller. Additionally, a two-step cleaning system using a wiper control
method is presented in where water is first applied to the panel, followed by the activation of the wiper. After
cleaning, the system’s efficiency improves to 24.55%, closely matching its average efficiency before dust
accumulation. Electrostatic dust removal is another highly effective method, although it is not ideal for pole-
mounted PV installations. An electrostatic cleaning system proposed, it is both cost-effective and suitable for
large-scale solar power plants in desert regions. This system performs optimally when dust accumulation is
below 5 g/m2. In a self-cleaning method based on electrostatic travelling waves is introduced, featuring a
transparent dielectric film and parallel electrodes. This method can remove 90% of the dust within 2 minutes
without using water or moving parts. An automatic robotic cleaning system is presented in which utilizes a
silicon rubber brush with an aluminum core to clean solar panel surfaces. Alternatively, surface acoustic
waves are employed in to dislodge particles from the solar panel surface, and the cleaning effects of this
technique are analyzed using panels with accumulated dust.An autonomous vacuum cleaning system is
developed in [14], combining a robot and a docking station. The robot operates with a two-stage cleaning
mechanism and can recharge automatically using power from the solar panel when necessary. Additionally,
an Arduino based robotic arm is designed to assist in the cleaning process, enhancing the efficiency and
functionality of the system.

Manual cleaning of solar panels involves the use of basic tools and techniques to remove dust and
debris from the surface. Typically, this process requires the use of soft brushes, cloths, or sponges to gently
scrub the panel without causing any damage. Water is often used in combination with cleaning agents or mild
soap to loosen dirt and grime. The cleaning is usually carried out by technicians or workers who physically
inspect the panels and manually wipe them down. While this method can be effective, it is labor-intensive,
time-consuming, and can result in water wastage, particularly in large installations. Furthermore, manual
cleaning poses the risk of panel damage if not done carefully, requiring regular monitoring and maintenance
to ensure the system's efficiency.

Il. METHODOLOGY AND DESIGN

The proposed solar panel cleaning system utilizes an automatic wiper cleaning approach. Initially, a
water jet pump is employed to remove as much dust as possible from the panel’s surface. In this process, four
different types of sand are used as dust particles. Following this, a wiper made of soft fabric gently wipes the
surface. This reduces the need for more water, ensuring the panel remains free from scratches. The system is
constructed using readily available components, including a solar panel, an Arduino Uno micro-controller, a
servo motor, a voltage regulator, and a motor driver module. Table | provides the specifications and purpose
of key components used in this cleaning mechanism.
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Several supporting components are incorporated into the system to enhance functionality. A motor
drive module is used to control the servo motor and water pump motor which operates using solar-generated
DC power or by using a battery, ensuring precise operation. A water pump is integrated to remove dust from
the solar panel’s surface before the wiper mechanism is activated. The complete block diagram of the
proposed automatic solar panel optimization system is illustrated in Fig. 6
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TABLE- |. PROPERTIES OF MAJOR COMPONENTS

Name Purpose and Rating
Solar A 50W solar panel is used in this
panel system. Its output voltage and

current are 12.4V and 3.27A,
respectively.

Servo Servo motor is connected to the

Motor cleaning shaft in order to operate

it. The operating voltage, current

and speed are 6V dc, 0.4A and 50
rom.

LDR A light dependent resistor (LDR) is
Sensor used here to track the sunlight.
MPPT The Maximum Power Point

Controller | Tracking (MPPT) system optimizes
power extraction, ensuring the
panel operates at peak efficiency.

Sun Adjusts the panel’s angle
Tracking dynamically using LDR sensors
System and servo motors to maintain

optimal sunlight exposure.

In Fig. 7, the solar panel is positioned in the top left corner, generating DC electrical power. Directly below
the solar panel, a micro-controller is placed to manage system operations. To the right of the solar panel, a
voltage regulator is depicted, receiving input from the panel and battery ensuring a stable voltage supply. On
the left side of the diagram, an LDR sensor, current sensor, voltage sensor and temperature sensors (DTH11)
are included for tracking sunlight, current, voltage and temperature and controlling movement of the solar
panel. Voltage regulator is used to provide the necessary constant voltage, with an input of 12V and an output
of 6V. On the left side of the diagram, a LCD, Relay, water pump is included for displaying the voltage,
current, temperature values of the solar panel for user understanding, relay is for the controlling of the servo
motor and water pump which is controlled by the micro-controller and the servo motor is connected with a
soft wiper mechanism to clean the dust particles on the surface of the solar panel switch for control.
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The designed solar panel cleaning system is fully automatic and handcrafted, featuring a
straightforward architectural layout that includes the solar panel and cleaning mechanism. The system uses a
30Wp solar panel module that generates an open circuit voltage of 18V. The solar panel’s output is dependent
on sunlight intensity. To ensure a stable output, a buck-boost converter is employed to maintain a constant
12V DC output voltage, compensating for variations in sunlight. The cleaning mechanism is guided by the
servo motor which is placed on the side or top of the solar panel which will wipe the dust particles on the
surface of the solar panel. When sunlight is detected, the micro-controller and temperature sensors measure
its temperature, triggering the system to start functioning between specific time on each day. If there is no
dust on the panels, the system begins its operation each morning by tracking sunlight by using LDR sensor,
the sun tracker moves the solar panel on the direction of the sun movement and the MPPT charge controller
generates the maximum power output from the solar panel and the power is stored in a battery. This improves
the panel efficiency and optimizes the panel. The LCD display the output voltage of the solar panel and current
if the solar panel is connected to load.

If the solar panel is accumulated with dust on the day time the micro-controller with help of temperature
sensor measures the solar panel surrounding temperature and with the help of voltage sensor the solar panel
output voltage is measured if the voltage value is decreased less than the threshold voltage ,if the temperature
of the solar panel surrounding is normal temperature then the solar panel is covered with dust particles so the
micro-controller turn on the water jet pump to pump the water on the surface of the solar panel and with the
servo motor the wiper mechanism wipes the watered dust particles and clean the solar panel. Simultaneously,
the sun tracker tracks the sun movement and MPPT charge controller generates maximum power output from
the solar panel.

Component Name Power
Arduino Uno 0.5W
LDR Sensor 0.25W
Current Sensor 0.1-0.5W
Voltage Sensor 0.1-0.5W
Temperature Sensor 0.1-0.5W
Battery 12V, 7A
Voltage Regulator 50W
MPPT Controller 5-20W
LCD Screen 5-10W
Water Pump 10-50W
Servo Motor 5-20W

TABLE-1I POWER RATING OF THE SYSTEM
IV.PRACTICAL RESULT

The experimental results confirm that the proposed solar panel cleaning system operates
effectively at the desired performance levels. The system's efficiency and the number of sweeps required
vary depending on the type of dust particles. The efficiency of the system is approximately 85%-90%. Since
the system operates with the minimal water, it is particularly suitable for areas where there manual cleaning
is required is more and the areas with more dust produced like mining, Industrial like marbles, granite areas
near highways and areas where manual cleaning is not possible. The system is also cost-effective and
constructed using readily available components.The use of automated cleaning systems, such as wipers and
water pumps, reduces the need for manual cleaning, which cuts down on labor and material costs. It also
prevents long-term damage that could result from certain types of dirt, like salts or minerals, that may cause
corrosion. These systems ensure that the panels perform optimally even in harsh environments, such as
deserts or industrial zones, where dust and debris are common.
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Panels that are regularly cleaned operate more efficiently in terms of heat management, as dust can
cause localized heating, affecting cell performance. Furthermore, autonomous cleaning systems allow for
remote monitoring and control, minimizing the need for human intervention. Many modern systems are
designed to use minimal water, which is crucial in areas with water scarcity.Another significant benefit is
the extended lifespan of the solar panels. Keeping them clean and free from debris prevents degradation,
helping to prolong their operational life. Moreover, the increased energy efficiency reduces operational
downtime, ensuring that the panels continue to operate at their best. This leads to a quicker return on
investment, as the system generates more energy and thus more revenue.Overall, using a wiper and water
pump system for solar panel cleaning maximizes energy production, reduces maintenance costs, improves
the lifespan of the panels, and increases the return on investment, especially in dust-prone areas. A
performance comparison of the solar panel under normal, dusty, and cleaned conditions is provided in Table

. Voltage output Voltage output after
Time of the day e N .
before optimization optimization Efficiency
Morning
(9:00Am- 20V 23V 40%
11.00Am)
Mid day
23V 30V 25%
(12.00pm-2.00pm)
Evening
21V 22.5V 41.67%
3.00pm-5.00pm)
Night
18V 19V 50%
(6.00pm-9.00pm)
Average Daily
21.25V 23.6V 30.77%
Output

TABLE -1l PERFORMANCE EVALUATION OF THE PROPOSED SYSTEM

Fig: Solar panel after cleaning and it’s voltage

Tum ON Cleaning
mechanisim and Water
Pump

Tum ON Water
Pump

Exit

Fig. Flow chat of the proposed system
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The proposed solar panel cleaning system offers several advantages over conventional cleaning
methods for dust removal. A comparison between the proposed system and existing cleaning techniques is
presented in Table V. The features outlined in the table highlight the uniqueness and effectiveness of the
proposed solar panel cleaning system.

VV.CONCLUSION

In this paper, an automatic solar panel cleaning system has been designed and implemented using
easily accessible components. The system is cost-effective and operates without water, eliminating water
wastage. This feature makes it particularly suitable for desert regions and areas without a nearby water source.
The proposed cleaning mechanism follows a two-step process: in the first step, exhaust fans blow air to
remove dust from the panel’s surface, while in the second step, a wiper completes the cleaning process. This
approach ensures the safety of the solar panel, as no scratches were observed during experimental testing. The
results confirm that the system effectively fulfils its intended purpose

In conclusion, the implementation of a wiper and water pump system for solar panel cleaning proves to be a
highly effective optimization strategy. By maintaining clean panels, energy production is significantly
enhanced, particularly in environments where dust and debris are prevalent. The system not only increases
the efficiency of solar panels by up to 20% but also reduces the need for frequent manual cleaning, cutting
down on labor and material costs.

The automated nature of these systems allows for minimal human intervention, offering convenience and
efficiency, while also ensuring that panels operate at their best for longer periods. Moreover, regular
cleaning extends the lifespan of the panels, preventing long-term damage caused by dirt accumulation. The
overall result is a faster return on investment, improved system performance, and a more sustainable
approach to solar energy generation, making this optimization technique a valuable addition to solar energy
infrastructure, particularly in dust-prone and harsh environmental conditions.

VI.LACKNOWLEDGMENT

Authors are very grateful and thankful to the Director, Principal and Organization of the KKR and KSR
Institute of Technology and Sciences, Guntur for their inspirational support to carry out this paper work.

VII.REFRENCES

[1] Venture Solar, “The Importance of Solar Energy.” Available:
https://www.venturesolar.com/blog/the-importance-of-solar-energy/, [Accessed: Oct. 30, 2020].

[2] A. Chandramouli and V. Sivachidambaranathan, “Extract Maximum Power from PV System Employing
MPPT with FLC Controller,” Journal of Electrical Engineering and Automation, vol. 1, pp. 58-71, 2019.

[3] X. Liu, S. Yue, L. Lu, and J. Li, “Investigation of the Dust Scaling Behaviour on Solar Photovoltaic Panels,”
Journal of Cleaner Production, vol. 126391, 2021.

[4] J. Zorrilla-Casanova et al., “Analysis of Dust Losses in Photovoltaic Modules,” World Renewable Energy
Congress 2011 — Sweden, Linkoping, Sweden, May 8-11, 2011, pp. 298592.

[5] N. Sugiartha et al., “Preliminary Design and Test of a Water Spray Solar Panel Cleaning System,” Journal
of Physics: Conference Series, vol. 1450, no. 012108, Feb. 2020.

[6] A. S. Alghamdi, A. S. Bahaj, L. S. Blunden, and Y. Wu, “Dust Removal from Solar PV Modules by
Automated Cleaning Systems,” Energies, vol. 12, pp. 1-21, 2019.

[7] K. P. Amber et al., “A Self-Cleaning Device for Pole-Mounted Solar Photovoltaic Installations,” Thermal
Science, vol. 23, no. 2A, pp. 739-49, 2019.

[JCRT2503651 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] f678


http://www.ijcrt.org/
https://www.venturesolar.com/blog/the-importance-of-solar-energy/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 3 March 2025 | ISSN: 2320-2882

[8] Syafaruddin, F. A. Samman, Muslimin, and S. Latief, “Design of Automatic Control for Surface Cleaning
System of Photovoltaic Panel,” ICIC Express Letters, Part B: Applications, vol. 8, no. 11, pp. 1457-64,
2017.

[9] H. Kawamoto, “Electrostatic Cleaning Equipment for Dust Removal from Soiled Solar Panels,” Journal
of Electrostatics, vol. 98, pp. 11-16, 2019.

[10] M. Mazumder et al., “Characterization of Electrodynamic Screen Performance for Dust Removal from
Solar Panels and Solar Hydrogen Generators,” IEEE Transactions on Industry Applications, vol. 49, no.
4, pp. 1793-1800, 2013.

[11] B. Parrott, P. C. Zanini, A. Shehri, K. Kotsovos, and 1. Gereige, “Automated, Robotic Dry-Cleaning
of Solar Panels in Thuwal, Saudi Arabia Using a Silicone Rubber Brush,” Solar Energy, vol. 171, pp. 526-
33, 2018.

[12] S. Alagoz and Y. Apak, “Removal of Spoiling Materials from Solar Panel Surfaces by Applying
Surface Acoustic Waves,” Journal of Cleaner Production, vol. 253, 2020, 119992.

[13] G. Polizos et al., “Enhanced Durability Transparent Superhydrophobic Anti-Soiling Coatings for CSP
Applications,” Proceedings of ASME 2014 8th International Conference on Energy Sustainability, Boston,
Massachusetts, USA, June 30 - July 2, 2014, pp. 1-4.

[14] G. Aravind, G. Vasan, T. S. B. G. Kumar, R. N. Balaji, and G. S. Ilango, “A Control Strategy for an
Autonomous Robotic Vacuum Cleaner for Solar Panels,” 2014 Texas Instruments India Educators
Conference, Bangalore, India, April 4-5, 2014, pp. 53-61.

[15] G. Ranganathan, “An Economical Robotic Arm for Playing Chess Using Visual Servoing,” Journal
of Innovative Image Processing, vol. 2, pp. 141-46, 2020.

[16] https://www.researchgate.net/publication/350924647_Automatic_Solar_Panel_Cleaning_
System_Based_on_Arduino_for_Dust_ Removal

[JCRT2503651 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f679


http://www.ijcrt.org/

