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ABSTRACT

Solar panel is vulnerable to accumulated dust on its surface. The efficiency of the solar panel gradually
decreases because of dust accumulation. In this paper, an Arduino based solar panel cleaning system is
designed and implemented for dust removal. The proposed solar panel cleaner is waterless, economical and
automatic. Two-step mechanism used in this system consists of an exhaust fan which works as an air blower
and a wiper to swipe the dust from the panel surface. a dc motor is used to power the wiper. Since, the system
does not need water to clean solar panel, it avoids the wastage of water and effective in desert areas.
Experimental results show that the proposed cleaning system can operate with an efficiency of 87-96% for
different types of sand.
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I. INTRODUCTION

To ensure sustainable environment, solar energy can play a vital role because it is an enormous, inexhaustible
and green source of energy. Solar energy is directly usable for electrical power generation for a variety of
applications which includes residential, commercial and industrial uses. It can provide the necessary amount of
electricity without any threat to the environmental and health issues because no harmful gasses are emitted at
the time of energy conversion. Moreover, the total sunlight that hits the surface of the earth in an hour and a
half, according to the US department of energy, is adequate to manage the yearly energy consumption of the
whole world. It is estimated that, the total amount of fossil fuel which is stored in the earth is equivalent to the
energy produced from the sunshine on earth of around 18 days [1]. In a solar energy system, photovoltaic (PV)
solar panel provides DC electricity from the continuous flow of energy from the sun. MPPT method based on
Fuzzy logic controller is presented in [2] to produce maximum energy from PV system. Once the installment of
solar panels has been completed, the fuel is free. The operating cost of the system is very low when compared
to other energy production methods. However, solar energy is CO2 free renewable energy source, the routine
maintenance of solar panel is required. The particles of dust on the solar panel come mainly from urban and
industrial products. Si02, Al1203, Fe203, CaMg(C03)2, Ca(OH)2, Ca0 and CaCO3 are some sorts of dust particles
found on the solar panel [3]. Dust Accumulation on the surface of solar panel has serious impact on the system’s
efficiency. It is estimated that, about 50% of system’s efficiency can be reduced and almost 15% power losses
can be occurred in dry areas [4]. Therefore, it is essential to keep solar panel’s surface clean as much as
possible. Nowadays, different electrostatic cleaning methods and water-based methods are available and
widely used as solar panel cleaner. A semiautomatic wiper control system-based cleaning method is presented
in [5]. A maximum efficiency of 86.7% is achievable by this cleaning mechanism. Multiple cleaning systems
which include air and water, vibration is presented in [6] for the harsh desert environment. The output power
of the system is increased by 27% by using a water jet spray. A self-cleaning method is proposed in [7] which is
automatic. To design the system, a 50 Wp solar panel is used which can generate 26-50% more electricity with
the proposed cleaning method than a normal solar panel. The whole system is controlled by a microcontroller.
Another wiper control method-based two steps cleaning system is developed in [8] where water is first applied
on the panel surface and then the wiper is triggered. The system’s efficiency becomes 17.55% after cleaning
which is quite identical to the average efficiency of the system before dust accumulation. Electrostatic dust
removal is another type of efficient method but it is not suitable for pole mounted PV installations. An
electrostatic cleaning equipment is proposed in [9] which is economical and suitable for the mega solar power
plants in deserts. The proposed system shows better performance when the dust is less than 5 g/m?2. A self-
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cleaning method based on electrostatic travelling wave is designed in [10] where the system consists of
transparent dielectric film and parallel electrodes. With this system, 90% of total dust is cleaned within 2 mins
without any water and moving parts. An automatic robotic cleaning system is presented in [11] where a silicon
rubber brush is used with an aluminum core to clean the surface of solar panel. On the other hand, Surface
acoustic wave is utilized in [12] to remove the spoiling particles from the surface of solar panel. Cleaning effects
of surface acoustic wave are also analyzed in this study where spoiled solar panels are used. Another cleaning
technique is developed in [13] which is a transparent super hydrophobic anti-soiling coating on the solar
panels. Multifunctional silica nanoparticles and polymeric binders are utilized to developed the coatings. This
technique is greatly efficient when the dust particles are less than 200 nm. Though the anti-coating techniques
are cheap and easy to apply, water is still a big concern here. An autonomous vacuum cleaning method is
designed in [14] with a combination of robot and docking station. The robot works on two-stage cleaning
mechanism and can be charged automatically using power from solar panel when needed. An Arduino based
robotic arm is designed in [15] which can conceptualize a chess board and has the ability of playing chess. In
this paper, an automatic and economic solar panel cleaning system is proposed for dust removal. The proposed
system is waterless and works on two steps cleaning mechanism. Therefore, wastage of water is completely
avoided by this system. Exhaust fan works as an air blower which initially removes the dust from the surface of
the solar panel. Then, a wiper is utilized to swipe the remaining dust on the surface.

Table 1: Properties of Major Components

Components

Power (W)

Arduino Uno

0.5

DC gear motor

2.7 (per motor)

Motor driver module

0.18

Wheels

LDR sensor 0.25

Push button -

Fan 5 (per fan)
Buck boost converter 6-70
Solar panel -

7805 IC 5

Name

Purpose and Rating

A 250W solar panel is used in this system. Its output

Sol 1
olar pane voltage and current are 30.3V and 8.27A, respectively.

Metallic dc gear motor is connected to the cleaning
shaft in order to operate it. The operating voltage,
current and speed are 6V dc, 0.4A and 100 rpm.

DC gear motor

A light dependent resistor (LDR) is used here to track

LDR sensor the sunlight.

Wheel Four wheels are used in this system which moves the
ee cleaning shaft upwards and downwards.

A dc-dc buck boost converter is used here to supply

Buck boost converter
constant voltage.
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II. METHODOLOGY AND DESIGN

The proposed solar panel cleaning system uses two-step cleaning techniques. First, an exhaust fan removes
dust from the surface of the panel as much as possible. Four different types of sands are used here as dust. Then
a wiper made of soft clothes are used to swipe. Therefore, no water is needed for the system for cleaning. This
feature keeps the solar panel safe from scratch. The proposed solar panel cleaning system is fabricated with
easily accessible components. The prime units are solar panel, microcontroller (Arduino Uno), metallic dc gear
motor, buck boost converter and motor drive module. The specifications and motive of some major
components used in the proposed cleaning method are presented in Table 1.

TABLE 2. PROPERTIES OF MAJOR COMPONENTS

Components Power (W)
Arduino Uno 0.5
DC gear motor 2.7 (per motor)
Motor driver module 0.18
Wheels -
LDR sensor 0.25
Push button -
Fan 5 (per fan)
Buck boost converter 6-70
Solar panel -
7805 IC 5
Name Purpose and Rating
Solar panel A 250W solar panel is us.ed in this system. Its output voltage and current are
30.3V and 8.27A, respectively.
Metallic dc gear motor is connected to the cleaning shaft in
DC gear motor order to operate it. The operating voltage, current and speed are 6V dc, 0.4A
and 100 rpm.
LDR sensor Alight dependent resistor (LDR) is used here to track the sunlight.
Wheel Four wheels are used in this system which moves the cleaning shaft upwards
and downwards.
Buckboost converter | A dc-dc buck boost converter is used here to supply constant voltage.

Some other components are used in this system as supporting components. A motor drive module is used to
drive the motor and the motor operates with the solar dc power. Push button is also utilized here to set the
limit of the movement of the cleaning shaft. Exhaust fan is used to remove the dust from the surface of the solar
panel. The complete circuit diagram of the proposed solar panel cleaner is shown in Fig. 1.

M1, M2, M3 and M4 are shown in the middle of the diagram along with the motor driver, L298N to drive the
wheel. A voltage regulator of 7805 is used here to supply the required voltage. the input of 7805 is 12V and it
provides 6V as output. Another motor is used to operate the wiper and these are shown in the bottom of the
diagram along with the relay switch. Power requirement of the electrical components included in the design is
shown in Table II.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[320]


http://www.irjmets.com/

TRJ TS

e-ISSN: 2582-5208
International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:05/Conference:01/March-2023 Impact Factor- 7.868 www.irjmets.com
National Conference on Trending Technology for Achieving Sustainable Development Goals
NCTTASDG 2023 Organized by Shri Shankarprasad Agnihotri College of Engineering, Wardha

| Sena B
gl , i T ma

1

- ? | [ "-u'.' "
@ l [v ,‘H l | & : ? o
Figure 1: Complete circuit diagram of the proposed system.

In Fig. 1, a solar panel is placed in the top left corner which produces dc electrical power. A microcontroller is
seen just under the solar panel. A buck boost converter is shown in the right side of solar panel which takes
input from the solar panel and maintains constant voltage supply. A LDR and 2 push buttons are placed in the
right side of the diagram. Four motors

HARDWARE IMPLEMENTATION AND RESULTS- The proposed solar panel cleaning system is automatic and
handmade. Simple architectural design is seen in this system including solar panel, cleaning shaft. A 250W solar
panel module is used here which provides an output voltage of 38V (open circuit voltage). the output of the
solar panel depends on the sunlight. A buck boost converter is used here to keep the output voltage constant.
The output voltage of the converter is set at 12V dc. Therefore, the variation of the sunlight does not have any
effect on the output voltage. two reference lines are set for the movement of cleaning shaft/exhaust fan. Each
line consists of 2 motors and wheels. When the sunlight comes out, microcontroller and LDR measure the value
and the whole system is designed in such a way that the system will start its operation at the beginning of the
day typically between 10-11 am. Every morning, the proposed system tracks the sunlight for starting its
operation even though there are no dust on the panel surface. Therefore, the proposed system is effective for
any types of dust. Fig. 2 shows the full experlmental setup of the proposed solar panel cleaner.

Figure 2: Complete setup of the solar panel cleaning system.

A handmade cleaning shaft is depicted in Fig. 3. Four types of sand are used to justify the efficiency of the
proposed system and shown in Fig..4

Figure 3: Cleaning shaft of the proposed solar panel cleaner.
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Figure 5: Flow chart of the program used for solar panel
Experimental results validate that the proposed solar panel cleaning system works efficiently at desired level.
System efficiency and number of swept vary depending on the type of sands. The efficiency of the proposed
system is around 87%, 91%, 92% and 96% for sand 1, sand 2, sand 3 and sand 4, respectively. The number of
swept for completing the operation is 3,4,6 and 8, respectively. This proposed system works without water.
Therefore, it can be used effectively in the areas which do not have a nearby water source. The proposed
system is inexpensive and made with handy components. Performance comparison of the proposed solar panel
during normal, dust and dust wiped condition is shown in Table III.
TABLE 3. PERFORMANCE EVALUATION OF THE PROPOSED SYSTEM

Condition Output voltage
v)
Normal (without dust) 36.4
Sand 1 33.1
Sand 2 339
Sand 3 34.3
Sand 4 34.5
After cleaning 36.2

It is evident from Table III that the proposed solar panel cleaning system provides almost same amount of
voltage after cleaning. The programming for solar panel cleaning system is visualized with the flow chart as
shown in Fig. 5. Cost estimation of the system is given in Table IV. The proposed solar panel cleaning system for
dust removal shows some advantages over the existing cleaning methods. A comparison is done between the
proposed and existing cleaning method and shown in Table V. The characteristics mentioned in the Table
below, make the proposed solar panel cleaning system a novel one.

TABLE 4. COMPARISON BETWEEN THE PROPOSED AND EXISTING SOLAR PANEL CLEANE

Proposed solar panel cleaner Existing methods

1. The proposed cleaning system does not require | 1. Most of the existing solar panel cleaner is water-
water for dust removal. based [4]-[6].

2. LDR sensor is used here which makes it an | 2. No LDR sensor is seen in the cited works in this
automatic cleaning system. paper.

3. The proposed robot is made with easily | 3. Most of the existing cleaner is expensive compared
available components. Therefore, it is economical. | to the proposed system cited in this paper.
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IL. CONCLUSION

In this paper, an automatic solar panel cleaning system is proposed and built with easily available components.
The proposed system is inexpensive and does not require any water to do the cleaning operation. Thus,
wastage of water is avoided here. And this feauture makes this system applicable in the desert areas and where
no water source is available. This proposed cleaning system is based on two steps mechanisim where exhuast
fans do the first part which is remove dust from the surface though air blowing. The second part is done by
wiper. This feature ensure the safety of the panel because any type of scratch is not seen duting the
experimental tests. Experimentally the cleaning system is capable of serving its purpose.

I11. REFERENCES

[1] Website: https://www.venturesolar.com/blog/the-importance-of-solar- energy/ [Accessed: 30- Oct.-
2020].

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

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

[4] J. Zorrilla-Casanova et al., “Analysis of dust losses in photovoltaic modules,” World Renew. Energy Cong.
2011 - Sweden, Linkoping, Sweden, May 8-11, 2011, pp. 2985-92.

[5] N. Sugiartha et al.,, “Preliminary design and test of a water spray solar panel cleaning system,” ]. Physics:
Conf. Series, vol. 1450, 012108, Feb. 2020.

[6] A. S. Alghamdj, 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.

[71 K. P. Amber et al, “A self-cleaning device for pole mounted solar photovoltaic installations,” Thermal
Science, vol. 23, no. 24, pp. 739- 49, 2019.
[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: Appl., vol. 8, no. 11, pp. 1457-64, 2017.

[9] H. Kawamoto, “Electrostatic cleaning equipment for dust removal from soiled solar panels,” J. 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 Trans. Ind. Appl., vol. 49, no. 4, pp. 1793-1800, 2013.

[11] B. Parrott, P. C. Zanini, A. Shehri, K. Kotsovos, and I. 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,” ]. Cleaner Production, vol. 253, 2020, 119992.

[13] G. Polizos et al, “Enhanced duribility transparent superhydrophobic anti-soiling coatings for CSP
applications,” Proc. ASME 2014 8t Int. Conf. Energy Sustainability, Boston, Massachusetts, USA, Jun. 30-
Jul. 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 Conf, Bangalore,
India, Apr. 4-5, 2014, pp. 53-61.

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

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[323]


http://www.irjmets.com/
about:blank

