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Abstract

This work aims to design a cleaning system for the solar PV panels under
Medina climatic conditions. This system powered by the PV module itself.
Full cleaning system has been designed and tested utilizing a wiper and water
jet to remove the accumulated dust and other dirt from solar panels surface.
The proposed cleaning system can be worked for long time efficiently. All the
strength system components were examined and found to be stable and relia-
ble. Also, the performance of cleaning system evaluated and comparison be-
tween the clean and dusty module performance has been conducted. The sys-
tem performance has been evaluated for both clean and dusty panel at varia-
ble inputs of solar radiation. At input power of 805 W/m? the efficiency
found to be 13.78% for the cleaning panel and 9% for dusty panel, whereas at
the input power of 460 W/m?, the estimated efficiency was 12.6% and 7.3%
for clean and dusty panel respectively. Significant reduction in the efficiency
has been reported as 35% and 42% for both cases. Therefore, the present
work can be considering as a promising and efficient system to solve the
problem of poor performance of the photovoltaic cells in areas that expe-
rience dusty environment and external pollutants. In addition, it is safe clean
and economic system.
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1. Introduction

Saudi Arabia has one of the world’s highest solar irradiation in the world. The
country is strategically located near the Sun Belt, in addition to open and empty
desert that may accommodate infrastructure for solar power systems [1]. Medi-

na, one of the most important cities in Saudi Arabia that lies in the west region,
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has witnessed a high energy demand last ten years. Therefore, it is necessary to
seek for non-conventional energy resources like renewable energy. Solar energy
is one of the most promising sources to replace the dependency on the conven-
tional energy sources. Solar Photovoltaic (PV) panels convert the sunlight to
electrical energy. The PV cells made of different semiconductor materials con-
nected together in the form of chains to form larger units known as modules or
panels [2]. The PV panels are working on an atomic scale to produce the power,
the installation, maintenance time and costs can play a significant role in the ef-
ficiency of the energy that comes from the PV panel. The problem in the PV
systems is that these panels get dirty over time. Dust accumulation on the PV
panel surface leads to a reduction in energy output and decreases the efficiency
of the solar system. If the panels leave without cleaning, the output power even
more, therefore cleaning the photovoltaic panels frequently is essential to get the
necessary power output from these panels.

Cleaning the solar panels passed through several stages starting from using
workers to do manual cleaning. Although many companies provide a cleaning
service to regain the desired potential of the panel, the services they offer are
traditional ways to clean and very expensive. The average cleaning price per
panel is around 20 SR per panel for one-time cleaning. Some companies provide
a monthly cleaning service, and it costs 43 SR per panel a month for two meters
by one-meter panel.

Clearly, the PV panels in Medina region are needed to be cleaned regularly
due to the dusty weather, and for that, the process will be very costly. Some
companies have produced machines to clean solar panels, while other companies
have developed smart robots for this purpose.

Medina region is classified as a desert environment. Being under this weather
condition will cause the dust and sand to accumulate on exposed surface of the
solar panel. Dust and other external pollutants can block the photons form the
solar panel which will effectively reduce the output power. In this work, design-
ing and manufacturing a mechanism to clean the PV system has been carried
out in Medina city which exposed to dust during the windy days. Also, the PV
panels can be exposed to other contaminations from trees, birds’ dropping and
other pollutants from the surrounding environment like smoke, building con-
structions. All these contaminants will be accumulated on the surface of the
panel which leads to a reduction in the absorptivity of this surface for solar radi-
ation. Those types of issues have limited the solar from becoming a primary uti-
lized source of energy. In addition, a film of dust or a microscopic debris can
block the photons from the panel, and that can affect the productivity of the so-
lar panel [3]. Cleanliness and clarity must be kept throughout every centimeter
of the PV panel to produce the desired power. Dust deposition in most parts of
the kingdom of Saudi Arabia has an impact on solar panel energy production
and use. According to an article published by The Economist, the Gulf region
has the most toxic air in the world. The writer refers to the World Health Or-

ganization which claims that the region’s poisonous atmosphere comes from the
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dust made of sand kicked by windstorms and movements of construction [4].
Solar panels can lose 36% efficiency in just one month, 60% efficiency in two
months, and after one year has no energy production at all, for this reason an
automated cleaning system must be designed and utilized [3]. Due to these
high-efficiency losses, scientists and researcher conducted many research to
overcome the problems and suggest a solution to use solar panels in extreme
climates and the most available studies presented by Mohamed and Hasan
(2012) [3] studied the effect of dust accumulation on the performance of photo-
voltaic solar modules in Sahara environment. They investigated a framework of
weekly cleaning on PV modules array throughout the period from February to
May. The results indicated a significant gradual decrease of power, so frequent
weekly water washing maintaining performance losses between (2% - 2.5%).
Mani, Pillai (2010) [5] studied the impact of dust on solar photovoltaic (PV)
performance. They found that the dust factor significantly influences the per-
formance of the PV installations. And they recommend a minimum weekly
cleaning for PV. A. Ibrahim (2011) [6] investigated the effect of shadow and dust
on the performance of silicon solar cell. He found that from 5% to 15% reduc-
tion in peak power has been observed by various climatic conditions, especially
accumulated dust. Goossens, Van Kerschaever (1999) 7] investigated the effect
of dust deposition on photovoltaic solar cells performance. Four tests under va-
riable wind velocities and dust concentrations. They found that the decline in
PV cell performance due to dust accumulation is larger as wind speed increases.
Plaza et al. (2015) [8] studied the performance and improvement techniques for
photovoltaic systems in Qatar. They stated that the environmental conditions
were high ambient temperatures, a dusty atmosphere, and water scarcity affect
the performance of PV panels. Sharma et al [9] designed a flexible electrody-
namic screen to protect the solar cell on Martian explorer based on travel-wave
field technology. They proposed a device system that moves on the surface of the
solar panel and cleaned the surface with the help of a brush. Sayyah et al, 2013
[10] reported the costs and benefits of three current methods of cleaning solar
panels. These methods include natural cleaning through rain and snowfall, ma-
nual cleaning, and cleaning by an electrodynamic system (EDS). Burton et al
[11] investigated the effects of different types of dirt on solar panel efficiency.
Various types and colors of soil were tested with the emphasis on targeting dirt
compositions that are found in the southwest of the United States. Verma and
Singhal (2015) [12] conducted the performance parameters affect the optimiza-
tion and performance in large scale grid solar PV plant such as radiation, tem-
perature, and other climate conditions, design parameters. Over 25 years of time
span. Shaharin ef al 2011 [13] carried out an experimental study on the effects
of dust accumulation on the performance of solar PV panels. Experiments were
conducted using dust particles on solar panels with a constant-power light
source, the reported results show that the dust accumulation may reduce the ef-
ficiency to 50%. Ali, H. M., et al (2017) [14] investigated the effect of dust depo-
sited on the surface of two different types of photovoltaic modules (monocrys-
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talline silicon and polycrystalline silicon) for Texila, Pakistan for the measure-
ment for three months.

From the previous studies, it can be seen that intensive work has been done
but there is a lack of studies in Saudi Arabia and very little work has been con-
ducted. The effect of dust on the performance of PV panels in Saudi Arabia es-
pecially in Medina region can be considered as a motivation to perform this
work. Also these studies verified that the traditional way is mostly expensive,
and it consumes human resources and time to be done. Besides, the modern ex-

isting systems are complicated and costly.

2. Material and Method

The objective of this work is to design and fabricate PV cleaning system that can
work for long time with a minor loss of efficiency, to achieve this, a detail design
analysis will be conducted The performance of the implemented design has been
tested and evaluated under Medina climatic conditions. The design methodology

and material are as follow:

2.1. Solar Panel Specifications

The panel used in this work could generate an output power comparing to close
size approximately. Table 1 summarized the technical specifications of the se-
lected panel. The inclination angle of the solar panel must be specified firstly
because it is important to optimize the output energy from the panels by apply-
ing the solar beam perpendicular to the surface. The latitude of Medina is
24°28'7" and the optimum tilt angle for Medina is around 22" for a fixed tilt an-
gle solar panels [15].

2.2. The Cleaning System Design

The selected design components for the cleaning system containing motors,
pump, water jets, and the cleaning rod as shown in Figure 1. This system will
move horizontally with a speed of 0.13 m/s. Assuming the cleaning time 15
seconds and 2 meters as a travelled distance. This design was chosen because it is
cheaper in terms of maintenance, and it is more applicable for several PV panels.
Unlike the other designs where the cleaning is too low. The frame was designed
to withstand all the components. The material used for the structure is alumi-
num to decrease the weight of frame. Aluminum is also resist the corrosion.

The frame was designed and checked from stress and stability point of views
and found to be safe and stable. The mass of the selected panel m is about 20 kg.
and the load on every Column

W=20+4=5kg

o . >x10 [16]

comen g [(40x40)—(36)2J

where o, isthe compression stress and A is the cross sectional area.
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Table 1. Selected solar panel specification.

Maximum power 200 W
Module efficiency (Max) 15.72%
Front surface Anti-Reflective coated tempered 4 mm glass
Module dimensions 1498 mm x 680 mm x 35 mm
Module weight 12.6 kg
Operating temperature range 40°Cto 85°C

Cleaning system

Motor

“Frame

Figure 1. Selected design for PV cleaning system.

o. =5—0:0.165 MPa
304
‘FS.

where Syis the yield strength and F£.S. is the factor of safety [16].

0.165 S£>> F.§.=304.7
FS

No compression will happen since the load is not much.

2
Fo ="E 5 F

Euler L2 acting
eff

[16]
where E is the modulous of elasticity, 7 is the moment of area and L is the
length when buchling hppens.

I =é[(40x10*3 )4 ~(36x10° )4] = 734x10m"*

2 10 -8
_T x6.9%x10" x7.34x10 > 50N

(0.5xL)’

Euler

L=155m>1Im
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The column will buckle when the length exceeds 1.55 m. For our design,

which is 1 m, there will be no buckling and it will be stable.

2.3. DC Electric Motor

The function of the motor is to move the cleaning tool (wiper and water jet) on
the surface of the solar panels back and forth by the wheels on both sides of the
cleaning tool. Figure 2 shows the selected motor used to move the cleaning ele-
ments.

Motor power consumption

Power=Tw

where T'is the Torque and wis the angular velocity.

2nn
w=—-
60

where nis the revolutions per minute

From motor specification 7 =12kg-cm=1.176 N-m

21 x30

n=30rpm> o= =3.14 rad/s

Power =1.176x3.14 = 3.7 Watts

We have two motors and the total Power = 2x 3.7 = 7.4 Watts

2.4. The Wiper

The system will clean the accumulated dust by a sponge that is attached to a rod
designed to be over the panel as it shown in Figure 3. The weight of the rod and
the electrical motor are creating a normal force on the PV panel. This normal
force will cause a frictional force against the movement of the system. This effect
will help the wiper to clean the cell.

The torque required to move the carriage is equal to the torque that is needed
to overcome the friction force between the wiper and the surface of the panel. As
shown in the free body diagram in Figure 3, the weight of the wiper is about 30
N and assuming a friction coefficient between the wiper and the surface x=0.3

F,=03x30=9N~I10N

where Fis the friction force
Also, assuming a cleaning time approximately 15 seconds and the wiper travel
. 2
distance is 2 m. Therefore, the Velomty(v) =E= 0.13m/s . Figure 4 displays
the size of the wiper rotating wheel use to move the cleaning system assembly
along the panel. The outside diameter of the wheel is 40 mm.

P =40mm, R=20mm

w =1=—0'1373 = 6.5 rad/s
R 20x10
2n

RPM =6.5 © =30.07 RPM
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Figure 2. 12 V DC motor used to move the wiper and water jet.

\'
—
S S S SN S S
F; W =30
Figure 3. The wiper used to clean the panel surface.
g

Figure 4. Wiper rotating wheel.

2.5. Water Pump

The function of the water pump is to supply the system with the necessary quan-
tity of water to the desired design. This can be achieved by sucking the water
from the tank then deliver it to the sprinkler. The working principle of this
pump is to deliver water from low-pressure head to high and increase the rate of
fluid flow. To accomplish the cleaning process efficiently and removing all type
of dust and other deposits on the panel surface, a symmetrical water distribution
on the surface of solar panels is needed. The selected optimum pump for this de-

sign is shown in Figure 5.
To estimate the required pumping power, assuming water flow rate to be
Q0 =21L/min

0=2x107/60=3.3x10"m’/s. Assuming water pressure = 1 bar = 1 = 1 x
10° Pa

Pumping Power = Ox P =3.3x107° x1x10° = 3.3 Watt
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Figure 5. DC 12 V high pressure water pump.

Power
Power  , =———%& = 33 67w
Moump 0.5

The pumps have multiple types according to their use, and a small pump that
requires a low energy is enough. Total power consumption by the pump and two
motors

P=744+6.7=14.1 Watts

Of course, there is a loss during the installation of any electrical system, and
losses may reach up to 30% due to the conductivity and quality of the wires and
the resistance of batteries used as well as the efficiency of solar panels. The PV
module used in this investigation will provide the necessary power for the pump
and motors. After that, the cleaning system of wiper, rotating wheels and con-
necting link were assembled as shown in Figure 6. The connecting link is man-
ufactured from aluminum. The chosen rubber material used under the link is to
give flexibility and to let the wiper to be moving easily and decrease the load on
the motor. The wiper provided with the two nozzles or water jet to spray the
water on the panel in front of the wiper. The designed and manufactured system
is then assembled with the motor, wheels, shafts, nozzles and the link as it clears

in Figure 6 below.

3. Results and Discussion

After the full cleaning system assembled and installed on the PV panel, the
strength test has been performed to check the reliability and stability of the sys-

tem. The following results were recorded for each component

Stress Analysis Using the SOLIDWORKS Software

The strength analysis of the components and frame shows the ability of the ma-
terials selected and the design to withstand the panel weight with the cleaning
system without failure. The reported results show that all elements can carry
more than 3 - 4 times the amount of load without any damage. Figure 7 shows
the stresses on the coupling system which represent one of the important com-
ponent subjected to load. Figure 8 also shows the stresses analysis for the link

connected the two rotating wheels from each side.
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Figure 6. The full cleaning system after assembly.

von Mises (N/m?)
4.755e+006

l 4.359e+006
3.963¢+006

- 3.567¢+006

. 3.171e+006
2.775e+006
2.379¢+006
1.983e+006
1.587e+006
1.190e+006
7.944¢+005
3.983e+005
2.145¢+003

Figure 7. Stress analysis for the coupling system.

von Mises (N/m?)
1.081e+005

l 9.913e+004
9.012¢+004

- 8.111e+004

. 7.210e+004

6.310e+004
5.049¢+004

4.508e+004

L 3.607e+004

‘. 2.706e+004

1.805e+004

9.041e+003

3.140e+001
—>Yield strength: 1.450e+008

Figure 8. Stress analysis results for the link connected the main cleaning
components.

Figure 9 shows the stress concentration on the main frame that carrying the
PV panel in addition to the cleaning system, from the figure it can be seen the
designed frame can withstand the components.

The actual product is shown in Figure 10. This system can be easily modified
according to any PV specifications. In other words, setting up the solar PV can

be challenging since the coverage area is always varies from one location to
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another. That means the solar panel can be changed so a new frame and links
where replaced to fit the dimensions of the new panel. The friction between the
tire and the panel surface was not enough and caused slipping sometimes, so a
fabric with very high friction where used to increase the friction coefficient to
prevent any slipping for the tiers.

The performance of the actual system has been tested and evaluated. Compar-
ison between the performance of cleaning and dusty PV panels was conducted in
Medina in clear sky day at different time. The system inputs and outputs were
measure and recorded a long the day. The input which is the intensity of solar
radiation was measured and found to be 460 W/m?* at 10:00am and 805 W/m’
12.00 noon with the help of data logging Solar Power Meter model TES 132. The
PV output was measured with the help of the solar module measurement unit
model ET 250 proposed by GUNT as shown in Figure 11. The measuring unit
allows measurement of current with the help of variable resistance, voltage solar
radiation and temperature. The results can be observed on the display elements
of the measuring unit with the correction factor for using direct solar radiation
or illuminance.

Table 2 summarizes the measured values and calculated electric power for
both the connected cleaning and dusty module. Then the current-voltage cha-
racteristic curve can be plotted for both cleaning and dusty module at variable

input which is the solar radiation.

von Mises (N/m?)
9.618¢+002

8.817¢+002
8.015e+002

- 7.214e+002

- 6.412¢+002
L 5.611e+002

4.809¢+002
4.008e+002
3.206e+002
2.405e+002
1.603e+002
8.015e+001
2.419¢-004
—P Yield strength: 1.450¢+008

Figure 9. Stress analysis for the main frame carrying the PV and cleaning
system.

Figure 10. Actual cleaning system installed on the PV

panel with the other accessories.
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Figure 11. The ET measuring unit for PV output.

Table 2. Results obtained for clean and dusty panel at radiation intensity of 805 W/m®.

U (Volt) I(Amp) P(W) UVolt) I(Amp) P(W)
0.00 3.42 0.00 0.00 2.6 0.00
13.58 3.28 44.62 11.31 2.5 28.92
19.88 3.14 62.48 16.56 2.4 40.49
23.66 3.00 70.98 19.71 2.3 46.005
329 2.85 94.00 27.41 2.2 60.92
39.76 2.71 107.92 33.13 2.1 69.94
43.96 2.57 113.04 36.63 2 73.26
45.36 2.42 110.16 37.80 1.8 71.40
45.76 2.28 104.59 38.13 1.7 67.79
46.34 2.14 99.3 38.61 1.6 64.36
46.76 2.00 93.52 38.96 1.5 60.61
47.32 1.85 87.88 39.43 1.4 56.95
47.6 1.71 81.6 39.66 1.33 52.88
47.88 1.57 75.24 39.90 1.2 48.76
48.30 1.42 69.00 40.25 1.1 44.72
49.28 1.00 49.28 41.06 0.7 31.94
49.42 0.85 42.36 41.18 0.6 27.45
50.82 0.00 0.00 42.35 0.00 0.00

As mentioned before the measured data used to draw the I-U characteristic
curves shown in Figure 12 for the solar radiation intensity of 805 W/m* where
the maximum output power 113.04 W for the cleaning panel and 73.26 W for
the dusty panel. The characteristic U-I curve for the solar radiation intensity of
460 W/m? shown in Figure 13 where the maximum output power 59.346 W for
the cleaning panel and 34.4 W for the dusty panel. From these two figures one
can recognize the effect of dust and other dirt on the performance of the module
where the significant reduction in the system output can be observed.

The system efficiency has been examined for clean and dusty modules and can
be estimated from the input solar radiation (2., and the output as electrical

power P,
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Figure 12. Measured I-U characteristics input power of 805 W/m?.

w
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N
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Figure 13. Measured I-U characteristics at input power of 460 W/m>.

P, =UI

el

n=sL [17)

rad

The measured solar radiation intensity is 805 W/m? at 12:00 noon
_ 113.04
7= 805x1.0186
7326
7= 805x1.0186
The reduction in the efficiency (£) between clean and dusty module as a result
of dust effect is

=13.78% for clean PV Panel.

=9% for the dusty PV Panel.

13.78-9
13.78

=34.68%

For the solar radiation intensity of 460 W/m? for the clean and dusty surfaces
as:
59.346

n=—————=12.6% for clean PV Panel.
460x1.0186
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_34.403
7= 805x1.0186
where the reduction in the efficiency (£) as a result of dust effect
_12.66-7.3

12,66

=7.3% for dusty PV Panel.

=42.33%

From the reported results above, it can be seen that the dust and deposits ac-
cumulation has a significant effect on the performance of the PV module and
thus reduce the output power that can be generated from the system. The reduc-
tion in system efficiency varied between 35% to 42% and it depends on the solar
radiation and the thickness of dust layer as well as the location and outside con-
ditions such as dry bulb temperature, humidity, wind velocity and Panel loca-

tion.

4. Conclusions

Design and fabrication of a cleaning system powered by solar energy integrated
with PV panel has been carried out in this investigation. The system will help to
maintain the efficiency of PV cells by cleaning the dust film and other deposits
on the panel surface that could block the sunrays from the semiconductor ma-
terial within the PV panel. The system is designed to work periodically, and
controlled by a mechanism that works automatically under all conditions. The
system is applicable for households, companies, and can be used easily for any
PV arrays. The cleaning system checked from strength point of view for all
structure such as frame, wheels, coupling and connected link and found to be
safe and stable. The system performance for both cleaning and dusty panels has
been evaluated and it was found that the efficiency for the cleaning system is
13.78% for cleaning module and 9% for dusty surface panel with reduction of
34.68% at the input power of 805 W/m? whereas the dust accumulation will re-
duce the efficiency 42% at the input power of 460 W/m® It can be concluded
that this design is a promising method to enhance the PV module performance
in Median areas where the weather can be classified as dusty and the pollutants
are increased day by day as a results of smokes, industrial work and new build-

ing construction.
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