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ABSTRACT 

Introduction: It is well known that the biggest problem facing the uti-
lizing of  solar cell Panels in Baghdad is the unpredictable dusty weather 
through the days of  year. This big problem is not easy to overcome due to 
the frequent dust accumulations and the high cost of  cleaning and other 
maintenance problems. Dust problems are increasing due to global warm-
ing. In Baghdad city, where solar radiation is intense and available almost 
throughout the year, Deposition of  dust on the panels could severely 
minimize solar-to power output efficiency. There are many methods for 
dust removing from surfaces like the natural dust removal of  wind, me-
chanical dust removing, super-hydrophobic on solar panel surface, and 
the electrostatic method which is adopted in this work. The dust particles 
will be charged statistically by rolling on the surface of  the solar panels 
they will have the same electric charge and the electrostatic forces be-
tween them are repulsion. Hence, the dust particles will float away from 
the solar panels. Materials and Methods: A self-charging transparent 
conductive glass is prepared by spraying a thin film (141 nm thickness) 
of  a Tin dioxide (SnO2) solution on a glass substrate (12x12 cm2). The 
dust shield is connected to an electronic charging circuit. The shield is 
located on the top of  a silicon solar cell. The novel idea is that the shield 
is electrically supplied by the solar cell itself  whereas D.C. current from 
the solar cell itself  is used to charge the conductive glass, which is locat-
ed on the top surface of  the cell.  Results and Discussion: A test was 
done for dust removing from a Silicon solar cell by electrostatic repulsion 
method, considering matching the spectral response region of  the Silicon 
solar cells with the film transmittance spectral region (400 -700 nm). The 
transmittance value is between (92 – 95)% and results are  compared with 
an identical reference solar cell.  Results show a good response as the cal-
culated clearing factor value increases due to the cell efficiency increment. 
Also, the clearing factor is discussed as a function of  outdoor tempera-
ture to show a direct proportionality, while the environmental humidity 
showed an inverse proportionality. Conclusions: A self-cleaning method 
for a solar cell is successfully introduced via a conductive glass.  tests were 
carried outdoor in Baghdad city. Results showed that there is a direct pro-
portionality between both: the clearing factor and the efficiency gain with 
the ambient temperature. The ambient humidity showed indirect propor-
tionality with system efficiency (clearing factor and efficiency gain show 
reduction as the humidity percentage increases).
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INTRODUCTION

It is well known that the biggest problem facing the 
utilizing of  solar cell Panels in Baghdad is the un-
predictable dusty weather through all the days of  
year. This big problem is not easy to overcome due 
to the frequent dust accumulations and the high cost 
of  cleaning and other maintenance problems. Dust 
problems are increasing because of  the global warm-
ing.
As discussed in a previous study the dust contains 
different compounds, such as: Mineral dusts ( Ca, 
Sn, Zn, Cu, Ni, Cr, As, Ti, Fe, Zr, Ga, Rb, Sb, Si)(1) in 
addition to the organic and vegetable dusts ( such as 
flour, spores, wood, and cotton  pollens).

Deposition of  dust on the panels, particularly in 
dusty areas could severely minimize solar-to pow-
er output efficiency (2). In Baghdad city, where solar 
radiation is intense and available almost throughout 
the year, obscuration of  solar radiation is main-
ly caused by dust which causes a significant prob-
lem.  Solar panel obscuration by dust is caused by: 
(1) suspended dust in the atmosphere (aerosol) that 
is directly in the optical path of  incoming radiation 
to the solar panels, causing extinction of  light even 
when the cells are relatively clean, and (2) extinction 
of  light due to dust deposited on the panel surface (3). 
Both conditions occur during high dust concentra-
tion in the atmosphere. Dust storms can completely 
obscure solar radiation (4).

There are many methods for dust removing from 
surfaces: 

a- Natural Dust Removal: The only significant cat-
egory of  natural dust removal is wind clearing. b- 
Mechanical Dust Removal: refer to implementing 
automatic equipment to clean the solar panel surfac-
es including brushing, shaking, shocking, sweeping 
and vibrating the solar panels. c- Super-hydropho-
bic / Super- hydrophilic solar panel surface.  Among 

thesemethod is the electrostatic method, in 1971 (5) 
studied the dust mitigation strategy that works on the 
lunar surface. They suggested that there are possibly 
two mechanisms of  particles charging: 1. triboelec-
tric charging.  2. Photoemission of  electrons from 
the surface of  the particles by radiation. So, if  there 
is a high potential on the surface of  the solar panels, 
the charged and uncharged dusts will be attracted to 
the panels because of  electrostatic forces (Van der 
Waals forces between rigid bodies states: When two 
particles are brought into contact, they are subjected 
to capillary, electrostatic and van der Waals forces). 
Capillary forces are caused by condensed moisture 
on the surface of  the particle. Electrostatic forces 
depend on the charges present in the particles (6). 
The dust particles will be charged statistically by roll-
ing on the surface of  the solar panels they will have 
the same electric charge and the electrostatic forces 
between them are repulsion. Hence, the dust parti-
cles will float away from the solar panels. 

The most popular electro dust removal technology 
is based on the electric curtain concept developed by 
F.B. Tatom and collaborators at NASA in 1967 and 
further developed by Masuda at the University of  
Tokyo in the 1970s (7).  This technique has proven to 
lift, and transport charged and uncharged particles 
using electrostatic and dielectrophoretic forces (8). 
From equation (1) The net force of  repulsion on the 
dust particles, which elevates them abo.ve the surface 
of  glass, can be expressed as the contribution from 
the electro-dynamic force, the viscous force, and the 
gravitational force (5):

M 
d2r
dt2 = qE cosω t − 6π η

dr
dt
− mg … … … … (1) 

Where (m) is the dust particle mass, (r) is the par-
ticle’s position, (η) is the viscosity of  the fluid in 
which the dust particles move, (q) is the dust particle 
charge, and (g) is the acceleration due to gravity.
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Due to the complicated nature of  the particle-field 
interaction, where the motion of  the dust particles 
is nonlinear and coupled, this equation of  motion 
cannot be solved analytically. Masuda proposed a 
solution to a linear approximation to the equation of  
motion assuming small oscillations for the particle as 
shown in equation (2):

Σ mi     
n=i 

d2ri

dt2 = (ne) ∗
v
d
− 6 π η 

dr
dt 

−  mi g sinӨ  … … …  (2) 

Where (n) is the  number of  dust particles, (m) is the 
mass of  the rolling dust particle, (r) is the particle’s 
position,  (v) is the voltage applied to the surface of  
the thin film, (d) is  the diameter of  the dust parti-
cles, (η) is air viscosity, and (θ) is the angle of  tilting 
system (7). 

Dust particles are statically charged in nature (8). The 
aim of  this research is generating a repulsive force 
between the accumulated dust particles and the 
charged surface. The repulsive force helps in clean-
ing the surface of  the system. The charged particles 
will repel and roll down the surface affected by their 
weight, and uncharged particles will be charged by 
conduction and role down also.

MATERIALS AND METHOD 

A self-charging transparent conductive glass is pre-
pared by spraying a thin film of  a Tin dioxide (SnO2) 

on a glass sheet as shown in fig. 1. The prepared thin 
film showed high transparency in the spectral re-
sponse region of  the silicon solar cell, a good adhe-
sion with the glass, economic, and stable in different 
weather conditions.
a D.C. current from the solar cell itself  is used to 
charge the conductive glass, which is located on the 
top surface of  the cell.  It is worth to say that 0.01% 
of  the solar cell’s output current is taken for charging 
the conductive glass. This ratio is achieved as fol-
lows: we took the negative pole of  the solar cell (-ve 
charge) to connect it to the conductive glass, so the 
surface of  the glass is negatively charged. The posi-
tive pole of  the cell goes directly to the charging bat-
tery via voltage divider. We calculate the current on 
the conductive glass by applying the basic Ohm’s law, 
(R represents the measured resistivity of  the conduc-
tive glass, V is the solar cell voltage, A is the current 
of  the conductive glass). 

a. The deposition of  the SnO2 layer:

A transparent and homogenous SnO2 layer was 
deposited on the glass substrate using spray pyrol-
ysis deposition technique from a chemical solution 
with the area of  (12 x 12 cm2) using spray pyrolysis 
deposition technique. The sprayed solution was then 
heated in furnace (500 oC) to decompose SnCl4 into 
SnO2, According to the chemical equation:

        3 CH3OH + SnCl4            SnO2 + 4 HCl + CH2O + 2 CH3 ……….(3)

Figure (1) shows the SnO2 thin film. 

Fig.1. SnO2 thin film deposited on a glass sheet b. The electronic circuit 
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The electrical circuit consist of:

1- Solar panel to provide the direct current 
(DC).

2- Conductive glass to remove the dust particle 
from the surface of  the solar panel.

3- Voltage regulator to control the voltage to-
wards the   rechargeable battery.

4- Load (DC motor) to discharge the recharge-
able battery.

5- A rechargeable battery.

It is connected as shown in fig. (2)   
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Fig (2). The electronic circuit diagram of  the system

c. Experimental setup and the procedure of  the 
dust cleaning	

In order to test the efficiency of  the electrostatic 
shield, two identical silicon solar cells were used. 
The first cell as a reference and the second cell was 

covered with the electrostatic shield. Both cells 
were mounted on a tilted plate facing the sun radi-
ation. The latter cell was energized by an electrical 
d-c current from the solar cell itself  via a storage 
battery (Fig.3). Dust particles were allowed to de-
posit on both cells all along the experiment.

                                    
(a)                                                                                     (b)

Fig. (3) (a). The setup of  the system.  (b). I- V characteristics   of  the system
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RESULTS 	

a. Characterization of  the SnO2 thin Film

The optical microscope images of  the sheet as shown in Fig. (4). 

200X   500X                         1000X

Fig. (4). Optical microscope images of  the sheet

AFM test surface morphology of  the thin film 
(SnO2) with average particle size of  about 183.86 

nm, the average roughness of  the sample is 2.43 nm 
as shown Fig (5).

Fig. (5). AFM test for the SnO2 thin film.
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The transmission spectrum of  the (SnO2) thin film is 
in the range (350- 700) nm, the relative transmittance 

of  the thin film is in the range (94 – 98) % as shown 
Fig (6). 

Fig. (6). The optical transmission spectrum of  the SnO2 thin film. The response curve is taken from ref.(9)

b. The Clearing Factor (C.F.) 

In order to numerically evaluate the dust removal 
from the solar cell, a factor called a clearing factor 
(CF) is introduced. This factor represents the per-
centage of  the dust that has been removed from the 
system after each experiment relative to the total 
dust [10].

 

C. F. =
(mi)−  (mf )

 (mi)
∗ 100 % … … (4) 

Where: C.F.: Is the clearing factor
mi: is the initial dust weight on the solar cell before 
charging the conductive thin film 
mf: is the dust weight that remained on the solar cell 
after the charging.

The clearing factor of  the system is studied as a func-
tion of  both the temperature and the humidity of  
ambient in Baghdad city for the period (May 20th till 
July 20th) 2017. Fig. (7) shows that the clearing fac-
tor (C.F.) is directly proportional to the temperature.
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Figure (7). The clearing factor vs. the ambient temperature in Baghdad city.
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Fig. (8). The percentage of  gain in the solar cell’s efficiency vs. the ambient temperature in Baghdad city.

Figure (8): The percentage of  gain in the solar cell’s 
efficiency vs. the ambient temperature in Baghdad 
city.

The ambient humidity is Adversely affecting the dust 
removing process (11, 12), this effect is declared in Fig. 
(9 and 10).
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Figure (9). The clearing factor vs. environmental humidity for Baghdad city. 

0
1
2
3
4
5
6

0 10 20 30 40

G
 e
ff.

%

humidity %

0               10             20             30             40

Figure (10). The percentage of  gain in the solar cell’s efficiency as a function of  the ambient humidity in 
Baghdad city.
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DISCUSSION 

The deposited dust gives a good indication for for-
mation on the electrostatic glass sheet, for the film 
as shown in Fig. (5). This region is considered as the 
transparent region of  the film which is very suitable 
to the response of  many types of  solar cells includ-
ing the silicon solar cell as shown in Fig.(6).That  is  
because the dust becomes drier and lighter with in-
creasing the temperature, hence the dust removing 
process becomes more efficient as shown in Fig.(7).
The direct proportionality declares  the effective dust 
clearing process from the system as shown in Fig.(8).
At relatively high humidity, the C.F. has low values, 
this is attributed to the capillary effect between the 
dust particles where the humidity makes the parti

cles pack together and become heavy in some way, 
the humidity factor also makes the particles adhere 
to the glass sheet, thereby hindering the process of  
removing dust. This reason also explains the rela-
tion between Geff.%  and the humidity percentage as 
shown in Fig.(9,10).

CONCLUSIONS

A self-cleaning method for a solar cell is success-
fully introduced via a conductive glass. The meth-
od depends the electro-static method for removing 
and preventing the dust and the airborne particulate 
from depositing on the surface of  solar panels.

Tests were carried outdoor in Baghdad city. Results 
showed that there is a direct proportionality between 
both: the clearing factor and the efficiency gain with 
the ambient temperature. The ambient humidity 
showed indirect proportionality with system effi-
ciency (clearing factor and efficiency gain show re-
duction as the humidity percentage increases).
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