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ABSTRACT 

 

This article presents an evaluation of the power-voltage (P-V) and I-V characteristics of PV cells after 

exposure to artificial dust spraying. The dusted cells and other clean cells have been to the tested, 

exposed to five different radiation ranges, and used a solar simulator.  In the experiment, a solar 

simulator analyzer was used to define the PVs' electrical performance, meantime a Sandblasting 

Cabinet and Atomic Force Microscope were used to inspect the properties abrasive of the dust on the 

cells. A significant reduction in both I-V and P-V properties was observed when dust accumulation on 

the surface of photovoltaic solar cells was compared to the same parameters of the clean cells. The 

average yield loss rate of solar cells exposed to dust spraying has decreased by 5-25% compared to 

clean cells, considering the inclination angle of the cells.  

 

Keywords: Photovoltaic cell; dust effect; solar energy; dust spraying; renewable energy. 

 
1. INTRODUCTION 

 
The solution to the world's energy deficit problem is in renewable energy sources, and it is an 

undoubted fact that these resources are sustainable and clean, when besides being used correctly and 

rationally. PV panels are now one of the most realistic, fast, and clean renewable energy sources 

accepted by many countries. The reason for the rapid growth of solar panels in many countries is the 

price reduction, ease of maintenance, and installation. Although Turkey is a developing country, with 

insufficient energy resources, and excessive energy consuming it is a country that entirely dependent 

on foreign energy sources. Based on Turkey’s geological location and economic conditions solar 

energy has a significant market compared to other renewable energy sources. In 2017, 37% of 

Turkey’s electricity production obtained from natural gas, 33% from coal, 20% from hydraulic 

energy, 6% from wind, 2% from geothermal energy, and 2% from other sources. Turkey's energy 

consumption and production are approximately equal to each other. In 2017, consumption was 294.9 

billion kWh and electricity generation was 295.5 billion kWh. As of the end of June 2018, the total 

installed capacity of the PV solar power plant is 4,726 MW. All sources except renewable energy 

sources, including solar, biomass, and wind, for example, hydro (dam) and geothermal resources are 
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completely in use. The last established power cycle plants are natural gas conversion plants, fed by 

Iran and Russia. The country almost pays 40% of its total exports for energy. Therefore, this situation 

makes it dependent on the neighbors. Currently, the government in power is trying to increase the 

diversity of energy and increase the rate of clean and renewable energy [1].for this reason, besides the 

construction of two numbers 4800 MWe nuclear power plants, it also aims to increase the use of wind 

and PV potential.  

 
In recent years, very detailed and sensitive researches on the effect on PV modules have been 

conducted on dust accumulation [2–4]. Gholami et al. [5] examined the factors that constituted the 

accumulation of dust and the decrease in power loss in PV panel applications. Gholami et al. [6] have 

shown that the accumulation of dust on the panel in an arid environment for 70 days was 6,0986 g/m
2
 

and this deposition caused a power reduction of 21.47% in Tehran, Iran. The factors affecting the 

accumulation of dust were investigated to research the PV performance effect of dust accumulation. 

Fountoukis et al. [7] have shown that decreasing the atmospheric pollution value, for example, 

decreasing the density of the particulate matter, decreased the PV energy losses in Doha, Qatar for a 

year, Saidan et al. [8] have investigated the loss of efficiency due to dust accumulation on PVs, daily, 

weekly and monthly in Baghdad, Iraq. Dust accumulation resulted in a decrease in the yield of PV at 

6.24%, 11.8%, and 18.74%. Al Shehri et al. [9]  have investigated the effect of dust accumulation on 

solar panels in an environment where dust and sandstorms are common in a dry climate where solar 

radiation is highest. They have shown that cleaning with using nylon brushes, as a different cleaning 

method is not effective when compared to water and fine cleaning. They showed that the nylon 

brushes did not provide adequate cleaning. Mehmood et al. [10] have shown that the accumulation of 

dust and mud in a damp environment negatively affects the optical, tissue, and mechanical properties 

of PVs. Researchers showed the morphological and elemental analysis of total dust and examined the 

micro-level adhesion forces between protective transparent substrates and dust particles. Jiang et al. 

[4] have created considering the wind cleaning process, building a more accurate model to estimate 

energy output for PV modules due to accumulated dust. Lu and Zhao, [11] have conducted a 

numerical study to investigate the dust accumulation on a PV system and its effect. They carried out 

their work using experimental and fluid dynamics simulation. Menoufi et al. [12] have studied the 

electrical performance of PV panels exposed to artificial dust in Nile, Egypt.  Ahmed and Mohammed, 

[13] have investigated the thermal and electrical performance of the dust on a hybrid solar collector. 

They investigated the effects of the dust particles of different sizes, the amounts of different released 

dust particles, and the effects of gravitational force based on the dust accumulation rate on PV panels. 

Fountoukis et al. [14] have investigated both the modeling and experimental study of dust 

accumulation of the loss of energy efficiency in PV panels in a dry climate. Lay-Ekuakille et al. [15] 

have studied the possibility of modeling and experimental efficiency by using the relevant parameters 

which allow the deposition of dust and pollutant on the PV panels. Mejia et al. [16] have investigated 

the efficiency losses between concentrated solar power and flat PV due to dust accumulation. They 

showed that CPV caused losses greater than flat PV due to contamination. They calculated that this 

loss was 71%.  Tanesab et al. [17] have investigated the seasonal effects of dust on the performance of 

PV panels in two different climate zones, Perth, Western Australia, and tropical climate zone Teygana 

Timur (NTT) Indonesia. Wang et al. [18] have shown that dust accumulation in PV modules is 

dependent on environmental and weather conditions, resulting in a decrease in energy production over 

time. 

 

As mentioned above, many types of researchers describe how the dust factor that accumulated on the 

photovoltaic panels affects the yield. In this study, it was investigated how the dust particles in high 
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wind velocities adhered to the cells, and the damage on the cell surface affected the P-V and I-V 

values in PV cells.  The cells were tested at different tilt angles and measurements were made. For the 

homogeneous and balanced distribution of dust particles in the cells used in the experiments, a 

sandblasting device was used in particular. As a result of the experiments, it was found that the sand 

particles caused a significant decrease in the efficiency at high tilt angle values with the impact effect. 

A special device used for cleaning metal parts was used to ensure homogenous sandblasting in PV 

cells during operation. The device used for this purpose is the SK-1400 product of SAYKAR 

company, (www. saykar.net). The cells placed in the device were kept at 20
0
,30

0
,40

0
,50

0
,60

0
,70

0
,80

0
 

and 90
0
 tilt angles and were sprayed fine glass sand for two minutes. The material used in the air 

pressurized sandblasting systems is grade C, 310-400-micron glass grit particles. Photographs of the 

sandblasting Cabinet (SK-1400) are given in Figure 1.  

 

 

Figure 1.Sandblasting Cabinets (SK 1000) Saykar.net. 

 

2. EXPERIMENTAL PROCEDURE 

 

There are four methods commonly used to clean the surface of the solar panel: natural, mechanical, 

electromechanical, and electrostatic. Further research and ideas are needed to reduce the negative 

impact of dust accumulation on PVs. In this study, the reason for using the sandblasting device to 

measure dust accumulation and its effect is that wood resins frequently encountered in this region of 

Turkey are adhered to the panels as a result of encountering dust and insects and carried away by the 

wind. It is a very demanding and long process to remove them. Dust last long in panels. The most 

precise and optimum form of calculating the abrasive effect of the dust sprayed on photovoltaic cells 

is to design an experiment in which the dust particles adhered regularly. Then the process performed, 

the power output of the cells (directly exposed to the glass sand spray) was measured. The power 

output was then compared with similar clean (dust-free) cells for comparison. The photographing of 

the cells after sand spraying was done by Atomic Force Microscopy. The photographs are given in 

Figure 2. 
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Figure 2 Atomic Force Microscope XE-100E (Park System). 

 

To perform measurements under outdoor actual test conditions, a solar analyzer “Model 4200-SCS” is 

used. The model of the device manufactured and marketed by Keithley Company is 4200-SCS. A 

photograph of the solar analyzer is given in Figure 3. Detailed information about the solar simulator is 

given in ref. [19], (www.keithley.com) is used which allows to trail the P-V and I-V curves and let the 

main parameters of the PV cell: Short circuit current ( scI ), Fill Factor ( FF ), Maximum power  

( maxP ), Open circuit voltage ( ocV ), and maxI  maxV  respectively.  

The basic equations used in this experimental study are as follows [20]: 

 
0 exp 1

s

pv

q V IR
I I I

akT

  
     

  
           (1) 

0

ln sc
oc

IkT
V a

q I

  
   
   

             (2) 

Based on the I-V curve constituted by Eqs. (1) and (2), maxP , ocV  and scI were composed and then 

filling factor ( FF ) can be calculated using  the following equations 3 and 4 [20]. 

max oc scP V I FF              (3) 

max max

sc oc

I V
FF

I V
              (4) 

Studies were performed five different solar radiations which are 200-400-600-800-1000 W/m
2
. 
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Figure 3 Solar simulator and experiment of PV cell. 

 

2.1. Properties of Dust Used in Spraying 

Glass sand is also known as glass grit or glass powder in the market. It is more suitable to be 

used at air pressurized sandblasting systems. Glass Sand, which is used in applications, is 

made of 100% consumer post, recycled bottle glass. Glass Sand has very low particles, 

giving a whiter, cleaner result in the applications using. The cornered particles in the crushed 

glass allow a thrusting surface profile to be formed and to remove coatings such as paint, 

alkyds, epoxy, polyurea vinyl, elastomers, and coal tar. Table 1 shows the physical and 

chemical properties of the glass sand. The photograph of the glass sand is given in Figure 4. 

 
Table 1 Glass sand  Physical and chemical characteristics. 

GLASS SAND PHYSICAL 

CHARACTERISTICS 
 

Glass Sand - Specific Gravity 2,45 g/cm3 

Glass Sand - Average Bulk Density 1,50 g/cm3 

Glass Sand's Hardness 47 HRC 

Glass Sand's Durability Low 

Glass Sand's Free Flow Feature 97 % minimum 

Glass Sand's Moisture Absorption High 

Glass Sand's Radioactivity Characteristic No 

Glass Sand's Magnetic Characteristic No 

GLASS SAND CHEMICAL 

CHARACTERISTICS 
 

SiO2 >% 65 
Glass Sand does not enter a reaction with 

oxygen. 

Al2O3 : % 0,5-2 Glass Sand does not contain free silica. 

CaO : %8-11 Glass Sand has inert structure. 

MgO : % 3-5 Glass sand does not cause corrosion. 
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Fe2O3 < % 0,2 Glass Sand is not flammable. 

K2O < %1,5 
Glass Sand does not contain cancerogenic 

substances. 

Na2O : %13-15   

GLASS SAND ABRASIVE GRADES  

Grade C 310-400 micron glass grit particles 

 

   

                            

     Figure 4 The view of glass sand. 

 

3. RESULT AND DISCUSSION 
Due to increasing oil prices and the high exchange rate, Turkey's energy production costs are 

constantly increasing. In January and December of 2018, the Turkish lira depreciated by about 58% 

against the US dollar. In recent days, electricity and natural gas usage prices have increased by about 

50%. However, due to the rational use of renewable energy sources, a steady downward trend is 

observed in energy costs in many countries. The emergence of new firms and technologies in the 

production of PV panels and the increase in efficiency led to a decrease in costs and thus a significant 

increase in its use. The success of many countries in panel production has also made it easier to reach 

them. The same success was not achieved in the production of wind turbines. Because the production 

of wind turbines requires higher technology, which limits its use and production. The use of PVs 

which has a very high demand in our country, due to the increasing exchange rate and inflation since 

2018, investments in this field have completely stopped except for previous investments. However, 

there is a rapid return to clean energy in the world, especially renewable energy. 

 

As previously described, the power output of the cells varies depending on both the current and the 

voltage. The curves of the change and abrasive effect of sand spraying on PV cells, Figs. 5 and 6 are 

given. The abrasive effect of the dust on the cells was investigated in two separate sections (P-V and 

I-V). 

 

3.1. Effect of Abrasive Effect of Dust on the Power output of PV Cell 

As mentioned before, experiments were conducted using five different solar irradiance values; 200, 

400, 600, 800, and 1000 W/m
2
.  Many researchers have shown that the accumulation of dust on PV 

panels is one of the most important reasons for the decrease in the power output that can be achieved.  

Power losses in PV cells were examined in two parts. Firstly, individual cells were measured, and then 

the cells having different properties were subjected to glass sand spraying in the sandblasting 

chamber. At low radiation intensities (200, 400 and 600 W/m
2
) the power drop is very low, and the 

power drop at 800 and 1000 W/m
2
 radiation values increases. This decrease is between 10-20%. The 

ratio of power output drop on cells 80
0
,70

0
 and 60

0
 is carried out at a low rate. The reason for this is 

that as the angle of inclination becomes smaller, a portion of the sprayed glass sand cannot hold on to 
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the cell. Consequently, it is a decrease in the amount of dust falling to a lower area. It should be 

remembered that each cell used before the experiments has different characteristics. The power output 

tilt angle of 40
0
 and 50

0
 is quite high, this loss which is between 10-20 percent. 

 

As the tilt angle value increases, the power output is low except for a 90
0
 angle of inclination. The 

power output value increases after 50 
0
 of the tilt angle because the accumulation of dust is more 

likely to accumulate in the lower part of the cells, and the cells do not have any contact with the sand 

sprayed in any amount. This is something to be expected. In each cell subjected to sand blasting, the 

spray gun is held upright. At low inclination angles, the amount of sand contacting the cell decreases. 

The power drop at the tilt angle of 20
0
 was very low.  

 

The reason for the further drop in this angle range is since sand spraying is concentrated in a restricted 

area. Briefly, the P-V curves vary considerably between before and after each cell. The P-V exchange 

curves were given before and after the experiment in Figure 5. 
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Non using dust spraying (Before 200)                                                    Using dust spraying (After 200) 

Figure 5 Change of P-V curves of dust spraying. 
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Non using dust spraying (Before 200)                                      Using dust spraying (After 200) 

Figure 6. Change of I-V curves of dust spraying. 

 

3.2. Effect of Abrasive Effect of Dust on I-V Characteristic of PV Cell 

When the I-V curves are taken into consideration, the highest loss occurs similarly to the P-V curves. 

At low radiation intensities (200, 400 and 600 W/m
2
), the reduction in I-V curves is very low, this 

change is between 0-10%, and this change is increased at 800 and 1000 W/m
2
 radiation values, this 

change occurs 10-20 %. At the 80
0
 and 70

0
 tilt angles, a small reduction in I-V curves was observed in 

the low radiation values after sand blasting (200,400,600 W/ m
2
). The I-V curves show a decrease in 

the radiation values of 800 to 1000 W/m
2
 and this change varies between 5-15%. In the same way, the 

decreases in the 60
0
 and 50

0
 tilt angles in the I-V curves and the high radiation values  (800 and 1000 

W/m
2
) are in the 5-15% range. The decrease in low irradiation values is very limited. The I-V 

exchange curves were given before and after the experiment in Figure 6. Two photographs of every 

one cell photographed by electron microscopy are given in Figure 7. 
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Figure 7 The views of the cells after the dust spraying in different tilt angles. 

 

4. CONCLUSIONS 

 

The use of solar energy, known as the cleanest energy source in the world, contributes to the reduction 

of greenhouse gas emissions while at the same time meeting a significant part of the world's energy 

needs. The emergence of new, cheaper and more efficient products with PV panel technology is 

considered to be the most useful source for countries that have energy deficit problems. The frequent 

use of PV Panel technologies has brought many problems such as use, cleaning, maintenance, 

operation, and pollution. At present, the biggest problem experienced by many enterprises is the loss 

of power and efficiency due to pollution. Most of the recent studies are related to the identification 

and elimination of the factors causing these losses. 

 

In this study on different tilt angles, the effect of dust spraying on the transmittance of PV cells have 

been investigated. Dust particles were uniform and in the same form, all of them being special sand 

with a spherical shape. In this study, the effects of dust spraying on the cells at different tilt angles 

were photographed by electron microscopy. It was also evident from the photographs and the results 

that the effect of the sprayed dust on the surface of the cells increased as the angle of inclination 

increased, and I-V and P-V curves decreased as a result.  

 

These dust deposits indicate a deterioration of the panel surfaces and consequently prevent a certain 

part of the incoming solar radiation. In this study, the sands used was the same properties and the cells 

were subjected to real sand spraying at the determined angle values. 

 

 At low radiation intensities (200, 400 and 600 W/m
2
) the power drop is very low, and the 

power drop at 800 and 1000 W/m
2
 radiation values increases. This decrease is between 10-20%. 

 

 At low radiation intensities (200, 400, and 600 W /m
2
), the reduction in I-V curves is very 

low, this change is between 0-10%, and this change is increased at 800 and 1000 W/m
2
 radiation 

values, this change occurs 10-20 %. 

 

 The average degradation rate of efficiency of the solar cells exposed to the dust spraying is 5-

25 % compared to exposure periods of the clean cells. 

 

As a result, the increased inclination angle decreased the accumulation of dust and the experiments in 
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this study show that the increased inclination angle increases the damage on the PV cell. All of them 

are permanent on the cell, which also reduces solar permeability. 
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NOMENCLATURE 

 

A area (m
2
) 

a  ideality factor 

FF  fill factor 

G  solar intensity (W/m
2
) 
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I current (A) 

k  Boltzmann’s constant (1.381 x 10
-23

 J/K) 

P  power (W) 

q  electron charge (1.602 x 10 
-19

 C) 

R  resistance ( ) 

T  temperature (K) 

V  series voltage (V) 

Greek letters 

  efficiency (%) 

Subscripts  

amb ambient 

en energy 

pv photovoltaic 

s series 

sc short circuit 

sun Sun’s surface 

0 saturation 


