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Abstract 
 

This paper proposes to evaluate the influence of dust on the realization of PV 

modules, representing the real amount of dust on the glass surface of the 

solar panel and its input as an influential factor using the mat lab simulation 

and studying its impact and expected losses on the output of solar panels. 

The Renewable Energy Research Center (RERC) at University of Anbar has 

put in place a research project in order to investigate the influence of dusty 

weather conditions on the PV module characteristics. Various rates of dust 

and clean panel were used as the accurate evaluation of output power. The 

results are extracted and simulated by the Matlab software. The information 

for dust tasters of different weights with conversion in power loss in a solar 

panel at four values of Ideality factor (A) of 0.8, 1, 1.2, and 1.4 has been 

applied. The outlet's expression as the performance of this solar panel is 

widely declined, by changing the quantity of dust accumulated 

homogeneously on the surface of the PV modules and the Ideality factor (A). 
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     1 Introduction 
 

Nowadays, the world is moving rapidly to new and renewable energy, 

especially solar energy, which governments and companies are struggling to 

develop and increase their efficiency by reducing major and minor losses to 

obtain long-term investments [2]. Among the different sustainable energy 

resources, solar energy projects, which change the light of sun 

straightforwardly to electrical energy have been picking up the world and 

popularity, chiefly in regions high sunlight based spectrum and irradiation. 

For the previous years, PV has uncovered fast advance, and an extensive 

variety of new advances from various industrialists have appeared [1]. The 

most important information for the design of solar panels is the efficiency of 

these panels and their tolerance to various weather factors, for example, 

change in temperature and accumulation of dust and clouds. These factors 

are reflected directly not only on the efficiency of solar panels but even on 

the size and efficiency of the system as a whole [2, 7].  

Additional information for Different irradiation circumstances requires 

over and above pieces of information of solar cell specifications which 

corresponds to the current standard test conditions STC. For every solar 

panel kind, industrialists give  list of  performance parameter information 

which includes, amongst others, the maximum current and voltage at rated 

load, temperature coefficients of both the current and voltage, all at STC of 

irradiance (1000 W/m²), air mass of 1.5 and solar panel temperature at 

(25ºC). Like this combination of environmental situations hardly follows 

outdoors, manufacturer data-sheet information is not adequate to accurately 

predict PV panel operation under different weather environments, and 

outside PV performance monitoring and calculations are necessary. 

Computing the energy yield of PV panel indoors comprises both indoor 

irradiation levels and spectral distributions. To achieve access to PV 

characteristics at indoor light levels and the specific spectral response 

characteristics of a cell survey has been completed [1, 3]. As well as for 

desalination plants associated with the solar energy plants for the process of 

distillation where the problem of the accumulation of dust on the surfaces of 

solar thermal collectors is the main natural reasons of these plants, in 

addition to that even in normal days are fine sand particles.Stuck in the air, 

which adversely affects the overall performance of these plants or factories. 

There have been different studies conducted to investigate the effect of dust 

on solar cells. These investigations have been reported that falling dust has a 

direct impact on reducing the performance of solar PV modules [1, 4-8]. 

The accumulation of dust was studied on the surfaces of the panels and 

in a multi-angle and within one month. The solar transmittance degradation 

in this time was achieved to be directed by a tilt angle of the glass plates with  
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a high value once the glass plate is sited in a flat and low value as it is 

perpendicular depending on the location for the globe and the season during 

the year. These readings were taken by Sayigh et al. [5]. One of the real 

difficulties with photovoltaic stations in open areas which do not have a 

green zone to repel dust storms. In rainy areas, the cleaning of the panels is 

normal, and thus the total output increases.  For example, in Qatar, the 

productivity of plants is reduced by about 85% if they are not sustained for 

one month [6-7].     

After 38 days of the environmental display and at tilt angles ranging 

from 0 to 60 degrees, the transmittance of the glass by a level ranging from 

64% to 17 %, respectively, was decreased due to the accumulation of dust [5-

13]. The different tilt angles of the solar panels from 0º to 90º and change the 

amount of dust accumulated on the glass surface of these panels ranging 

from 15.84 g / m² to 4.48 g / m², and the corresponding transmittance reduces 

by 52.54%-12.38% respectively [14-15]. A relationship was found between 

the accumulation of dust and airborne dust, the evaluations of its effect on 

solar cell short circuit current (ISC). Using the wind tunnel experiment [16-

18]. Overall, all these publications show a decrease in short circuit current 

with an increase in the concentration of accumulated dust . 

Newly, increase competition in the renewable energy market in terms of 

increasing production as well as increase the efficiency of productive 

capacity to reduce losses. Therefore, many types of solar cells with varying 

efficiency have been produced. These types of thin films are considered to be 

the most realistic solutions due to the use of glass substrate, size scalability, 

and cheap materials. Different configurations made of high-efficiency thin-

film solar cells have been announced to overcome the low output power [21-

22]. The ideality factor of the solar panels with the current curves and the 

internal resistance Represented by series and parallel of the panels directly 

affect the efficiency and the lifetime of it and Fill factor. The results are 

clarified by several crystalline-silicon solar modules types of machinery 

viewing the m-I plot behavior between the Maximum power point (MPP) and 

open circuit (Vo.c). The formula is explained for the design of the RS-

corrected local ideality factor (A). The A-V plot can be less informative than 

the A-I plot that differs muscularly with the module temperature. For several 

modules that have been examined, the ideality factor is much difficult at the 

MPP [20-22]. 

This paper aims to describe how dusty weather and negatively affects the 

enactment of the PV module by determining the dust rate that deposits on 

panel surface and how much sunlight is absorbed and reflected by dust using 

MATLAB Program. A simulated circuit model used to simulate the 

performance of solar modules. For the European Union standard and the use 

of measured or calculated radiation ratios, this is not planned for a specific  
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point in this world. It is found that the influence of weather conditions 

throughout the year is a reflection of the clarity of the power generated from  

the panels. This affects the lifetime and performance of the solar inverter. 

And increase the unwanted harmonics for the installed capacity of the 

electrical grid to be used. 

 

 

2 The Photovoltaic Cell Modeling 
 

The equivalent circuit of a solar cell showed in fig.1 Involves a sunlight 

current source, a diode representing p-n junction cell, series resistance Rs, 

and shunt resistance Rush, a source of current connected as parallel through a 

diode. The yield of the current source is relative to the sun-based radiation 

falling on the photovoltaic cell or the sun powered board. Around evening 

time, the sunlight-based cell goes about as a diode [19]. 

 

 

 

 

 

 

 

 

 

 

                               Fig 1: Equivalent circuit of a solar cell 

 

54-Watt Kyocera solar PV module is selected for modeling; this model is 

suitable for traditional uses of photovoltaic applications. The module 

contains 36 silicon cells associated in arrangement. The huge particulars of 

the PV module are recorded in the table (1). The model is satisfied through a 

Matlab bundle. The model boundaries are determined during execution by 

utilizing the sun based displaying conditions. The count of the flow I is by 

utilizing the particular electrical boundary of the module Isc, Voc, variable 

voltage, arrangement obstruction Rs, and shunt opposition Rsh illumination 

G, and temperature T. PV board Characteristics.The manufacturer should 

provide electrical characteristics of the PV panel. It is stated to do the 

measurements to check any deviation from the nominal values. 

Inappropriately, the deviation from guaranteed values can be significant & 

should be predictable. The nominal parameters for the simulated model are 

recorded in the table 1. 

 
 

 



                                                                                                                  
 

 

 

 

 

 

Study the Impact of the Ideality Factor and   the Dust on the Performance of Solar                 

Panels 2619 

 

Table 1: The solar panel that has been emulated is of a kind Kyocera model with 

1000W/m² radiation at temp. = 25
0
C STC standard. 

  

 

     

 

 

 

 

 
3 Results and Discussion  
 

 The different values of silicon quality factors (ideality factor) are found 

for calculations; they ranged from 0.8 to 1.4. The simulated results of I-V 

and P-V characteristic curves for theoretical tests on the solar module under 

dusty weather influence are revealed in fig. 2 to the fig. 5. The current rises 

as the silicon ideality factor (A) drop and the maximum power can be 

achieved at (A=0.8). Therefore, all calculations have been calculated at 

A=0.8, 1000W/m² and250C. 

  Fig. 2 displays the I-V and P-V characteristic curve of the solar module 

when no dust. From this curve, we note that the maximum current(Isc) for 

the module is 3.2714A by way of voltage(Vo.c) 19.6V, this harvests the 

output power 55.811W employing efficiency equal to 13.73%. Under dusty 

influence with (5.5432g/m²), the maximum current reduces to less than 3A 

with the drop for the charging voltage which reaches approximately 19V 

where the output power is 48.45W with efficiency equal to 11.9% with the 

decrease of the charging power around 13.17%, as shown in fig.3. Further, 

the values of maximum current reach 2.85A at (7.654g/m² (with the drop of 

the charging voltage which reaches about 18.5V, where the output power is 

44.82W with efficiency 11%  with a decrease for the charging power equal to 

19.7% concerning no dust, as presented in fig.4. The values of maximum 

current reach 2.65A at (16.2486g/m²) with a drop of the charging voltage 

which ranges about 17.7V where the output power is 39.87W with efficiency 

9.8% with a decrease of the charging power 28.56% relating to no dust, as 

displayed in fig. 5. Besides, from the figures, we note that the charging 

parameter reduces when the rate of dust increases.  The electrical features of 

solar panel under changed rates of dust are scheduled at the table 2. The 

correlation between the curve of the current (Isc) and voltage (Vo.c) and the  

dust rate accumulated on the surface of the solar panel is showed in Figs. (6) 

& (7). Where Isc was reduced when the dust rate greater than before, along 

with the following fitting equation:  

                          

Isc = -0.042x + 3.2714                                                                                (1)    
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The minus sign means that Isc reduced as the dust rate increased. 

Similarly, the value 3.2714A is the first Isc value at no dust contact and 

0.042A losses of Isc per dust rate value, namely, 20.89% losses from Inc. 

While, for Voc the data indicate that Voc decreases as dust rate increases, 

concerning the equation:  

 

Voc=-0.118x+19.56                                                                            (2) 

 

Of the equation described above, it is obvious that Voc is decreasing 

with the increase of the dust rate accumulated on the surface of the PV panel. 

The value 19.6 V is the initial Voc at no dust exposure, and 0.118 V losses of 

Voc per dust rate value, i.e., Voc losses by 9.69% approximately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
             Fig 2:  I-V and P-V characteristic for the solar panel when no dust. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Fig 3: I-Vand P-V characteristic for the solar module with dust(5.5432g/m²) 
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              Fig 4: I-V and P-V characteristic for solar panel with dust(7.654g/m²) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                  Fig 5: I-V and P-V characteristic for solar panel with dust (16.2486g/m²) 

 
 

Table 2: Electrical characteristics of the solar model under dusty weather at   A=0.8 

and FF= 0.85 
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        Fig 6: the variation of Isc with different dust rates for the Kyocera PV model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
               Fig 7: the variation of Voc with different dust rates for Kyocera PV model. 

 

4 Conclusion 
 

In this paper, the solar PV panel subjected to environmental dust and 

simulated circuit model was applied to simulate the performance of the solar 

module. The dusty weather effect on the power harvested and efficiency of 

the solar module was computed. It is the maximum efficiency 13.73% 

without dust was obtained, minimum 9.8% with dust (16.2486g/m²) with a 

decrease of the charging power (28.56%) with respect to without dust, i.e., as 

a result, we see that the charging parameter reduces as the rate of dust 

increases. Besides, the results confirm that dust considerably reduces the  
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power production by (28.56 %) and efficiency as (28.63%). The electrical 

parameters were sensitive to the dusty weather, i.e., both of Isc and Voc were 

reduced due to the dust accumulated on the panel surface but Isc parameter is 

more declined in high percent than Voc 20.89% and 9.69%, respectively. So, 

it is very essential to supply auto-cleaning mechanism for removal the dust 

from the panel surface with the aim of assure high performance, this will 

consider at a future work. 
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