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Abstract— Due to the increase of global energy demands and 
decrease of fossil fuel sources, renewable energies are getting 
more attraction day by day. The technologies of renewable 
energy devices are increasing and the prices are decreasing in 
parallel. Solar energy is the most popular renewable energy 
source among the others. Moreover, in the last decade, solar 
photovoltaic energy research and construction has started to 
support by the governments in the world financially. 
Furthermore development and application of solar energy have 
been regarded by the governments of different countries and 
their people. However solar energy conversion systems have 
low efficiencies. Moreover environmental effects such as dust, 
snow, pollens of flavors etc. decrease the efficiencies of the 
modules. It is of vital importance to find intelligent solutions 
to handle such negative effects. Before doing this it is 
important to analyze the systems to determine the level of 
decrease on the efficiency.  
In this study the effect of the dust on PV surface are examined 
in the sense of solar module efficiency. To examine the effect 
of the dust, mono crystalline type PV modules are tested under 
natural environmental conditions. The tests are performed at 
Afyon Kocatepe University main campus. Each module is 
situated on the same tilt angle to the sun. One of the modules 
is cleaned, systematically whereas the other is left naturally. 
Cleaning process is applied at the same hour of each day of 
December 2015. Hourly PV generations are measured and 
collected using a data logger. The data obtained from each 
module are compared and analyzed. Finally the total gain in 
the sense of energy generation is calculated and the results are 
discussed.    
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I.  INTRODUCTION  
Renewable energy sources are very important due to their 
environment protective properties. Moreover the lifetime of 
fossil fuels is almost over. Therefore the usage of such sources 
is increased considerably in recent years. Among others PV 
(Photovoltaic) modules are the most commonly used ones for 
electricity generation. There are too many studies in the 
literature to develop their technologies. In a recent study, 

Rahman et al. explored the effect of various parameters on PV 
efficiencies [1]. For instance Experimental investigation of the 
energy performance of a novel Micro-encapsulated Phase 
Change Material slurry based PV/T system is proposed [2]. In 
another study, Gaofa He et al. Review of Self-Cleaning 
Method for Solar Cell Array is proposed [3]. In another study, 
Soualmi Hamou et al. proposed Efficiency of PV Module 
under Real Working Conditions [4]. Y.M. Irwan et all 
explored the indoor Test Performance of PV Panel through 
Water Cooling Method [5]. In another study, K.A. Moharram 
et al. proposed the influence of cleaning using water and 
surfactants on the performance of photovoltaic panels [6]. 
Catelani et al. investigated the characterization of photovoltaic 
panels under dusty conditions [7]. In a different study Rob et 
al. investigated the effects of snowfall on solar photovoltaic 
performance [8]. Different weather conditions on the 
efficiency of PV panels in the southeast of UK are studied by 
Ghazi et al. [9]. Zeki et al. investigated the effect of dust 
pollutant type on photovoltaic performance [10]. In another 
study, Ahmer et al. proposed a review on uniform cooling of 
PV panels [11]. In a different study, Arash et al. detected the 
energy yield loss caused by dust deposition on photovoltaic 
panels [12]. In another study, Mustafa et al. proposed a self-
cleaning control system for PV solar panel of a street light 
[13]. Al-Qubaisi et al. developed a Microcontroller based dust 
cleaning system for a standalone photovoltaic system [14].  
 
It is obvious from the presented recent literature that, there are 
a lot of studies that present the effect of dust on PV. However 
the effect of dust alters region by region and season by season. 
In this study the effect of dust under non snowy winter 
conditions is aimed to investigate. For this purpose an 
experimental setup is built at the main campus of Afyon 
Kocatepe University. In this setup mono crystalline panels are 
located on the same platform. One of the panel is cleaned 
regularly at the same hour of the day manually, on the other 
hand the other panel left as is. By this way the surface of the 
not cleaned one is let naturally dirty due to the dusts and other 
environmental effects. However, in same day because of the 
effect of rain the dirty panel is naturally cleaned. Hence the 
natural events effects are also automatically considered. The 
generations of each panel is consumed on DC loads. The 
amount of the consumption is measured by a data logger. The 
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collected data are visualized by an interface. The properties of 
the data logging system are presented in following sections in 
detail. Test is performed on December of 2015. The results 
obtained from natural panels and systematically cleaned ones 
are compared. Finally, the comparison of results is discussed.  

II. SOLAR ENERGY SYTEMS AND SOLAR 
RADIATION LITERATURE 
It is well known that solar energy systems are very important 
due to limited life time of fossil based fuels and environmental 
effects. Nowadays, governments of countries financially 
support renewable investments. For instance in Turkey a 
recent support mechanism is started for PV systems. The 
government gives guarantee for the generated electricity from 
the PV systems. By this support the amount of investments are 
started to increase exponentially in Turkey. However it is well 
known that the efficiencies of PV modules are still low even 
huge and important studies that deal to increase the 
efficiencies by scientists. There are different types of PV 
modules available in the market. Mono crystalline and Poly 
crystalline ones are the most known ones among the others. 
Therefore all negative effects that decrease the efficiencies of 
the modules most be studied and new technics need to be 
developed to increase the efficiencies. According to structural 
properties of modules, it is not possible to increase the 
efficiencies of modules rather than maximum efficiency 
provided by the manufacturer. However, it is possible to 
minimize the negative effect of modules by intelligent devises 
that considers those effects. From a different aspect those 
effects and their behavior on PV performance must be 
determined first. As mentioned in the introduction section of 
this paper, dust is one of the well-known effects. On the other 
hand temperature, snow, shade can be considered as the other 
negative effects. The behavior of those parameters on PV 
efficiency is different. For instance the effect of the dust alters 
day by day and can be different for different regions. To 
prevent the negative effects of dust it is mandatory to develop 
low consumption cleaning devices. On the other hand the 
value of extraterrestrial radiation for an arbitrary day and hour 
is known and limited. Furthermore due to atmospherically 
events such as cloud effects and other environmental effects 
the value of radiation on the PV surface is most probably less 
than the extraterrestrial value. From the view of energy 
planning point it is of vital importance to predict the real solar 
radiation values on PV surface on the literature. Hocaoglu 
tried to model data using different models [15]. The 
performances of models are compared. In a different study 
Hocaoglu et al. developed an efficient model to obtain 
accurate solar radiation prediction [16]. This model is then 
improved by Akarslan et al. By this improvement more 
accurate prediction results are obtained [17]. In a different 
study Hocaoglu developed a stochastic model [18]. In this 
model hourly temperatures are considered as hidden process 
of solar radiation occurrence phoneme. In a recent study, 
Akarslan and Hocaoglu proposed a novel adaptive approach 
for solar radiation forecasting [19]. On the other hand the solar 
radiation values are considered as time series by Hocaoglu et 

al. and Mycielski approach is applied to the yearly data [20]. 
On the other hand solar radiation modeling is important not 
only from the aspect of planning but also from the aspect of 
accurate energy generation system sizing. For an example 
Hocaoglu et al. showed that solar radiation modeling is an 
important issue and modeled data has very important positive 
effect from this point of view [21]. 
Once the radiation values are predicted accurately, it is aimed 
to obtain maximum efficiency from the PV panel considered 
as electricity generator. Among the other parameters, in this 
study it is aimed to investigate the effect of dust and other 
environmental negative effects on different PV modules. For 
this aim an experimental setup is built on two different 
platforms which are placed at the same angle as presented in 
Fig.1 
 

 
 

 
Fig.1. Experimental setup 

 
In first platform mono crystalline PV panels are shown 
whereas on the second platform (see right side of Fig. 1) 
polycrystalline PV modules are shown. One panel in each 
platform is cleaned systematically at the same hour of the day 
whereas the other is left natural. By this way it is aimed to 
determine the effect of dust under Afyonkarahisar conditions 
on the performance of different PV modules. Please note that 
only the results obtained from mono crystalline module is 
presented in this paper to save space. The experimental results 
are presented in the following section. 
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III. EXPERIMENTAL RESULTS 
To determine the effect of dust on different PV modules the 
experimental setup presented in Fİg.1 is employed. While 
measuring the generations from each PV module, DC loads 
are used. A load bank including dc lamps are connected at the 
output of each module. By this way the produced energy is 
consumed at the same time in which the electricity is 
generated. From the panels the current values are measured. 
Measured values are collected in a data logger. Measured and 
collected values are visualized by the help of an interface seen 
in Fig.2 

 
Fig.2. User interface to visualize the data 

The experiments are performed in December 2015. Each day 
one time at same hour one PV from each platform seen in 
Fig.1 are cleaned whereas the others are left natural. The data 
are measured at each minute from both panels. The 
generations from natural and cleaned mono crystalline panels 
measured in December 2015 are presented in Fig.3. As 
expected the generations obtained from cleaned panels are 
more than the generations of naturally left ones for both poly 
and mono crystal modules.   
To visualize the effect of cleaning process on PV performance 
a zoom plot is taken from Fig. 2 and presented in Fig. 3. This 
figure corresponds to arbitrary consequent days of December 
2015. It is also clear from Fig. 3. that clean process has a 
considerable effect on PV performance. To determine the real 
value of cleaning gain the total generation of each day from 
each panel are calculated and presented in Fig. 4.  
 

 
Fig.3 Power output of Natural and cleaned mono crystalline 

PV modules for December 2015 

 
Fig.4. Corresponding zoom plot of two consequent arbitrary 

days taken from Fig. 3 

 
Fig.5. Mean daily generations of natural and cleaned PV 

modules obtained in December 
  

As seen from Fig.5 that, the surface of the naturally left PV is 
covered by dust. Therefore the differences between the 
generations of cleaned and naturally left PV are increasing. 
However it is seen that on some days this rule is broken. This 
situation is occurred most probably due to rain or snow by 
which way the surface of naturally left PV is cleaned 
naturally. To show the effect of cleaning task, daily total 
generations are calculated from hourly mean values of PV 
generations for each day as a final task and presented in Table 
1.   

TABLE I.   

Panel Output Comparison 

Panel type Output power 
( Wh) 

Mono crystalline (Cleaned) 3442 

Mono crystalline (Natural) 2564 

 
It is obvious from Table 1 that cleaning is a very 
important issue that must be taken into account for PV 
panels. 
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CONCLUSION 
In this paper the effect of environmental negative effects such 
as dust under non snowy winter conditions on PV efficiencies 
are studied. For this purpose an experimental setup is built at 
the main campus of Afyon Kocatepe University. In this setup 
mono crystalline panels are situated on the same platform. 
One of each panel is cleaned regularly at the same hour of the 
day manually, whereas the other is left natural. By this way 
the surface of the not cleaned panel is let naturally dirty due to 
negative environmental effects. The effects of natural clean 
processes such as rain are also automatically considered. The 
generations of each panel is consumed on DC loads. The 
amount of the consumption is measured and collected in a data 
logger during December 2015. The collected data are 
visualized by an interface. The data are evaluated and it is 
obtained that clean process has a considerable positive effect 
on PV performance. Such effects for different seasons must be 
studies. Moreover, intelligent automatic and low consumption 
systems should be developed alternatively to present ones. 
Such studies are regarded as future studies.  
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