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Abstract 
Deposition of airborne dust on outdoor photovoltaic (PV) modules may decrease the transmittance of solar cell 
glazing and cause a significant degradation of solar conversion efficiency of PV modules. Previous studies of 
this issue indicated that dust deposition is closely related to the tilt angle of solar collector, exposure period, site 
climate conditions, wind movement and dust properties.  In this practical field study, an experimental-based 
investigation is conducted in order to compare the energy performance of two identical pairs of PV-panels; the 
first being clean and the second being polluted with dust for five months. A series of systematic measurements 
of current intensity, voltage output and solar radiation are executed simultaneously for the clean and the polluted 
PV-panel, so that the dust depositions on the PVs’ power output, energy yield and conversion efficiency may be 
determined. According to the results, the efficiency of crystalline silicon solar panel has been found to drop 
when the temperature rises higher. a considerable deterioration of the PV-panels’ performance is obtained, i.e. 
almost   30 % power reduction 31% efficiency decrease  for dust accumulation on the panels’ surface . 
1. Introduction  
Photovoltaic (PV) technology is intended to play a 
key role in creating a sustainable energy future by 
using an infinite and accessible to everyone energy 
source like the sun. It is a documented fact that the 
global solar PV market is witnessing tremendous 
growth over the past 10 years and is expected to 
increase considerably within the foreseeable future. 
Particularly, the cumulative installed PV capacity has 
more than doubled since 2007, reaching almost 21 
GW in 2009 (see Fig. 1) with Europe having the 
biggest share of 66% followed by the Asia-Pacific 
with a share of 17% [EPIA, 2010). Currently, PV 
applications are mainly met in power plants or are 
incorporated into domestic (e.g. roof-top or facade 

installations) and industrial buildings as a basic or 
ancillary source of electricity. More specifically, in 
2009, small commercial applications and power 
plants counted for more than half (approx. 60%) of 
the worldwide PV capacity while residential 
applications possessed the notable share of almost 
23% (Fig. 2) [1]. Despite the significant fiscal and 
practical incentives given in many countries, PV 
investment growth rate could increase even faster but 
factors such as the high initial and operational costs 
[2] and the relatively low conversion efficiency of the 
available solar potential decelerate further evolution 
of PV applications. 

 
 

 
 

Fig. 1. Cumulative installed global PV capacity 
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Fig. 2. PVs’ application share per sector in 2009 

 
In this context, an ongoing effort to improve the 
performance of PVs is undertaken in order to settle 
PV technology as a promising and cost effective 
renewable energy based solution able to face the 
rapidly increasing energy demand of our planet. For 
that reason, despite the considerable technological 
improvement in PV technology [3]. 
the investigation of external factors which may 
influence PVs’ performance, such as environmental 
conditions [ and natural occurring phenomena, is of 
considerable interest. Specifically, a correlation 
between the aggravated atmosphere quality and the 
climate change of the most densely populated areas 
(due to increased urbanization and industrialization) 
with the performance of PV generators is pointed 
out [4]. In this context, the published study by 
Papayannis et al. [5] verifies the relation between air 
pollution and solar radiation at ground level, 
mentioning that the solar irradiance reaching the 
ground may be reduced up to 40% due to increased 
air pollution levels and existing aerosols. Nowadays 
atmosphere is well known to be considerably 
aggravated by infectious suspended particles [6] that 
may be directly emitted (primary emissions) or 

formed in the atmosphere (secondary emissions). 
Primary sources comprise both human (e.g. 
agricultural activities, power plants, industrial 
processes, combustion of fossil fuels, burning of 
biomass, construction and demolition activities, etc.) 
and natural processes (e.g. plants’ photosynthesis, 
forest fires, volcanic eruptions, etc.). Secondary 
sources directly emit air contaminants, i.e. sulphur 
oxides (SOx), volatile organic compounds (VOCs), 
oxides of nitrogen (NOx) and ammonia (NH3), into 
the atmosphere that form or contribute to the 
formation of 
particulate matter (PM). Components of PM include 
finely subdivided solids or liquids such as dust, fly-
ash, smoke, aerosols and condensing vapours that 
remain suspended in the atmosphere for long periods 
of time. Typically, the solar conversion efficiency of 
PV modules ranges from 10 to 13% in commercial 
level. However, the efficiency of outdoor installed 
PV modules may be further reduced by 10-25% due 
to the losses in the inverter, wiring and dust pollution 
[7]. The chemical components of  natural dust are 
basically SiO2 and Al2O3 and the weight percentage 
of chemical components can be found in Table 1[8].

 
 

Table 1 
 
 
 
 
 
 
 
 
2-Procedure 
2-1 - Equipments experimental included :- 
1- We amounted the solar panels in tilt angle about 
30 degree to reach more amount of solar radiation  
 
 
 

accident on solar panel and in a sunny area the solar 
panel that have properties 80 watt ,open circuit 21V 
,short circuit 5.15 A mono crystalline type show in 
fig (1). 
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Fig (1) show the two solar panels (clean, dusty ) 80 

watt mounted in 30 degree 
2- Multimeter for measure the current in short circuit 
state for solar panel 80 watt show in fig (2) every day 
for two panels (clean, dusty ). 
 

 
Fig (2) show Multimeter to measure the current 

and volatage 
3-solar meter to read solar radiation in (w/m2)  as in 
fig (3)  for each reading of short current and open 
voltage for both panels (dusty, clean). 
 

 
Fig (3) solar meter 

4- Thermometer for measure surface temperature of 
clean panel fig(4). 
 

 
Fig (4) Thermometer 

 
5- Anemometer for measure ambient temperature. 
 

 
Fig(5) Anemometer 

3-Results and Discussion 
Environmental effects on the performance of PV are 
caused by many factors either natural like clouds, 
dust and temperature, or artificial like evaporation of 
pollution from different factories. These effects may 
cause variation on the PV electrical output due to 
spectrum, intensity, local shadowing or reflection and 
variations of solar radiation distribution falling on it. 
The effect of dust deposition on the output 
performance of solar modules was investigated. 
Fig.(6) displays the reductions of energy output 
efficiency varying with time in days. The normalized 
efficiency reduction was obtained by 
Ereduction /Eclean =(Eclean – Edirty)/ Eclean  …  (1) 
where E clean and E dirty are the output efficiencies of 
PV module before and after the dust accumulation, 
respectively. In this work, the power output 
efficiency of PV module was estimated by: 
E =                        =          ….  (2) 
Where Voc is the open circuit voltage, Isc is the short 
circuit current, G is the solar irradiation and A is the 
area of solar module. 
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Fig(6). Variations of output efficiency reduction with time in days 
 
From Fig(6), it can be observed that the variation  
reduction of output efficiency grew from 0 to 31% 
due to change in weather condition. The solar 
irradiation level during the study was much lower 

than the yearly average value. This may be due to the 
unstable weather with much of cloudy, rainy and 
dusty days during the study period as we can see in 
Fig(7).

  
 

 
Fig (7) Variations of solar radiation with time 

 
Figs. (8) explain the correlation between the 
deposited accumulated dust on the surface of the solar 
cell and normalized Where Isc was decreased as the 

time of exposure increased, according to the 
following fitting equation:-                    = -0.004x + 17.3356     (3) 
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Fig(8) the variation of normalized Isc with time 

 
 
The minus sign means normalized Isc decreased as 
time increased. Also, the value 1 is the initial 
normalized Isc of the solar panel before dust 
accumulated. 

Dust deposition has an important influence on the 
output performance of PV modules by the reduction 
of output power as we can see in Fig (9) 

 

 
Fig(9) output power for both clean and dirty panels 

 
two solar module shows higher temperature 
compared to the ambient temperature even when the 
solar irradiance level was low as it can be observed in 

Fig(10). This is because the energy from the light is 
converted to heat when it struck the surface of the 
solar module.  
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Fig(10) Both modules temperature with ambient temperature 

 
4. Conclusions 
A detailed experimental-based investigation was 
conducted in order to investigate the air pollution 
impact on PVs’ performance for five months 
deposited on the panels’ surfaces. For that reason, the 
energy yield, power output and conversion efficiency 
of two statistically checked identical pairs of PV-
panels were compared. Note that both pairs of panels 
are located in the same area (adjusted at 30_ 
inclination) and operate under the same 
environmental conditions (e.g. ambient temperature, 
humidity, solar radiation, etc.). According to the 
results obtained, one may state that the dust particles 
existing in the atmosphere of heavy polluted areas 
(e.g. close to thermal power stations, urban sites, 
etc.), when deposited on the PVs’ front side, 
negatively affect the PV-panels’ energy production, 

leading approximately to up to 30% lower outputs in 
heavy air pollution cases  or to 31% efficiency 
decrease (in absolute terms). Keep in mind that even 
a relatively dust deposition may cause almost  
reduction in the generated  power output. Considering 
that most of the current commercial PV-cells still 
demonstrate relatively limited efficiency, the 
investigation of minimizing the impact of dust 
through the use of alternative cost effective 
constructing materials of the PV-panel, is a 
challenging task. In this context, the use of different 
front side covers or even cleaning devices may be 
beneficial. Finally, further work is needed in 
order to experimentally investigate the individual and 
cumulative effect of other commonly met in the 
atmosphere dust particles of various compositions 
and sizes when they deposit on PVs’ surfaces.
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  تأثیر تراكم الغبار على أداء األلواح الخالیا الشمسیة في تولید الطاقة الكهربائیة
  محسن، عمار نوري جعفر، عادل عبد الصاحب جاسم ، عصام عزیز حسونعماد جواد كاظم ، عماد جلیل مهدي، عماد متعب 

 
 الملخص

لحوظ في كفاءة تراكم الغبار على ألواح الخالیا الشمسیة یؤدي إلى تقلیل نفاذیة السطح الزجاجي أللواح الخالیا الشمسیة الذي یـــؤدي إلـــى تناقص م
قة أشارت إلى عالقة قویة بین نسبة تراكـم الغبار ، زوایا المیل ، زمن التعرض ، الظروف المناخیة التحویل في الخالیا الفوتوفولتائیة. الدراسات الساب

حین متطابقین للموقع ، سرعة الریح ، ومكونات الغبار. في هذه الدراسة العملیة الحالــــیة تم تهیئة اإلجراءات العملیة للمقارنة في األداء بین لو 
ل نظیف والثاني یترك لتراكم الغـبار لمدة خمسة أشهر.  سلسلة من القیاسات المنظمة لتیار الدائرة القصیرة وفرق جهد للخالیا الشمسیة اللوح األو 

جة الدائرة المفتوحة واإلشعاع الشمسي ودرجة حرارة سطح اللوح  تمت لكال اللوحین النظیف والغیر نظیف بحیث تم حساب القدرة والطاقة الخار 
تقل الكفاءة اللوح الشمسي البلوري عند ارتفاع درجة الحرارة  وهناك تناقص ملحوظ بسبب الغبار تصــــــــل  العملیة . بحسب النتائجوكفاءة التحویـــــل

 % من كفاءة اللوح الشمسي.31% من القدرة و 30الى 

 


