
 

 
Journal of Sustainable Development of Energy, Water 

and Environment Systems 
 

http://www.sdewes.org/jsdewes 
 

Year 2023, Volume 11, Issue 2, 1110448 
 
 

    1 

Journal of Sustainable Development
of Energy, Water and Environment

Systems

ISSN 1848-9257

h�p s://www.sd e we s.o rg/jsd e we s

Original Research Article 

Impact of Dust and Shade on Solar Panel Efficiency and Development 
of a Simple Method for Measuring the Impact of Dust 

 
Adnan Shariah*1and Ehab Ali Al-Ibrahim1 

1Physics Department, Jordan University of Science and Technology, Irbid-Jordan, 22110  
e-mail: shariah@just.edu.jo, eha175300@yahoo.com 

 
Cite as: Shariah, A., Al-Ibrahim, E., Impact of Dust and Shade on Solar Panel Efficiency and Development of a Simple 

Method for Measuring the Impact of Dust in any Location, J.sustain. dev. energy water environ. syst., 11(2), 1110448, 2023, 
DOI: https://doi.org/10.13044/j.sdewes.d11.0448 

 

ABSTRACT 
This research investigates the impact of shadow and natural dust on the performance of solar 
photovoltaic modules installed on the Jordan University of Science and Technology Campus 
(Irbid-Jordan). According to the results, shading and obscuring cells in photovoltaic modules 
have the greatest effect on module performance. Natural dust has a proportionate influence on 
performance depending on how long it accumulates, with a 13% decline in output power 
occurring after three month of accumulation. By absorbing or dispersing photons, dust reduces 
the quantity of light that reaches solar cells. The intensity of solar radiation is measured beneath 
a clean and a dirty glass sheet based on this concept. Dust-induced reductions in radiation 
intensity have been shown to be qualitatively equal to reductions in solar module output power. 
As a result, without monitoring the electric output parameters, this simple and low-cost 
technique may be utilized to investigate the influence of accumulating dust on solar photovoltaic 
systems. 

KEYWORDS 
PV-systems, dust and shade effect, environmental conditions, efficiency calculations, solar radiation 
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INTRODUCTION 
The world's energy sources have evolved over time in terms of source type and technique 

of usage. Wood was the primary source of energy until the middle of the nineteenth century, 
when coal took over at the end of the same century. Petroleum and natural gas became one of 
the world's primary energy sources in the mid-twentieth century. Fossil fuels (oil, gas, and coal) 
have had a significant part in shaping our civilization during the previous 100-150 years. On 
the other hand, it causes severe environmental concerns throughout the phases of production, 
manufacture, and consumption, affecting all living species on our planet. More than 800 
different chemicals are created as a result of pollution caused by the use of fossil fuels, along 
with other environmental consequences such as global warming, acid rain, poor water quality, 
and groundwater pollution [1]. The majority of the fossil fuels we use today are derived from 
nonrenewable sources, and there is a finite supply of them on Earth. On the basis of the present 
yearly use, oil and natural gas reserves are sufficient for about the next fifty years. For this 
reason, the world requires alternate energy sources [2]. However, solar energy, a renewable 
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resource derived from the sun, may substitute fossil fuels. This technology, although, is 
regarded as having various drawbacks, including low efficiency and high cost [3].  

The performance of photovoltaic modules is affected by a wide variety of factors, some of 
which are related to the materials from which they are constructed (particularly electrical and 
optical properties) and many of which are related to the operating environment, such as solar 
radiation, temperature, shading, dust, tilt angle, site characteristics (such as close to roads, 
industrial waste, urban/agricultural/desert areas, etc.), and many more (wind and rain, the 
orientation of the PV panel, cleaning mechanism and period, etc.) [4–6]. Dust and shadowing 
impacts are among the most significant issues in the solar sector. Occasionally, shady situations 
are to be expected since some portions of the photovoltaic system receive less sunlight due to 
multiple reasons, including clouds, time of day, season, shadows cast by surrounding objects 
[7], or even environmental factors such as dust accumulation [8]. There are two types of 
shading; soft shading happens when the intensity of solar radiation is reduced owing to dust, 
haze, or fog, causing the current to decrease according to the intensity of the radiation. This 
form of shadowing has a significant impact on the PV system's output. Hard shading occurs 
when an object completely prevents light from reaching a specific area. When a solar cell is 
entirely shaded, no current is produced; however, when it is partially shaded, just the partially 
shaded portion of the cell is affected, and the current output decreases proportionally. When a 
cell is partially shaded, the voltage across the cell remains constant; however, when a cell is 
totally shaded, no current or voltage is produced, and the output power vanishes. In any place 
where solar PV systems are to be installed, it is vital to quantify the impact of pollution, and it 
is preferable to undertake on-site, long-term experiments. In fact, experts from all over the 
globe have studied the effect of shadowing and dust (or soiling) deposition on the output power 
of PV modules, and a number of review articles [9–19] have been published in the topic. For 
instance, Sarver et al. [13] and Bessa [17] have published comprehensive reviews on the 
influence of dust on solar power generation. Numerous exceptional studies reveal that the dust 
impact varies significantly as a function of exposure time and location. Maghami et al. [19] 
developed a globe map that categorized the planet into four basic zones depending on dust 
intensity. According to the map, the Middle East and North Africa are the dustiest places in the 
globe. Studies and measurements have confirmed the map's supplied information. A great 
number of experiments have been undertaken in various parts of the world to measure the 
influence of dust on solar cells. Under moderate dust conditions, PV system performance losses 
due to dust deposition might range from 10% to 30% [20–23]. It has been reported to be 40% 
and 32% in a few months in Saudi Arabia [24]. The monthly power loss in arid areas is around 
30% or higher. In the United States, soiling losses were found to be 0.21% per day [25] , and 
17% to 65%, depending on the angle of inclination, in 38 days in Kuwait [26], and 33.5% to 
65.8% in a period of exposure from one to six months in Egypt [27]. The influence of long-
term dust formation on a solar PV system at Sultan Qaboos University in Oman was explored 
by Alawasa, K.M. et al [28]. The average percentage of energy loss due to soiling were 9.5%, 
18.2%, 31.13%, and 45.6%, respectively, for 29-day, 32-day, 72-day, and 98-day cleaning 
cycles. According to the findings of another study conducted in northern Oman by Kazem H. 
A. et al. [29] , PV module power generation is reduced by 35–40%, indicating that cleaning 
should be done every three months. While the findings of research conducted in Iraq by 
Chaichan M. T. et al. [30] verified the requirement for two-day cleaning in the FAO zone and 
every two weeks in other regions. In Bagdad, Iraq, Al-Ammri et al. [31] found annual energy 
losses of around 58.9%. In China, the efficiency of PV panels has dropped by 26% [32]. The 
monthly reduction in PV efficiency in Mexico was 13.0 %. [33]. Kazem H. A. et al. [16] 
produced a graph showing the monthly drop in PV efficiency caused by dust collection in 
various countries. Some regions saw significant reductions, such as 80% for Iran, 75% for India, 
65% for Egypt, and 60% for Saudi Arabia. Sulaiman [34] conducted research on the effect of 
dust on horizontal and tilted panels. He discovered that dust accumulates twice as much on 
horizontal panels as it does on tilted panels, emphasizing the need for cleaning modules, 
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particularly the horizontal ones. Garg [35] discovered that after 30 days of exposure, the 
transmittance of a glass sheet was decreased from 90% to around 45% tilted at 15o and to about 
8% tilted at 45o. Thus noticed that horizontal glass collects more dust than vertical glass, and 
he established a dust correction factor (DC) as the ratio of the transmittance of an uncleaned 
cover (τu) to that of a cleaned cover (τc). El Chaar [36] found that PV modules lose nearly 68% 
of their power during dust storms, decreasing from 40 W (when clean) to 13 W (during dust 
storms). After 38 days of exposure, Sayigh et al. [26] studied the effect of dust deposition on 
tilted glass plates installed in Kuwait and reported a drop in plate transmittance ranging from 
64% to 17% for tilt angles ranging from 0° to 60°, respectively. 

In Jordan, just a few studies on the effect of dust deposition on the output of solar PV 
modules have been undertaken, and all of these studies have been conducted in the south and 
east of the country. For example, in the southern city of Ma'an, Ahmed et al. [37] evaluated 
the effect of soiling and the periodic cleaning process of solar cells. Based on a monthly 
cleaning process, the worst-case scenario generates a 2.99% decrease in power, with an average 
of 2.22 % during the entire study period. Al-Shabaan et al. [38] did another study in the same 
city to investigate the effect of dust mass density (g/m2) and particle size (fine size < 0.05 µm, 
middle size 0.05-2 µm, and large size 2-19 µm) on the output energy when mixed with varied 
ratios utilizing polysilicon module. The results showed that the output reduced by roughly 13% 
to 25% depending on the dust mixture ratio, with a larger decline when the ratios of "fine" and 
"medium" sizes were greater. Another study conducted by the same group [39] in the same 
city examines the effect of deposited dust on polysilicon and Cd-Te PV panels. They observed 
that the monthly output power reduction differs between the two panels, with around 16% for 
the silicon panel and around 11.5% for the Cd-Te panel. Saidan et al. [40] conducted an 
experimental study on the effect of dust deposition on solar photovoltaic panels in desert 
environment (eastern regions of Jordan). They found that the average degradation rate of the 
efficiencies of the solar modules exposed to dust are; 6.24%, 11.8% and 18.74% calculated for 
exposure periods of one day, one week and one month. Also, they found that there is a 
difference between normal days and storm events in the size of dust particles deposited on the 
PV panels. Under normal settings, the size distribution is dominated by small particles (0.4-
0.5) µm, while the largest particles (1.1-1.2) µm are scarce. During dust storms, however, the 
size of the dust particles accumulating on the surface of solar panels is significantly different, 
with particles measuring (1.1-1.2) µm being the most abundant.Al-Kouz et al. [41] used an 
experimental measurement to propose a computational model to investigate the effects of dust 
and ambient temperature on the performance of a photovoltaic system built at Eastern Jordan. 
Due to its location inside the solar belt, Jordan has a substantial solar energy potential; the 
average daily solar energy intensity in Jordan is between 5 and 7 kW/m2. Oil products dominate 
Jordan's energy industry, with natural gas coming in second. Since the enactment of Law No. 
13 of 2012 on Renewable Energy and Energy Efficiency, the contribution of renewable energy 
to the primary energy mix has increased exponentially, from 2% in 2013 [42] to 13% of total 
primary energy supply in 2019, making Jordan a regional leader in renewable energy. 

The country has established the rules and regulations essential to enable renewable energy 
development, including solar photovoltaic (PV) and onshore wind. The updated Master 
Strategy for the Energy Sector 2020-2030, developed by the Ministry of Energy and Mineral 
Resources (MEMR), calls for a sustainable future energy supply, diversification of the national 
energy mix, increased dependence on the proportion of domestic energy resources, improved 
energy security, and decreased energy dependence and cost of electricity supply. The policy 
aims for a 31% share of overall power generating capacity and 14% of the entire energy mix 
from renewable sources by 2030 [43]. In light of these laws, Numerous sectors in Jordan 
employ photovoltaic (PV) systems, including residences, schools, universities, hospitals, hotels, 
mosques, as well as the commercial, industrial, and agricultural sectors. The Net Metering 
System connects all of these systems to the power network. More than twenty-five colleges in 
Jordan have built solar energy systems to satisfy all or a portion of their electrical energy 
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requirements. At the institution where I work, Jordan University of Science and Technology, a 
5-megawatt system has been installed, which is comparable to one-fifth of the entire energy 
demand, and the university is proposing to add a 20-megawatt system in the near future. The 
collection of dust on solar panels poses the greatest challenge to PV systems in the Middle East 
and North Africa (MINA). 

OBJECTIVES 
The goal of this work is to explore the influence of dust on the performance of solar PV 

modules in order to estimate pollution losses at the solar power plant site. This research will 
assist planners, engineers, technicians, and solar project owners in including an accurate 
pollution adjustment factor into photovoltaic systems when developing a solar project. The 
measurement of pollutant losses may also be used to improve the estimation of a solar power 
plant's energy production, allowing for better solar power plant design and helping to predict 
how the performance of a solar array or field will be affected as well as the economic 
implications of financial return. Furthermore, the study is critical because it may lead to 
additional research concentrating on improved technology that might assist avoid or 
successfully fixing the problem.  

The efficiency (ɳ) of a solar system is described as the ratio of energy production from solar 
cells to the energy received from the sun: 

 

AG
VI mpmp

 x 
 x 

=η  (1) 

 
where G is the incident radiation density (W/m2), A is an area of solar cell or module (m2). 

Equation (1) can be given in terms of fill factor: 
 

AG
VI ocsc

 x 
FF x x 

=η  (2) 

 
where FF is the fill factor. 

Some PV modules, particularly those using crystalline silicon technology, include bypass 
diodes to allow current to flow through the module and bypass shaded cells. Ideally, bypass 
diodes should be connected across every cell in the module to guarantee the greatest shading 
tolerance; however, for manufacturing reasons, it is only coupled to a subset of cells. 

METHOD AND EXPERIMENT 
Three similar prototype solar modules are used to investigate the impact of dust and shade 

on module performance. In each scenario, the current, voltage, ambient temperature, solar 
module temperature, solar irradiance, or, density, and output power are measured, under 
different environmental variables. The modules were mounted on a rack of adjustable tilt angle 
(20o, 30o, 40o), from the ground, and installed on a flat roof of a building at Jordan University 
of Science and Technology campus. (In fact, the experiments were carried out with a fixed-tilt 
angle equal to the site's latitude). No obstacle exists nearby that can make any shadow on the 
modules for all times of the day. The experiment was carried out using three Trina Solar TSM-
320pc14 PV modules, which included three bypass diodes and 72 (6 x 12) 156 mm x 156 mm 
polycrystalline silicon solar cells connected in series as shown in Figure 1. Table 1 shows the 
module's specifications under standard test conditions. One module is maintained clean and is 
cleaned shortly before the measurements, one is left unclean, and one is cleaned just when the 
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conditions of the experiment necessitate it. The variable resistor technique is used to measure 
the current and the voltage of the solar panel. Data collection starts with measuring the short-
circuit current (ISC) and open-circuit voltage (VOC) by connecting the terminals of the digital 
ammeter and voltmeter, respectively, to the output terminals of solar panels. Then, a heavy-
duty variable resistor is connected to the PV module, and 2 digital multimeters are connected 
to the resistor (one in series to measure the current and one across the resistor to measure 
voltage). The resistance of the resistor is slowly increased, from zero to higher value, while 
recording the ammeter and voltmeter`s readings. During measurements of the current and the 
voltage, the ambient temperature and solar panel surface temperature are measured by digital 
thermometers. While the solar radiation is measured by a digital solar-meter and by a 
Pyranometer. The collected data were recorded every hour starting at 8 am up to 4 pm. The 
experiments lasted around five months, began in the winter (February) and ended in the 
summer (July) to obtain a data set that represents the majority of environmental fluctuations 
throughout the year. As a consequence, replicating the same conditions in terms of temperature, 
wind, solar radiation, sun position in the sky, and so on were impossible. These values might 
fluctuate from day to day or even hour to hour. Data collected, during the experiment, is 
typically processed and organized in a way that makes it easy to understand and analyse. This 
can include creating figures and tables to visualize the data. The data is then analysed to identify 
patterns and trends, and any relevant statistics are calculated. Finally, the results of the analysis 
are discussed in relation to the research hypothesis being tested. As a result, for reasons stated, 
the results are not presented in a way that allows for quantitative comparison. 
 

 
Figure 1. PV system used in this study 

 

Table 1. Specifications for the PV-module. 

TSM-320pc14 Model 
320 Watts Maximum Power 
37.1 Volts Maximum Power Voltage 
8.63 Amps Maximum Power Current 
45.8 Volts Open Circuit Voltage 
9.1 Amps Short-Circuit Current 
1.956 mm Length 
992 mm Width 
40 mm Depth 
22.5 kg Weight 

 

Glass 
sheet 
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RESULTS AND DISCUSSION 
Jordan is situated in the Eastern Mediterranean region between 29.2o and 32.6o N and 35o 

to 39o E. The north-western regions of Jordan have a Mediterranean climate, while the southern 
and eastern regions, which comprise approximately 80% of Jordan's land area, have a semi-
desert and arid desert climate. Therefore, Jordan is highly susceptible to dust storms, which 
occur when the wind speed increases sufficiently to transport dust materials from Sinai desert 
as an extension of the Sahara and Arabian desert. The bulk of dust storms occurred in the south 
regions (about 102 days per year) and in the east regions (approximately 154 days per year) 
due to a lack of soil moisture, little precipitation, and limited vegetation cover. They occur less 
frequently in the northwestern region (about 13 days per year) because of the high rainfall 
levels and humidity, as well as the forest and plantation cover [44]. The system under 
consideration (PV modules) is installed at the Jordan University of Science and Technology 
campus (Long. 35.8 E and Lat. 32.6 N). The outcomes of the experimental study are shown 
and discussed. This is divided into three subsections. 

Effect of shading 
Its general knowledge that totally shading one solar cell reduces the output power of the entire 
string to zero, regardless of how many cells are in the string. When the half portion of a cell is 
darkened (covered by thick black paper), the string's output power is halved. In fact, shaded 
cells waste the energy generated by un-shaded cells. It's considerably worse at the system level 
when panels are linked in series to increase the system voltage to 600 V or 1000 V, and shading 
a single cell has an influence on the entire chain. The I-V and P-V curves for the recorded data 
set are shown in Figure 2. It was recorded on April 29th at a certain time. The solar irradiance 
ranged from 775 to 860 W/m2. The curves are similar to any other solar PV module' s typical 
curves. The shunt and series resistances are determined from the curves and found to be 
approximately 626 Ω.cm2 and 0.62 Ω.cm2, respectively. The values found here are within the 
range of what is often seen for commercial solar cells. When one cell (in any string) is totally 
shaded, the module's current drops, and the I-V curve shifts, resulting in a smaller area under 
the curve, as seen in Figure 4 (green curve). Figure 3 shows how the output power is 
dramatically decreased as a result of this (green curve). The percentage of power lost might be 
roughly 1/3 of its original value. The solar intensity was measured to be between 1040 and 
1050 W/m2 at the time of this section of the experiment. When two cells in two distinct strings 
are completely darkened, the current in the module drops because the current from both strings 
is zero, blue curve. The output power is decreased to 1/3 of its initial value. When three cells; 
one from each module string is shaded, the module will not produce any current and no power 
is generated. The Isc values in are not equal because the experimental data of the I-V, P-V, and 
other related graphs for all examined samples were, in general, conducted at varying solar 
intensity. 

 
Figure 2. The I-V curve for a clean module, data recorded on April 29t 
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Figure 3. P-V curves for a module when no shade, 1 cell, 2 cells, or 3 cells are shaded. 

 

 

Figure 4. I-V curves for a module when no shade, 1 cell, 2 cells, or 3 cells are shaded. 

Effect of Natural Dust 
Figure 5 shows the apparent natural dust collection on the surface of one PV module, while 
the other is kept clean. This image does not depict the dustiest instance that has developed on 
the panels; There may be more dust in some circumstances, especially after dust storms and 
when there is a strong breeze. 
 

 
Figure 5. Image of clean and naturally dusted modules. 
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It`s worth noting that the experiments for this study took place between February and July 
of the year. As a result, rainfall may have occurred during this time, helping to clear the dust 
from the panels. Rains tended to remove the dust layer that had accumulated on the surface of 
the modules. Wind, unlike rain, would be unable to remove the dust layer that has accumulated 
on the surface of the PV system (especially sticky type films). In fact, the wind carries more 
dust particles to the site, which helps in the formation of a thicker dust layer on the module's 
surface. Rainfall during the winter months, on the other hand, assists in the improvement of 
PV module efficiency by wiping away dust from their surfaces. As a consequence, the dust on 
the panel does not always indicate that it has accumulated during the whole period. Northern 
Jordan's rainy season normally ends in late April or early May. It should be mentioned that the 
evenings in northern Jordan may be so humid that droplets of water form on the solar panels' 
glass, and their flow removes some of the dust that has accumulated. As a result, even if the 
solar panels have never been cleaned, we might occasionally get non-progressive data for the 
influence of dust on their efficiency. 

Figure 6 shows the experimental I-V and P-V characteristics of measured data for clean 
and dusty PV modules. The dust accumulated on the solar panel's surface reduces its efficiency 
by lowering the current generated by the panel. The effect of dust on the voltage is minimal, 
and it nearly has no effect. The figure clearly shows that the reduction in solar panel 
performance, caused by dust, is actually caused by the decrease in current of the module. 
Knowing that, dust layer on the panel's surface decreases the amount of radiation that penetrates 
into the solar cells inside the panel by absorbing or scattering the rays. When the values of Pmp, 
Isc, Imp, Vmp, and Voc for both clean and dusty modules are examined, it can be seen that the 
decrease in their ratio values due to dust collection is 10.7%, 11.8%, 11.2%, 1%, and 0.5%, 
respectively. This demonstrates that the decrease in output power is approximately equivalent 
to the decrease in short circuit current. Instead of collecting data for the I-V and the P-V graphs 
to see the influence of dust on module performance, we proposed monitoring simply the short 
circuit current and using it as an indication, repeating these measurements multiple times 
during the day to cover varying solar irradiance values. The short circuit current (Isc) for clean 
and dusty modules is measured many times throughout the day.  

 
Figure 6. I-V and P-V curves for clean and polluted module with natural dust. 

The drop in Isc value due to dust based on data collected on May 6th (after 3 weeks of dust 
accumulation) is shown in Figure 7. The daily average relative change was around 7.5%, with 
the highest absolute change occurring around solar noon. Measurements were done repeatedly 
to cover dust accumulation durations ranging from one day to three months. During Isc 
measurements, two glass sheets (clear float glass) with the same area as a PV cell module 
(15.6x15.6) cm2 were positioned directly behind the modules, (see Figure 1). One glass sheet 
and one PV module from each pair were cleaned on a regular basis right before measurements, 
while the others were left uncleaned throughout the experiment. The glass sheets were used to 
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measure the transmitted radiation through the glass sheets (both clean and dusty) and see how 
dust collection affected the transmittance of solar radiation. 

 
Figure 7. Variation of the short circuit current throughout the day for clean and dusty module. 

Figure 8 displays the observed solar radiation values on top of the PV panel, under clean 
and dirty glass sheets during the day. As predicted, dust deposition has lowered the intensity 
of the radiation under glass. This reduction is qualitatively similar to that of short circuit current 
(Isc), where the reduction was greatest around solar noon, and the daily average relative change 
was roughly 10%. The figure also shows that when measured through clean glass, solar 
radiation is decreased by 17%. 

 
Figure 8. Variation of solar radiation intensity underneath clean and dusty glass sheet during the 

day 

As explained previously, measurements of the short circuit current and intensity of solar 
radiation, under glass sheets, were done in a variety of dust accumulation durations ranging 
from one day to three months, and the daily average relative change in the two quantities are 
shown in Table 2. It is obvious that the longer the accumulation time, the larger the influence 
on the two measured values. When the accumulation duration was one day, the daily average 
relative change on the current was 1%, while the influence on solar radiation was around 3%. 
This relative change in the two quantities increases until, after three months, the change in 
current is 12% and the change in solar radiation is around 16%. When the relative changes in 
the two quantities are compared, the relative change in solar radiation is around 3.6% larger 
than the relative change in current. We believe this is because the relative change in current 
was caused by the effect of dust on scattered solar rays that could be absorbed by the solar cell, 
which has a photon energy of more than 1.1 eV, whereas the change in solar radiation is a 
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measure of the scattering of the entire solar spectrum at all wavelengths. This also means that 
photons with longer wavelengths are more likely to be scattered by dust. These findings, which 
show that the impacts of dust on current and solar radiation under glass are quite comparable, 
provide researchers with an opportunity to utilize glass sheets to study the influence of dust on 
the efficiency of solar panels everywhere, at any time, and under any installation conditions. 
As a result, one can employ a simple and low-cost method to form a first impression of the 
subject. Of course, this does not mean that assessing the influence of dust on the efficiency of 
solar panels is unnecessary. 

 
Table 2. Relative change in short circuit current and in the solar radiation underneath glass sheets 

for various periods of dust accumulation. 

Dust Accumulation 
period (days) 

1 8 18 22 29 36 90 

Relative change in short 
circuit current 

0.6% 3.6% 5% 6.5% 7.6% 9.7% 13% 

Relative change in solar 
radiation 

3.1% 7.9% 10% 10.4% 10.4% 13.2% 16% 

Effect of dust on module temperature 
The temperature of the solar panels increases as a result of various factors, the most 

important of which are the optical properties of the module and the solar cells, as well as the 
ambient temperature. The surface temperature of the panels and the ambient temperature were 
monitored to determine the influence of dust accumulation on the increase in temperature. The  
recorded data revealed that dust causes only a minor change in the temperature of the solar 
panels. 

Figure 9 illustrates the temperatures recorded on April 25th, which are comparable to the 
impact in the other days. It is noticeable that the module temperature rises as the intensity of 
solar radiation rises during the day, and it could reach more than 55 oC even when the ambient 
temperature is less than 28 oC. When the results of this study are compared to those from other 
areas in Jordan and the region as a whole (MENA and Middle East), it is found that the decline 
in solar panel efficiency is highly dependent on the local weather conditions. While the decline 
in this study (in northern Jordan) was approximately 13% in three months, it was approximately 
0.6% per day in the centre region [41] and between 5% and 16% per month in the southern 
region [39]. Recent publication of a review paper demonstrates this decline in some countries 
of the region, where it might exceed 80% as the case in Qatar [45]. 

 
Figure 9. Variation of module temperature and ambient temperature throughout the day for clean 

module and dusty module. 
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CONCLUSION 
A comprehensive investigation of the effects of shadowing and dust accumulation on a 

photovoltaic module was performed, providing the following conclusions: 
1- Both hard shadowing and dust accumulation have a significant effect on the performance 

of photovoltaic modules. 
2- Rain has a significant effect on the cleaning of module surfaces, with increased 

precipitation resulting in a more thorough cleaning. This impact is more pronounced 
when modules are tilted, whereas non-tilted modules exhibit inconsistent behaviour. 

3- Measuring and comparing solar radiation intensity beneath clean and dusty glass sheets 
can provide insight into the influence of dust collection on the performance of solar 
photovoltaic systems placed in any location. 

4- Accumulation of dust on photovoltaic modules has no significant impact on the module's 
temperature. 

NOMENCLATURE 

A area [m2] 
Greek letters 
η efficiency   
Abbreviations 
A area of solar cell /panel  

E east 
FF fill factor  
G incident radiation density  
Imp current at maximum power  
Isc short circuit current  
I-V current vs voltage plot  
N north  
PV photovoltaic  
Vmp voltage at maximum power  
Voc open circuit voltage  
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