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Abstract 

Dust and hot spots are the most challenging topics facing the maintenance of solar systems 
including photovoltaic flat panels, concentrated solar power systems, and concentrated 
photovoltaic systems.  This challenge raises especially for the companies providing aftersales 
services and the contractors providing maintenance guarantees. The cost of such type of 
maintenance in solar energy contacts is an important number added to the value of energy 
production. In dusty regions, like Saudi Arabia, this topic is mainly in the solar energy market 
and categorized in the same importance and priority with high-temperature challenges. The 
current paper discusses a novel technology owned by the German company Ressol Energy. The 
discussed technique uses the attraction force between ions to collect the dust on the surface of 
photovoltaic (PV) solar panels as well as the mirrors attached to the concentrated solar power 
(CSP) and concentrated photovoltaic (CPV) energy systems. The results show the improvement 
of energy production.      

Keywords: solar, UAV, IoT, digitalization, cleaning, photovoltaic, concentrated photovoltaic, 
CPV, CSP    

Disclaimer 
All information and data provided in this document are property of Ressol Energy – Germany 
and protected by the law. Any copy of the mentioned product or process will lead to a legal 
process.  
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Conference.   

 

Introduction 

A photovoltaic panel generates electricity from solar radiation. Photovoltaic panels consist of 
semiconductors, with the help of solar radiation it is converted into direct current. As this 
technology is pollution-free, renewable, and safe, it has achieved rapid growth in the recent 
past. Mega solar power plants have already been installed in different countries such as 
Australia, Middle East, the USA, Europe, and China He et al. [1]. Huge solar power plants are 
installed in deserts where the sun's rays are brightest at lower altitudes. On-site problems that 
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are usually overlooked are bird droppings, dust deposition, and water spots, which reduce the 
efficiency of solar panels drastically. Also, there is a 10-25% reduction in efficiency due to 
losses in wiring, unit contamination, and inverter [3]. It was analyzed that dust accumulation 
mainly depends on the slope, direction, type of coating, surface roughness, etc. The factors 
affecting dust stability are shown in Figure 1. It is reported that the energy loss is large in the 
fixed horizontal panels, which is about 8-22%, then compared to the inclined panels (45 °C), 
here the losses are only about 1-8%. Also, other external factors such as humidity, temperature, 
wind speed, and regional characteristics such as traffic, air pollution, and vegetation play 
important roles in dust deposition. Moreover, the biological, electrical, and chemical properties 
of the dust, as well as the shape, size, and weight of the dust particles affect the accumulation 
of dust on the surface of the panels [4]. A large number of studies have been conducted on the 
process of dust deposition on PV modules. It is observed that the density of dust accumulation 
mainly depends on the angle at which the PV module is installed [5]. The penetration of sunlight 
through the glass cover of the PV module was hindered by dust deposition, which greatly 
affected the arrival of sunlight to the solar cell [6]. Energy loss due to pollution may vary based 

on the physical and chemical properties of dust particles, and it may also vary depending on 
geographical locations [7]. The process of cleaning the solar cells will produce slurry residue 
due to sticky dust, cleaning fluids, etc. [8]. With the help of a wind cleaning process, Jiang et 
al. [9], concluded that the wind speed ranged from 0.82 m/s to 2219.8 m/s and that the ratio of 
shear speed to wind speed ranged between 0.04 -0.06. They calculated particle diameters 
ranging from 0.1 m to 100 m. Hussein et al. [10] did a comparative study of seven different 
types of dust samples on photovoltaic panels under the three different radiation levels such as 
650, 750, and 850 W/m2. They note that the smaller particles block the more sunlight.  

Figure 1: Factors influencing dust settlements [3] 

Saidan and others. [11] I recommend that the scheduled cleaning of the solar panels is very 
important, otherwise, the impact size of dust will be too high. Margaret K. S. and others. [12] 
Discuss the robot cleaning system where the robot's control system consists of an Arduino 
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microcontroller. Gayer and others. [13] He experimented to find out the effect of Mars dust 
particles on photovoltaic cells at varying wind speeds (23 to 116 m/s). The superb hyperbolic 
shell Polydimethylsiloxane (PDMS)-coated PV solar panels will reduce the efficiency 
degradation of solar panels by airborne dust [14]. Figure 2 [15] shows different dust removal 
methods for solar collectors. The dry-cleaning method removes dust particles from the surface, 
but the wet cleaning method has been observed to be more effective [16]. 

 

Figure 2: Different cleaning methods for removing dust from solar collectors [15] 

Dust buildup on solar panels affects performance. As a result, it was observed that the 
performance of the PV panel decreased by up to 85% [17]. Compared with flat-panel PV, the 
360° automatic cleaning and solar tracking system generate 30% more energy [18]. Both 
anionic and cationic surfactants are used to remove dust from solar panels. For the precipitated 
sand particles, the anionic surfactant is the most effective compared to the cationic surfactant 
[19]. Spraying water on photovoltaic cells increases the efficiency of the photovoltaic system 
[20]. Gheitasi et al. [21] He made an experimental setup consisting of a wireless sensor network 
to collect data on dirt levels from each solar panel. Then the robots clean the dirty plate system 
with the help of the collected data. Electric blinds can be used with standing waves to remove 
particles from the surface [22]. Carlson et al. [23] Studied inorganic hyperbolic coatings for 
self-cleaning surfaces. Chen et al. [24] Invented multifunctional coating with different 
properties from anti-reflective, ultra-hydrophobic, etc. to solar PV sheet glass cover uses TiO2 
/ SiO2 compound to reduce dirt accumulation [25]. PV panel tilt angle affects the density of 
dust deposition. dust deposition density ranges from 15.84 to 4.48 g/m2 [26]. Kao et al discuss 
the possibilities of anti-freeze coated surfaces that are ultra-waterproof and change surface 
texture. Jagila et al. [28] With their empirical analysis they calculated an average annual PV 
efficiency of 8.7% under outdoor conditions in Athens, Greece. To resolve cloud cover over 
photovoltaic panels Gandoman et al. [29] Suggest a model that has the advantage of supporting 
cloud cover throughout all seasons. Ganesh et al [30] highlight the peeling effect on self-
cleaning surfaces. Due to the regional weather in Brighton in the UK, the effect of dust 
deposition on the solar PV module was found to be smaller. But the performance was greatly 
affected by the local problem of bird droppings [31], which would lead to lower efficiency. The 
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performance of nanoscale solar cells decreased with an increase in air mass. They are about 
94.18%, 81.86%, and 37.47% for direct, global, and diffuse solar radiation, respectively [32]. 
John and others. [33] Demonstrated anti-reflective and highly hydrophobic photovoltaic cells 
with large energy conversion efficiency using highly hydrophobic nanogram glass. 

Methodology 

As mentioned, and discussed in the introduction above, there are many technologies used to 
clean solar panels. On another hand, several factors can influence the accumulation of dust on 
the solar panels. The same situation can be applied to the CSP and CPV mirrors and lenses.  

The research and development team of Ressol Energy Global was focused in its research on 
finding a cost-effective method to remove the dust efficiently. The concept of the current design 
was built on the physical phenomenon of ions' attraction force. Figure 3 shows the process, in 
which the dust particles coagulate to the positive ions to form heavier particles.  

 

Figure 3: dust collecting process  

The heavily positive ion content of the fluid solution made by Ressol Energy can force the dust 
accumulated on the solar panel to be swept into heavier flocs. The positive ions fluid is to be 
spayed by a big drone using the draft force produced by the rotors. Figure 4 shows the used 
drone. The injectors could be seen clearly under the propellers, where the double injectors are 
used.  

The drone used in the experiment was produced in cooperation with the drones’ company DJI. 
The drone can fly 3.8 km without recharging to cover a long range of solar panels at once. 
Furthermore, it can fly autonomously or remotely controlled. The high technical specification 
of the drone ensures a highly efficient cleaning process. 
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In further steps of the cleaning process, the flocs resulted from the physical reaction described 
above move downward. The motion of flocs is a result of gravity, surface properties, and tilt 
angle.    

 

Figure 4: the drone used in the spraying process 

The experiment was done to measure the effectiveness of the mentioned cleaning method is 
simple. A flat solar panel was subjected to natural dust covering in aggressive dusty weather 
conditions in North Africa. The energy production was decreased by 43% compared to the 
cleaned panel in the same position and under the same solar conditions. The drone flew over 
the panel at its rated speed and sprayed the fluid at a height of 30 cm of panel upper tip. The 
following figure 5 shows a side view of the experiment setup. In the following section, the 
results are shown.   

 

  

 

 

 

 

 

 

 

 

Figure 5: a side view of the experiment setup 
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Results 

The mentioned experiment was done several times to ensure the correctness of the gathered 
data. The power production was improved by 52% compared to the power produced before the 
cleaning process takes place.   

Conclusions 

The present paper discussed a novel concept of cleaning technology developed by the research 
team of the German company Ressol Energy. The research was done in north Africa where the 
factors affecting the dust accumulation on solar panels are significant. The experiment was done 
in a repeating process to ensure the precision and accurateness of the readings. 

The discussed technology shows an improvement in the production of energy compared to the 
uncleaned situation by 52%.  

Since the product is already offered on market by Ressol Energy Global, the company took this 
research and development activity as further development over the old version of the 
technology. That opens doors for further research will be done shortly to bring this technology 
to the top of performance and to provide a significant research contribution.  
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