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Abstract 

 

Solar energy is a natural resource that is used to generate electricity using photovoltaic technology, based 

on the photoelectric effect. Although useful, this technology faces challenges such as intermittency, 

environmental impact, installation costs, and energy storage. A specific problem is the dust that 

accumulates on the surface of the photovoltaic modules, the particles of which the dust is composed 

reduce their efficiency by absorbing or reflecting part of the solar radiation needed for the solar cells. To 

maintain the efficiency of the modules, it is essential to clean them regularly, using dry or wet cleaning 

methods. This research analyzes the factors that affect the performance of PV modules and compares the 

advantages and disadvantages of both cleaning methods. The results of the study indicate that wet 

cleaning is more effective in maintaining the optimal performance of PV modules. 

 

 
 

Photovoltaic modules, Cleaning techniques, Solar energy 

 

Resumen 

 

La energía solar es un recurso natural que se utiliza para generar electricidad mediante tecnología 

fotovoltaica, basada en el efecto fotoeléctrico. Aunque útil, esta tecnología enfrenta desafíos como la 

intermitencia, el impacto ambiental, los costos de instalación y el almacenamiento de energía. Un 

problema específico es el polvo que se acumula en la superficie de los módulos fotovoltaicos, las 

partículas de las que se compone el polvo reducen su eficiencia al absorber o reflejar parte de la radiación 

solar necesaria para las celdas solares. Para mantener la eficiencia de los módulos, es esencial limpiarlos 

regularmente, utilizando métodos de limpieza seca o húmeda. Esta investigación analiza los factores que 

afectan el rendimiento de los módulos fotovoltaicos y compara las ventajas y desventajas de ambos 

métodos de limpieza. Los resultados del estudio indican que la limpieza húmeda es más eficaz para 

mantener el rendimiento óptimo de los módulos fotovoltaicos. 
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Introduction 

 

The applications of photovoltaic solar energy are diverse and continue to multiply with innovative 

designs, such as flexible or translucent cells. Additionally, the various sizes of modules available on the 

market allow this technology to be applied to a wide range of uses, from powering a solar calculator to 

generating electricity for large companies or buildings. It is worth noting that photovoltaic energy is 

particularly relevant in areas where the electricity distribution network has not yet reached or where 

access to the grid is difficult. The systems available for effectively using solar energy and converting it 

into electricity are divided into two main groups: autonomous off-grid systems and grid-connected 

systems (Puig et al., 2007). 

 

Using photovoltaic modules, whether in standalone systems or connected to the grid, offers 

several advantages. These include low environmental impact, no harmful waste production, global 

availability of solar energy, no ongoing costs aside from simple maintenance, independence from utility 

companies, silent operation, a lifespan of over 20 years, resistance to extreme weather conditions (hail, 

rain, wind, etc.), no fuel consumption, and modularity, meaning that the installed capacity can be 

increased by adding additional components (Méndez et al., 2012). 

 

However, photovoltaic generation also has disadvantages, such as the need for storage systems 

(e.g., batteries) that contain hazardous chemicals, which can harm ecosystems due to the land area 

required for large installations and visual pollution if modules are not integrated into the environment 

properly (Méndez et al., 2012). Other drawbacks include the high initial investment cost, making access 

challenging, and the relatively low efficiency of photovoltaic systems compared to other forms of energy 

generation. Today, modules with efficiency levels above 19% are considered high-efficiency; 

commercially, the highest efficiency ranges from 22% to 25%. However, various institutes and 

researchers have focused on increasing cell efficiency, achieving rates of 40% to 85.1% in laboratory 

settings (Castañon, 2022; Lorenzo, 2015). Another disadvantage of solar energy is its intermittency, 

which depends on the climate and geographical conditions of the installation site, resulting in inefficiency 

during periods with low sunlight or solar radiation (Mendez et al., 2019). 

 

Considering the last two disadvantages mentioned, the application of solar panels requires 

adapting each system to the installation site’s specific conditions. Regions with the greatest potential for 

solar energy are often arid or semi-arid, where dust accumulation is a significant issue, leading to the 

need for more frequent cleaning (Shehri et al., 2017). In these regions, low annual rainfall makes it 

difficult for natural cleaning to occur (Shehri et al., 2017). Furthermore, due to the droughts experienced 

in these areas, using water for artificial cleaning methods is not ideal (Shehri et al., 2016). 

 

Several factors can affect a module's efficiency, such as received irradiation, orientation, 

temperature, shading, thermal performance, and dirt. Dirt accumulates on the module due to 

environmental factors like birds, wind, pollution, and dust (Flores et al., 2018). This dirt causes 

interference between the irradiance and the solar cells, with dust particles absorbing or reflecting part of 

the incident radiation, resulting in shading (Jiang et al., 2017). This significantly reduces the module’s 

efficiency and can also lead to hot spots. 

 

The impact of dust goes beyond energy production, leading to economic maintenance costs and 

potential damage to solar cells, such as increased temperature and corrosion due to the chemical nature 

of the dust. Given the significant disadvantages associated with dirt accumulation, analyzing its effects 

on photovoltaic systems has gained importance in recent years, as it is well known that dust exposure 

negatively impacts energy production (Torres et al., 2017). 

 

Studies have consistently shown that dirt on a module reduces its efficiency. For instance, 

research by Jiang et al. (2011) found that the efficiency of a module decreased by 26% due to a dust layer 

of around 0 to 22 g/m^2 in indoor experiments (Jiang et al., 2017). Additionally, Elminir et al. (2006) 

reported a decrease in power output of up to 70% after exposing panels to weather conditions for six 

months in Egypt (Shehri et al., 2016). In Kuwait, a study by Wakim (1981) determined that the 

performance of the analyzed photovoltaic system was reduced by 17% due to dust accumulation after 

only six days of exposure to the elements (Shehri et al., 2017). 
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Explanation of sections Chapter 

 

Factors Affecting the Efficiency of a Solar Module 

 

The performance of a photovoltaic module is directly proportional to the amount of sunlight it receives 

and its technological capacity to harness that sunlight. This is why the efficiency of a panel is influenced 

by various factors such as the time of year, time of day, region, and geographical location. Additionally, 

the module’s efficiency can be compromised by ambient temperature, which can alter the cell 

temperature, as well as by system inefficiencies, such as wiring failures. More importantly, severe 

environmental conditions like sandstorms, high levels of air pollution, snow, hail, and intense UV 

radiation can also impact performance (Shehri et al., 2017). However, when photovoltaic technology is 

used in different regions and environments, it is exposed to environmental conditions that differ from 

standardized ones. As a result, the efficiency calculated from the data provided in the panel’s technical 

specifications often differs from the actual efficiency, which reflects the panel’s performance at its 

installation site. This real-world efficiency is affected by factors such as shading, regional ambient 

temperature, and the level of irradiance at the site.  

 

The following section discusses how these factors, among others, influence the operation of a PV 

module. 

 

1. Dirt 

 

It refers to the dust adhered to the surface of the panel and depends on different factors such as those 

indicated below (Aly et al., 2015); 

 

 Properties of the powder 

 
The surface texture and size of dust particles influence how easily they can be removed; particles with 

rougher surfaces are easier to remove than those with smoother surfaces. Similarly, larger particles tend 

to detach more easily (Jiang et al., 2017). The density of the particles and their state of aggregation also 

play a role. Chemical bonds, along with gravitational effects, are the primary causes of particle deposition 

(Shehri et al., 2016). 

 

Photovoltaic panel composition 

 
The accumulation of dust also depends on the contact material of the photovoltaic module. For instance, 

dust accumulation is lower on glass surfaces compared to plastic ones. Additionally, some modules 

feature special coatings designed to reduce sunlight reflection and repel dust (Shehri et al., 2017). 

 

PV Panel Orientation 

 

Another factor is the inclination of the installed module, horizontally positioned modules tend to 

accumulate more dust than those in vertical positions. The dust distribution pattern can depend on the 

distribution of the panel, as well as the angle of inclination of the panel and the weather conditions (Shehri 

et al., 2016). 
 

Surrounding environment 
 

Shobokshy and Hussein (1993) conducted research on the effects of various dust particles commonly 

found on the surface of solar panels. Their study included cement, lime, and carbon in different particle 

sizes, and it was determined that 5 μm carbon particles caused the most significant power losses in the 

panels, severely impairing their performance (Shehri et al., 2016). This finding suggests that carbon 

emissions should be a key consideration in the frequency of panel maintenance, especially in areas with 

heavy traffic or high industrial activity where emissions are elevated. 
 

Wind Speed 
 

The accumulation of dust is proportional to the wind speed, as the wind increases, so does the dust. The 

elevation of the modulus with respect to the ground also influences. Higher elevation represents reduced 

dust accumulation at high wind speeds (Shehri et al., 2017). 
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Temperature and humidity 

 

Dirt is difficult to remove during wet periods, as water promotes the formation of sludge (Shehri et al., 

2016). Regions near the equator, where annual insolation is highest, are typically arid. Although these 

areas can effectively harness solar energy, the desert climate often leads to the accumulation of sand and 

dust on the surface of photovoltaic modules (Shehri et al., 2017; Aly et al., 2015). 

 

Disadvantages of a dirty solar module 

 

Dust in arid regions 

 
The process of cleaning the surface of photovoltaic modules has become a significant concern, as it is 

crucial to maintain their original efficiency, especially in desert environments. Despite the high levels of 

irradiance in these regions, the severe weather conditions—characterized by hot days for most of the year 

and minimal rainfall—pose challenges (Shehri et al., 2017).  

 

The constant decline in the efficiency of photovoltaic panels installed in arid areas is largely 

attributed to the accumulation of dust and the lack of rain to naturally clean them, necessitating the use 

of manual or automated cleaning methods (Shehri et al., 2017). 

 

Energy deficiency 

 
The dust accumulated on the surface of solar panels reduces energy conversion efficiency because the 

incident radiation is refracted and/or absorbed by the dust particles. As the amount of dust on the surface 

increases, the panel’s transmittance decreases, ultimately affecting the power output of the photovoltaic 

system. While the relationship between the reduction in photovoltaic module performance and the 

duration of exposure to the elements varies by region, it is well-established that dust accumulation 

negatively impacts energy generation, underscoring the importance of regular cleaning (Shehri et al., 

2016; Jiang et al., 2016). Studies have shown that around 2 mg of dust per cm² on a solar panel can 

reduce power output by up to 30% (Mufasa et al., 2015). 

 
Damage to materials 
 
As previously mentioned, dirt impacts the transmittance of photovoltaic modules, obstructing the free 

entry of photons and the efficient absorption of energy. Over time, this can lead to a reduction in the 

lifespan of the photovoltaic installation or result in permanent or long-term failures of the technology, 

particularly in desert regions (Mufasa et al., 2015). Additionally, the accumulation of dust affects the 

temperature of the photovoltaic cells, potentially causing them to overheat. Dust particles can retain and 

absorb heat from the sun, leading to increased cell temperatures (Shehri et al., 2016). 

 

Shading introduces another issue known as a hot spot. When cells are connected in series, they 

are expected to work in direct polarization to combine their voltage. However, when shading or dirt 

interrupts solar radiation to a cell, that cell shifts from being a generator to a receiver. This results in 

inverse polarization, which causes negative electrical power and raises the temperature at that point. The 

increased heat must be dissipated, which can lead to severe damage to the system and its encapsulating 

materials. The effects on the current are typically minimal (Méndez et al., 2012). 

 

To mitigate this problem, bypass diodes are used inside the module's junction box. These diodes 

are connected in parallel with groups of cells in series, as illustrated in Figure 3. Under normal operation, 

the diodes are inactive. However, if a cell is affected, the diode provides an alternate path for current 

flow, thereby limiting the power dissipation per cell. Additionally, as discussed in Section 2.8.2, shading 

can cause power fluctuations that damage other components of the photovoltaic system, such as inverters 

and batteries (Gonzalez et al., 2009). 

 

Economic disadvantages 
 

The economic impact  of dust accumulation on panels can be approximated and demonstrate that it has 

a significant financial impact. The reading (Shehri et al., 2016) carries out an analysis of the economic 

impact of dirt taking into account the results of their study. The analysis is as follows.  
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The average decrease  in absolute permeability during the permeability test  was approx. 7%. This 

causes a decrease in the efficiency of solar panels by about 8%. In this analysis, the case is considered in 

which a 100 MW  power plant generates approx. 600 MWh/day or 219 GWh/year. Assuming an energy 

cost of about $0.04/kWh, the  annual production potential is about $8,760,000. 

 

 If the panels are cleaned every two weeks, which is a common practice using human  labor, it 

can be assumed that the average efficiency loss over these two weeks is around 8%, which is half of the 

total expected reduction assuming a linear model for the effect of dust depositions on transmittance 

during this period of time. This leads to a reduction in  the production of electrical energy  equivalent to 

$701,000 per year (Shehri et al., 2016). This means that both the cleaning procedure and leaving the 

modules dirty represents an economic expense.  

 

Cleaning the photovoltaic modules 

 
Basic maintenance of a photovoltaic installation includes cleaning the modules, which is crucial for 

ensuring optimal performance. Cleaning should be performed when excessive dirt, bird droppings, or 

other debris are observed on the panels, as well as when dirt accumulates near the frame or when opaque 

stains cover all or part of the cell. PV module cleaning can be categorized into two main types: wet 

cleaning and dry cleaning. Wet cleaning involves using water or an aqueous solution to remove dirt, 

while dry cleaning includes methods that do not require water and typically rely on physical actions, such 

as brushing or vibration (Shehri et al., 2016). 

 

Dry cleaning 

 

Dry cleaning does not require the use of water and is usually based on physical methods such as brushing 

or vibration. Unlike wet cleaning, dry cleaning is not as efficient as with water due to the lack of chemical 

factors since water acts as a means of transport to carry away dust, facilitating the complete removal of 

dirt by dissolving many particles adhered to the area. The use of water during cleaning helps to restore 

the module's original optical characteristics. In contrast, dry cleaning can cause superficial damage due 

to friction exerted (Elminir et al., 2006). 

 

Wet cleaning 

 
Wet cleaning is a commonly used method for maintaining PV modules and ensuring optimal 

performance. It involves using water or other liquids along with appropriate tools, such as soft cloths or 

sponges, to remove dirt, dust, bird residues, and other impurities from the module surfaces (Verhorf, 

1988). 

 

Wet cleaning should be performed outside of peak solar radiation hours to avoid thermal stress. 

This thermal gradient occurs when the hot surface of the modules comes into contact with cold water, 

potentially leading to damage due to thermal stresses. Therefore, it is advisable to carry out cleaning 

during times of the day with less solar radiation to minimize these risks. 

 

Types of solutions and techniques 
 

Water plays a crucial role in the module cleaning process due to its ability to soften, dissolve, and 

physically dislodge dirt deposits. Initially, dirt is softened by using pressure cleaning or gently spraying 

water on the surface. Various solutions and techniques can be employed for wet cleaning of PV modules. 

Two of the most common methods are presented in Table 1 (Verhorf, 1988). 
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Box 1 

Table 1 

Aqueous solutions for wet cleaning 
Solutions Cleaning technique 

Pure water This technique involves the use of water without chemical additives or detergents. It is applied 

directly to the surface of the modules. 

Deionized 

water 

The deionized water cleaning technique can help reduce the formation of stains and marks after 

drying by removing minerals and other contaminants that could leave residue on the surface of the 

modules. 

Soap 

 

For this technique, use a neutral or biodegradable soap without abrasive chemicals, phosphates, 

ammonia or bleaches. Mix a small amount of soap in water and apply with a spray bottle on the 

modules. Clean with a soft cloth, with circular movements and rinse with plenty of water. 

Window 

cleaner 

The technique consists of spraying the glass cleaning solution on the surface of the modules and 

removing it with a puller 
 

                           Verhorf, 1988 
 

Cleaning techniques 
 

Cleaning techniques are varied, and may or may not require human effort, and some may be more 

sophisticated than others. Figure 1 shows the classification of the cleaning techniques studied. 

 

Box 2 

 
Figure 1 
Classification of cleaning techniques for photovoltaic modules 

 

The table 2 provides a detailed description of PV module cleaning techniques, classified 

according to their application method: natural, manual or automatic. It includes information on each 

technique, its characteristics and a complete overview to select the most suitable method according to 

specific needs and operating conditions. 
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Box 3 

Table 2 
Cleaning techniques  

Cleaning of photovoltaic modules 

Dry cleaning 

Application Technique Description 

Natural Wind drag The wind speed required to remove particles varies according to their size: the smaller, 

the higher the speed required, and the larger, the lower the speed. In addition, a higher 
shear force is needed to remove particles on smooth surfaces, while less is required for 
rough particles (Shehri et al., 2017). 

Manual Compressed air Compressed air is used to blow dust and light dirt off the modules. This technique uses a 
gun connected to a compressor that applies a pressure of 3 to 5 bar, enough to clean 
without damaging the surface (Alonso, 2021). 

Attached brush Involves the use of a tractor-mounted rotating brush. As the tractor travels through the 

rows of modules, the brush sweeps the surface of each module, removing dust and dirt. 
This technique is efficient for covering large areas quickly and ensures uniform cleaning 
of the panels (Solar Clean Hymach, 2019). 

Automatic Autonmomus 
robot 

Is performed by devices equipped with brushes that sweep the surface of the modules, 
removing dust and dirt. These robots do not require physical guides, as they are designed 
to move freely over the modules, adapting to their shape and ensuring thorough and 
efficient cleaning. This technology is ideal for large facilities where automation can 

improve efficiency and reduce the need for manual intervention (Ecoppia, 2024). 

Guided robot Is performed by a system of rotating brushes that, thanks to a precise guiding system, 
follows a set path on the modules. These brushes, which can be motorized or manually 
driven, have rubber or nylon bristles. The soft, flexible rubber bristles prevent scratches 
on the surface, while the stiffer nylon bristles are more effective but can cause abrasions. 
The guide ensures that the robot cleans uniformly and efficiently, following a predefined 
path that maximizes the coverage and efficiency of the cleaning process (Ecoppia, 2024). 

Wet cleaning 

Application Technique Description 

Natural Rain fall Rain is a natural and economical method of removing surface dust from photovoltaic 
modules. When it rains, water washes away particles accumulated on the surface of the 
modules, effectively cleaning them, but this technique depends on the frequency and 
intensity of rainfall (Shehri y col, 2017).  

Manual Pressurized 

water 

This method of cleaning photovoltaic modules uses a system that combines water and 

pressurized air. Water guns, which are manually operated by an operator, are used to 
perform the cleaning. Although effective, this technique presents risks, as excessive 
pressure can cause cracks or breaks in the surface of the modules (Sun, 2023). 

Wet mop 
cleaning 

This cleaning is performed using damp cotton, microfiber or plastic mops to remove dirt 
and debris adhering to the surface of the modules. It is crucial to apply the technique 
carefully and meticulously to ensure thorough cleaning. 

Automatic Auntonmous 
robot 

This automated cleaning procedure uses a robot that cleans the surface of the modules 
with brushes and water, with an advanced displacement system that allows remote control 
by means of a joystick. This technology is ideal for medium-sized solar plants (Serbot.Ch, 
2024). 

Automatic 
washing 

This technique uses automated systems that employ pressurized water to clean 
photovoltaic modules. Equipped with rotating brushes and spray nozzles, these systems 
ensure uniform and efficient cleaning by addressing the entire surface of the panels. The 
combination of pressurized water and rotating brushes effectively removes dirt and debris, 

optimizing module performance and reducing the need for manual intervention. 

Steam injection Steam injection cleaning of photovoltaic modules uses hot water vapor to loosen and 
remove dirt and debris without the need for additional chemicals. This method has the 
advantage of using less water than traditional methods, which is beneficial in areas with 
limited water resources. However, the energy consumption to evaporate the water can be 
significant (Solar Bright, 2024). 

Other techniques 

Technique Description 

Ultrasonic 
self-cleaning 

Uses high frequency waves (above 20 kHz) to remove contaminants such as dirt, oil and grease from 
materials such as metals, glass and ceramics. The process creates micrometer-sized bubbles by alternating 
pressure waves. These bubbles explode at extreme temperatures and pressures, generating droplets that travel 
at speeds of up to 400 km/h, effectively cleaning even small cracks and fine particles (Kazem et al., 2020). 

Nanofilms Uses superhydrophilic coatings, such as titanium dioxide (TiO₂), which activate a photocatalytic process 

under ultraviolet light. This process breaks down organic dirt on the surface of the modules. Rainwater or 
additionally applied water then washes away the residues, completing the cleaning. The technique is effective 
in areas with frequent rainfall, but its effectiveness decreases in dry regions Syafiq y colab. (2018) 

Electric 
curtain 

This technique uses an electrical wave to generate a moving barrier that repels particles deposited on the PV 
module. By keeping the surface of the panel constantly electrically charged, it helps prevent the accumulation 
of dirt. However, this method can present risks during rainy days, as the electrical charge on the surface may 
not be safe in wet conditions (Adams y col, 1967). 

Super 
hydrophobic 
aircraft 

The technique consists of applying a hydrophobic coating on the surface of the photovoltaic module, creating 
a layer that prevents water adhesion. Water droplets on these surfaces trap and carry away dirt particles, 
keeping the module clean. This method is effective in rain, but not in dry environments, as it requires water 
or precipitation to function properly (Kazem y col, 2020) 
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Methodology 

 

To evaluate the effectiveness of the two types of cleaning, dry cleaning and wet cleaning, we 

experimented with the application of both cleanings on photovoltaic modules of the same technology. In 

the case of wet cleaning, an automatic washing prototype was used, while a cleaning prototype with 

nylon brush coupling was used to apply dry cleaning, the prototypes can be seen in Figure 2. 

 

Box 4 

 

 
 

Figure 2 

Photovoltaic module cleaning prototypes. Left. Wet cleaning prototype. Right. 

Dry cleaning prototype  

 

For the analysis, 3 photovoltaic modules were used, one of which was kept clean, another was 

wet cleaning and another was piled dry cleaning. The application of cleanings was carried out repeatedly 

to obtain an average of the efficiency of each module subjected to cleaning, for this the modules were 

soiled and cleaned on multiple occasions using the corresponding prototypes and the values obtained 

were compared with the values generated by the module that was kept clean. This is illustrated in Figure 

3. 

 

Box 5 

 

 
 

Figure 3 

Cleaning applied to photovoltaic modules. Left: Wet cleaning prototype. 

Right: Dry cleaning prototype  
 

Likewise, the time it took each prototype to clean the modules was timed, and according to the 

time their energy consumption was obtained 
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Results 

 

Regarding the comparison of the efficiency of the modules after being cleaned with the wet cleaning and 

dry cleaning prototypes, Figure 4 is available.  

 

Box 6 

 

 
Figure 4 

PV module efficiency comparison using wet and dry cleaning  
By author in OriginLab Pro 8 

 

 

Figure’s 4 graph shows that the wet cleaning method is able to maintain the efficiency of the 

module at the level of the module that was kept clean, making it an effective technique for module 

maintenance. On the other hand, the dry cleaning method is less effective, however, it proves to be 

functional in removing most of the dust from the surface of the modules. 

 

A factor to take into account when deciding which technique to use is the time of application of 

the cleaning, since it is usually sought that the cleanings are carried out in less time. For the case study, 

the analysis of wet and dry cleaning application time is shown in Graph 5 

 

Box 7 

 

 
Figure 5 

PV module efficiency comparison using wet and dry cleaning  
By author in OriginLab Pro 8 
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Figure 6 shows that applying wet cleaning to modules takes longer than applying dry cleaning. 

This factor is considerable for solar parks that have hundreds of modules, in this aspect it is better to 

apply dry cleaning. 

 

Based on the time taken by each type of cleaning, the energy consumption of each cleaning 

prototype is obtained as shown in Graph 6.3, considering that the power of the wet cleaning prototype 

has a power of 25 W and the dry cleaning prototype has a power of 372.8 W. 

 

Box 8 

 

 
Figure 6 

Comparison of the energy consumed by wet and dry cleaning prototypes  
By author in OriginLab Pro 8 

 

It can be seen in Graph 6 that the wet cleaning system consumes less energy than the dry cleaning 

system. The wet cleaning prototype can consume as little as 4.16 Wh per year cleaning a module, while 

the dry cleaning prototype consumes 28.74 Wh per year. 

 

To analyze the economic factor, Graph 7 is available, which compares the cost of using wet and 

dry cleaning prototypes based on the energy consumed by each one. 

 

Box 9 

 

 
Figure 7 

Comparison of the cost for the use of wet and dry cleaning prototypes  
By author in OriginLab Pro 8 

 

The lower energy consumption of wet cleaning is reflected in Graph 6.4 where the cost for its 

application is also lower. In the same way, since the dry cleaning prototype consumes a greater amount 

of energy, the annual cost of its use is expensive than that of wet cleaning. 

 

Conclusions 

 

In this study, the negative factors of module soiling were analyzed, as well as the techniques for 

mitigating this problem through different cleaning techniques. Through this research, it was found that 

although cleaning techniques are varied, the main aspects of their classification are wet cleaning and dry 

cleaning. In turn, cleaning techniques can be divided into natural cleaning, manual cleaning, and 

automatic cleaning. 
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The experimental comparison of the dry cleaning method against the wet cleaning method showed 

that wet cleaning is more effective in maintaining the performance of PV modules than dry cleaning due 

to the ability of water to drag dust particles. On the other hand, subjecting the modules to a dry cleaning 

process is faster than subjecting them to wet cleaning. This is because the dry cleaning prototype was 

more powerful than the wet cleaning prototype, which in turn led it to consume more energy. 

Consequently, the wet cleaning technique is more economical than the dry cleaning technique. 

 

Dry cleaning is effective enough to be applied in photovoltaic module maintenance, it has the 

great advantage that it avoids the use of water unlike wet cleaning, and it is faster, so, despite being more 

expensive, it is an excellent alternative for arid regions where water tends to be scarce. 

 

Wet cleaning is a good option if you use a system that minimizes water consumption, as the 

modules can be cleaned using little energy, and the performance of the module will not be impaired by 

fouling. 
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