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Abstract—The performance of photovoltaic panels is affected by 

the accumulation of dust particles on their surface. Regular 
cleaning of these photovoltaic panels is required, which increases 
the overall system cost and solution complexity. In remote areas, 
especially in water-stressed areas like deserts, water availability is 
an issue that double-folds the problem's complexity. Few 
automatic or manual dust cleaning methods through dry brushing 
are still there, which damages the glass layer at the top of 
photovoltaic panels. Here the availability of water for cleaning is 
not only a piece of the puzzle, but the required power to generate 
water in case of water harvesting is also equally important. This 
work proposes a novel artificial intelligence-enabled, wind 
turbine-driven air-water harvester. The air-water harvester is 
designed to operate in three different modes depending on the 
amount of dust on the surface of the solar panel. The system can 
produce more than two liters of water per day at the expense of a 
maximum of 100 W. In the end, the increase in the performance of 
the photovoltaic panel with and without the proposed cleaning 
solution is tested by cleaning its surface with water produced by 
the air-water harvester. 
 

Index Terms – air-water harvester, savonius wind turbine, solar 
panel cleaning, solar panel efficiency  
 
Open License: CC BY-NC-ND 

I. INTRODUCTION 
HE use of photovoltaic (PV) systems has significantly 
increased in the present era. The primary reason behind this 

increase is the shortage of non-renewable resources for 
electricity generation [1]. Many appliances have their variant 
with the solar PV phenomenon installed in them. It is expected 
that the applications of PV systems will further increase in the 
near future as the research is still improving solar panels’ 
efficiency [2]. The transparent glass cover on the top of the solar 
panel collects the solar radiation from the sun and makes them 
enter the case. If the solar panel's transparent covering gets 
affected due to dust particles, the solar panel's efficiency can be 
compromised [3]. One of the main reasons for this is not 
properly cleaning the surface of solar panels [4]. Different dry 
cleaning methods, like brush or vacuum cleaning, can clean 
solar panels. Still, these methods are not very feasible as the 
solar panels may be mounted or some mechanism may be 
taking place [5]. Besides this, the brushing can also destroy the 
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surface of the solar panel, which can further reduce the 
conversion efficiency [6]. Another factor that can reduce solar 
panel efficiency is the increase in temperature [7]. Periodic 
cooling can increase the efficiency of PV modules [8].  

In remote areas, especially in water-stressed areas like 
deserts, solar-based power devices are a potential source of 
electricity, but due to sand and dust, the efficiency of these solar 
panels gets affected [9].  Water is the best natural cleaner for 
removing the soiling from the solar panel. Water availability in 
the desserts areas makes it difficult to clean the solar panels 
with water [10]. Water harvesting is a viable solution in water-
stressed areas.  

Many efficient methods for water harvesting are available, 
but they have pros and cons [11]. Compression-based systems 
have mechanical components that result in wear and tear [12]. 
As a result, periodic maintenance is required, which makes this 
method very costly [13]. Similarly, the refrigerant used in the 
vapour compression cycle is not environment-friendly [14]. 
These methods also require a high power requirement for 
working and, therefore, cannot be employed in remote places 
[15]. 

Some methods can produce more than 10 liters of water daily 
but consume a lot of power [16]. The HENDRX water generator 
can produce around 13 liters per day but costs 950$ and 
consume about 830 W. Similarly, another system, Atmospheric 
Water Generator (AWG), works on the refrigeration cycle [17]. 
This method is also not economical and costs around 3055$. 
The working of all these systems is based upon the vapor 
compression cycle. The major drawbacks of this methodology 
are that it is hazardous to the environment and very costly [18]. 

Peltier device-based cooling systems and water harvesters 
have been the research topic for the last few years [19]. The 
advantage of using Peltier action-based harvesters over 
conventional ones is that they do not have mechanical parts and 
can be operated at low power [20]. The efficiency of the Peltier-
based water harvesters can be increased by using efficient heat 
sinks and air-guided structures.  

This work proposes an AI-enabled, self-powered double 
chamber air water harvester for the PV cleaning solution. A 
specially designed wind turbine is used to power the AWH as it 
is environment-friendly and does not require an external source 
for operation. As the system is designed to increase the 
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efficiency of the solar panels, the energy required by the 
cleaning system should not be taken from the pre-installed solar 
panels. Besides this, the wind turbine can also operate during 

the nighttime [21].     
 
Unlike the conventional water production methods, the 

proposed design uses the effect of thermoelectric cooling for 
water production [22]. When the current flows through the 
peltier, one side becomes hot, and the other becomes cold [23]. 
The heat generated on the hot side is dissipated with the help of 
the heat sink and the DC fans. Another heat sink is attached to 
Peltier's cold side, accelerating condensation.  

The details of the proposed PV self-cleaning solution are 
discussed in the following sections. The system-level working 
is discussed in Section II. Section III explains the design and 
working of the AWH. Section IV discusses the savonius wind 
turbine's design and working. The working of the proposed 
system is discussed in Section V. The results are discussed in 
detail in Section VI. The conclusion is summarized in Section 
VII. 

II. SYSTEM LEVEL   
The conceptual diagram of the proposed solution is shown in 

Fig. 1. A low RPM savonius wind turbine is used in the system 
as a renewable energy source. The savonius turbine will supply 
the necessary power to the harvester. The water produced in the 
AWH will be collected in the container, and the IoT sensors will 
determine the water level. The water level can be read, and the 

mobile application can control actuators through the IoT 
platform. The details of the AWH, savonius turbine, system 
integration, and mobile application are given in the following 
sections. 

III. DOUBLE CHAMBER AIR WATER HARVESTER 
The conceptual diagram of the double chamber air-water 

harvester is shown in Fig. 2. 
The geometry consists of two sections. Each section contains 

one Peltier device, a PWM fan, a blower, and a pair of heat 
sinks. The proposed design improves the airflow control in the 
guided chambers and power efficiency. The design offers three 
different modes of operation depending upon the amount of 
water required to clean the solar PV panels. As a result, some 
power can be saved when the need for water reduces.  

Different parametric experiments were performed in the air 
harvesting system design to analyze the harvester's 
performance [24]. The effect of the geometry of the cold side 
heat sink on water production was also investigated. Pins-fin 
heat sinks provide better heat dissipation, offering a larger 
surface area than plate-fin heat sinks [25]. In addition, heat 
sinks with hollow pin fins provide even better heat transfer than 
those without hollow pin fins [26]. For the same height of the 
fins, the heat sink with hollow pin fins provides better heat 
transfer than those without hollow fins. This concept was 
verified by doing the simulations on the COMSOL 
Multiphysics software, and the result in the form of a graph is 
shown in Fig. 3. 

Further research was conducted on the geometry of heat 
sinks, and it was discovered that bio-inspired heat sinks could 
accelerate the condensation process on the cold side [27]. Thus, 
more water droplets can be generated on the surface of the heat 
sink. In addition, the increase in other factors like temperature, 
humidity, airflow, and current also helps the condensation 
process. In light of this concept, the heat sink with vertical 
channels was used for better water collection. 

The pyranometer and automated actuators can also be used 
in the proposed design to increase the efficiency of PV panels. 

 
Fig. 1.  The schematic of the proposed design 

 

Fig. 2.  Conceptual diagram of double chamber air water harvester 
 

Wind 
Turbine

Water CollectionData from 
Sensors

PV panel 
Cleaning

Mobile 
Application

So
ur

ce

ActuatorIoT Platform

Co
nd

en
se

r
Io

T 
N

od
e

Air Water Harvester



Vol.114 (2) June 2023SOUTH AFRICAN INSTITUTE OF ELECTRICAL ENGINEERS60

The pyranometer will detect the amount of sunlight falling on 
the solar panel [28]. If a sufficient amount of light reaches the 
PV panel and the PV panel is not working efficiently, it means 
that dust particles are present on its surface, hindering its 
performance [29]. 

 
Fig. 3.  Comparison of heat sinks with and without hollow fins 

 
As a result, the actuator will allow the water generated by the 

harvester to clean the surface of the panel. On the other hand, if 
the pyranometer does not detect sufficient light falling on PV, 
the weather is cloudy, and there is no need to use the harvested 
water for the solar panel cleaning. The water will be stored until 
it is required for solar panels for cleaning. The diagram of the 
air-water harvester manufactured with acrylic sheets is shown 
in Fig. 4. 

The Peltier takes 50 W to 70 W for its operation. Besides this, 
multiple PWM fans are used in the system. The system is 
divided into two chambers. Each chamber contains its PWM 
fan and blower. The blower takes the air from the air inlet and 
passes it through the fins of the hot side heat sink to provide 
better heat transfer. The PWM fan is used to throw the air from 
the hot side onto the heat sink of the cold side to help in the 
condensation process.  

As discussed before, the amount of water required for solar 
panel cleaning varies depending on the dust on its surface. To 
save energy, three modes are designed depending on the need. 
The details are discussed below,  

A. Economy Mode 
In this mode of operation, only one blower and one PWM fan 

will work, and the rest will be off-state. The economy mode is 
programmed to save power when the water demand is low. 
When the dust on the solar panel is less, the economy mode can 
be used to save power, as shown in Fig. 5. The dark blue dotted 
curves represent the behavior of the economy mode. About 1 
liter/day of water is produced.  

B. Regular Mode 
Two blowers are operational in this mode of operation and 

provide better heat transfer through both hot-side heat sinks. As 
shown in Fig. 5, about 1.35 liters of water can be obtained in 
regular mode. The dark red dashed curves represent the regular 
mode response. 

C. Turbo Mode 
The turbo mode is programmed for extreme conditions. This 

mode triggers when the efficiency of the solar panel reduces 
from a threshold value of 70%. This type of scenario is usually 
observed after heavy sandstorms. In this mode, all fans and 
blowers will be operational; nearly 1.6 liters of water is 
produced, as shown in Fig. 5. A solid black curve represents the 
turbo mode response.  

IV. DESIGN, CALCULATIONS, AND SIMULATIONS OF 
SAVONIUS WIND TURBINE 

The savonius wind turbine is used in the proposed design for 
powering the air-water harvester. Unlike other types of wind 
turbines, the savonius wind turbine is designed to operate by 
receiving air from all directions and can start even at low wind 
speeds [30]. In addition, it does not require any external force 
to start [31]. The purpose of using a savonius wind turbine of 
less height is to reduce the visual noise and to allow installation 
in small areas [32]. The major drawback of the savonius wind 
turbine is its low efficiency [33]. The research was conducted 
to cope with the efficiency problem, and it was found that the 
savonius turbine with the two-blade rotor was much more 
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efficient than a turbine with three blades [34].  
The block diagram of the wind turbine system is shown in 

Fig. 6. The system's RPM is increased by coupling the gearbox 
with the turbine. It is coupled with the DC motor (a generator) 
to produce electrical voltage. The generated electrical voltage 
is then regulated to ensure stable current and voltage for the 
connected load. 

 

 
 

Fig. 6.  Block diagram of wind turbine 

A. Turbine Output Power Calculations 
The equation used for the calculation of output power from 

the wind is given as follows: 
 

𝑷𝑷(𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘) =  𝟏𝟏
𝟐𝟐� ∗  𝑪𝑪𝒑𝒑 ∗  𝝆𝝆 ∗ 𝑨𝑨 ∗ 𝑽𝑽𝟑𝟑 ∗  𝜼𝜼𝑻𝑻 ∗  𝜼𝜼𝒎𝒎  (1) 

P(electric) = Electric output power 
ρ = air density 
A = sweep area (m2) 
V = Wind velocity 
ηm = motor efficiency 
ηT = turbine efficiency 
Cp = coefficient of performance 
Average Wind Speed = 8 m/s 
After putting the values in the above equation,  
 

The electrical power produced is affected by losses [35]. The 
major types of losses and their effect on the system are listed 
below, 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝐸𝐸 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐸𝐸𝐸𝐸𝐸𝐸 = 60% (2) 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝐸𝐸 𝑀𝑀𝑜𝑜𝑀𝑀𝑜𝑜𝑇𝑇 =  90% (3) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝐸𝐸 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑀𝑀𝑇𝑇𝑜𝑜𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 80% (4) 
 

The power produced by the proposed turbine is around 400 
W. The details of the parameters are given in the Table. I. After 
considering of losses discussed above, the final electric output 
power obtained is: 

 
𝑃𝑃(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑀𝑀𝑇𝑇𝐸𝐸𝐸𝐸)  =  400 ∗ 0.6 ∗ 0.9 ∗ 0.8  (5) 

𝑃𝑃(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑀𝑀𝑇𝑇𝐸𝐸𝐸𝐸)  =  172.8 𝑊𝑊 (6) 
 

The electrical power obtained through the turbine is 
sufficient to power the air-water harvester discussed in Section 

III.  
 
 

TABLE I. 
  Wind Turbine Specifications 

Parameters Values 

Diameter of Shaft 1.5 in 

Turbine Height 1 m 

Turbine Blade Diameter 0.5 m 

Helix Angle 45o 

Azimuth Angle 135o 

Blade Arc Angle 160o 

Aspect Ratio 4 cm 

 

B. Pressure Contour of Wind Turbine Blades 
In order to observe the effect of wind pressure exerted on the 

turbine blades, the analysis was made in Ansys fluent. The 
software generated the wind field so that wind was thrown on 
the blades with a velocity of 8 m/s. The high-pressure region of 
the turbine blades subjected to the wind speed of 8 m/s is shown 
in Fig. 7. 

The pressure contour of the wind turbine blades is very 
important before making a stress-strain analysis of the different 
blade materials. The stress-strain analysis is applied to the 
region of the turbine blades where the greatest pressure is 
exerted. The area where the wind pressure is high is red, and the 
area with low air pressure is blue. 

 

 
 

Fig. 7.  Pressure contour of wind turbine blades 
 

C. Stress-Strain Analysis of Wind Turbine 
After finding the highest-pressure region of the turbine 

blades, the stress-strain analysis using different blade materials 
is performed. The four different materials used for the analysis 
in SOLIDWORKS are polycarbonate acrylonitrile butadiene 
styrene (PC-ABS), cast alloy steel, glass fiber, and malleable 
cast iron. Fig. 8 shows the strain on all four materials under the 
applied pressure. It can be seen that cast alloy steel and 
malleable cast iron show almost similar behavior and much less 
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strain. In other words, they are less likely to deform when a 
strong wind hits them. In contrast, glass fiber has the highest 
strain magnitude and, therefore not a good choice to be used as 
a blade material. 

 
Fig. 8.  Strain contour of savonius wind turbine 

 
The stress generated in the four materials under the influence 

of the externally applied pressure is shown in Fig. 9. Even 
though the stresses generated in cast alloy steel and malleable 
cast iron are greater than that of PC-ABS and glass fiber, the 
strain produced in the former materials is much less than the 
latter. The reason for this is the materials' larger ultimate tensile 
strength, yield strength, and hardness. 

 

 
Fig. 9.  Stress contour of savonius wind turbine 

 
The stress-strain analysis shows that the preferred material 

for the turbine design can be cast alloy steel or malleable cast 
iron. But due to the non-availability of the materials, the glass 
fiber was used for the final fabrication of the wind turbine 
blades.  

D. Design of the Savonius Wind Turbine 
The savonius wind turbine was designed and tested in field 

conditions. The turbine blades are manufactured with glass 
fiber. Glass fiber was preferred over carbon fiber due to its low 
cost, lightweight, and material availability. The light weight of 
the glass fiber allows it to rotate easily at low wind speeds [36]. 

The turbine blades are supported on a steel shaft by drilling 
holes into the shaft and fixing the steel rods by welding. The 
turbine used in the design has an RPM of around 260. The 
motor or generator with the low RPM should be used for this 
low RPM. In the proposed design, a gear system is used to 
increase the RPM due to the unavailability of the low RPM 
motor. 

The whole assembly is supported on an iron stand. The iron 
stand is made heavy to withstand extreme weather conditions. 
The final assembly is shown in Fig. 10. 

 

 
 

Fig. 10.  The manufactured design of savonius wind turbine 
 
The effect of wind speed on the RPM and power generated 

is detailed in the next section. Besides this, the effect of 
changing the blade diameter on the RPM is also discussed.  
 

1) Wind Speed and Rotation of Motor 
The RPM sensor was used for measuring the RPM of the DC 
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motor. The average wind speed during the testing was observed 
to be 8m/s. The maximum speed was found to be 10m/s, as 
shown in Fig. 11. The RPM of the motor is 246 when the wind 
speed is 10m/s, while it is around 150 when the wind is blowing 
at its average speed of 8m/s. The RPM of 150 meets the 
requirement for the proposed design. 

 

 
 

Fig. 11.  Graph showing the RPM of the motor at different wind speeds 
 

2) Wind Speed and Power 
The graph of power generated at different wind speeds is 

shown in Fig. 12. At low wind speeds, the power remains zero 
but increases exponentially when the wind speed increases. The 
power of 400 W is obtained when the wind blows at 10 m/s. 
Some losses are also associated with turbine design; therefore, 
the actual electric power will be less than that obtained through 
the wind. 

 

 
Fig. 12.  Graph showing the power at different wind speeds 

 
3) Effect of turbine blade diameter on RPM 

Three rotor blades of different diameters were used to 
observe the effect of blade diameter on the RPM. It was found 
that with the increase in the turbine blade's diameter, the 
turbine's wind-capturing ability increases. Consequently, the 
system's RPM also increases, thus increasing the output power. 
The effect of using turbine blades of 19 in, 24 in, and 28 in 
diameter on the RPM is shown in the graph in Fig. 13.  

 
Fig. 13.  Effect of different blade diameters on RPM 

 

V. WORKING CYCLE OF THE PROPOSED DESIGN 
The working cycle of the proposed design is shown in Fig. 

14. It starts from the turbine part and ends with the solar panel 
cleaning. 
 

 
Fig. 14.  The flowchart of the proposed design 

 
A. Rotor Blades 

The turbine’s rotor blades rotate when the turbine is exposed 
to airflow. The central shaft connected to the blades also starts 
to move. With the motion of the shaft, mechanical energy is 
produced that is used by the motor (used as a generator) to 
generate the electrical power. 

B. Water Harvester 
The power produced by the turbine produces the temperature 

difference across the opposite faces of the Peltier device 
(Thermoelectric device). The temperature difference will be 
exploited to produce a condensation process.  

C. Dew Point Temperature 
The dew point is the temperature below which the water 

vapors in the air condense and water droplets start forming. If 
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the air temperature is less than or equal to the dew point, the air-
water harvester can be turned off as the water droplets will 
naturally form. This will save energy and can be stored for use. 
When the air temperature exceeds the dew point, the air-water 
harvester will be turned on and starts the condensation process. 

D. Pyranometer 
A pyranometer can also be integrated with the proposed 

solution. In the proposed design, a pyranometer measures the 
radiation incident on the solar panel. Suppose no solar radiation 
is detected due to nighttime or cloudy weather. In that case, the 
AI algorithm will inform the system that the solar panel does 
not require cleaning and water can be saved for later use.  

E. Actuator 
An actuator will operate depending on the pyranometer's 

output and the solar panel. If the pyranometer shows sufficient 
radiation is reaching the panel and the PV panel is not working 
efficiently, there is dust on the panel's surface. Consequently, 
the actuator will spray the water to clean the surface of the solar 
panel. Otherwise, it will stop wasting water and store it for later 
use. The stored water can also be used for drinking if produced 
in excess. 

VI. RESULTS AND DISCUSSION 

A. Comparison of Solar Panel Efficiency before and after 
Cleaning 

Fig. 15 shows the experimental setup of the proposed design 
consisting of the wind turbine, air-water harvester, and solar 
panel. The three different solar panels were used for testing 
purposes. The solar panels' efficiency before and after cleaning 
the dust particles from their surface was recorded in the graph, 
as shown in Fig. 16. The solar panels were allowed to operate 
for a week without cleaning the dust from their surface. At the 
end of the week, the efficiencies of the panels were found to be 
47%, 51%, and 35%, respectively. 

 

 
 

Fig. 15.  Experimental setup of proposed design 
 

 After this experiment, the same solar panels were operated 

again for a week, but this time they were provided with the dust 
cleaning facility with the help of a double chamber air-water 
harvester. On taking an average of efficiencies of all solar 
panels, a 28% increase in efficiency was observed. 

 

B. IoT Monitoring of the different Parameters 
The mobile application was developed to remotely monitor 

the air-water harvester's different parameters. Water level, 
temperature, humidity, time, and location are the parameters 
that can be monitored online through the app. Fig. 17 shows the 
mobile application's user interface. 

 

 
 

Fig. 17.  Remote monitoring of parameters using mobile application 
 

VII. CONCLUSION 
This paper provides and successfully implements the 

solution to the solar panel cleaning problem. The proposed 
design can effectively clean the PV panels against dust in 
remote areas lacking water and electricity. The air-water 
harvester produced sufficient water depending upon the dust on 
the body of the solar panels. The wind turbine produced enough 
power to give supply the harvester. Besides this, the PV panel 
was also tested to verify the effectiveness of the proposed 
design. 

 
Fig. 16.  Solar panels efficiency comparison 
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