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Solar photovoltaic is a renewable energy that has great potential and is quite cheap. 
However, solar cells are sensitive to temperature through the parameters of their 

semiconductor materials. The optimal solar photovoltaic temperature range is 25◦C- 

40◦C. Based on the study, the optimal temperature of the solar photovoltaic system 

is 41◦C. The problem is that solar photovoltaics do not produce power optimally 

when the surface temperature reaches 41◦C so the power produced decreases. The 
cooling system is one solution to overcome temperature problems in solar 
photovoltaics. The purpose is to design an automatic cooling system based on water 
and air spray using Arduino Uno which operates only at solar photovoltaic surface 

temperatures above 41◦C and compare the working effectiveness of the cooling 
system using water spray and air when the surface of the solar photovoltaic reaches 
maximum heat and does not work optimally. Methods. Design and develop a water 
and air-spray-based cooling system using an experimental process. Results. The 
automatic cooling system has been designed using a water spray cooling method 
and a DC fan-based air cooling method. The water spray cooling method can reduce 

the temperature optimally with an average temperature of 38.67◦C and the air 
cooling method can reduce the temperature optimally with an average temperature 

of 39.5◦C. The water spray cooling method had an efficiency value of 36% and the 
DC fan-based water cooling method had an efficiency value of 16%. 

 

INTRODUCTION 
Solar photovoltaic is a renewable energy 

source that is included in the type of clean energy 
(Kusuma et al., 2023; Paquianadin et al., 2024; K. 
Latreche et al., 2024; Mosavi et al., 2019). Solar 
panel energy is a type of renewable energy that has 
great potential is quite cheap and can be applied on 
a large scale or household scale. Despite all its 
potential and significance(Khan et al., 2017), 
photovoltaic power still needs to be improved in 
several areas, especially in current large-scale 
applications, to compete with conventional energy 
sources (Azmi et al., 2023; Latiff et al., 2020). 

Solar cells are sensitive to temperature through 
the parameters of their semiconductor materials 
(Widjanarko et al., 2021; Kamarudin et al., 2021; 
Niraj Kumar Kushwaha et al., 2023). When the 

surface temperature of the photovoltaic rises, the 
coefficient of performance of the panel drops 
(Conrado F. et al., 2019; Kalil Ahmed et al., n.d.). 
Solar cells work at an operating temperature of 

25◦C - 40◦C (Virtuani et al., 2010; T. Laseinde & 
Ramere, 2019); Jaleel Mahdi et al., 2024). Above 

the maximum operating temperature (40◦C), every 
1ºC increase in temperature will cause a decrease in 
voltage of 0.331% and a decrease in power of 
0.444% Supian et al., 2020); Rezki et al., 2023; 
Tabaei & Ameri, 2015). Figure 1 shows the results 
of our experiment in finding the maximum 
temperature value for solar panel operation. The 
graph shows that when the surface temperature 
reaches 41◦C, the voltage value decreases due to the 
properties of semiconductor materials that work in a 
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certain temperature range. From Figure 1, we 
determine the maximum working temperature value 

of solar panels, namely 41◦C. 

 
Figure 1. Graph of temperature versus solar panel 
output voltage value (Galieh Ananda et al., 2024) 

Developing a cooling system is one way to 
overcome temperature problems in solar panels 
(Dhami Johar Damiri & Ditha Nevella Sembiring, 
2023); Indra Bayu et al., 2023; Ahmed et al., 2022). 
The cooling system also functions to keep the 
photovoltaic module from experiencing irreparable 
damage, so that it can last a long time (Sultan et al., 
2021; Mahmood Ibrahim et al., 2023; Milind et al., 
2017). Many cooling methods are used to overcome 
temperature problems in solar panels(Dwivedi et al., 
2020; Saleh et al., 2023). Among them are the water 
spray method and the cooling fan method. The 
cooling fan is turned on and off automatically by 
the temperature of the solar panel (Cho & Kim, 
2019; Swatara Loegimin et al., 2020). The water 
spray is conducted to simulate the effects of solar 
irradiation on the efficiency of the PV 
(photovoltaic) panels (Ant. Ardtah Kristi et al., 
2020; Mostakim et al., 2024).  

(Ghorpade et al., n.d.) identified the best 
cooling technique for solar panels. It used several 
methods, namely water cooling, air cooling, and 
PCM (Phase Change Material) system, and found 
that water cooling is more efficient.(Syafiqah et al., 
2017)discussed solar cooling with 6 different DC 
fan speeds. A DC fan speed of 3.07 m/s was 
selected as the optimal speed for the cooling system 
because it obtained the highest net output power 
savings, compared to the others.(Popovici et al., 
2016) uses an air-cooled heatsink that increases the 
power of the solar panel from 6.97% to 7.55%. 
(Setyono et al., 2022)found an increase in almost all 
variations of solar panel tilt angles (15o, 20o, and 

25o), output power increased by an average of 22% 
and efficiency increased by an average of 2%. 
(Ceylan et al., 2014) The efficiency obtained using 
the water cooling method is 13% and without 
cooling is about 10%. 

The goal of the paper is to design the most 
effective cooling system model to obtain the most 
optimal solar panel output power by comparing the 
work effectiveness between cooling systems using 
water spray and the water method when the solar 
photovoltaic surface reaches a temperature outside 
its working mode. The water method uses PDAM 
water with PH 7.8. 

 

METHODS 
Table 1. Solar panel specifications 

Specifications Value 
Materials  Monocrystalline  
Maximum voltage value 18 Volt 
Maximum current value 1,11 A 
Maximum power output 20 Watt 
Size  450 x 350 x 15 mm 

 

 
2 (a) 

 
2 (b) 

Figure 2. Block diagram (a) cooling using the water 
cooling method (b) cooling using the water spray 
method 
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System descriptions. The solar panel made is 
20 WP with a maximum power capacity of 20 watts 
further details can be seen in Table 1. In Figure 2(a) 
the system uses Arduino Uno as its microcontroller 
and DHT22 sensor as a temperature detector and a 
12 V DC fan as a cooler from the solar panel.  In 
Figure 2(b) the tools used are Arduino uno as the 
controlling brain, a DHT22 sensor to detect the 
temperature on the solar panel, and a DC 12 V 
pump to cool the solar panel. The block diagram of 
each cooling model can be seen in Figure 2(a) block 
diagram for the fan cooling model and 2(b) block 
diagram for the water spray cooling model.  

 
3 (a) 

Figure 3. Flowchart (a) research stages 
This research adopts the quantitative 

experimental method, where this approach is 
applied to system design and data analysis. The 
results will be compared with data generated by 
static solar panels without cooling, as well as data 
generated using a solar panel cooling system. This 
research involves the steps in Figure 3(a) 

 
4 (a) 

 
4 (b) 

Figure 4. Flowchart (a) cooling using the water 
cooling method (b) cooling using the water spray 
method 
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The PV cooling system work program begins 
by turning on the LCD and giving several display 
commands. Next, the DHT22 sensor will read the 
temperature value on the solar panel and set a 
temperature limit with an upper limit above 41oC 
and a lower limit below 41oC. If the temperature is 
> 41 then the relay is active so it will turn on the 
pump or fan. Conversely, if the temperature is < 41 
then the relay is off and stops the pump or fan. The 
flowchart of the designed PV cooling controller 
system is as in Figures 4.a and 4.b. 

Basic calculation. The main calculation 
relation is the equation of efficiency system (O. T. 
Laseinde & Ramere, 2021). 

        
                

        
      

(1) 
When Pwith is Power from a solar panel with a 

cooling system, and Pwithout is a solar panel 
without a cooling system 

Experimental setup. The experiment was 
carried out from 08:00 to 16:00 in clear, cloudless 
weather at the University of Swadaya Gunung Jati 
(7GCW+C9) Sunyaragi, Kota Cirebon, Jawa Barat, 
Indonesia. Data was taken around April 2024. Solar 
panels are in a static position at an angle of 30° and 
facing west. Temperature measurements are carried 
out with a thermos gun and DHT22 sensor 
embedded in each system. Figure 4 shows the 
model of the solar panel system that was created, 
Figure 4a shows an air-cooled solar panel with a 
fan, 4b shows a spray water-cooled solar panel. 

 
5 (a) 

 
5 (b) 

Figure 5. Flowchart 5(a) Air-cooled solar panel with 
fan coupled with solar panel without a cooling 
system, 5(b) shows spray water  

 

RESULTS AND DISCUSSION 
The performance of the cooling system using 

water and air spray media has been carried out, the 
measurements carried out produce a comparison of 
the surface temperature values of the solar panels, 
the voltage and current produced by the system and 
are shown in Figures 5, 6, and 7 respectively. 

 
Figure 5. Temperature comparison graph for solar 
photovoltaic 

The water spray cooling method can reduce the 
temperature optimally with an average temperature 

of 38.67◦C and the air cooling method can reduce 
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the temperature optimally with an average 

temperature of 39.5◦C. From Figure 5, it can be 
seen that the water spray method takes the lead in 
reducing the system temperature (red line) and 
follows the water cooling method (green line), this 
shows the first recommendation that the water spray 
method is more significant than the water cooling 
method. 

 

 
Figure 6. Voltage comparison graph for solar 
photovoltaic 

The water spray cooling system method 
achieves the maximum voltage generated by the 
solar panel of 16.13 V and the air cooling method 
gets the maximum voltage by the solar panel is 
15.31 V. From Figure 6, it can be seen that the 
water spray method reaches the maximum voltage 
of the system (red line) and is followed by the air 
cooling method (green line), this shows the first 
recommendation that the water spray method is 
more significant to get the optimal voltage 
compared to the air cooling method. 

 
Figure 7. Comparison graph of current in solar 
photovoltaic 

The water spray cooling system method 
reaches the highest current of 0.96 A at 11:00 a.m., 
while the maximum current generated by solar 
panels with the water cooling method is 0.86 A at 
12 p.m. From Figure 7, the highest current occurs in 
the water spray cooling method (red line) and 
followed by the air cooling method (green line), it 
can be recommended that the water spray method is 
more optimal for obtaining current compared to the 
water cooling method. 

 
Figure 8. Power comparison graph for solar 
photovoltaic 

The water spray cooling system method 
produces power at 09.00 a.m - 16.00 p.m which is 
88.6 Watts and the highest power is obtained at 
11.00 a.m of 15.48 Watts, while the air cooling 
method produces power at 09.00 a.m - 16.00 p.m of 
75.47 Watts and the highest power is at 12.00 p.m 
of 13.17 Watts. From Figure 8, the highest power 
occurs in the water spray cooling method (red line) 
and followed by the air cooling method (green line), 
it can be recommended that the water spray method 
has the highest power compared to the air cooling 
method. 
Table 2. Solar panel output power 

No. Time 
Power Output (Watt) 

Water 
Spray 

Air 
Cooling 

Without 
Cooling 

1 9.00 10.15 5.67 9.25 
2 10.00 13.05 8.99 8.76 
3 11.00 15.48 11.12 9.74 
4 12.00 12.24 13.17 9.75 
5 13.00 10.57 10.54 7.78 
6 14.00 10.04 9.99 6.66 
7 15.00 11.33 8.56 7.83 
8 16.00 5.74 7.43 5.18 

Total 88.6 75.47  64.95 
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The results of the voltage and current 
measurement study can be seen in Figures 6 and 7, 
the performance of the solar photovoltaic cooling 
system using the water spray method is significant 
leading to a maximum current value of 0.95 A and a 
medium value of 16.3 Volts. This shows the second 
recommendation that the water spray method can 
significantly increase the voltage and current output 
of solar photovoltaics. Proven in Table 2, namely 
data on solar panel output power which is calculated 
based on the measured current and voltage. 

Power efficiency calculations. Based on 
Table 2, power efficiency calculations are then 
carried out using Equation 1. Cooling system water 
spray method: 

        
                

        
      

           
            

     
      

           
     

     
      

               

 
Air cooling method with DC fan: 

        
                

        
      

           
             

     
      

           
     

     
      

               

The result is that the solar panel cooling 
system using the Water Spray method increases 
power absorption efficiency by 36.41% and for the 
water cooling method the power absorption 
efficiency increases by 16.19%. From all the 
recommendation results in this study, the most 
effective cooling system for increasing power 
output efficiency and optimizing temperature is 
using the water spray cooling system method. 

 

CONCLUSION 
The automatic cooling system designed uses a 

water spray cooling method and a DC fan-based air 
cooling method. The water spray cooling method 

can reduce the temperature optimally with an 

average temperature of 38.67◦C and the air cooling 
method can reduce the temperature optimally with 

an average temperature of 39.5◦C. By comparing 
the voltage and current and calculating the power 
output values produced by each system, it was 
found that the water spray cooling method had an 
efficiency value of 36.41% and the DC fan-based 
water cooling method had an efficiency value of 
16.19%. Henceforth, the solar panel cooling system 
should use the water spray method because it has a 
higher efficiency value and lowers the temperature 
more quickly than a cooling system that uses the air 
method. 
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