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1. INTRODUCTION 
Renewable energy in the form of solar panels is one of the 

most potential energies and is the main choice in the world. As 
a tropical country, Indonesia has great solar energy potential, 
with an average solar radiation intensity of 4.8 kWh/m2/d[1]. 
Solar panels are widely used to convert sunlight into electrical 
energy. However, there are several issues related to the use of 
solar panels. The first problem is the investment price which is 
still expensive, the second is the efficiency which is still low, 
and the third is the influence of the environment such as dust 
and temperature changes.[2], [3], [4]. 

Solar panels consist of semiconductor materials that are 
sensitive to temperature changes[5]. At high t emperatures, the 
surface of solar panels that are continuously exposed to sunlight  

will decrease efficiency by 0.5% for every 1ºC increase in 
temperature (starting from 25ºC) [6], [7]. The efficiency of 
solar panels is affected by their operating temperature. At 
higher temperatures, the output efficiency of solar panels can 
decrease significantly[8], [9]. One method for solving the 
problem of decreasing efficiency due to increasing temperature 
is to create a cooling system on the surface of the solar panel. 

Therefore, it is important to implement an effective cooling 
system to maintain the optimum temperature of the solar panels. 
There are two types of solar panel cooling methods, the first is 
active cooling, which is cooling that requires external power 
sources, and passive cooling that comes from natural processes 
[10].  

Solar panels are one of the renewable energy sources that have the most significant potential 
in the world. However, one of the problems of solar panels is the effect of temperature on 
their performance so that it requires other alternatives to overcome this problem, one of 
which is the installation of a cooling system. In the active cooling system that is made, 
namely using water spray, the purpose of this study is to compare the effectiveness of the 
cooling fluid between fresh water (aquades) and sea water. The method used is experimental 
and data testing. From the results of the study, it was found that the comparison of current 
and voltage data between fresh water (aquades) and sea water has a characteristic curve 
shape that is almost the same with a difference in value that is not too significant. The 
average current value for fresh water and sea water coolers is 0.66 A and 0.63 A. While the 
average voltage value for fresh water and sea water coolers is 14.55 V and 14.44 V. The 
total power generated during 6 hours of operation by solar panels with fresh water cooling 
is 125.81 Watts, while the total power of solar panels with sea water cooling is 119.45. The 
efficiency obtained is 5.32%. The average value of the temperature of the freshwater and 
seawater coolers is 39.2ºC and 40ºC. Based on the results of the study, fresh water is highly 
recommended as a cooling fluid for solar panels with the water spray method. In addition, 
review the effects of seawater, which will also cause corrosion on solar panel materials. 
However, seawater can be an option when the installation of solar panels is carried out at 
sea because of the seawater sources available at the installation location. 
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Among the various active cooling methods, namely the use 
of water-based cooling media, both sea water and fresh water, 
these media are two interesting options to study. In addition, the 
use of fluid media can also be adjusted to the location of the 
solar panel installation. Several studies have shown that cooling 
media have a major impact on the performance of solar panels. 
Cooling systems using mineral water and sea water show 
significant differences in cooling efficiency, where fresh water 
shows an efficiency of 14.01% and sea water 13.06% under 
certain conditions[11]. However, in this study only one solar 
panel was used so that there is a possibility that the surface of 
the solar panel was contaminated with a mixture of distilled 
water and salt water. 

Other studies also show the advantages and disadvantages 
of each cooling medium. Fresh water has the advantage of being 
available and performing better in maintaining optimal 
temperatures for the panels[12]. However, fresh water can also 
be more expensive if the source has to be treated or transported 
long distances. On the other hand, seawater, although 
potentially damaging to solar panel materials through 
corrosion, is usually more accessible in coastal areas. This is the 
basis for the study conducted, namely comparing the 
effectiveness of fresh water and sea water as cooling media for 
solar panels. 

 

2. METHODOLOGY 
The methodology in this study uses an experimental type 

[13]. The purpose of this experiment is to test seawater and 
freshwater coolants on solar panels and find the incoming 
voltage, current and surface temperature [14]. Figure 1 shows 
the flow diagram of the cooling system 

 

Fig. 1. Flow diagram of the cooling system 

Figure 2 shows the wiring diagram of the solar panel 
cooling system, and table 1 shows the specifications of the solar 
panels used. 

The hardware design for the solar panel cooling system 
utilizes the Arduino Uno microcontroller as the brain of the 
controller. The solar panel as an energy producer, to detect the 
temperature a DHT22 sensor is used which will activate the 
pump in response. The mechanism of the solar panel cooling 
system is implemented through a pump that sprays water or a 
fan that emits wind that will cool the solar panel. As energy 
storage, a 12 V battery is used to store the power generated by 
the solar panel, and the LM2596 DC to DC Step Down module 
is used to lower the voltage before entering the Arduino. 

 

 

Fig. 2. Wiring diagram and the component of the cooling 
system 

The cooling system will be active if the temperature sensor 
reads the solar panel surface temperature has a value of more 
than 41ºC then the cooling system starts to activate, and if the 
solar panel surface temperature has a value of less than 41ºC the 
cooling system becomes inactive. The active duration of the 
cooling system depends on the surface temperature of the solar 
panels. When testing fresh water and sea water cooling media, 
it is carried out at the same time. The cooling system consists 
of 4 water jet nodes with one source coming from a 12 Volt DC 
pump.  Basic calculation. The main calculation relation is the 
equation of efficiency system[15], [16]. 

 

𝑝𝑜𝑤𝑒𝑟 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
(𝑃𝐴𝑞𝑢𝑎𝑑𝑒𝑠 − 𝑃𝑠𝑒𝑎 𝑤𝑎𝑡𝑒𝑟)

𝑃𝑠𝑒𝑎 𝑤𝑎𝑡𝑒𝑟
𝑥100% (1) 

 

When Paquades is Power from a solar panel with aquades as 
a coolant fluid, and Psea water is a solar panel with sea water as a 
coolant fluid. 

 

3. EXPERIMENTAL SETUP 
The experiment was carried out from 08.00-10.00 at the 

University of Swadaya Gunung Jati (7GCW+C9) Sunyaragi, 
Cirebon City, West Java, Indonesia. Solar panels are in a static 
position at an angle of 30° and facing west. 
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Table 1. Solar Panel Specifications 

Materials  Monocrystalline 

Maximum voltage value 18 volt 

Maximum current value 1.11A 

Maximum power value 20 Watt 

Size  450 x 350 x 15 mm 

 
Temperature measurements are carried out with a thermos 

gun and DHT22 sensor embedded in each system. Figure 3 
shows the model of the solar panel system that was created, and 
conditions under which testing is taking place. The 
environmental temperature in the Cirebon area is around 29-
32ºC. 

 

Fig. 3. Condition of solar panels during fluid comparison 
testing 

 

4. RESULT AND DISCUSSIONS  
Testing was conducted at the same time for a 20 WP solar 

panel. The cooling system is designed to be active at a panel 
surface temperature of 41ºC, and will be inactive when the solar 
panel surface temperature is below 41ºC. Testing was 
conducted by measuring the output voltage and current of the 
solar panel. In addition, PH measurements were also carried out 
on each cooling medium. Figure 4 shows the voltage 
measurement on the solar panel when using two types of 
coolants. 

Figure 4, it can be seen that the characteristics of the graph 
with seawater and distilled water cooling are not much 
different, only the voltage value on the seawater-cooled solar 
panel always has a lower value every time. Based on the data, 
the average voltage obtained with seawater cooling is 14. 14.44 
Volts, while the solar panel cooling system with distilled water 
is 14.55 Volts. 

 

Fig. 4. Graph of solar panel voltage measurement with two 
cooling media 

Figure 5 shows the comparison of the current values 
generated by solar panels using two different cooling media. 
The characteristics of the current data are similar to the voltage 
measurement data, where the results of current measurements 
with seawater cooling media always have lower values than the 
current values with distilled water cooling. From these data, the 
average value for the current with seawater cooling is 0.63 A 
and the average current value with distilled water cooling is 
0.66. The results of this average calculation show that the 
difference in current values from the two media is not too 
significant. 

 

Fig. 5. Graph of solar panel current measurement with two 
cooling media 

From the current and voltage data, the value of the power 
generated is obtained. The characteristics of the power 
generated are shown in Figure 6. From the graph, it can be seen 
that the power of solar panels with fresh water cooling always 
has a higher value than the power of solar panels with sea water 
cooling. 

The total power generated during 6 hours of operation by 
the solar panel with fresh water cooling is 125.81 Watts, while 
the total power of the solar panel with sea water cooling is 
119.45. The difference in the total power obtained is not too 
significant. 
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Fig. 6. Graph of power solar panel with two cooling media 

The power efficiency obtained is 5.32%, this shows that 
there is better efficiency if using distilled water as a coolant 
compared to sea water as a cooling fluid. In previous research, 
similar research when comparing various cooling fluids on 
solar panels with one solar panel, the efficiency was 0.38% in 
the comparison of distilled water and sea water cooling [11]. 
The use of distilled water as a cooling fluid is more 
recommended, because this also affects the speed of the fluid in 
lowering the temperature on the solar panel as can be seen in 
the solar panel temperature characteristic graph in Figure 7. 

From the surface temperature graph of the solar panel, it 
can be seen that the temperature characteristics fluctuate. There 
is one condition where the temperature with seawater cooling 
has a lower temperature value, namely at 12.30 WIB. However, 
in general, the average surface temperature value of the solar 
panel with aquades cooling is lower than the solar panel with 
seawater cooling. The average surface temperature of the solar 
panel with aquades cooling and seawater cooling is 39.2ºC and 
40ºC. 

 

Fig. 7. Graph of solar panel surface temperature 

 

In figure 8, shows the results of water PH measurement by 
PH meter. At the time of testing, the measurement results 
obtained with fresh water PH value is 7.1 and sea water PH 
value is 8.1. from the high sea water PH value, of course it is 
not recommended to be a cooling system on solar panels that 
have semiconductor material because it will be corrosive. 

From this research, another advantage obtained when using 
the water spray method as a solar panel cooler besides as a 
controller of the solar panel surface temperature, is as a dirt 
remover on the solar panel surface. In several references, many 
methods are used to remove dirt such as dust, or leaves on solar 

panel installations and the most widely used is the water spray 
method[17]. 

 

Fig. 8. Fresh water PH measurement 

 

5. CONCLUSION 
An active cooling system using water spray has been 

successfully created and implemented. The cooling media used 
in this research are fresh water and sea water, each of which is 
applied to 20WP solar panels. From the results of the study, it 
was found that the comparison of current and voltage data 
between fresh water (aquades) and sea water has a characteristic 
curve shape that is almost the same with a difference in value 
that is not too significant. The average current value for fresh 
water and sea water coolers is 0.66 A and 0.63 A. While the 
average voltage value for fresh water and sea water coolers is 
14.55 V and 14.44 V. The total power generated during 6 hours 
of operation by solar panels with fresh water cooling is 125.81 
Watts, while the total power of solar panels with sea water 
cooling is 119.45. The efficiency obtained is 5.32%. The 
average value of the temperature of the freshwater and seawater 
coolers is 39.2ºC and 40ºC. Based on the results of the study, 
fresh water is highly recommended as a cooling fluid for solar 
panels with the water spray method. In addition, review the 
effects of seawater, which will also cause corrosion on solar 
panel materials. However, seawater can be an option when the 
installation of solar panels is carried out at sea because of the 
seawater sources available at the installation location. 
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