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Abstract – The importance of photovoltaic (PV) 

systems is emphasized by the increasing demand for 

renewable energy. However, the increase in temperature 

on the surface of PV panels greatly affects the 

performance of PV systems. The impact of IoT-based 

cooling systems on PV systems is the focus of this study. 

We applied a comparative experimental design with 

three configurations: baseline (no cooling), manual 

(pump activated every 60 minutes for 5 minutes), and 

automatic (pump activated when the panel temperature 

40°C or higher for 5 minutes). The PV panels were 

equipped with copper pipe cooling, an ESP32 

microcontroller, RS485 Modbus communication, and 

IoT monitoring using Blynk, and were tested outdoors 

from 08:00 to 16:00. Data collected from the PV (voltage, 

current, Pmax) was recorded every 5 minutes and 

analyzed. Our research results show that automatic 

cooling produces the highest temperature reduction 

compared to manual cooling. Automatic cooling 

increases daily PV production by 69.19%, which is 

equivalent to a 36.05% increase in clean energy. 

However, the net efficiency of manual cooling is much 

lower due to fixed-interval pump operation. Therefore, 

under clear sky conditions, the results show that an 

automatic cooling system with IoT enables better PV 

module performance by providing better thermal 

stabilization. However, considering that this study was 

only conducted for one day, further research under 

various weather conditions is needed to prove long-term 

reliability and consistency. 

 

Keywords: IoT-based cooling system, photovoltaic 

performance, solar panel efficiency, automatic pump 

control, thermal management. 

  
Creative Commons Attribution-NonCommercial-

ShareAlike 4.0 International License.  

I. INTRODUCTION 

Increased demand for electricity has become a 

major and important foundation in human life in the 

current era. In Indonesia, per capita electricity 

consumption reached 1,285 kWh in 2023[1]. The 

achievement of such growth demands urgent actions 

to reinforce energy sustainability in its source. When 

it comes to renewable energy potential, Indonesia has 

a vast amount of solar, hydro, and biomass reserves 

which are crucial for national energy self-

sufficiency[2]. In terms of the before-mentioned 

renewable energy sources, one is an obvious choice for 

Indonesia – solar energy. Because the country lies on 

the equatorial line, it can receive on average ±4.8 

kWh/m² per day of incoming solar radiation [3]. With 

very low operational carbon emissions, this type of 

energy resource is also valuable to the country because 

it is abundant, renewable, and environmentally 

friendly[4]. Therefore, the use of solar technologies 

like photovoltaic (PV) systems, solar thermal 

collectors, and integrated energy storage technologies, 

continues to be the focus of attention for people trying 

to achieve environmentally clean and sustainable 

energy[5]. 

In the literature, the use of solar energy 

technologies cited various applications in different 

activities. There are, for instance, solar powered dryers 

for processed marine products which can achieve and 

sustain drying temperatures of 48.13 °C during solar 

radiation can be utilized[6]. Other applications are 

portable solar systems for providing emergency power 

supply in post disaster[7]. There is also a solar power 

system to charge electric bicycles that is efficient and 

environmentally friendly[8]. The many uses of solar 
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energy in everyday life show how important it is in 

supporting human activities. 

The performance of photovoltaic (PV) solar panels 

is influenced by environmental factors, particularly 

temperature. High temperatures have been shown to 

decrease the efficiency and power output of solar 

panels.[9],[10]. Previous studies examining PV 

performance have shown that temperature has a 

significant impact[11][12][13]. To prevent a decline in 

electricity production in solar panel (PV) systems, 

regulating temperature and other factors that can cause 

overheating is essential. Wind around the panels 

allows for natural cooling, but most of the time, active 

cooling is also needed to keep the panel temperature 

stable[14][15][16]. 

According to previous studies, solar photovoltaic 

(PV) modules operate most efficiently at temperatures 

around 40 °C. When the panel temperature exceeds 

this optimal level, its performance begins to decline. 

Research has also shown that PV cooling systems 

using sprayed water provide better performance 

compared to those without active cooling. One study, 

which stabilized the panel temperature at 

approximately 40 °C, achieved an increase in power 

output of about 30.19%[17][18][19]. This finding 

suggests that thermal cooling systems should maintain 

a set-point temperature of 40 °C. Therefore, various 

cooling configurations have been developed to sustain 

such conditions, including water-spray systems with 

pump-based circulation and Peltier cooling 

mechanisms[20],[21]. Each system presents distinct 

advantages and drawbacks depending on its design 

and surrounding environmental factors.. 

The development of IoT systems with solar panels 

(PV) has simplified the process of configuring and 

monitoring these systems. With IoT connectivity, 

systems can communicate and send and receive data 

in real time.Furthermore, remote control of multiple 

actuators such as valves and pumps has also become 

possible[22]. Automatic control of brushless DC 

motors[23], smart logistics[24], livestock monitoring 

and tracking[25], automated disinfection systems[26], 

and urban parking management[27] are just a few 

documented examples of IoT applications in the 

literature. For solar PV systems, more advanced 

control and automation in solar PV system cooling 

thermal management can be achieved with IoT 

integration. With IoT, automatic cooling pumps are 

programmed to operate when solar panels reach 

critical cooling temperatures, thereby improving the 

thermal management process. IoT also has significant 

applications beyond solar energy, such as disaster 

monitoring and early warning systems. For example, 

community security sensors and mobile applications 

are integrated to monitor the Lapindo mudflow 

embankment[28][29]. 

Regardless, there has yet to be a thorough analysis 

of IoT-based automated cooling systems compared to 

manually controlled systems. Manual control, such as 

Scheduled Operated Pumps, is cheaper and simpler, 

but may miss most heating peaks and troughs. In 

contrast, IoT systems save on electricity but are costly 

to install. This argument is the justification for 

analysing the advantages and drawbacks, and the 

reality of the operational context, of fully automated 

and fully manual systems of cooling. 

Several previous studies examined the cooling of 

solar panels with water, within automated circulation 

systems, and using Peltier-based modules. A majority 

of research on this topic is scoped narrowly, focusing 

only on a single cooling method, and auxiliary power 

consumption and variation of solar irradiance, causing 

distortion to the performance assessments, is 

disregarded. Direct comparative assessments between 

manual and IoT-based systems under the same outdoor 

conditions are scarce. 

This is the reason the current research aims to 

address the manual and IoT-based automated cooling 

systems, with incorporated irradiance and pump 

energy expenditure values 

Due to the scope of the experiment being 

conducted within a single day, the results are meant to 

augment the body of work currently available on the 

topic without attempting to generalise ultra-long term 

results. 

II. METHOD 

A. Research Design. 

The focus of this research was to ascertain the success 

of IoT-based solar panel cooling systems through a 

comparative experiment. Under the same 

environmental settings, the following three 

operational modes were observed: 

1. Baseline (no cooling): the panel was PV and 

cooled only by natural convection. 

2. Manual IoT pump control: panel pump and 

solenoid valve turned on for 5 minutes every hour 

3. Automatic IoT pump control: the pump and 

solenoid valve were turned on for 5 minutes 

whenever the PV surface temperature 40°C or 

higher as posited by previous works[17]. 

 For each mode to be appropriately compared, every 

mode was conducted under the same outdoor settings 

and within the same operational mode (08:00 - 16:00 

WIB) on consecutive clear-sky days. The PV surface 

temperature, voltage, current, output power, net 

energy balance and other parameters were calculated 

every 5 minutes and sent to a Google Spreadsheet 

using the ESP32, knitted within the Blynk IoT 

Facility, for observation and live evaluation. 

B. Environmental Conditions and Irradiance 

Measurement 

The experiment was conducted outdoors for one day, 

from 08:00 to 16:00, ensuring that the photovoltaic 

(PV) module remained continuously exposed to 

natural sunlight during the entire test period.. 

Environmental factors that affect PV performance 

metrics such as irradiance, environmental temperature, 

and sky conditions were continuously measured 
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during the experiment to reduce environmental bias 

for the subsequent data evaluation. Solar irradiance 

(W/m²) was measured at 30-minute intervals using a 

digital solar power meter, while the surface 

temperature of the panel was continuously monitored 

in real time through an NTC sensor connected to an 

ESP32 microcontroller.. During all the tests, sky 

conditions (clear, partly cloudy, or cloudy) were 

observed and recorded to ensure uniform exposure 

between all test modes. These later supported data 

showing solar intensity, panel surface temperature, 

and maximum power (Pmax) to minimise difference 

in performance cooling effect while attributing 

variation to differences in irradiance.   

Additionally, the impacts of wind speed and humidity 

were omitted from the experiment's frames of 

reference; thus, the omitted data stands as a limitation 

for this single-day field experiment. 

C. Research Tools and Materials. 

The experiment setup included a photovoltaic panel of 

50 Wp, a DC water pump controllable via IoT, an 

ESP32 microcontroller, an NTC thermistor for 

measuring PV surface temperature, a charge 

controller, MODBUS RS485–TTL module, a relay 

module, a solenoid valve, and copper pipes mounted 

to the back side of the PV panel which acted as a 

coolant. The coolant was stored and distributed by 

means of a water tank and circulation pipes. Data 

acquisition and visualisation were performed through 

the Blynk IoT platform and Google Spreadsheet. 

D. System Design. 

The RS485 TTL and the NTC sensor were used to 

obtain photovoltaic parameters and retrieve data at the 

panel’s surface temperature respectively. In both 

cases, the ESP32 served as both the central controller 

and the source to retrieve the data. The operating mode 

determined the operating parameters to which the 

ESP32 activated the relay. In automatic mode, the 

pump, as well as the solenoid valve, would be 

activated when the panels exceeded the temperature 

40°C or higher, and in manual mode, the pump would 

receive 5 minutes of activation every 60 minutes.  

 

The overall architecture of the system is illustrated in 

Fig. 1. 

 

 
Figure 1. Block diagram of the IoT-based PV cooling 

system 

Referring to Fig 1, the ESP32 receives Vmp, Imp, 

Pmax, and temperature data from the MPPT over the 

RS485 module while the NTC records the 

instantaneous surface temperature. The ESP32 

controls the relay to activate the pump and solenoid 

valve while simultaneously sending designed data to 

the cloud. Upper layer monitoring is processed and 

sent to the platform for data logging and rest analysis. 

The detailed electrical configuration is presented in 

Fig. 2. 

 

Figure 2. Electrical circuit design 

The interactions between components of the system 

shown in Fig. 2 is illustrated using green arrows for 

power flow, blue arrows for water circulation, and 

purple arrows for data and control signals. This 

configuration maintains the system's neuromorphic 

and concurrent sensing, acting, and communicating 

capabilities. 

The physical prototype of the cooling mechanism is 

shown in Fig. 3. 

 

Figure 3. 3D prototype design of copper pipe cooling 

layout on PV panel 

As illustrated in Fig. 3, shows that the copper pipe is 

positioned in a counterflow arrangement to maximise 

the cooling of the PV surface and capture the heat on 

the PV surface. This configuration provides 

satisfactory cooling performance in both manual and 

automatic operation modes. 

E. Research Procedure. 

The experimental development is implemented 

through the use of a PV panel with a cooling system 

using copper pipe and the installation of ESP32 with 

an NTC sensor, RS-485 module, relay, pump, and 

solenoid valve. During the tests, the following modes 

were activated: baseline, manual, and automatic. The 

results were the registration of PV parameters and the 

study of panel temperature, which were sent to Google 

Spreadsheet every five minutes. The left side is 

automatic mode, where the ESP32 turns on the pump 
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and solenoid valve based on temperature (if the 

temperature 40°C or higher), which will run for 5 

minutes. On the right side is manual mode, where the 

pump and solenoid valve will run for 5 minutes every 

hour regardless of the panel temperature. 

F. Mathematical Formulation. 

The data from the test results can be analyzed using 

the following formulas 

1. PV power at each interval 

 𝑃𝑚𝑝(𝑡) =  𝑉𝑚𝑝(𝑡) 𝑥 𝐼𝑚𝑝(𝑡) 

 

(1) 

2. PV energy per interval 

 𝐸𝑝𝑣(𝑡) =  𝑃𝑚𝑝(𝑡) 𝑥 ∆𝑡ℎ (2) 

      With ∆𝑡ℎ =
300

3600
= 0,08333 hour 

 

3. Pump power 

 𝑃𝑝𝑢𝑚𝑝(𝑡) =  𝑉𝑝𝑢𝑚𝑝(𝑡) 𝑥 𝐼𝑝𝑢𝑚𝑝(𝑡) 

 

(3) 

4. Pump energy per interval 

 𝐸𝑝𝑢𝑚𝑝(𝑡) =  𝑃𝑝𝑢𝑚𝑝(𝑡) 𝑥 ∆𝑡ℎ 

 

(4) 

5. Daily PV and pump energy 

 

𝐸𝑝𝑣,𝑑𝑎𝑦
=  ∑ 𝐸𝑝𝑣(𝑡)

𝑡

 

(5) 

 

𝐸𝑝𝑢𝑚𝑝,𝑑𝑎𝑦
=  ∑ 𝐸𝑝𝑢𝑚𝑝(𝑡)

𝑡

 (6) 

6. Net daily energy 

 𝐸𝑛𝑒𝑡,𝑑𝑎𝑦
=  𝐸𝑝𝑣,𝑑𝑎𝑦

− 𝐸𝑝𝑢𝑚𝑝,𝑑𝑎𝑦
 

 

(7) 

7. Relative gain compared to baseline 

 
%𝐺𝑎𝑖𝑛 =  

𝐸𝑛𝑒𝑡,𝑑𝑎𝑦
(𝑚𝑜𝑑𝑒)

−  𝐸𝑛𝑒𝑡,𝑑𝑎𝑦
(𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)

𝐸𝑛𝑒𝑡,𝑑𝑎𝑦

(𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)  𝑥 100% 

 

(8) 

8. Average temperature reduction 

 ∆𝑇 = 𝑇𝑝𝑎𝑛𝑒𝑙
(𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)

− 𝑇𝑝𝑎𝑛𝑒𝑙
(𝑚𝑜𝑑𝑒)

 

 

(9) 

III. RESULTS AND DISCUSSION 

This study was conducted in three modes: baseline 

(without cooling), manual, and automatic. Data was 

recorded every five minutes and combined into a 30-

minute average to facilitate analysis. The data 

collected included PV surface temperature, voltage 

(Vmp), current (Imp), power (Pmax), and pump status. 

Table 1 below shows the results of solar radiation 

intensity during testing. The results show that solar 

radiation intensity always increases gradually and 

decreases gradually in the afternoon. This data is used 

as a reference to distinguish the effect of radiation 

intensity and panel temperature on PV power output, 

so that changes in Pmax are not misinterpreted as 

solely the result of cooling. 

 

Table 1 Irradiance & Sky Condition Data 

Time 
Irradiance 

(W/M2) 
Sky Condition 

08:00-08:30 850 Partly Cloudy 

08:30-09:00 865 Partly Cloudy 
09:00-09:30 940 Clear 

09:30-10:00 975 Very Clear 

10:00-10:30 890 Partly Cloudy 

10:30-11:00 905 Mostly Clear 

11:00-11:30 892 Partly Cloudy 

11:30-12:00 915 Mostly Clear 

12:00-12:30 895 Partly Cloudy 

12:30-13:00 902 Mostly Clear 
13:00-13:30 925 Mostly Clear 

13:30-14:00 720 Cloudy 

14:00-14:30 930 Clear 

14:30-15:00 935 Clear 
15:00-15:30 820 Partly Cloudy 

15:30-16:00 760 Cloudy 

 

Table 1 indicates that during the morning hours, 

solar irradiance was high, then it relatively increased 

to peak in the midday. Thereafter, the irradiance 

decreased in the afternoon. This demonstrates a clear 

daily pattern of solar radiation. The maximum values 

of irradiance observed were from 09:30 to 14:30 when 

the sky was also clear except at times when it was 

partly cloudy. The lowest irradiance values were 

recorded during the heavily cloudy periods. All 

variation in solar intensity has a direct impact on the 

electrical output of the PV panel in all four cooling 

scenarios. It is, therefore, important to refer to the 

irradiance pattern as shown in table 1 to assess the 

relationship between the panel temperature and Pmax 

in the three. To cancel out the impact of irradiance 

deviations, all weather-dependent tests were 

conducted on the analogous day, boilerplate irradiance 

levels of between 09:00 and 14:30, as weather 

remained relatively consistent during these hours. 

Thus, discrepancies in power and temperature 

discussed can be entirely imputed to thermal 

efficiency and not irradiance alteration. Sky conditions 

were also noted while taking measurements to confirm 

that similar conditions were constant in all aspects. 

Table 2 shows the PV performance without cooling. 
Table 2 PV performance in baseline mode 

Time 
Temp 
(C) 

Vmp 
(V) 

Imp 
(A) 

Pmax 
(W) 

Pump 
Status 

08:00-08:30 37.90 16.96 1.03 17.52 - 

08:30-09:00 39.46 16.75 1.08 18.12 - 

09:00-09:30 38.59 16.60 1.25 20.69 - 

09:30-10:00 37.74 16.57 1.23 20.35 - 

10:00-10:30 41.75 16.38 1.01 16.58 - 
10:30-11:00 53.04 15.75 1.08 16.99 - 

11:00-11:30 54.57 20.05 1.29 25.81 - 

11:30-12:00 55.32 19.84 1.38 27.45 - 
12:00-12:30 54.95 18.69 1.36 25.35 - 

12:30-13:00 54.54 14.19 1.27 17.97 - 

13:00-13:30 54.90 16.58 1.15 19.09 - 

13:30-14:00 55.12 13.70 1.01 13.89 - 

14:00-14:30 46.71 12.92 0.85 11.04 - 

14:30-15:00 38.54 12.87 0.63 8.17 - 

15:00-15:30 37.90 12.60 0.42 5.31 - 

15:30-16:00 37.51 12.50 0.58 7.30 - 
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 In baseline mode, the PV temperature increases 

during the day to exceed 55 °C. This increase in 

temperature results in a decrease in Pmax output. 

Since there is no cooling, this results in the lowest 

efficiency among all modes. 

Table 3 shows the PV performance results when the 

pump is scheduled to operate for five minutes every 

hour. 

Table 3 PV performance in manual cooling mode 

Time 
Temp 

(C) 

Vmp 

(V) 

Imp 

(A) 

Pmax 

(W) 

Pump 

Status 

08:00-08:30 36.87 17.05 1.41 23.99 ON  

08:30-09:00 40.25 16.80 1.51 25.29 OFF 

09:00-09:30 38.43 16.67 1.71 28.56 ON 

09:30-10:00 38.81 16.98 1.67 28.34 OFF 
10:00-10:30 39.87 16.83 1.73 29.10 ON 

10:30-11:00 42.01 16.66 1.74 29.00 OFF 

11:00-11:30 39.55 16.75 1.85 30.96 ON 

11:30-12:00 42.42 16.77 1.72 28.77 OFF 
12:00-12:30 40.54 16.94 1.62 27.42 ON 

12:30-13:00 40.43 17.01 1.63 27.76 OFF 

13:00-13:30 40.04 17.09 1.60 27.36 ON 

13:30-14:00 41.46 17.19 1.36 23.36 OFF 
14:00-14:30 40.55 17.19 1.14 19.51 ON 

14:30-15:00 39.46 17.67 0.99 17.41 OFF 

15:00-15:30 36.32 16.42 0.16 2.56 ON 

15:30-16:00 34.73 16.19 0.11 1.86 OFF 

 

 In manual mode, the pump successfully lowers the 

surface temperature compared to the baseline, with the 

average value remaining below 45 °C. As a result, 

Pmax output increases during the day. However, 

because the pump operates on a fixed schedule, energy 

is sometimes wasted. 

 Table 4 shows the PV performance results when 

the pump operates for 5 minutes when the temperature 

exceeds 40 °C. 

 
Table 4 PV performance in automatic cooling mode 

Time 
Temp 
(C) 

Vmp 
(V) 

Imp 
(A) 

Pmax 
(W) 

Pump 
Status 

08:00-08:30 38.02 16.93 1.46 24.75 OFF 
08:30-09:00 35.65 16.81 1.77 29.70 ON 2X 

09:00-09:30 35.64 16.63 2.03 33.77 ON 1X 

09:30-10:00 35.88 16.56 2.11 34.98 ON 2X 

10:00-10:30 36.34 16.49 2.10 34.63 ON 3X 
10:30-11:00 36.68 16.61 1.98 32.96 ON 2X 

11:00-11:30 37.51 16.71 1.86 31.13 ON 2X 

11:30-12:00 38.09 16.99 1.90 32.20 ON 2X 

12:00-12:30 37.72 19.92 1.90 32.16 ON 1X 
12:30-13:00 37.83 16.79 1.87 31.41 ON 2X 

13:00-13:30 39.26 17.09 1.73 29.53 OFF 

13:30-14:00 39.14 17.21 1.54 26.53 OFF 
14:00-14:30 38.23 17.21 1.56 26.88 ON 1X 

14:30-15:00 38.48 16.80 1.55 31.57 OFF 

15:00-15:30 37.92 17.26 1.46 25.18 OFF 

15:30-16:00 34.76 15.89 0.13 2.13 OFF 

 

 The automatic mode showed the most effective 

temperature control, with average panel temperatures 

maintained around 37–39 °C. Pmax consistently 

reached higher values than both baseline and manual 

modes, especially during midday. Even though the 

pump activated multiple times per interval, energy use 

was more efficient as activation was based on real-

time thermal conditions. 

 The average temperature reduction was calculated 

using equation (8) 

Where 𝑇𝑝𝑎𝑛𝑒𝑙
(𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)

 is the average PV surface 

temperature in baseline mode, and 𝑇𝑝𝑎𝑛𝑒𝑙
(𝑚𝑜𝑑𝑒)

 is the 

average temperature under manual or automatic 

cooling operation. The results are presented in Table 

5. 

Table 5 Average temperature reduction in each mode 

Mode Avg Temp (°C) 
ΔTavg  vs Baseline 

(°C) 

Baseline 46.16 - 

Manual 39.48 6.68 
Automatic 37.32 8.84 

The results confirm that manual cooling reduced panel 

temperature by 6.68 °C, while automatic cooling 

achieved an even greater reduction of 8.84 °C. This 

highlights the advantage of adaptive cooling control. 

Using equations (1)–(2), the daily PV energy output 

was calculated. 

Table 6 PV energy output comparison 

Mode 
Daily PV Energy 

(Wh) 

Relative Gain vs 

Baseline (%) 

Baseline 135.81 - 

Manual 185.62 36.68  
Automatic 229.77 69.19 

Manual cooling increased daily energy by 36.68% 

relative to baseline, while automatic cooling achieved 

the highest improvement at 69.19%. 

Using equations (3)–(7), the pump consumption and 

net daily PV energy were determined. 

Table 7 Pump consumption and net PV energy 

Mode 
Pump 

Energy (Wh) 

Net PV 

Energy (Wh) 

Relative 

Gain vs 

Baseline 
(%) 

Baseline - 135.81 - 
Manual 17.50 168.12 23.79 

Automatic 45 184.78 36.05 

 

 Automatic operation uses more energy from the 

pump than manual settings, but still provides the 

greatest clean energy benefits thanks to much more 

effective temperature control. The lowest net output 

occurs in basic mode. As a result, the smallest increase 

in net output occurs in manual cooling, as expected.  

For this article, the energy collected minus the energy 

used to pump water defines energy efficiency. 

Automatic mode still uses more pump energy, but is 

considered more efficient in terms of clean energy 

output. To visualize the effect of the cooling strategies, 

the results were plotted in separate graphs for PV 

surface temperature and maximum power output. 
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Figure 4 PV Surface Temperature  

As shown in Figure 4, the basic mode displays a 

temperature increase exceeding 55 °C at midday. 

Manual cooling lowers the temperature curve by 

several degrees, while automatic cooling consistently 

maintains the lowest temperature. This proves that the 

automatic mode provides more effective temperature 

control during the test period. 

 

 
Figure 5 PV Maximum Power (Pmax)  

Figure 5 illustrates the changes in Pmax over the 

day. The panel in the baseline mode demonstrated 

decreased output during hours of high temperatures. 

The manual cooling provided some improvement 

during the same period. Automatic cooling always 

demonstrated the highest panel output, especially 

around midday. It indicates its superior ability to 

stabilize the panel efficiency under variable irradiation 

and temperatures.  

The Pmax pattern generally followed the 

irradiance one. The automatic cooling implementation 

still yielded higher output within similar intervals 

under the same irradiance conditions. This indicates 

that temperature control is more important in our 

research than irradiance stabilization. 

In real-life implementation, some technical 

features should be mentioned. Continuous water 

cycling may result in the appearance of minerals on 

the panel’s surface if non-pure water is used. In the 

long run, it can reduce light transmission slightly. The 

copper pipes involved should be monitored for the 

lack of oxygen in the water. Dust and the cooling 

system’s weight also can add some load to the PV 

structure; however, these aspects were not studied as 

they are better evaluated in longer terms and should be 

studied in the future as part of the next phases of our 

project. 

IV. CONCLUSION 

Under the clear-sky environment, this research 

underscored the effectiveness of IoT-based cooling 

techniques on photovoltaic (PV) performance 

compared to the baseline and manual modes. The 

automatic pump mode is capable of decreasing the 

average panel temperature by 8.84 °C, which, in turn, 

leads to the enhanced daily energy yield in PVs by 

69.19% along with the net energy gain of 36.05% with 

respect to the baseline. The manual cooling system 

also yields an increase in the PV daily energy yield, 

though the net efficiency is lower due to the fixed-

interval of the system.bIoT with photovoltaic (PV) 

systems is aided by efficient algorithms which 

increase the net energy gain of the system on 

controlled parameters through responsive thermal IoT 

systems and log of energy yield on a daily scale. Even 

though the current observations were limited to a one-

day experiment, other multi-day solar data sets and 

adverse weather parameters would set the system for 

environmental adaptability, long-term reliability, and 

performance consistency. 
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