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Power output performance. The experimental system includes a fully automated
Solar meter photovoltaic panel, a microcontroller (NodeMCU8266), a DC pump, voltage
Temperature sensor and temperature sensors. The experiment was carried out with and without
Voltage sensor cooling of the PV panel. The findings suggest that keeping PV panel

temperatures close to ambient temperatures improves performance. The
Wi-Fi module collects real-time data on PV panel temperature, irradiation,
ambient temperature, water temperature, and PV panel power output.
The collected data was analyzed using machine learning. The PV panel’s
performance was analyzed using the linear regression method.
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1. INTRODUCTION

The need for energy supply for industrial, commercial, and residential applications is increasing due
to economic growth, facility expansion, and infrastructure develop-ment. As a result, solar energy could
continuously meet all of the world’s energy needs, both present and future. Because of this, it is considered
one of the most promising sources of unconventional energy [1]. Solar cells, also known as solar photovoltaic (PV)
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systems, are apparatuses that transform photons in sun rays into electrical energy. PV solar technology is a
related field. The conventional silicon solar cell is made up of a thin wafer with a thicker layer of silicon
doped with boron (p-type) on top of silicon doped with phosphorus (n-type). An electrical field is created
where these two materials in contact form a p-n junction near the top surface of the solar cell. When sunlight
hits the semiconductor surface, an electron emerges and is pulled to the n-type material. It will increase the
quantity of electricity that can flow through n-type semiconductors and the amount of positives in p-type
semiconductors. The term PV effect refers to this. Numerous factors may impact the effectiveness of solar
PV systems, including filthy solar panels, cloud cover, sun intensity, relative humidity, and heat
accumulation on the solar PV cell [2]. When a PV panel absorbs solar radiation, the temperature rises, Which
reduces the energy production efficiency of PV cells. Under standard test conditions (STC), the efficiency of
solar PV panels sold today ranges from 13% to 20%. The solar PV panel’s operating temperature and the
sunlight it receives impact how much energy is produced. As the temperature rises, the electrical efficiency
of the cells declines. Standard flat panel PV modules’ electrical output can be increased with cooling because
it prevents the PV cells from heating up to a point where irreparable damage occurs. Passive and active
cooling systems are the two categories into which the cooling systems have been divided. The active cooling
system requires external electricity to operate the system’s cooling mechanism. However, the passive cooling
system doesn’t require [3]. With reference to literature review it observed that the incident of solar radiation
on PV panel raises the temperature of solar cells which effect degradation of performance. Active water-
cooling technique is more significant. The present research on. To developed fully automatics system to
maintain PV panel temperature nearer to ambient temperature, to check the performance of PV module with
and without cooling and analyze that data using machine learning technique. The work involves constructing
microcontroller internet of things (1oT) based water sprinkler cooling systems using temperature detection
relay mechanisms, improving the performance of PV panels through active cooling approaches, and
analyzing them using machine learning techniques.

In the present research work introduction section deals with summary of research conducted, in
literature review section deals with various cooling methods were used to improve the performance of PV
panel. In experimental methodology section gives brief description about specification of components
required for experimentation and the complete procedure to conduct experimentation. In results and
discussion section deals with using experimental data analyzed performance of PV panel and conclusion
section gives the output of research for the usage of innovative technique percentage of electrical efficiency
improved.

2. LITERATURE REVIEW

Laseinde and Ramere [4] focused on applying automatic water spray systems, which efficiently
close the gap that solar panels in hot climates experience. Beginning with an Arduino board, solar panels, and
other components in microcontroller-based thermal management of PV panel cooling control using a water
spray system, performance was found to be improved. This work used a thermal control feedback system to
build and create a solar collector cooling algorithm, boosting the solar panel array’s efficiency by 16.65%.
Rodriguez-Gomez et al. [5] discussed that installing solar panels for power generation in urban areas using
open-source software to guide decision-making over prospective optimum locations is simpler. It also
includes information from the light detection and ranging (LiDAR) images used to create height models of
urban objects, as well as data from the meteorological department, such as temperature, radiation, and
precipitation values.

The totals six main phases explain of the cross-industry process for data mining (CRISP-DM)
approach of data mining projects are depicted in Figure 1. It helpful to developed software such as collection
of data, process, modelling, and evaluation a modelling process explain briefly. Elias et al. [6] conducted
experimentation to examine and assess the performance of four solar cooling systems. The mechanism
developed a ground-mounted solar PV system for reducing temperature. According to this study’s findings,
cooling out of four technologies has been established, and active cooling systems work better overall than
passive cooling systems installed with lower temperatures of up to 11.1%, increasing electrical power output
by 4.9%.

Chuluunsaikhan et al. [7] discussed the environmental factors that affect PV panel power output,
including weather, air pollution, humidity, moisture, and others. Six different machine learning techniques,
including linear regression, k-nearest neighbour (KNN), gradient boosting (GB), support vector regression
(SVR), random forest (RF), and multilayer perceptron (MLP), were used in this investigation. And the results
showed that all models had the best accuracy, around 95%. Top linked traits and the weather have produced
comparable positive results. Leary [8] conducted a study which specifically focused on PV cooling with an
aluminum heat sink, incorporated heat pipes, heat pipe and heat sink cooling in tandem, and active cooling
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using water. The findings show that active water cooling is the most effective and should be employed.
Active water cooling is frequently impractical, though. Thus, a consistent supply of cold water is required in
chilly locations. To balance the pump’s minimal power usage, cooling must be substantial. In many
circumstances, cooling is demonstrated to be most feasible with embedded heat pipes and a medium-sized
aluminum heat sink. This approach makes the most sense in desert environments with limited water supplies
and strong winds. Choosing the appropriate PV cooling depends on various environmental factors, as is true
for most technical decisions. Rakino et al. [9] it is dis-cussed those numerous researchers have tried to
increase the effectiveness of cooling systems for solar panels. A passive cooling mechanism slightly lowers
the surface temperature. Yet, it boosts effectiveness. This study suggests combining heat-sink and water-
cooling technologies to increase the manufacturing performance of solar panels. The proposed system
outperforms the other compared systems, according to experiments. Compared to a standard solar panel, a
solar panel with a heat sink, and a solar panel with water, it decreases the average surface temperature by
12.66%, 10.13%, and 8.96%, respectively. The suggested method’s output voltage is 21.49%, 4.66%, and
8.34% higher than the alternatives. The proposed cooled panel outperforms the conventional solar panel by
47.71%. Nasir et al. [10] water sprinkled on PV panel by force convection the degradation of PV temperature
open circuit voltage was increased by 9%.

Phases
Data Mining Process

Busmess Data Data Mod elling Evaluatlon Deplovment
understanding understanding preparation

Determine business  Collect initial data Select data Select modelling Evaluate results Use models in
objectives Describe data Clean data technique concerning data software tools
Determine data Explore data Construct data Generate test design  mining goals Incorporate new
mining goals Verify data quality  Integrate data Build model Approve models knowledge in business
Assess situation Format data parameter setting  Determine next Monitering plan
Produce project plan Assess model iterations Produce reports

Figure 1. Outline of the CRISP-DM approach [5]

Pujotomo and Diantari [11] discuss the issues occurring in PV panels due to increases in the
temperature of PV module. The re-search aimed to maintain the PV panel performance while minimizing the
solar panel’s temperature. The characteristics of the PV surface temperature, whether there are problems with
the process of adjusting the surface temperature of the PV solar energy generator, are addressed in this
research. Due to the temperature increase, a decrease in the voltage value but an increase and stability in the
current value following an increase in temperature. As a result, the value of the output solar panel power will
only reach its peak when the temperature is between 32°C and 50°C, more or lower than expected.
Underestimate his force in the procession of the temperature rise brought on by an increase in solar intensity
maximum power output at 11:00 on June 14, 2017, trial day.

Indugowda [12] thermal deterioration is the term used to describe the decline in a solar module’s
working surface temperature. The heat stored during the PV cell operation can be reduced by cooling the
module. Crystalline silicon currently yields between 15% and 16%, and some studies predict that, under
laboratory settings, it will eventually reach a limit of around 25%. Solar panel testing procedures in
laboratories typically involve irradiation of 1,000 W/m? and a temperature of 25°C. When a PV module is
overheated, its output power performance decreases by 0.4-0.5% in steps 1°C above its normal test condition.
Thus, the concept of cooling off PV has taken on significant relevance. Milind et al. [13] the water flow over
the surface of PV panel which degradation of temperature and improvement of electrical efficiency of PV
panel. The comparison between PV panel cooling using natural and force convection shown in the research,
it observed that force convection cooling reduced maximum temperature [14]. Ahmed and Mohammed [15]
deposition of dust on PV panel with degradation of efficiency. Haurant et al. [16], Dimri et al. [17]
enhancement of PV panel efficiency using coolant such as water, air and nanoparticles mix with water.
Salih et al. [18], Luo et al. [19] heat sink as extended area for more dissipation of heat with air as coolant
used to improve the electrical efficiency of PV panel [18], [19].

Emam et al. [20], Khanna et al. [21] the PV panel equipped with phase change materials which
enhancement of performance. Kalogirou and Tripanagnostopoulos [22], Rabie et al. [23] with degradation of
PV panel temperature the research shown that with increased in 1°C temperature, electrical efficiency
decreased by 0.5%. Abolzadeh and Ameri [24], Nizeti¢ et al. [25] PV panel cooling using water spray on
front surface gives significant results. Jakhar et al. [26] water used as coolant to cool PV back side for the
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enhancement of performance. Vartak et al. [27] numerical analysis was done using CFD software of absorber
tube to analyze the charging and discharging of phase change material (PCM). Wabhile et al. [28] phase
change materials were used for energy storage applications like, waste heat recovery from PV panel, internal
combustion engine, condenser, and radiator.

3. EXPERIMENTAL METHOD

The experimental set-up photograph shown in Figure 2 consists of measuring instru-ments like pipes
and sensors mounted on the panel. The experiment was performed for two days, from 23 and 24" February
2023. The testing set-up was kept at an angle of 20° with the help of a stand and facing south, as shown in
Figure 3. The measurement devices were temperature sensors (DS18b20), current sensors (ACS712), voltage
sensors (Al0315) and solar power metres (KM-SPM-11) for the measurement of PV panel temperature,
voltage, current, and surrounding solar radiation, respectively describe in Table 1. The Figure 4 shows
voltage sensor (Al0315). The experimental set-up consists of an automated water spraying system that was
conceived and developed to keep the minimum temperature of the PV panel using a combination of hardware
components like microcontroller ESP-32, temperature sensor, relay module, DC pump and adafruit input-
output (10) software the complete set up mounted on pcb circuit shown in Figure 5. Monitoring the PV panel
efficiency throughout the day while taking factors of the solar panel like current, voltage, temperature, and
solar irradiance in measurement. The Figure 6 shows solar power meter (KM-SPM-11) respectively.

Water sprinkler
cooling system.

Temperature sensor
ds18b20. =

Polycrystalline PV
Panel.

— Drain pipe.

Figure 2. Actual photograph of the experimental Figure 3. CAD model of Figure 4. Voltage sensor
setup stand (Al0315)

Voltage regulator

LM2596
PV panel “‘_4—' — Battery pack
O/P in Volt(V) \
— ESP-32
Relay —
Figure 5. Circuit diagram Figure 6. Solar power meter (KM-SPM-11)
Table 1. Detail specifications of the instruments/measurement devices used
Items Model Descriptions
Solar panel Polycrystalline Capacity: 60-Watt, voltage: 20 V, current: 3 A
Microcontroller ESP 32 Operating voltage: 3.3 V; operating current; 80 mA
Total pins: 38 Nos
Temperature sensor ~ DS18b20 Operating voltage: 5 V; temperature range: -55 to 145 °C
Relay module 5V single channel relay Operating voltage: 5 V
DC pump Micro submersible pump  Operating voltage: 5 V; flow rate: 80-120 L/h
Maximum lift: 40-110 mm
Current sensor ACS712 Operating voltage: 5 V; sensor output: analog
Voltage regulator IC  LM25796T Operating voltage: 5 V; input voltage: Up to 40 V
Voltage sensor Al0315 Operating voltage: 5 V; voltage detection range: Up to 25 V
Solar power meter KM-SPM-11 Measuring range: 1,999 w/m?
Battery ICR-18650 25 C Nominal voltage: 3.7 V; nominal capacity: 2,500 mAh
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The temperature sensors were used to monitor the PV panel’s temperature. The algorithm sets the
maximum and minimum temperatures of the PV panel to activate and deactivate the DC pump for cooling
the PV panel. The set maximum temperature of 45°C begins cooling the PV panel by activating the
submersible pump and water sprinkler system. The system is connected to Adafruit 10T software, where the
live real-time data of the PV panel in terms of temperature and voltage gets fed continuously every 8
minutes. Temperature measuring equipment was used to double-check the solar panel’s temperature
(Thermogun). A solar power metre is a device used to measure solar irradiance. A digital multi-meter, a
testing instrument that measures current in amps, voltage in volts, and resistance in ohms, is used in this
project. Table 1 shown detail specification of measuring instrument used in experimentation.

4. RESULTS AND DISCUSSIONS

The performance of PV panel without and with cooling compared in outdoor conditions for two
days. The experiments were performed from 10:00 am to 4:30 pm for two days. Without a cooling system,
the PV panel’s temperature and voltage readings were collected on day one. The results of the PV panel
temperature against the time of day were plotted. Figure 7 shows the temperature readings fluctuating
throughout the day. Figure 8 shows variation in solar irradiation with time in a full day. However,
a noticeable peak occurred in the time interval of 11:30 am-11:47 am. It is deemed that these peaks are
contributed by the high solar irradiance, due to which the PV panel temperature rises quickly.
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Figure 7. Variation in temperature of PV panel Figure 8. Variation in solar radiation with time (without
with time (without cooling) cooling)

Figure 9 shows the variation in the output voltage of the PV panel concerning time without a cooling
system. It observed that output voltage decreased with the increased temperature of the PV panel. According
to the experimental findings, the PV panel temperature was 63.75°C and its output voltage was 19.03 V.
Figure 10 shows the variation in the temperature and output voltage of the PV panel concerning time without
a cooling system. It observed that with increasing temperature output voltage decreased. Figure 11 illustrates
variation in temperature of PV panel with respect to time for PV panel with cooling system. It has been noted
that as the PV panel temperature approaches ambient temperature, the output voltage increases.

Data from a PV panel’s first day of operation without a cooling system was analyzed, and the
observation from data was observed that the PV panel showed its maximum output in the range between
45°C to 54°C. The water cool system is used to maintain the PV panel comfort temperature, which results in
increased efficiency. In Figure 12, it was observed that when the solar panel cooling process was applied, the
PV panel’s temperature was set to be maintained at 44°C, given its maximum voltage of 19.80 V.
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Figure 9. Variation in voltage of PV panel with time (without cooling)
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Figure 12. Variation in voltage of PV panel with time (with cooling)

Figures 13 and 14 shows a comparison between without and with cooling methods of PV panel with
time, temperature, and voltage. It observed that the PV panel temperature rose during experimentation, which
negatively impacted its output voltage. The water cool system is used to maintain the PV panel comfort
temperature, which results in increased efficiency. The results observed that without cooling PV panel
temperature reached 65°C with an output voltage of 19.03 V. With cooling PV panel temperature reached
44°C with an output voltage of 19.80 V. Fluctuation was observed in the voltage when the cooling system
was not provided and constant voltage when cooling system was applied. It observed that with a cooling
system, the panels produce higher output. It provides a dust-free environment for the panels to operate.

The study’s use of a water-cooling system helped it achieve its goal of lowering the solar panels’ overall
temperature.
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5. MACHINE LEARNING MODEL

In current research work, supervised machine learning, linear regression has been implemented in
this prediction model. The experimental dataset was inserted in the algorithm as a CSV file. Split up the same
dataset into train and test data sets in the ratio of 80:20 proportions. The dataset model must be trained in
Jupiter’s notebook. Input data collected from the PV panel regarding surface temperature in degrees Celsius.
It shows predicted output of Volt (V) concerning PV panel surface temperature. The process flow chart of the
execution of the machine learning algorithm is shown in Figure 15.

The observed dataset was analyzed using linear regression, and the graphs were plot-ted. Figure 16
shows that the regression line’s slope was negative for the parameters of the PV panel without cooling
systems and that the dependent variable (Y) and the independent variable (X) have a negative relationship.
As the temperature rises, PV panel production declines. The process uses a statistical approach and machine
learning algorithm, which works by analyzing the historical and current data given by user input and
predicting the future outcomes related to it.

In Figure 17, the dataset of PV panel without a cooling system has been assigned to a machine
learning algorithm, and the user input temperature was 58°C, and the predicted voltage is 19.51 V. Figure 18
shows that a zero-regression graph with a constant horizontal line without any slope lies on it, and all the
predicted data points lie on it. The PV panel output has been preserved by employing the active cooling
technique, and there is no variation in the predicted value, i.e., voltage. In Figure 19, the dataset of the PV
panel with the cooling system has been assigned to a machine learning algorithm, the user input temperature
was 58°C, and the predicted voltage is 19.8 V. At the same user-input temperature, it has been found that the
maximum voltage of solar panels was predicted with cooling systems compared to the predicted voltage
without cooling systems.
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Figure 15. Machine learning algorithm flow chart
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In [21): from sklearn.linear_model import LinearRegression
from sklearn.model_selection import train_test_split
from sklearn.metrics import r2_score
X = df[['Temperature(“C) without cooling']]

y = df['Volt(V) without cooling']
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=8.2, random_state=42)
model = LinearRegression()
model.fit(X_train, y_train)
print('Intercept:’, model.intercept )
print('Coefficient:’', model.coef )
y_pred = model.predict(X_test)

r2 = r2_score(y_test, y_pred)
print(“R-Squared Score:", r2)
new_temp = [[58]])

predicted_y = model.predict(new_temp)
print('Predicted Volt:', predicted_y)

Intercept: 21.589363934887825
Coefficient: [-0.93584329)]
R-Squared Score: 9.7157273562085056
Predicted volt: [19.51018585)

C:\Users\nihar\anaconda3\lib\site-packages\sklearn\base.py:458: UserWarning: X does not have valid feature names, but LinearReg
ression was fitted with feature names
warnings.warn(

Figure 17. Prediction model for without cooling of PV panel
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Figure 18. Variation in voltage with temperature of PV panel (with cooling)
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In [5]: from sklearn.linear_model import LinearRegression
from sklearn.model _selection import train_test_split

ling']]
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=8.2, random_statesd2)
model = LinearRegression()
model . fit(X_train, y_train)
pr ercept:’', model.intercept )
Coefficient:’, model.coef )
model.predict(X_test)
r2 = r2_score(y_test, y_pred)
print(“R-Squared Score:*, r2)
new_temp = [[58]]
predicted_y = model.predict(new_temp)
print(‘Predicted Volt:', predicted_y)

t: 19.799999999959997
ient: [2.60427605¢-31)
R-Squared Score: 0.8
Predicted Volt: [19.8)

C:\Users\nihar\anaconda3\lib\site-packages\sklearn\base.py:450: UserWarning: X does not have valid feature names, but LinearReg
ression was fitted with feature names
warnings.warn(

Figure 19. Prediction model for with cooling of PV panel

6. CONCLUSION

The PV panel with and without cooling was tested experimentally using a machine learning model.
It has been designed and developed in the present research. The research on the water sprinkler forced
convection cooling towards PV solar cells. It observed that with increased temperature of PV panel output
voltage decreases. The conclusions of the present research work can be summarized as follows. When the
photovoltaic panel was tested with and without cooling system. It observed that the output of PV panel was
higher than without cooling. The experimental findings observed that when the cooling system was applied,
the temperature of the PV panel was set to be maintained at 44°C, given its maximum voltage of 19.80 V.
The machine learning model for PV panel with cooling has been observed as a zero-regression graph with a
constant horizontal line without any slope, and all the predicted data points lie on it. As the temperature
dropped, the PV panel output rose. According to the experimental findings, the PV panel without cooling the
temperature was 63.75°C, and the output voltage was 19.03 V. The machine learning model for PV panel
without cooling shows that the slope of the regression line is downward; this causes PV panels to produce
less energy as the temperature rises. The research improves efficiency and provides a dust-free environment
for the panels to operate at their maximum capacity.
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