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Abstract:  Energy that can be obtained from natural resources and constantly replenished by nature is called
“renewable energy”. To harness solar energy and convert it into electricity, a device known as a
solar panel is utilized. However, solar panels encounter certain drawbacks, including reduced
efficiency as the panel temperature rises and the partial absorption of sunlight due to its reflection
by the top glass layer. This study aims to optimize solar panel efficiency by innovatively
integrating a cooling system with water treatments and an aluminum foil reflector to enhance
energy output. The study focused on a 700 mm x 510 mm x 30 mm monocrystalline solar panel.
Initial efficiency improved significantly after implementing the cooling and reflector system.
Based on measurement data, incorporating the reflector, revealed an average temperature of
61.3°C and solar radiation of 871.10 W/m?. The cooling duration of 40.64 seconds was achieved
with a water pump flow rate of 0.29 It/s. Notably, the combined approach yielded substantial
efficiency enhancements, with the solar panel reaching peak efficiency levels of 10.36%.
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1. INTRODUCTION

Solar panels are equipment capable of transforming solar energy into electrical energy [1]. However,
solar panels have a drawback, which is relatively low efficiency [2]. Typically, monocrystalline solar
panels have an efficiency of 16-18% [3]. For every increase in temperature on the solar panel, the
efficiency decreases by 0.38% [4]. Several factors can affect the decrease in power output from solar
panels, including dust and shading on the solar panels, light reflection, orientation, weather conditions,
and temperature [5]. The efficiency of solar panels can be negatively affected by two temperature
factors: The solar panel's temperature and the surrounding ambient temperature [6].

According to Ref. [7], cooling solar panels using water treatment methods is effective. The cooling
process uses an on/off system, where the pump is activated when the solar panel reaches its maximum
temperature. By implementing this process, the power consumed by the pump can be minimized.
Additionally, [8,9] state that water treatment methods can increase solar panel efficiency by up to 47%.
However, the radiation produced by the sun also affects the efficiency results [10]. The higher the
radiation value generated by the sun, the more optimally the surface of the solar panel can function [11].
According to the research [12], employing mirror reflectors on both sides of the solar panel can result
in a 24% increase in efficiency. Furthermore, mirror reflectors enhance efficiency while minimizing
costs as much as possible [13,14].

This research aims to optimize solar panel efficiency by combining the water treatment cooling method
and reflectors to achieve optimum efficiency. Additionally, the water treatment system in this research
considers the pump's power consumption to ensure that the power used by the pump does not exceed a
specific limit. Both systems are used because the combination of reflectors and water treatment methods
can increase solar panel efficiency. By utilizing these two factors, the issues that can cause a decrease
in solar panel efficiency can be addressed effectively.

In this research, temperature and light reflection are the main parameters that impact solar panel
efficiency. To improve the efficiency of the solar panel, which can be negatively affected by light
reflection and temperature, the reflected sunlight from the panel is redirected using an aluminum foil
reflector. In order to improve the efficiency of the solar panel, which can be negatively impacted by
light reflection and temperature, the reflected sunlight from the panel is redirected using an aluminum
foil reflector In order to improve the efficiency of the solar panel, which can be negatively impacted by
light reflection and temperature, the reflected sunlight from the panel is redirected using an aluminum
foil reflector [12]. However, the efficiency is enhanced by implementing the water treatment method to
mitigate the impact of temperature on the solar panel. This method involves cooling the solar panel by
circulating water over its surface.

2. METHODOLOGY

This research aims to explore solar panel systems comprehensively, encompassing the design of a
sunlight absorption-enhancing system and the incorporation of a cooling mechanism through water
treatments tailored explicitly for monocrystalline panels. The objective is to elevate the efficiency of
these panels. This research also considers the temperature difference of solar panels before and after the
application of the cooling system. This research also evaluates the comparison of solar energy absorption
by panels before and after the installation of reflectors. Lastly, the project intends to compare the
efficiency of solar panels before and after the implementation of the cooling system with water
treatments and the use of reflectors.

117



® o

Determine the solar PG G Calculate the efficiency without D 1D efﬁmenlcy beforg s
after the reflector with and without

mponents for
panel to be used components reflector before cooling system F
cooling system

cooling system
Collect data radiation g
Slelneclerecion Calculate the efficiency without

with and without s
reflector 9

l

Calculate the efficiency

reflector after cooling system

value without water 3D Design using - )
SolidWorks Calculate the efficiency with

treatment reflector before cooling system
Make a cooling rate Real implementation
model from SolidWorks Calculate the efficiency with
reflector after cooling system

® ©

Figure 1. Research methodology

To achieve the objectives of this research, several stages are conducted, as shown in Fig. 1, with the
following explanations:

1) The type of solar panel is determined before the research begins. This is necessary because the
temperature effect on solar panels varies. In this research, monocrystalline solar panels are used.

2) Radiation data without a reflector and with a reflector is collected for one week each. The average
radiation without a reflector and radiation with a reflector is used to create a sunlight simulator using
halogen lamps.

3) The fill factor and efficiency are calculated. By collecting radiation and temperature data, the simulation
efficiency of the solar panel is determined. The calculated fill factor and efficiency values are obtained
without any treatment.

4) The cooling rate model calculates the required duration for the solar panel cooling process.

5) The components and specifications needed for the cooling process are determined to minimize the power
consumption generated by the solar panel. This allows for an increase in the efficiency of the solar panel.
The components can be determined after obtaining the cooling rate model calculations.

6) The appropriate reflector angle is determined based on the direction of incoming sunlight.

7) The cooling system and reflector placement are designed using SolidWorks to facilitate installation.

8) The system is created according to the 3D design previously made on SolidWorks.

9) The fill factor and efficiency of the solar panel system without a reflector and cooler are measured after
the heating process using a halogen simulator, and the maximum temperature is reached.

10) The fill factor and efficiency of the system with the solar panel placed in a water tank without a reflector
and the system with the solar panel without a reflector flowing with water are measured after the heating
process, reaching the maximum temperature, and the cooling process is performed.

11) The fill factor and efficiency of the solar panel system with a reflector and without a cooler are
measured after the heating process using a halogen simulator, and the maximum temperature is reached.
12) The fill factor and efficiency of the system with the solar panel and reflector placed in a water tank and
the system with the solar panel and reflector flowing with water are measured after the heating process,
reaching the maximum temperature, and the cooling process is performed.

13) The efficiency of the method without a reflector and a cooler, the method without a reflector with water
treatments, the method with a reflector without a cooler, and the method with a reflector using water
treatments is analyzed to determine the best solar panel efficiency among all the methods conducted.
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The solar panel used in the research conducted at 6°719'51.5"S 107°07'52.8"E is a monocrystalline solar
panel measuring 700 mm x 510 mm x 30 mm.

2.1. Solar Panel

Monocrystalline solar panels can be used for 25 to 30 years [15]. Additionally, monocrystalline solar
panels perform more efficiently at higher temperatures than polycrystalline solar panels [16]. Therefore,
monocrystalline solar panels were used in this research due to their higher efficiency than polycrystalline
panels, as shown in Fig. 2.

Figure 2. Monocrystalline solar panel type SP-50-M36.

Polycrystalline solar panels typically exhibit efficiency levels ranging from 13% to 16%, whereas
monocrystalline solar panels generally offer efficiency levels ranging from 16% to 18% [3,17,18]. Fig.
3 shows the graph of the efficiency of solar panels type.
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Figure 3. Efficiency chart based on types of solar cells after Ref. [19].

2.2. Reflector

One of these issues of solar panel efficiency is the reflective nature of the solar cell's glass cover, which
reflects sunlight, preventing the radiation from being absorbed by the solar cell [20]. To address this,
reflectors can be utilized. Two materials can be used as reflectors for solar panels: Mirrors and
Aluminum foil [21]. Mirror reflectors have a reflectivity rate of up to 99%. However, if mirror reflectors
are used, there are some disadvantages associated with mirrors, such as their high cost. Aluminum foil
reflectors have a lower reflectivity rate than mirrors, which is 88% [22]. However, aluminum foil is

cheaper compared to mirrors. With a thickness of 0.3 um, aluminum foil is also lighter in weight than
mirrors.
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From Fig. 4, a reflector is added to capture more light so that the rays reflected by the mirror can be
received by the solar cells on the solar panel [23].

2.3. Fill Factor and Efficiency

The fill factor is a variable needed to determine the magnitude of efficiency in a solar panel. The fill
factor indicates the quality of the solar panel [24]. The fill factor equation can be expressed as Eq. (1).

_ VI
Fill Factor = =™ )

oc "sc

Vmp = voltage reached when maximum power is obtained (V)
Imp = current reached when maximum power is obtained (A)
Voc = voltage of the solar panel when open circuit (V)

Isc = maximum current of the solar panel when short circuit (A)

Efficiency is the output generated from a power source as the maximum possible input to be considered
efficient. The larger the system's efficiency, the better it utilizes the resources it consumes. The
efficiency of a solar panel can be expressed as Eq. (2).

Efficiency = \%Wm% 2

The efficiency of a solar panel is also influenced by several factors, such as sunlight being obscured by
clouds, solar radiation, temperature, and dust or shading on the surface of the solar panel. Factors other
than temperature and solar radiation can be mitigated by selecting the appropriate location for solar
panel installation.

2.4. System Design

2.4.1. Solar simulator

In this research, a solar simulator is needed to simulate the heat and light conditions received by the
solar panel [25]. The main component required for the simulator is a lamp. Several types of lamps have
been used in research, including xenon lamps, mercury lamps, LEDs, and various other lamps [26].

Halogen lamps are used in solar simulators because they are easily available in the market, have high
light intensity, affordable price usability, and their light spectrum is similar to sunlight.
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Color temperature is a metric employed to describe the color attributes of light. It is denoted in Kelvin
(K), spanning from 1000 K to 10000 K. Sunlight is commonly associated with a color temperature of
approximately 5600 K. In contrast, halogen lamps typically possess an average color temperature of
roughly 3200 K. Halogen lamps emit radiation with wavelengths that closely resemble those of sunlight,
spanning from 360 nm to 2500 nm. Color temperature serves as a parameter to describe the visual
perception of light's color characteristics and is measured in Kelvin (K), with a range of 1000 K to 10000
K. Sunlight is typically associated with a color temperature of approximately 5600 K, while halogen
lamps exhibit an average color temperature of around 3200 K.

2.4.2. Reflector and water treatment system

Fig. 5 is the top view of the solar panel cooling (i.e. water treatment) system and reflector. There are 36
halogen lamps used in the simulation. Each halogen lamp has a power of 50 W, resulting in a total power
usage of 1800 W.
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Figure 5. Top view of the cooling system with reflectors.

Each frame row contains an equal number of halogen lamps, precisely six lamps, to ensure uniform light
distribution on the solar panel to achieve the desired radiation based on the previously obtained data,
871.1 W/m2 Each row of halogen lamps is connected in series. The water pipe serves the purpose of
circulating water from the pump to the surface of the solar panel, and the water then returns to the water
tank through the same pipe [27].
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Figure 6. Front view of the cooling system with reflectors.
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Based on the cooling system shown in Fig. 6, the left and right reflectors are installed at a 55° angle, as
shown in Fig. 7. The 55° angle is chosen as it represents the maximum angle achieved with the halogen
lamps mounted above the solar panel. Furthermore, research findings [28] indicate that angles above
50° increase the effectiveness of the solar panel by up to 26.5%. On the contrary, if the reflector
inclination exceeds 55°, the reflector will obstruct the halogen lamps, resulting in suboptimal light
emission on the solar panel. This research focuses on a specific type of reflector called a parabolic trough
reflector. Therefore, it can be concluded that the reflector used in this research can also be applied to
solar panels on a larger scale, with the reflector's inclination ranging from 55° to 75°, to achieve
maximum efficiency from the solar panel. The size of each reflector section is 325 mm x 700 mm. The
length of the front pole for mounting the halogen lamps is 255 mm. The halogen lamps are positioned
at 9.5 cm from the solar panel.

" "!II-II-II-II" | y

Figure 7. The direction of reflective bounce to solar panel.

Figure 8. Isometric view of the cooling system with reflectors.
Fig. 8 illustrates the overall design of a solar panel cooling system with various main components. The

water pump is placed inside a tank using a submersible pump type. The pump initiates its operation
when the temperature on the solar panel reaches the maximum temperature threshold of 61.3°C.

3. RESULTS AND DISCUSSION

The system design outcomes are subsequently put into practical implementation, yielding more reliable
and accurate testing results, as shown in Fig. 9.
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Figure 9. Implementatih of the cooling system solar panéil with reflectors.

The essential elements for the system comprise a solar panel, a 50 W halogen lamp, a gypsum water
tank, an Aluminum foil reflector, pipes, and a water pump. The water pump is responsible for circulating
water from the water tank onto the surface of the solar panel through perforated pipes. The above design
uses 34 halogen lamps as simulators for sunlight, with a total power consumption of 1360 W for the
lamps. The halogen lamp arrangement is 9.5 cm from the solar panel.

The operational procedure of the solar panel cooling system is as follows:

1) Once activated, the water pump initiates water extraction from the water tank.

2) The water pump is linked to a hose that transports the water to the surface of the solar panel via
a pipe.

3) The water cascades onto the surface of the solar panel through the interconnected pipe.

4) The water then flows back into the water tank. These four operations are repeated in a continuous
cycle until the surface temperature of the solar panel stabilizes.

The electrical schematic of the solar panel cooling system and its sensor is shown in Fig. 10.
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Figure 10. Schematic of solar panel cooling system.
3.1. System without Reflector and Water Treatment

The electrical schematic of the solar panel system without the cooling system is shown in Fig. 11.
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Figure 11. Schematic of solar panel without cooling system.

Initially, the sensors used for measurements are connected through an Arduino. Then, the Arduino is
powered on. After that, the halogen lamp is turned on to emit radiation to simulate the solar radiation
and heat the solar panel until it reaches a temperature of 57.3°C. Current and voltage are measured every
5 seconds using voltage and current sensors from when the halogen lamp is turned on until the solar
panel reaches a temperature of 57.3°C. It takes approximately 5.1 minutes for the halogen lamp to reach
a temperature of 5.7°C; at that point, the measured radiation is 869.61 W/m?2. Current measurement is
performed using predetermined resistor (load) values. The measurement result without a reflector and
cooler is shown in Table 1.

Table 1. Results without reflector and cooling System.
Load (Ohm) Voltage (V) Current (A) Power (W) Temperature (°C)

5.2 8.94 1.72 15.38 56.5
10.3 13.27 1.289 17.11 57.3
22 16.59 0.754 12.51 57.4
32.8 17.35 0.529 9.18 58.1
52 18.04 0.347 6.29 59.1
59.2 18.35 0.31 5.59 59.2
68.9 18.47 0.268 4.95 59.4
78.8 18.52 0.235 4.35 59.6
88.6 18.69 0.211 3.49 60.3
98.3 19.07 0.194 3.7 61.1

Without the cooling system, the solar panel can generate a maximum output power of 17.11 W, with an
output voltage of 13.27 V and an output current of 1.289 A, as observed during measurements with a
resistor value of 10.3 Q. This power output is a reference for comparing the power output of water
treatment methods without a reflector. A solar panel's efficiency and fill factor can be calculated using
Egs. (1,2) which results:

13.27x1.289

Fill Factor = =0.49 ?3)
18.48x1.88
Efficiency = 18.48x1.88x0.49 10006 = 55206 (4)
863.3x0.357

3.2. System with Solar Panel Placed on Water Tank without Reflector

The steps are similar to the previous measurement method. The initial step in setting up the system with
the solar panel positioned above the water tank is to ensure that the water tank is filled with water at a
temperature of 25.5 °C and a water level of 165 mm.

124



Table 2. Results without reflector above the water tank.
Load (Ohm) Voltage (V) Current (A) Power (W) Temperature (°C)

5.2 8.99 1.73 15.56 55.3
10.3 13.24 1.295 17.27 56.8
22 16.68 0.758 12.64 57.5
32.8 17.42 0.531 9.25 58.2
52 18.15 0.349 6.33 59.1
59.2 18.41 0.311 5.73 59.4
68.9 18.53 0.269 4.99 59.6
78.8 18.67 0.237 4.42 59.9
88.6 18.78 0.212 3.98 60.0
98.3 19.27 0.196 3.77 60.3

Table 2 presents the average voltage, current, and power values obtained from three data collection trials
using the solar panel. When the solar panel is positioned on the water tank, it can generate a maximum
output power of 17.27 W, with an output voltage of 13.34 V and an output current of 1.295 A, measured
with a resistor value of 10.3 Q. The efficiency and fill factor of the solar panel can be calculated using
Egs. (1,2) which results:

13.27x1.289

Fill Factor = =0.49

O = g 48188 ©)

Efficiency = -3/0x1:89x049 1550, _ 5 95 (©)
8633x0.357

The efficiency calculation results show that the solar panel system placed inside the water tank without
a reflector increased by 0.08% compared to the energy calculation without a cooling system and a
reflector. However, it can be stated that the cooling system by placing the solar panel above the water
tank is not effective because there is no significant increase in efficiency compared to the system without
cooling using a solar panel without a reflector.

3.3. System using the Top Surface Method: Solar Panel without Reflector with Water Flow

The top surface method is a water treatment technique where cooling is achieved solely through water
flow over the solar panel's surface without reflectors. For this method, the water tank is initially filled
with water at a temperature of 25.5 °C, ensuring a water level of 165 mm. Additionally, the solar panel
starts with an initial temperature of 26.5°C. Then, 34 halogen lamps are turned on to emit radiation with
a value of 869.61 W/m? until the solar panel temperature reaches 57.3°C. Once the temperature of the
solar panel reaches 57.3°C, the water pump is triggered by the relay, initiating the flow of water onto
the surface of the solar panel. Once the relay activates the water pump, the current and voltage are
measured every 5 seconds using current and voltage sensors. When the temperature reaches 29.5°C, the
relay will turn off the water pump.

Table 3. Results without reflector with water flow.
Load (Ohm) Voltage (V) Current (A) Power (W) Temperature (°C)

52 9.31 1.791 16.67 33.2
10.3 14.73 1.43 21.06 34.1
22 18.72 0.851 15.93 35.3
32.8 19.45 0.593 11.53 35.9
52 20.96 0.403 8.45 36.0
59.2 21.25 0.359 7.62 36.4
68.9 21.49 0.312 6.71 36.8
78.8 21.67 0.275 5.96 37.2
88.6 22.5 0.254 5.72 37.3
98.3 21.42 0.218 4.67 37.4
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In Table 3, the recorded data represents the solar panel surface's output values without a reflector but
with water flow. The maximum power output achieved by the solar panel under these conditions is 21.06
W, with corresponding output voltage and current values of 14.73 V and 1.43 A, respectively, as
measured using a 10.3 Q resistor. The efficiency and fill factor of the solar panel can be calculated using
Egs. (1,2) which results:

Fill Factor = 1473143 0.56 (7)
20.65%x1.83
Efficiency = 20:00x183x056 15500 6 805 ®)
863.3x 0.357

When comparing the efficiency of a solar panel without a reflector and cooling system to that of a solar
panel without a reflector but with a water treatment cooling system, there is an observed improvement
in efficiency of 1.28%.

3.4. Solar Panel System using Reflector without Cooling System

The sensors used for measurement are connected through an Arduino. Then, the Arduino is powered on.
After that, the halogen lamp is turned on until a temperature of 61.3 °C is reached. The time taken by
the halogen lamp to reach a temperature of 61.3 °C is 5 minutes, and the radiation obtained at that
temperature is 869.7 W/m?. Current measurement is performed using predetermined resistors.

Table 4. Results using reflector without water flow.
Load (Ohm) Voltage (V) Current (A) Power (W) Temperature (°C)

5.2 10.02 1.872 18.22 57.4
10.3 14.98 1.526 23.99 58.2
22 16.41 0.952 19.94 58.9
32.8 17.43 0.702 16.16 59.5
52 18.67 0.549 15.672 60.3
59.2 19.56 0.384 8.73 61.2
68.9 19.86 0.325 7.28 61.6
78.8 19.93 0.297 6.95 62.2
88.6 20.06 0.223 441 62.5
98.3 20.14 0.181 3.22 63.4

The efficiency and fill factor of the solar panel can be calculated using Egs. (1,2) which results:

Fill Factor = 22:98x1526 _ ¢ ©)
20.13x1.87
Efficiency = 2001870007 15505 _ 7 3504 (10)
869.3x0.357

The data presented in Table 4 shows an increase in efficiency of 1.83%. This indicates that using a
reflector is an effective approach to enhancing the efficiency of a solar panel.

3.5. Solar Panel Placed using Reflector on Water Tank

The water container, with dimensions of 810 mm x 810 mm x 175 mm, is filled with water up to a
height of 165 mm at a temperature of 25.5 °C. Then, the solar panel is placed with an inclination angle
of 10°. The time required to heat the solar panel until a temperature of 61.3 °C is reached is 5.4 minutes
using a submersible water pump with a water flow rate of 17.14 liters per minute or 0.29 It/s. The solar
panel is heated using a set of halogen lamps with an average radiation of 871.1 W/mZ.
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Table 5. Results using reflector on water tank.
Load (Ohm) Voltage (V) Current (A) Power (W) Temperature (°C)

5.2 10.01 1.874 18.26 56.7
10.3 15.02 1.528 24.04 57.5
22 16.74 0.954 20.02 58.8
32.8 17.58 0.706 16.35 59.2
52 18.68 0.550 15.73 59.9
59.2 19.50 0.385 8.77 59.9
68.9 19.79 0.327 7.37 60.3
78.8 20.01 0.299 7.04 61.1
88.6 20.06 0.223 441 61.8
98.3 20.05 0.180 3.18 62.3

The data in Table 5 shows the results of the solar panel placed on the water container (water tank). The
maximum power output achieved by the solar panel is 24.04 W, with an output voltage of 15.02 V and
an output current of 1.528 A, as measured with a resistor value of 10.3 Q. The efficiency and fill factor
of the solar panel can be calculated using Egs. (1,2) which results:

Fill Factor = -202X1:528 _ 74 (11)
20.21x1.86
Efficiency = 20:2x1.86x 0611 ) 00— 2 3904 (12)
869.7x0.357

The efficiency calculation shows that the solar panel system placed inside the water container with a
reflector increased by 0.04%. Compared to the solar panel system placed inside the water container
without a reflector and with a reflector but without a cooling system, an increase of 1.79% is obtained.

3.6. System using the Top Surface Method for Solar Panel with Reflector and Water Treatment

In order to implement the system with the method of water flow over the solar panel, fill the water
container with water at a temperature of 25.5 °C, a water height of 165 mm, and an initial solar panel
temperature of 26.5 °C. Then, activate 34 halogen lamps to generate radiation at 871.10 W/m? until the
surface temperature of the solar panel reaches 61.3 °C. Once the temperature of the solar panel reaches
61.3 °C, the water pump is triggered by the relay, initiating the flow of water onto the surface of the
solar panel. Using current and voltage sensors, measure the current and voltage every 5 seconds. In
another condition, when the temperature reaches 29.5 °C, the relay will turn off the water pump.

Table 6. Results with reflector and water treatment.
Load (Ohm) Voltage (V) Current (A) Power (W) Temperature (°C)

5.2 9.83 1.832 17.45 29.5
10.3 17.82 1.802 33.45 29.8
22 20.05 1.21 32.21 30.2
32.8 20.81 0.803 21.15 31.3
52 21.85 0.584 15.62 32.4
59.2 22.41 0.405 9.71 32.7
68.9 22.55 0.336 7.79 33.1
78.8 22.46 0.312 7.67 33.6
88.6 22.43 0.241 5.05 34.4
98.3 22.65 0.206 4.17 34.9

Based on the data presented in Table 6, when the cooling system is applied, the solar panel achieves a
maximum power output of 33.45 W. The corresponding voltage and current output are measured at
17.82 V and 1.802 A, respectively, using a resistor value of 10.3 Q. By analyzing the data, the efficiency
and fill factor of the solar panel can be calculated using Egs. (1,2) which results:
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17.82x1.802

Fill Factor=———————=0.78
e = 52 28x1.823 (13
Efficiency = 22:05x1:82x078 15500 _10.36% (14)
869.7x0.357

After conducting six experiment scenarios to calculate the efficiency of three different methods, which
are without cooling, placing the solar panel above a water tank, and flowing water over the surface of
the solar panel with and without a reflector, the following efficiencies were obtained: 5.52% without a
reflector, 5.6% with the solar panel above a water tank, and 6.8% without a reflector but with water
flow. With the addition of a reflector, the efficiencies improved to 7.35% without water flow and 7.39%
with water flow. Notably, when water flowed over the surface of the solar panel, reducing its
temperature from 61.3°C to 29.5°C, a significant efficiency increase of 10.36% was achieved. The
efficiency of the solar panel showed no notable alteration when no cooling method was employed and
when the solar panel was positioned within a water tank. This lack of significant change could be
attributed to the relatively ineffective nature of placing the solar panel inside a water tank. However,
when comparing it to the approach of flowing water over the surface of the solar panel, the efficiency
witnessed a noticeable increase of 4.48% compared to the efficiency without using a reflector and
cooling system.

Research data from [27] shows that implementing a cooling system results in an efficiency of 7.01% for
the solar panel. In addition, research [29] demonstrated that the implementation of solar tracking dual-
axis using fuzzy logic and cooling system results in an increase of the solar panel efficiency to 7.46%.
As represented in the result of [30], the efficiency of a solar panel using a mirror reflector and cooling
method has increased by 20%. However, when the cooling system is combined with a reflector, the
efficiency of the solar panel experiences an approximate 3.35% increase, reaching a value of 10.36%,
and the efficiency using this method has increased by 48% compared to the cooling system method only.
Therefore, it can be concluded that using a reflector and a water treatment cooling system can improve
the efficiency of the monocrystalline solar panel type SP-50M36.

4. CONCLUSION

The research focuses on the effectiveness of incorporating a reflector and a water treatment cooling
system in enhancing the efficiency of the monocrystalline solar panel. The captured solar radiation
increased from 869.61 W/m? to 871.10 W/m? by using a reflector on the side of the panel. Furthermore,
implementing the water treatment cooling system resulted in a significant temperature reduction of the
solar panel, from a maximum of 57.3°C without a reflector and 61.3°C with a reflector to a final
temperature of 29.5°C for both cases. This cooling process led to remarkable efficiency improvements,
with the solar panel achieving efficiencies of 6.8% with water treatment cooling, 7.35% with the addition
of a reflector, and a peak efficiency of 10.36% when combining the reflector and cooling system.
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