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1. INTRODUCTION

Fossil energy sources are dwindling. It is necessary to diversify energy sources by developing
alternative energy sources for future energy needs that are cheap, flexible in use, available in abundance, and
environmentally friendly [1]-[3]. The usage of non-renewable energy sources that are too expensive or
environmentally damaging will be avoided. That is why renewable energy sources that do not damage the
environment are important in electrical energy. Although hydroelectric power is a renewable energy source
that is very cheap, it is not available everywhere in the world. On the other hand, solar power can take over all
electricity generation [4]-[5]. Indonesia aims to produce 23% of its energy from renewable sources by 2025,
which will be considered when undertaking additional research on the possibilities in Indonesia. Due to
Indonesia's favorable environment and weather, solar photovoltaic (PV) is an alternative with significant
promise for the country. Based on No. 692.Pers/04/SJ1/2019, published by the Ministry of Energy and Mineral
Resources on December 4, 2019 [6], the Indonesian government's initiative for renewable energy is taken
seriously, as seen by the expected investment of US$36.95 billion in renewable energy power facilities [6]-[8].

The problem now is how to use solar cell panels to get optimal electrical output. Typically, solar cell
panels are positioned in the same manner without changing. For instance, solar cell panels have an upward
orientation. The panel will receive the most solar radiation when the sun is vertical to the solar cell plane facing
up and if it is regarded as an item with a flat surface. For this reason, it is required to alter the solar cell panel's
orientation to ensure that it is always perpendicular to the path the sun's beams take. Since people set solar
panel direction manually, it is less effective. Thus, it is necessary to create a control system that can regulate
the direction of the solar cell panels [9]-[11].
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A control system requires an algorithm processing mechanism. Processing of control system
algorithms can be completed with computers, microcontrollers, and other tools. The most rapidly growing
algorithm processor today is the microcontroller. The microcontroller is a breakthrough in microprocessor and
microcomputer technology that only requires a small space and can be mass-produced, so the price is lower
than microprocessors. The small form allows the microcontroller to be installed directly on the equipment to
be controlled, such as control production equipment, metalworking machines, ATM machines, photocopiers,
vehicle systems, medical equipment, and others. In general, the application of microcontrollers is to optimize
the work of the controlled tools or systems.

Based on the results of Kasim et al. [12], "Improve the performance of solar modules by reflectors,"
his research also said that solar cells, with the help of mirror reflectors, increase the output power even during
the day it can increase up to 48%. Meanwhile, Arshad et al. [13], entitled "Improvement in solar panel
efficiency using solar concentration by simple mirrors and by cooling," shows a considerable increase in the
overall output of solar panels. With a reflector and without cooling, the efficiency increased by 32%, and
efficiency increased by 52% with reflector and cooling. Further, Ismail et al. [14], in his research entitled "
Improving the performance of solar panels by the used of dual axis solar tracking system with mirror
reflection," said that solar cells with mirror reflections produce high output power and provide better and more
efficient performance. Considering the above, the author tries to design a solar cell device using a mirror,
cooler, and a microcontroller-based dual-axis solar tracking device that seeks to increase the solar cell's energy
output.

2. PROPOSED METHOD
2.1. Sun energy

Astronomically, Indonesia is located at 6 LU-11 South Latitude and 95 OBT-145 OBB. This places
Indonesia in the tropics and beyond the equator. The average daily solar irradiation level is relatively high at
4.5 kWh/m?/day, and it has great potential for the development of solar power plants (PLTS) [15]-[17].

The energy produced by the sun can reach the Earth's surface utilizing radiation. This energy is in the
form of heat that propagates to the Earth's surface or light that falls to the Earth's surface. Both forms of energy
can be converted or utilized into electrical energy, but the light is the focus of the energy source converted by
solar panels. Solar radiation that solar panels can receive is divided into three types, namely:

- Direct radiation: the amount of solar energy that directly gets to the surface of the Earth is known as direct
radiation (also known as beam radiation).

- Solar radiation: solar radiation that get the Earth's surface diffusely because it is reflected by clouds and
other airborne particles.

- Reflected radiation: reflected radiation, namely radiation reflected by adjacent surfaces, the magnitude of
which is affected by the reflectance of adjacent surfaces

2.2. Efficiency of solar panel
Solar cells have good efficiency, which has maximum power and small losses. With high efficiency
and small losses, this solar cell can be a suitable one. Several parameters need to get the efficiency value from
solar panels, namely [18]:
- Output voltage of solar cell (V)
- Output current of the solar cell(l)
- Sunlight intensity (G)
- Surface area of the solar cell (Apv)
- Fill factor value (FF): the fill factor value ranges from 0.7 to 0.85. Solar panels will work better if the FF
value of a solar panel is greater and has higher efficiency. The calculation of the FF value can be
seen in (1).

FF = tmp*Vmp )

Isc X Voc
- Power output of the solar cell (Pout); diffuse the calculation of the output power can be seen in (2).
Pyt =VxIxFF 2

- Power input from the solar cell (Pin); equation (3) describes the power input due to light source irradiation
can be calculated.
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Py =G x Ay, 3)
- Efficiency of solar panels; calculation of solar panel efficiency can be seen in (4).

n = %x 100% )

m

The maximum efficiency of solar panel energy conversion depends on temperature, solar radiation,
wind speed, the location of the solar cell to the sun (tilt angle), and the state of the earth's atmosphere [19]. The
intensity of solar radiation will have a lot of effect on the current generated and little effect on the voltage. In
the laboratory, the maximum efficiency of ordinary solar cells is currently about 24-25%. For commercial use,
monocrystalline solar cells' efficiency ranges from 13-19%. Commercial cells with efficiencies above 20% are
expected to be achieved in the coming years [19], [20]. Some ways that can be done to increase efficiency are
by increasing the intensity of sunlight, such as using a light-gathering lens or a light reflector such as a mirror.

2.3. Solar cell parameters

Several parameters influence the maximum operation of solar cells, such as [21], [22]: Temperature:
Photovoltaics can work optimally if the temperature is still within normal limits of 25 °C. However, if the
temperature is greater than the normal temperature, the voltage value will be reduced. Because every 1 °C
increase in temperature from 25 °C will reduce the voltage value by around 0.5% of the sum of the energy
generated or two times the rate at which the temperature was previously raised every 10 °C [23]. The following
formula is used to calculate the amount of power that decreases when the temperature increases.

Ptemperature rise°C = O,S%OC X PMPP X temperature rise (OC) (5)

PMPP temperature rise °C — — PMPP - Ptemperature rise °C (6)

TCF - PMPPypp temperature rise °C (7)
PMPP

- Solar radiation: solar radiation is very dependent on the conditions of the spectrum of sunlight caught on
earth. The current is highly influenced by how potent the sun's radiation shines. If the value of the intensity
of solar radiation absorbed by the photovoltaic is lower, the current will also be lower.

- Wind rapidity: the wind rapidity that blows circa the area can weaken the heat from the glass surface
temperature on the solar panel.

- Tiltangle and Azimuth: the sun's location can be determined by using the angle of the sun (azimuth, and
tilt angle). The inclination angle significantly influences the effectiveness of solar (photovoltaic) panels.
The angle of inclination is time and location dependent. Each location will have a different inclination
angle for different times of the year. Thus, it is very important to orient the solar panels at an inclination
angle for any given location to get maximum power output. The best position for solar panels is
perpendicular to the sun.

- Earth's Atmosphere: the maximum electric current of PV has been determined by Earth's atmospheric
conditions, including cloudiness, airborne dust particles, smoke, fog, and pollution.

2.4. System of solar tracking

The system of solar tracking is a system that controls the orientation of the solar cell to the position
of the sun so that the intensity of the sunlight can be absorbed more optimally. There are two kinds of sun
tracking systems: single-axis trackers and dual-axis trackers. The single-axis tracker is divided into two parts:
a vertical rotating axis and an inclined rotating axis. A tracking mechanism called the vertical rotating axis
controls the azimuth angle from east to west. At the same time, the inclined rotating axis is a tracking system
used to control the tilt angle. The dual-axis solar tracking system combines a vertical rotating axis and an
inclined rotating axis [23]-[25].

3. METHOD
3.1. Solar cell

This research uses a 50 watt monocrystalline solar cell, three mirrors, a light depending resistor (LDR)
sensor, an Arduino UnoR3, and an active cooler. The following proposed approach to increase experimental
data from four distinct directions is used to determine the efficiency of solar panels. The first only uses a solar
cell, the second uses a solar cell with double-axis solar tracking, and the third uses a solar cell, double-axis
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solar tracking, and mirrors. Then the fourth uses a solar cell, double-axis solar tracking, mirrors, and coolers.
Figure 1 depicts the design of the solar panel utilized in this investigation, and the panel's specifications, as
shown in Table 1.

Figure 1. Solar panel 50 Wp

Table 1. Specifications of solar panel

Specification Measure
Peak power of solar cell (WP) 50 WP
Power tolerance (%) 0-3
Voltage of solar cell (V) 175
Current of solar cell (A) 2.85
Voltage in an open circuit (V) 19.5
Current short circuit (A) 3.05
System voltage maximum (V) 1000

3.2. Light sensor
The LDR resistance value will rise to 200 kQ in low light and fall to 500 in high light. Figure 2 is the

light sensor (LDR) used in this study. Before being put into the microcontroller, the LDR is included in a
voltage divider circuit. To change the resistance of the LDR into a voltage according to the needs of the
microcontroller input.

Figure 2. Light sensor of solar panel

3.2. Servo motor

A Servo motor is a DC motor equipped with a control circuit with a closed feedback system integrated
with the motor. The position of the rotating axis is informed back to the control circuit in the servo motor.
Figure 3 shows the servo motor used in this study and the panel specifications, as seen in Table 2.
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Figure 3. Servo motor of solar panel

Table 2. Specifications of servo motor

Specification Measure
Modulation Analog
Motor Type Coreless
Operation Voltage 4.8 - 7.2 Volts
Torque 13.0kg/cm (4.8V)
Speed 0.20 sec/60 (4.8V)

3.4. Arduino

Arduino is a system or physical device using software and hardware that can receive stimuli and
provide feedback. In practice, this concept is applied to using sensors in tool design and project projects using
sensors or microcontrollers to translate analog inputs into software systems to control equipment, such as lights,
and motors. Figure 4 shows the Atmega328 in the Arduino module is used as a control device for all sensors
used in this study and then sends the measurement results to a laptop for storage and analysis. Meanwhile, the
controller's specifications as shown in Table 3.

Figure 4. Arduino connected to a measuring instrument

Table 3. Specifications of arduino

Specification Measure
Operating Voltage (Volt) 5
Voltage Input (Volt) 7-12
Digital 1/0 pin 14
Analog pin 6
DC current per 1/0 pin (mA) 50
Memory Flash (KB) 32
SRAM (KB) 2

3.5. Cooling

The performance of the solar module is very sensitive to temperature, so the temperature of the solar
module to stay below the permissible limit is necessary to achieve maximum output power. In this research,
the cooling method is carried out using an aluminum block fed with water and mounted on the back of the solar
cell. Both ends of the aluminum block filled with water are closed using a good and strong cover so that not a
single drop of water leaks out that it can last for a long time. Furthermore, this water block will absorb heat
from the solar panel, and then the heat can be transferred or released quickly to the surrounding air through the
heatsink, as seen in Figure 5.
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HEAT PIP|
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Figure 5. Frame design cooling method

3.6. Design sistem

The design of this research is seen in Figure 6. The design of the two-axis solar tracking system is
made with lightweight materials so that the performance of the motor is not too heavy. In this study, we are
using aluminum. In addition to solar panels, the main devices attached to the frame are two motors. The
electrical circuit design is seen in Figure 7. This electrical circuit uses an ATMega 328 Microcontroller. The
sensors used are four LDR sensors to detect sunlight and two potentiometers to detect the angular position of
the motor. The motor driver uses the 1293n type to control two servo motors. Plus two servo motors that are
embedded in a gearbox. A voltage source of 12 V obtained from either the battery or power supply becomes a
voltage source for the ATMega 328 Microcontroller and servo motor, connected to the 1298n motor driver.
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Figure 6. Design system of solar cell
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Figure 7. Design of electrical circuit
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4.  RESULT AND DISCUSSION
4.1. Electric output of the solar cell

Data collection on solar panels is carried out every hour from 10:00 WIB to 15:00 WIB with different
weather conditions and intensity of sunlight. Measurements use a multimeter to measure the current and voltage
generated in the solar panel. Meanwhile, to measure temperature or temperature using a temperature sensor.
The results of the average measurement of the electrical power output of the solar cell as shown in Table 4.

Table 4. Measurement data of output current, voltage, and temperature

Solar cell Solar cell with double-  Solar cell, double-axis sola  Solar cell, double-axis sol
axis solar tracking tracking, and mirrors.  tracking, mirrors, and cool
Temp- Temp- Temp- Temp-
erature \Y% | erature \Y | erature \Y | erature \Y% | Angle
Time (°C) °C) (°C) (°C) Tracker
10:00 414 191 111 435 204 153 45.8 20.4 1.96 44.4 204 218 30°
11:00 46.3 203 135 47.4 204 171 515 20.4 2.20 49.7 204 234 15°
12:00 48.2 200 143 48.8 204 180 493 20.1 2.26 47.0 201 229 Q°
13:00 52.9 203 1.30 54.1 204 177 56.5 20.4 213 54.6 204 217 -15°
14:00 50.3 202 122 51.6 204 165 53.6 20.4 2.05 50.9 204 214 -30°
15:00 46.4 202 107 42.2 204 154 49.3 20.4 2.10 47.7 204 215 -45°

4.2. Solar panel power calculation

The maximum efficiency of solar panel energy conversion depends on temperature, solar radiation,
wind speed, the position of the solar panel to the sun (tilt angle), and the state of the earth's atmosphere. The
intensity of solar radiation will have a lot of effect on the current (1) generated and little on the voltage.
Meanwhile, the power received by solar panels from solar radiation is calculated based on actual data from
measuring instruments for solar radiation installed on solar panels. To calculate the amount of power that
reaches the solar panels can be calculated using (3).

Pin =G x Ay,

P;,, = 358.4 x (0.780 x 0.510)
P, = 142.5 watt

4.3. Fill factor calculation

The fill factor (FF) equation uses the open-circuit voltage (Voc) parameter from the direct
measurement results on the solar panel. The Fill Factor value usually lies between values ranging from 0.7 to
0.85. The greater the FF value of a panel, the better the performance of a solar panel, and it will also have a
high-efficiency value. To calculate the fill factor can be calculated using (1), as seen in Table 5.

Table 5. Calculation results of fill factor

Solar cell Solar cell, double-axis solar Solar cell, double-axis solar
tracking, and mirrors. tracking, mirrors, and coolers
FF = Voc = In (Vo +0,72) FF = Voe = In (Vo +0,72) FF = Voe = In (Vo +0,72)
Voe +1 Voe +1 Ve +1
20,1—1n(20,140,72) 20,4 —1In (20,4 +0,72) 204 —1In(20,4+0,72)
B 20,1+1 h 20,4+1 - 20,4+ 1
FF =0,804 FF =0,810 FF =0,810

4.4. Calculation of solar cell output power

The output power can be expressed as electrical power generated by the solar cell using (2), as seen
in Table 6. As in Table 4, solar panels using a solar tracker, mirror, and cooler produce the highest power. On
the other hand, solar cells without using solar trackers, mirrors, and coolers produce the smallest output power.

Pout = Voc X FF x Iy,

Design of solar cell using mirror, cooling, double axis, and solar tracking (Yulianta Siregar)
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Table 6. Calculation results of solar cell output power
Solar cell, double-axis solar Solar cell, double-axis solar tracking,
tracking, and mirrors. mirrors, and coolers
P, = 20,4 x 0,810 x 1,96 P,y = 20,4 x 0,810 x 2,28
Py =32W Py =37W

Solar cell

Pyue = 20,1 x 0,804 x 1,53
Py, =25W

4.5. The efficiency of solar cell

This efficiency value has something to do with the fill factor because both are related to the ability to
absorb sunlight energy in every state of data collection. The following is a table for calculating solar panel
efficiency during measurements, as shown in Table 7. As presented in Table 7, the greatest efficiency occurred
at 10.00 by using a solar tracker, mirror, and cooler of 24.4%.

n = %x 100%

in

Table 7. Result of solar panel efficiency

; Radiation Solar cell, double-axis solar Solar cell, double-axis solar
Time (W/m?) Solar cell tracking, and mirrors tracking, mirrors, and coolers
_ B3 100% 324 100% 377 100%
10:00 WIB 388.4 N =Te32* 0 =7524" 0 N=7c32” 0
=16.4% =21% =24.4%
28.3 .0 3
— 0, 0, 0,
11:00 WIB 517.1 n 205.7x 100% n= 2057x 100% n= 1425x100A>
=13.7% =17% = 19.6%
29.7 .3 39.5
12:00 WIB 611.6 n= 243.3x 100% n= 2433x 100% n= 2433x 100%
=12.2% =14.9% =16.2%
29.2 .9 .5
13:00 WIB 709.6 n= 282.3x 100% n= 2823x 100% n= 2823xlOO%
=10.4% =12.4% =13.3%
27.3 .5 4
14:00 WIB 541.9 11—215695100% n= 2156x 100% n= 2156xlOO%
=10.52% =15.6% =16.9%
2
0, 0, 0,
15:00 WIB 434.1 n= 1722x 100% n= 1722x 100% n=1>5% 100%
=14.7% =19.6% =21.5%

4.6. Power analysis with temperature

Table 4. shows that the highest air temperature on the flat panel at 13:00 WIB is 51.7 °C. There is an
increase of 1.9 °C from the standard working temperature of the solar panel (25 °C). The solar panel used as a
reference is a panel that has a power specification (PMPP) of 50 Wp. Then the amount of power that decreases
when the temperature increases by 1.9 °C is calculated by (2):

P (t rises) °C=0.5% /°C x PMPP x temperature rise (°C)
=0.5 % x 50 x 26.7 °C
=6.67 Watt

PMPP (t rises) °C=PMPP — P (t rises) °C
=50 W - 6.67 W
=43.32 Watt

The cooling system used shows a decrease in temperature at all hours. Meanwhile, the decrease in
surface temperature is much faster in the afternoon. The maximum temperature occurs at 13:00 WIB at 56.5
°C with a solar cell, double-axis solar tracking, and a mirror. All these values as shown in Figure 8.

As seen in Figure 9, in the solar cell, the largest current at 12:00 WIB is 1.43 Ampere, and the
minimum current occurs at 10:00 WIB is 1.07 Ampere. On the other hand, in a solar cell with double-axis solar
tracking, mirrors, and coolers, the largest current was obtained at 11:00 WIB at 2.34 Ampere, and the minimum
current occurs at 15:00 WIB is 2.15 Ampere.

Based on Figure 10, the power output of solar panels using a solar tracker, mirror, and cooler is greater
than that of flat solar panels. At 11:00 WIB shows the maximum power output that the solar panels can
generate. Meanwhile, at 12:00 WIB, the power produced from the solar cell decreased. The temperature of the
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solar panel has an impact on this, which has exceeded the maximum working temperature limit of the solar
cell. As a result, the power that comes out of the solar panel has decreased. And at 15:00 WIB, the power
produced by the solar cell using a solar tracker, mirrors, and coolers began to increase again in line with the

normal temperature of the solar panels.
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As shown in Figure 11, it can be explained that the efficiency produced by solar panels using water
cooling is better than solar panels without using cooling. The highest efficiency of solar panels is produced at
10:00 WIB using the research method (a) solar panel efficiency is 5%, with (b) solar panel efficiency produces
17.7%, (c) panel efficiency solar by 22.7%, and (d) solar panel efficiency by 26.4%, The efficiency of this
solar panel can be influenced by several things, namely climatic conditions on the day and place of research
and the dimensions of the solar cell that affect the amount of solar radiation that the solar panel itself can
receive.
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Figure 11. The efficiency of solar panel

5. CONCLUSION

As the research results, the highest intensity of sunlight is 709.6 W/m?, with power reaching the solar
panels of 282.3 Watts occurring at 13:00 WIT and the lowest solar intensity being 610 W/m?, with power
reaching the solar panels of 138.6 Watt occurring at 10:00 WIB. Following this result, the highest panel
temperature in this study was at 13:00 WIB with the method (c) Solar panels using a solar tracker, using a
mirror but without cooling, which was 51.7 °C. There was an increase of 26.7 °C from the standard working
temperature of solar panels (25 °C). The total of power that decreases when the temperature increases are 6.675
Watt. However, the lowest solar panel efficiency of 16.2% occurred at 15:00 WIB with the research method
(a) flat solar panels. Meanwhile, the highest efficiency was produced at 10:00 WIB using method (d): a mirror,
a double-axis solar tracking system, and a cooler to produce a solar panel efficiency of 26.4%. The last
conclusion, the highest temperature is at 13.00 using a solar cell, double-axis solar tracking, and a mirror
(without cooling) of around 56 °C. High temperatures do not produce large currents and power. On the other
hand, the largest current and power are 2.43 amperes and 40.3 watts using a solar cell, double-axis solar
tracking, mirrors, and coolers.
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