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200 WP Solar Panel Power Plant Optimization Using Dual
AXis Solar Tracker System
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Abstract—Electrical energy is the main commodity used by
almost all sectors of the economy. Therefore, the Indonesian
people’s demand for electrical energy is getting higher nowadays.
The growing electricity demand is inversely proportional to the
dwindling availability of fossil energy in the world. Energy sources
from the sun can be utilized as alternative energy, both its
radiation and thermal, to meet daily electrical energy demand.
This study aims to optimize the electrical energy production from
solar panels with a capacity of 200 WP by designing and
implementing a dual axis solar tracker system on solar panels
(photovoltaic). This research employed a mixed methods
approach, i.e., designing a solar tracker system experimentally by
measuring the voltage and current values on solar panels, then
calculating the electrical power generated by solar panels using
solar tracker system control. After that, the calculation of
electrical power generated by solar panels and electrical power
used (load) by the solar tracker system to control the solar panel
movement following the sunlight emission was conducted. Solar
tracker controlled with a single axis produced an average voltage
of 19.72 V, current of 1.34 A, and electrical power of 26.82 W,
while solar tracker controlled with a dual axis generated an
average voltage of 18.93 V, current of 1.9 A, and electrical power
of 35.76 W. The test results showed that the total electrical power
generated by solar panels with a single axis solar tracker system
control system was 455.93 W and a dual axis solar tracker system
was 607.94 W. Data of testing results showed that the dual axis
solar tracker system was able to optimize electrical energy
production yielded by solar panels with a capacity of 200 WP.

Keywords— Electrical Energy, Solar Panels, Solar Tracker, Single
Axis, Dual Axis.

I. INTRODUCTION

Electrical energy is the main commodity used by almost all
economic sectors. The National Electricity Company
(Perusahaan Listrik Negara, PLN) is intensively promoting
electricity-saving initiatives for all levels of society, businesses,
and government institutions due to the increasing demand for
electrical energy by most of the Indonesian population [1].
Throughout the 21st century, the growing electricity demand is
inversely proportional to the dwindling availability of fossil
energy worldwide. In proportion to the electricity demand
between 2000 to 2030, which reaches 70%, especially in
industrialized countries, there is a need for new, more efficient,
and environmentally friendly electricity sources as the main
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generation of electrical energy to support and maintain
electricity demand at present and in the future [2]. Energy
sources from the sun, both radiation and thermal, can be used
as alternative energy to meet daily electricity demand because
the new and renewable energy (NRE) that will never be used
up is sourced from nature like the sun [3]. Located in the tropics
and the equatorial area, Indonesia has a long tropical season; as
a result, the sunlight emission in Indonesia lasts quite a long
time throughout the year. Therefore, solar energy in Indonesia
is ideally suited as alternative energy to meet daily electrical
energy needs [4].

Geographically, all regions in Indonesia have immense
potential to use solar panels (photovoltaic) to generate
environmentally friendly electrical energy. In 2016, the
Ministry of Energy and Mineral Resources (MEMR) allocated
1.4 trillion IDR to develop the NRE program by installing solar
panels in offices, airports, and Correctional Institutions (LP)
[5]. However, the current problem is that the utilized solar
panels are still stationary or static. As a result, the sunlight
energy absorption is still less than optimal [6]. Therefore, it is
necessary to have a system that can control solar panels to move
in the sunlight emission direction. Solar panels with a solar
tracker control system are equipped with sensors as a light
detector to read the highest sunlight intensity. In addition, they
are also equipped with a microcontroller device to follow and
absorb sunlight much more optimally and generate maximum
electrical energy [7].

The solar tracker system is designed to increase the
production of electrical energy generated by solar panels by
following the direction of the sunlight emission from sunrise to
sunset by positioning the solar panels perpendicular to the sun.
From previous research, various types of solar tracker systems
can be implemented, viz. using types of motors such as servo
motors or linear actuators equipped with a light sensor and
controlled automatically using Arduino microcontrollers [8],
[9]. In addition, Arduino can also be connected to a WiFi
module connected to the internet network for data
communication based on the internet of things in sending data
from the voltage and current value measurement results
obtained by solar panels in real-time [10].

This study aims to optimize the production of electrical
energy from solar panels with a capacity of 200 WP by
designing and implementing a dual axis solar tracker system on
solar panels. The analysis in this study was carried out by
measuring the voltage and current values using a multimeter to
determine the electrical power generated by solar panels with a
dual axis solar tracker system. Then, the remaining electrical
power that the solar tracker had used in controlling the solar
panel movement was calculated to be utilized in daily electrical
energy needs or implemented in other electrical energy uses.
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The discussion in this paper is limited to the wiring of the dual
axis solar tracker system control system. The design of the dual
axis solar tracker system was carried out using Arduino Uno as
a microcontroller device, a light-dependent resistor (LDR) as a
light detection sensor, a DC motor from the power window as
a drive, and two solar panels with a capacity of 100 WP
connected parallel to each other. In this design, LDR was
chosen as a light sensor because it can read the direction of the
sunlight movement from sunrise to sunset. The LDR is
characterized by its not-too-fast light reception response,
corresponding to the direction of the sunlight movement.

Il. METHODOLOGY

This research employed a mixed methods approach,
specifically by designing an experimental solar tracker system
by measuring the voltage and current values on the solar panels
and taking into account the electrical power that could be
generated by solar panels in converting solar energy into
electrical energy using a solar tracker system. The circuit on
this dual axis solar tracker system was made and simulated
beforehand to determine its quality and ensure that the entire
system and components could function properly and work
optimally.

The solar tracker system was designed with manual control
that could be used as a solution to adjust the solar panel position
if, in its operation, the automatic solar tracker control
experienced damage in the light sensor (LDR) or failure in the
solar tracker automatic control system. This solar tracker
control was divided into two movement systems in an
automatic mode that can be controlled or changed using a
switch, i.e., the DC motor single axis movement that drove the
solar panel horizontally; and dual axis movement using two DC
motors that drove the solar panels horizontally and vertically.
In addition, a manual mode was used in the event of
interference or failure in the solar tracker control system. In this
mode, the solar tracker was controlled using four push-buttons
programmed on the Arduino Uno microcontroller to alter the
motor rotation direction. The purpose was to control the solar
panel movements, horizontally to move upward and downward,
and vertically to move westward and eastward according to the
pressed keys.

A. The Design of Dual Axis Solar Tracker System

The control system on the solar tracker plays a role in the
control process and serves as a sensor circuit. All necessary
components were combined into a single control circuit. This
dual axis solar tracker system circuit employed four LDRs. A 1
kQ resistor was given to each LDR before being connected to
the ground (-) and given a 5 V (+) voltage. Arduino
programming on this design was used to configure a program
that would later be inserted into the Arduino Uno
microcontroller. The Arduino program served to initialize the
pins used for the “HIGH” or “LOW” logic commands which
would enable or disable the output of the used pins. In broad
outline, the input and output parts of the solar tracker system
are shown in Fig. 1. The pin input used on the Arduino Uno is
pin A0 for reading LDR east, pin Al for reading LDR west, pin
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Fig. 1 Block diagram of input and output pin on Arduino Uno.

A2 for reading LDR top, and pin A3 for reading LDR bottom.
The pin outputs on the Arduino Uno are connected in series to
connect the circuit on the L298 push-button, switch, and motor
driver [11]. Each Arduino pin output is connected to a push-
button and the switch is given resistance in the form of a 10 kQ
resistor. Output pins on the Arduino Uno connected to the push-
button and switch were pin 12 to push-button 1 (bottom), pin 8
to push-button 2 (top), pin 4 to push-button 3 (west), pin 2 to
push-button 4 (east), pin 7 to switch 1 (manual/automatic
mode), and pin 5 to switch 2 (single/dual axis mode). In
addition to being connected to push-buttons and switches, the
pin output on the Arduino Uno was also connected to the pin
input of the L298 motor driver as a DC motor controller 1 and
2. The utilized Arduino Uno pin outputs were pin 13 to IN 1
(L298), pin 11 to IN 2 (L298), pin 10 to IN 3 (L298), and pin 9
to IN 4 (L298). In the L298 motor drive, there were two inputs
as a voltage source (+) 12 V for the DC motor and 5 V for the
L298 motor driver as well as the ground (-). In addition, a5 V
input was also connected to the ENA and ENB power inputs on
the L298 motor driver input as power for the control system.
The outputs on the L298 motor driver DC motor 1 were
connected with Out 1 and Out 2, while DC motor 2 was
connected with Out 3 and Out 4. All components used in this
solar tracker system circuit were loaded into a printed circuit
board (PCB) and placed in a panel box of control system wiring
measuring 25 x 25 cm.

The design of this solar tracker system employed two types
of polycrystalline solar panels as the main components of
generating electrical energy, with a capacity of 100 WP each.
The two solar panels were connected in parallel so that they had
the same voltage, while the electric current of the two solar
panels was the amount of current in ampere units of each
employed solar panel.

The PowMr charge controller served to control the
electricity charging from the solar panel to the
battery/accumulator so that there was no overcharging. In
PowMr, there was also a display to monitor the solar panel’s
electrical power, the ambient temperature, and the overall
program when setting the charging system on PowMr. Before
the electrical energy generated by the solar panel was used or
utilized, the battery/accumulator used in the solar tracker
system was connected to an inverter to convert the DC
electricity stored in the battery/accumulator into AC electricity.
All components used to process electrical energy generated by
solar panels were installed on the panel box of power system
wiring measuring 60 x 70 cm.
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The materials used for the mechanical parts and frame
structure were elbow iron, plate iron, strip plate iron, and pipe
iron. In the solar tracker system, there were two working axes
to move the solar panel following the sunlight emission
direction from sunrise to sunset. The vertical axis working shaft
employed pillow block bearings UCF 212 with a 68 mm custom
gear that could rotate 360°. The horizontal axis working shaft
employed pillow block bearings UCP212-36 with a 200 mm
custom gear that could rotate 160°. All materials were joined
together by welding all parts of the material components, and
several parts were joined using bolts and clamps. The design of
the dual axis solar tracker system and its parts are described
according to the number shown in Fig. 2.

B. Arduino Programming Algorithm

The initial part of the Arduino Uno programming code
(sketch) initialized the integer data used as input and output
commands on the Arduino Uno mode pin with a serial data
transmission and reception speed of 9,600 bps. Furthermore, if
the program was run on an automatic control system to control
the solar tracker system, there was an error value to align the
solar panel angle to the sunlight emission direction. If the solar
tracker were controlled using dual axis mode, the absolute
value to determine the error in all four LDRs (top, bottom, west,
and east) would be read by the Arduino program to determine
the motor rotation direction and move the solar panel using two
axes, i.e., vertical and horizontal axes. In addition, the solar
tracker could be controlled automatically using single axis
mode by reading the absolute values on the two LDRs (west
and east) to move the solar panel using one axis, i.e., the
horizontal axis. Some examples of dual axis solar tracker
system program code are shown in Fig. 3.

If the value on the LDR west sensor is greater than that on
the LDR east sensor, DC motor 1 will rotate on the vertical axis
to move the solar panel westward. Conversely, if the value on
the LDR west sensor is not much greater than the LDR east
sensor value, the DC 1 motor will rotate on the vertical axis to
move the solar panel eastward. In addition to being read by the
dual axis mode, this command can also be read by the single
axis mode on the solar tracker automatic control system. Next,
if the value on the top LDR sensor is greater than the value on
the bottom, the DC motor 2 will rotate on the horizontal axis to
move the solar panel towards the top. Conversely, if the value
on the top LDR sensor is not much greater than the value on the
bottom LDR sensor, DC motor 2 will rotate on the horizontal
axis to move the solar panel towards the bottom. If the absolute
values of the four LDRs have the same value, DC motor 1 and
DC motor 2 will stop rotating so that the solar panel is at a
standstill.

The solar tracker can also be controlled using the manual
control system. The program runs manual control by reading
the conditions on all four push-buttons used to control the
direction of rotation of DC motor 1 and DC motor 2 to drive
the solar panel. If push-button 1 is active (on), the DC motor 2
will rotate on the horizontal axis to move the solar panel
downward. Conversely, if push-button 1 is inactive (off) and
push-button 2 is active, DC motor 2 will rotate on the horizontal
axis to move the solar panel upward. Furthermore, if push-
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Notes:

1. LDR mount.

2. DC motor as a horizontal axis drive.

3. DC motor as a vertical axis drive.

4. Wiring panel solar tracker control system box.
5. Energy system wiring panel box.

Fig. 2 Mechanical design of dual axis solar tracker system.

onoffawitch = digitalRead(switchlPin);
singledualswitch = digitalRead(switch2Pin);}
onoffawitch = digitalBead(switchlPin};
singledualswitch = digitalBead (switch2Pin);
while (onoffaswitch == HIGH & singledualswitch == HIGH )
topldr = analogRead(AZ);
botldr = analogRead(R3);
eastldr = analogRead(al);
westldr = analogRead(Rl);

therror = ({{topldr+westldr)/2) - (({botldr+eastldr)/Z}));
tbposerror = abs (therror);
error = (((eastldr+topldr)/2) - (({westldr+botldr)/Z)):

poserror = abs (error);
if (poserror » 10){

Fig. 3 Programming code (sketch) of dual axis solar tracker system.

button 3 is in an active condition, the DC motor 1 will rotate on
the vertical axis to move the solar panel to the west. Just like
the conditions on push-button 1 and 2, if push-button 3 is
inactive and push-button 4 is active, DC motor 2 will rotate on
the horizontal axis to move the solar panel eastward. In manual
control systems, if there is more than one push-button in active
condition simultaneously to control the same DC motor, the DC
motor cannot rotate to move the solar panel in a particular
direction.

C. Block Diagram of Dual Axis Solar Tracker System

The configuration of solar power plants (pembangkit listrik
tenaga surya, PLTS) applied in this dual axis solar tracker
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Fig. 4 Block diagram of a dual axis solar tracker system.

system was a centralized system (off-grid). The system utilized
solar radiation to generate electricity using solar panels without
being connected to the conventional electricity grid of the PLN.
The system is also said to be the only main source of electricity
generation using solar panels without any additional electricity
input from other sources [12]. The design of the dual axis solar
tracker system block diagram and its parts is shown in Fig. 4.

The working principle of the dual axis solar tracker system
is described as follows. The LDR detects the highest sunlight
intensity to direct the solar panel’s movement following the
direction in which it is positioned [13]. The Arduino Uno reads
data from the LDR to operate the L298 motor driver and
determines the direction of motor rotation. The DC motor
coupled to the L298 motor driver will rotate on the vertical or
horizontal axis according to the light intensity received by the
LDR [14]. Energy from sunlight emitted by solar panels will be
converted into electrical energy [15]. PowMr controls the
voltage and current from the solar panel before being forwarded
and stored on the battery/accumulator. The electrical energy
stored in the battery/accumulator is converted from DC
electricity to AC electricity using an inverter before being used
or utilized in AC electrical devices [16].

I1l. RESULTS AND DISCUSSION

The study’s results were obtained from testing the solar
tracker system on a sunny day when the sun shone optimally
throughout the day. During testing, data collection and a

p-ISSN 2301 — 4156 | e-ISSN 2460 — 5719

Jurnal Nasional Teknik Elektro dan Teknologi Informasi | Vol. 11, No. 3, August 2022

Solar Panels POWMR
o Inverter
b 2 ®)
I (¥
h ‘-
: VPy |SEFeS
/ .
1Pv
Battery ( )
DC to ACPOWER
- -
e o
s
S

Control box panel
Fig. 5 PLTS wiring power system.

calculation of electrical power generated by solar panels using
a single axis and dual axis solar tracker control system were
conducted. Testing was carried out for 8 hours from 08:00 a.m.
to 4:00 p.m. (western indonesia time) with seventeen times data
collections. Testing was carried out on the 3rd floor of the
Sekolah Tinggi Teknologi Kedirgantaraan Yogyakarta
(STTKD) building.

The energy system wiring circuit in the solar tracker system
design is shown in Fig. 5. V Pv is the value of the solar panel
output voltage measured by PowMr, and | Pv is the value of the
solar panel output current measured by PowMr. The voltage
and current values of the solar panel were observed by looking
at the values displayed on the PowMr display. PowMr
automatically measured these output voltages and currents
before being forwarded to the battery/accumulator.

A. Testing Procedure

The program code was uploaded to the Arduino Uno
contained in the box of the solar tracker control system wiring
panel.  Furthermore, all jumper cables on the
battery/accumulator, socket, and all cables on the terminal were
installed. The cable circuit existing on the panel box of power
system wiring was installed in sequence. The jumper cable on
the battery/accumulator was installed beforehand, and then it
was continued by connecting the solar panel power cable on the
terminal to PowMr. In the initial testing, the solar panel’s
position was automatically set using the solar tracker control
system single axis system to move on the horizontal axis
following the sunlight emission direction. In the second test, the
solar panel’s position was automatically set using the dual axis
solar tracker system control system to move with two axes,
vertical and horizontal. This step was done to detect the
direction of the best sunlight emission in generating electrical
energy. The next step was to observe all movements of the
single axis and dual axis solar tracker system and record all
result data listed on the PowMr and AVO meter displays. After
the test was complete, all jumper wires and cables on the panel
box were removed back in sequence, from the solar panel wires
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TABLE | TABLE Il

SINGLE AXIS SOLAR TRACKER SYSTEM TESTING RESULTS DUAL AXIS SOLAR TRACKER SYSTEM TESTING RESULTS

No Time Voltage Pv | CurrentPv | Power Pv No. Time Voltage Pv | CurrentPv | Power Pv
M) (A) W) () (A) (W)

1. | 8:00am. 20.30 1.10 22.33 1. 8:00 a.m. 17.30 3.8 65.74
2. | 8:30a.m. 19.00 1.20 22.80 2. 8:30 a.m. 20.10 3.9 78.39
3. | 9:00a.m. 20.20 3.30 66.66 3. 9:00 a.m. 20.00 1.9 38.00
4. | 9:30a.m. 20.10 0.90 18.09 4. 9:30 a.m. 19.70 0.8 15.76
5. | 10:00 a.m. 19.40 1.70 32.98 5. 10:00 a.m. 19.50 0.7 13.65
6. | 10:30 a.m. 20.00 0.60 12.00 6. 10:30 a.m. 19.20 0.6 11.52
7. | 11:00 a.m. 20.00 0.60 12.00 7. 11:00 a.m. 19.60 0.8 15.68
8. | 11:30 a.m. 20.50 0.60 12.30 8. 11:30 a.m. 19.20 1.2 23.04
9. | 12:00 a.m. 20.20 2.00 40.40 9. 12:00 a.m. 18.50 1.3 24.05
10. | 12:30 p.m. 19.00 2.10 39.90 10. | 12:30 p.m. 19.80 4.2 83.16
11. | 13:00 p.m. 20.60 2.10 43.26 11. | 13:00 p.m. 18.20 4.8 87.36
12. | 13:30 p.m. 20.10 2.10 4221 12. | 13:30 p.m. 18.30 2.0 36.60
13. | 14:00 p.m. 20.50 2.60 53.30 13. | 14:00 p.m. 17.80 1.6 28.48
14. | 14:30 p.m. 20.00 0.50 10.00 14. | 14:30 p.m. 14.90 1.4 20.86
15. | 15:00 p.m. 18.90 0.50 9.45 15. | 15:00 p.m. 19.70 1.2 23.64
16. | 15:30 p.m. 18.60 0.50 9.30 16. | 15:30 p.m. 20.10 1.1 2211
17. | 16:00 p.m. 17.90 0.50 8.95 17. | 16:00 p.m. 19.90 1.0 19.90

Average 19.72 1.34 26.82 Average 18.93 1.9 35.76

to the PowMr wires. This step was performed to protect the
PowMr from damage.

B. Single Axis Solar Tracker System Testing

This testing employed a single axis system solar tracker
control system. The resulting data are presented in Table I. In
this testing, the solar panel only moved on one axis, the
horizontal axis. The solar panel movement followed the
sunlight emission direction read by the LDR from sunrise to
sunset. Table | shows that a single axis controlled solar tracker
generated an average voltage of 19.72 V, a current of 1.34 A,
and electrical power of 26.82 W.

C. Dual Axis Solar Tracker System Testing

This testing employed a dual axis solar tracker control
system. The generated data are presented in Table Il. In this
testing, the working principle of the dual axis solar tracker
system remained the same as that of the single axis solar tracker
system. The solar panel moved following the sunlight emission
direction read by the LDR. The difference is that solar panels
were driven on two axes, vertical and horizontal, following the
sunlight emission direction. The data in Table Il shows that the
dual axis controlled solar tracker generated an average voltage
of 18.93 V, a current of 1.9 A, and electrical power of 35.76 W.

D. Power Calculation Analysis

The testing results showed a dissimilarity in the performance
of the single axis solar tracker system and the dual axis solar
tracker system in generating electricity from solar panels.
Based on the data in Table | and Table I, it can be seen that
using a dual axis solar tracker system can optimize the electrical
energy production on solar panels with a capacity of 200 WP.
A solar tracker system operated in a dual axis can generate an
average electrical power of 35.76 W (observed every half
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hour). In comparison, a solar tracker system which was
operated on a single axis only generated an average electrical
power of 26.82 W (observed every half hour). A comparison of
the electrical power generated by these two systems is
presented in Fig. 6.

Based on graph data in Fig. 6, the testing results show that
the total electrical power generated by solar panels with single-
axis and dual axis solar tracker control systems was 455.93 W
and 607.94 W, respectively. The generated electrical power has
not been reduced by the power used by the solar tracker system
to control the DC motor. The power consumption used by the
single axis solar tracker system to control the movement of
solar panels on one axis can be calculated using (1).

Pioaa =V X lipaq
Pjpea = 13.56 X 0.09 (D)
=12W.

The electrical power that can be utilized from solar panels
with a single axis solar tracker system control system can be
calculated using (2).

Pout = Prot — Proaa
P, = 45593 —-1.2 2
= 45473 W.

Furthermore, the power consumption used by the dual axis
solar tracker system to control the movement of solar panels
with two axes can be calculated by (1).

Pioaa =V X ljgaq
Pioaa = 13.30 X 0.50
=6.65W.
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Fig. 6 Comparison of electrical power generated by solar panels using a solar
tracker control system.

The electrical power that can be utilized from solar panels
with a dual axis solar tracker system control system can be
calculated using (2).

Pout = Ptot - Pload
P, = 607.94 — 6.65
=601.29W.

Based on the testing results data on the performance of the
single axis solar tracker system and the dual axis solar tracker
system, it can be seen that the dual axis solar tracker system can
optimize the production of electrical energy produced by solar
panels with a capacity of 200 WP, compared to previous studies
that only designed simulated solar tracker using LDR and linear
actuators to move solar panels with one axis following the
sunlight emission direction [14]. Solar panels with a capacity
of 50 WP were used in [14], while in this study, two solar panels
with a capacity of 100 WP were connected in parallel. The total
capacity of solar panels in this study reached 200 WP. LDR was
employed to detect the sunlight emission direction, and DC
motors were used as vertical and horizontal axis shaft drivers.

IV. CONCLUSION AND SUGGESTION

After carrying out the design and testing, as well as
implementing the solar tracker system, several conclusions can
be drawn about this research. The single-axis solar tracker
system can generate an average voltage of 19.72 V, a current of
1.34 A, and electrical power of 26.82 W, while the dual axis
solar tracker system can generate an average voltage of 18.93
V, a current of 1.9 A, and electrical power of 35.76 W. From
the 8-hour testing with seventeen times data collection, the total
electrical power was obtained using the single axis and dual
axis solar tracker system control systems, namely 455.93 W
and 607.94 W. The electrical power that can be utilized for
daily electrical energy needs after deducting the power of the
solar tracker control system is 454.73 W on the single axis solar
tracker system and 601.29 W on the dual axis solar tracker
system.

Based on the data from the measurement results and
calculations of the performance of the solar tracker system, it
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can be concluded that the dual axis solar tracker system can
optimize the production of electrical energy generated by solar
panels with a capacity of 200 WP, compared to a single axis
solar tracker system. For further development of the results of
this study, it is recommended that the LDR be given the
addition of a light reflector so that the light sensor is more
optimal when absorbing sunlight. Other types of light sensors,
such as photodiodes, can also be used.
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