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Article history: With the growing global demand for energy, exploring alternative energy sources,
Received 3 July 2024 particularly solar energy, in equatorial regions where abundant sunlight is essential. Solar

Received in revised form 10 October 2024 panels, which convert sunlight into electricity, must be optimally positioned to capture the
Accepted 20 October 2024 maximum amount of sunlight and operate within an ideal temperature range for
Available online 20 November 2024 efficiency. However, two key challenges must be addressed: ensuring solar panels are
consistently aligned with the sun and managing heat buildup, which can reduce
performance. This study proposes a specialized optimization system to enhance solar
panel efficiency by addressing these issues. The system adjusts the angle of solar reflectors
to maximize sunlight exposure. It incorporates passive cooling mechanisms, such as
heatsinks and cooling blocks, which are attached to the back of the panels to regulate
temperature. Real-time monitoring using Internet of Things (1oT) technology tracks critical
parameters, including solar reflector angles, panel and ambient temperatures, light
intensity, weather conditions and electrical output. A comparative analysis between
standard solar panels and those equipped with this optimization system demonstrates
that the latter significantly outperforms conventional setups. The system ensures
Keywords: maximum sunlight absorption, maintains optimal operating temperatures and boosts
overall energy production. These findings underscore the potential of the proposed
system to improve the reliability and efficiency of solar energy generation in equatorial
regions, contributing to more sustainable energy solutions in high-sunlight environments.
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1. Introduction

As technology advances, so does the use of alternative energy derived from solar energy. This is
due to the inverse relationship between the annual increase in demand for electrical energy and the
depletion or limited availability of fossil fuels, so this is a serious problem that needs to be addressed
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immediately [1-3]. There are increasingly limited fossil energy sources, so developing and managing
alternative energy sources is necessary [4-7]. One of these is solar energy sources, which are
abundant and unlimited, especially in countries on the Kharif line. Especially in countries located on
the equator, utilizing and maximizing the performance of solar panels is one method of using solar
energy sources [8].

The solar photoelectric effect, whereby sunlight is converted into electronic energy, provides the
fundamental basis for the operation of solar panels. Electricity is the basis of how solar panels work
[9-11]. Two main factors- the amount of sunlight and the temperature of the solar panel- significantly
impact how well solar panels optimize their electrical energy by analysing the voltage and current
output [12,13]. A reduction in sunlight intensity affects the electrical energy generated by the solar
panel. This manifests as a decrease in both the current and voltage produced by the device [14-16].
High temperatures on the surface of the solar panel caused by continuous sunlight cause the
electrical power generated to decrease; starting from the causes the generated electrical power to
decrease; starting from 25°C an increase of 1°C in the temperature by 1°C will cause a 0.5% decrease
in the output power produced by the solar panel [17-19]. Optimization System of Solar Power Plant
Optimization System with Solar Reflector Angle Variation and Passive Cooling via the Internet of
Things was to address the shortcomings of the existing study [20-22]. This system maximizes the
amount of sunlight intensity that the solar panels can absorb by adjusting the angle of the solar
reflector or by focusing the reflected light toward the or by focusing the reflected light towards the
centre of the solar panel surface [23,24]. This is done by integrating programming algorithms driving
the reflector motor to get the maximum sunlight reflection value [25-27]. Furthermore, the
implementation of passive cooling techniques at the base of the solar panel serves to maintain the
panel's thermodynamic equilibrium with its operational temperature [28-31]. In addition, the system
is monitored in real-time based on Internet of Things technology to ensure proper operation of the
panels and to display the panel's characteristics through the use of cooling blocks that are installed
or arranged on the back of the panel [32-35].

In this study, we have developed an optimization system designed to improve the efficiency of
power plants that utilize solar energy. This system incorporates solar reflector angle variations and
passive coolers integrated with the Internet of Things (IoT). Our system can adjust the reflector angle
automatically, allowing for remote control and optimization of sunlight reflection onto specific
surfaces, such as solar panels. The light sensors integrated into the solar panel drive the reflector
motor, which directs sunlight to the panel's surface. The panel's cooling system employs passive
cooling techniques, utilizing the aforementioned design concept. The thermal management system,
comprising a heatsink and cooling block, the component in question is attached to the posterior
aspect of the solar panel. This configuration avoids any unnecessary burden on the solar panel,
ensuring optimal performance. This system does not consume and burden the solar panel's output
because it does not require an activating power source. itself because it does not require a power
source for activation. This system also has a real-time monitoring application feature that can be
viewed through smartphones and laptops. Smartphone and laptop in real-time. The parameters
monitored in this study are the degree of the solar reflector angle, solar panel temperature,
environmental temperature, light intensity value, weather information, electric potential, electric
flow and the power generated by each of the systems mentioned above. The study compares
standard solar panels (devoid of system design) with solar panels that have undergone a system
design. The Internet of Things-based technology enables the continuous monitoring of all system
parameters, thereby ensuring optimal operation. This research aims to identify methods for
improving the efficiency of electrical current storage for use among industrial and societal entities. It
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encompasses mandatory and optional components, contributing to advancements in the science and
technology of efficient solar power modelling systems.

2. Methodology

Hardware and software design for system implementation optimization system for solar power
plants with variations in solar reflector angle and passive cooling in conjunction via the Internet of
Things [36]. This research employs a methodology incorporating passive cooling with the Internet of
Things (loT). The research process, illustrated in the fishbone diagram in Figure 1, serves as the
foundation for this study.
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of the solar reflector

e ——r——
Software algorithm

Monitoring system

Passive cooling system testing P
Software installation

IoT monitoring testing Data recording system

Input/sensor value data analysis Iot application feature system
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The output power produced by the

solar panel is not optimal

Fig. 1. Fishbone diagram of research roadmap

The research fishbone diagram above explains the flow of an implementation of deploying a solar
power facility optimization system with variations in the angle of the solar reflector and passive
cooling integrated with the Internet of Things, where the problems that arise because the absorption
of sunlight on solar panels is not optimal, the temperature is too high on solar panels so that the
power is not optimal. not optimal, the temperature is too high on the solar panel, so the output
power is not optimal, so a system is needed. output is not optimal, so a system that has been adjusted
is needed. The resulting system can work automatically in one system, such as methods, systems and
material selection, such as passive pending materials. Setting the angle of the solar reflector to get
the ideal angle that can be set from the detection of light sensors and remote control and the use of
solar reflectors. can be set by light sensor detection and the solar panel's temperature can be
controlled remotely and with passive cooling materials. The passive cooling materials are employed
with a heating element and a mounting structure affixed to the solar panel's rear surface. This
configuration enables the maintenance of the solar panel's optimal operating temperature. The
working temperature of the solar panel. In this research, the following parameters are monitored:
the degree of angle of the solar reflector and the temperature of the solar panel, ambient
temperature, light intensity value, weather information, voltage, current and current. light intensity
value, weather information, voltage, current and power compared to standard solar panels (solar
panels without any design system). solar panels (solar panels without a system design) with the
existence of a system design on solar panels that have been integrated with a system design. system
on solar panels that have been integrated with remote monitoring features using real-time Internet
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of Things technology. using Internet of Things technology in real-time so that it can be implemented
in the community and industry to improve the efficiency of electrical energy storage. Electrical energy
storage efficiency. The flowchart of the research stages, as illustrated in Figure 2, outlines the
systematic approach taken in this study as follows:

—
y

- Designing Tools and ’ Data Collection ‘
/ Literature Study / Programming

Determination of Mechanical
and Electronic Design

Data Analysis and
Validation

v

Report Preparation and
Publication

Finish

The stages of research implementation are as follows, as shown in the flow chart above. The
flowchart above shows that a literature study was conducted with references supporting the
research and the use of components needed for system implementation. Once the requisite
references have been obtained, the mechanics and circuit modules necessary for the system are
identified and designed. This includes the mechanical design that must be created, the necessity for
multiple circuit modules, such as controllers, sensors and other circuit modules, the types of DC
motors and the specific type of DC motor and its driver, indicator display and Wi-Fi module used to
integrate the system with the Internet of Things. Testing will be carried out on the things-based
system to ensure that all mechanical designs are correct. and the circuit module can function
properly after the circuit module and mechanical design are completed. Then, the entire circuit will
be connected according to the system requirements. Next, create the program algorithm for the
software. Once done, upload the program to the controller as the input and output control centre.
The next step is to test the device to ensure the system is suitable. If not, adjust based on any issues
that arise. However, based on the research, the stage of working on and creating the system design
has been completed. Data collection, report preparation and publication.

This research will use the Arduino Mega data processing centre, which will receive inputs from
the LDR light sensor, temperature sensor, GY-302 lux sensor and PZEM-017 module. The DC motor
driver will control the DC motor and act as a system to adjust the angle variation of the solar reflector
to maintain optimal sunlight reflection for the solar panel. In addition to an integrated Internet of
Things application is used to monitor the system. system. The purpose of this monitoring application
is to indicate important parameters of the system so that it can be observed and operated properly.
The Figure 3 displays the entire system design diagram as follows:

Tools Test Success?

Mechanical and Electronic
Design

I

Fig. 2. Flowchart of research stages
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Fig. 3. Overall system design diagram

From the design diagram above, the needs of the system's main parts can be described: Arduino
Mega, which serves as the centre for processing ESP32 Wi-Fi module readings and input/output. 120
WP solar panel, DC High Torque Motor, which moves the angle of the solar reflector based on
instructions from the LDR light sensor, passive cooler, which regulates the temperature of the solar
panel, DC Motor Driver, which controls the direction and rotational speed of the DC motor and LDR
light sensor, which consists of five pieces and functions as a reflector light reflection detector by
measuring changes in the resistance of the light that hits it, Lux Sensor GY-302 functions as a light
intensity meter in Lux units with a resolution of 0 - 65535 lux. The PZEM-017 module measures
current and voltage on solar panels with a monitor voltage range of 0 - 26 V and an operating voltage
of 3-5V. The ESP32 module is a Wi-Fi module in the Internet of Things design. Deep Cycle batteries
are used to store power from solar panels. As a regulator of the voltage and current that the battery
will get from the charge controller when converting the DC input voltage level into various DC output
voltage levels, a DC-to-DC converter is used and an inverter is used to convert the DC voltage level
into AC voltage to activate the AC load used.

3. Results

The results and discussion on the research of the solar power plant optimization system with
variations in the angle of the solar reflector and the use of passive cooling integrated with the
Internet of Things consist of five tests, namely testing the solar reflector angle variation setting
system on solar panels, testing the output power of solar panels between solar panels without
movement (static) and solar panels with solar reflector angle variation setting system, testing the
passive cooling system of solar panels, testing the solar panel optimization system with solar reflector
angle variation settings and passive cooling system and testing the monitoring system. The objective
was to assess the efficacy of a solar reflector angle and passive cooling system, as well as to evaluate
the monitoring and control mechanism reliant on the loT is to be evaluated. The findings of the
overall system design are presented in Figure 4(a) to Figure 4(c).
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Fig. 4. Display of overall system design

3.1 Testing the Solar Reflector Angle Variation Setting System on Solar Panels

This experiment assessed the influence of solar reflected intensity variation on solar panel output
power. The setup is designed to demonstrate how to alter the solar reflector angle on the solar panel
output power. The outcomes of these trials are presented in Table 1 and Figure 3.

Table 1

Testing the solar panel reflector angle variation control

system

No Solar Angle Four
Reflector Side (°)

Percentage Increase in
Panel Output Power Solar Panel (%)

15
30
45
60
75

u b wWN R

2
34
17
-4
-19

Table 1 shows that the best angle of the four-sided solar reflector arrangement is at 30° with a
percentage increase in solar panel output of 34%. In this condition, the reflector function has worked
as a reflector of sunlight to the solar panel, while the worst angle of the solar reflector position is at
an angle of 75° with a percentage increase in solar panel output power of -19 % in this condition can
be it can be said that the solar light reflector process is not working properly so that the performance
of the solar panel decreases. what happens is a decrease in the performance of solar panels.
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3.2 Static Solar Panel Testing with Angle Variation Setting System Solar Reflector

Testing the output power of solar panels between static solar panels (without any movement)
and solar panels with a solar reflector angle variation adjustment system shows how the process of
optimizing the performance of renewable energy sources such as solar panels can be enhanced by
modifying the angle of the solar reflector in comparison to that of conventional, non-adjustable solar
panels. This test positions the solar reflector at an angle of 30°. The findings obtained from this study
are detailed in Table 2 and Figure 5(a) to Figure 5(c).

Table 2
Testing the output power of solar panels with and without solar reflector angle
variation regulation system

Hours (WIB) Solar Panel with Settings Solar Panels without Settings Conditions

variation of solar reflector angle Reflector Angle Weather

Voltage  Current Power  Voltage Current Power

(Volts) (Ampere)  (Watt) (Volts) (Ampere) (Watt)
08:00 20,57 0,26 5,40 19,18 0,29 5,59 Sunny
09:00 20,85 0,34 7,14 19,64 0,32 6,31 Sunny
10:00 21,6 0,39 8,47 19,71 0,33 6,53 Sunny
11:00 21,66 0,55 11,96 20,43 0,48 9,84 Sunny
12:00 21,85 0,86 18,84 20,89 0,74 15,49  Sunny
13:00 21,98 1,09 24,01 21,15 0,91 19,28  Sunny
14:00 21,8 1,00 21,85 19,72 0,83 16,40  Sunny
15:00 21,61 0,90 19,50 19,52 0,71 13,89  Sunny
16:00 21,49 0,73 15,74 19,47 0,48 9,37 Cloudy
17.00 21,42 0,68 14,61 19,35 0,37 7,19 Cloudy

Solar Panel with reflector angle adjustment VS Solar Panel
without reflector angle adjustment

Voltage (V)

Time (WIB)

-&-= with reflector angle setting
without reflector angle adjustment

(a)
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Solar Panel with reflector angle adjustment VS Solar Panel
without reflector angle adjustment
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Fig. 5. (a) Voltage versus time (b) current versus time (c) output power
of solar panels with and without solar reflector angle variation

tt

Following the testing of two sets of solar panels, one with and one without a regulation system
and the subsequent calculation of their respective output powers, it was found that the solar panels
with the system exhibited a total output power of 147.52 W. In contrast, the output of the solar
panels without the system was 109.89 W. This allows the difference in the output power of solar

panels to be calculated as follows:

240



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 124, Issue 1 (2024) 233-248

Difference Pout total =3P With the system - 3P Without the system
= 147,52 Watt — 109,89 Watt
= 37,63 Watt
% Power Increase (P) = (Difference Pout total / P Without system) x 100
= (37,63 /109,89) x 100
=34,24 %
The percentage increase in panel output power was 34.24%.

3.3 Testing the Performance of Passive Panel Cooling Systems

Testing the work of passive cooling systems on solar panels shows how the system works by
utilizing thermal sink material and a cooling water block securely attached to the solar panel's rear
surface. This configuration is designed with this research project's objective of examining methods
of improving the power output of solar panels. The results can be found in Table 3.

Table 3

Testing passive cooling systems on solar panels

Time  Solar Panel Temperature Solar Panel Temperature Selisih Suhu (°C)
(WIB) without Passive cooling (°C)  with Passive cooling (°C)

08:00 28,7 28,5 0,2

13:00 48,9 44,4 45

14:00 464 42,5 3,9

16:00 42,6 39,2 3,4

17.00 39,3 34,6 4,7

Based on Table 3. The above shows the work of the passive cooling system on solar panels. The
cooling process has worked only with insignificant changes, as evidenced by the data presented in
the table. The greatest temperature differential is observed at 17:00 WIB, with a magnitude of 4.7°C.
This observation highlights the potential for further optimization of passive cooling design to enhance
the efficacy of the cooling system.

3.4 Testing the Solar Panel Optimization System by Adjusting the Solar Reflector Angle and Passive
Cooling System

Testing the solar panel optimization system between solar panels with solar reflector angle
variation settings and passive cooling systems and solar panels without solar reflector angle variation
settings and passive cooling systems shows how the process of the efficacy of solar panels can be
enhanced through the incorporation of reflector angle variation settings and passive cooling systems
compared to solar panels without solar reflector angle variation settings and passive cooling systems.
The efficacy of solar power can be optimized by modifying the angle at which the solar reflector is
positioned and the passive cooling system is implemented in comparison to solar panels without such
modifications. This experiment positions the solar reflector at an angle of 30°C. The results of this
experiment can be found in Table 4 and the graph in Figure 6(a) to Figure 6(c).
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Table 4

Testing the solar panel optimization system between solar panels with solar reflector

angle variation settings and the system incorporates a passive cooling mechanism
coupled with solar photovoltaics. However, it lacks a solar panel optimization system

Time (WIB) Solar Panel with System Solar Panel Without System  Conditions

Reflector Angle Setting + Cooling Weather

Voltage  Current Power  Voltage Current Power

(Volts) (Ampere) (Watt)  (Volts)  (Ampere) (Watt)
08:00 21,53 0,28 6,04 19,01 0,27 5,09 Sunny
09:00 21,81 0,36 7,87 19,47 0,30 5,80 Sunny
10:00 22,56 0,41 9,26 19,54 0,31 6,02 Sunny
11:00 22,62 0,57 12,91 20,26 0,46 9,28 Sunny
12:00 22,81 0,88 20,09 20,72 0,72 14,88  Sunny
13:00 22,94 1,11 25,48 20,98 0,89 18,63  Sunny
14:00 22,76 1,02 23,23 19,55 0,81 15,79  Sunny
15:00 22,57 0,92 20,78 19,35 0,69 13,31  Cloudy
16:00 22,45 0,75 16,85 19,30 0,46 8,84 Cloudy
17.00 22,38 0,70 15,68 19,18 0,35 6,67 Cloudy

20

Voltage (V)

Solar Panel With Reflector + Cooling Angle Setting System VS Solar

08:00

09:00

Panel Without system

.

10:00

without

11:00 12:00

—

1

Time (WIB)
—a- With reflector + cooling angle adjustment system

system

(a)

3:00

14:00

15:00

16:00 17.00
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Solar Panel With Reflector + Cooling Angle Setting System VS Solar
Panel Without system
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Fig. 6. (a) Voltage versus time (b) Current versus time (c) Output power of solar
panels with and without solar reflector angle variation

Based on testing the solar panel optimization system between solar panels with solar reflector
angle variation settings and passive cooling systems with solar panels without system design, the
total power of solar panels with solar reflector angle variation settings and passive cooling systems
is 158.19 W. Solar panels without systems is 104.31 W so that the difference in power can be
calculated:
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Difference Pout total =P With the system - 3P Without the system
= 158,19 Watt — 104,31 Watt
= 53,88 Watt
% Power Increase (P) = (Difference Pout total / P Without system) x 100
=(53.88 /104,31) x 100
=51,65%
The percentage by which solar panel output power increased is 51.65%.

3.5 Testing the Internet of Things Integrated Monitoring and Control System Things

Testing this Internet of Things integrated monitoring and control system shows how the concept
of remote monitoring and control utilizing loT technology can be carried out on solar panel
optimization systems optimization system by adjusting the angle of the solar reflector and passive
cooling system using the Blynk application. Figure 7, Figure 8 and Figure 9 show some of these tests.

8 Solar Panel Optimization System e > Solar Panel Optimization System 209

angle 1 angle 2 angle 3 angle 4 angle 1 angle 2 angle 3 angle 4

30 30 30 30 30 30 30 30

Voltage Current Power Voltage Current Power

22.94 1.11 25.48 22.38 0.70 15.68

Average Temperature Average Temperature

44.4 34.6
Motor Manual Control Motor Manual Control
Motor 1 Motor 2 Motor 1 Motor 2
} } }
Motor 3 Motor 4 Motor 3 Motor 4
t 1 t
Weather : Bright Weather : Cloudy
Direction : West Direction :=: UWest

Fig. 7. Reading of monitoring results of the solar panel optimization system
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Fig. 8. Monitoring readings without solar panel optimization system
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Fig. 9. Testing the Internet of Things integrated control system

From the tests carried out, all monitoring and control data, be it data of four solar reflector angle
values, solar panel temperature, manual control of the motor, weather information, electric
potential, electric current, Moreover, the solar reflector's output power could be effectively
monitored and controlled. Through a single Blynk application, the output power delivered by the
panel can be monitored and controlled with precision. This is made possible by integrating the
application with the Internet of Things, which allows for seamless monitoring and control across a
network of connected devices.

4. Conclusions

This research demonstrates the advantages of implementing an optimized system design for solar
panels compared to standard, static setups. Solar panels with the system design allow automatic and
manual control, providing flexibility and rapid fault correction. This feature is precious in ensuring
continuous, efficient operation, as system malfunctions can be addressed immediately, minimizing
downtime. The system also incorporates various functionalities, including adjustments for four solar
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reflector angle values, monitoring of solar panel temperature, manual control of the solar reflector
drive motor, real-time weather data and voltage, current and power output measurements.

The testing confirms that the proposed system functions effectively as an Internet of Things (loT)-
integrated solar panel optimization solution. The variation in solar reflector angle, adjusted based on
input from light and tilt sensors, has been proven to enhance solar panel performance significantly.
The results show that the optimized system increases solar panel output power by 34.24% compared
to static panels. Furthermore, when comparing the system to a setup with a solar reflector angle
adjustment system and passive cooling, the optimized design achieved a remarkable 51.65% increase
in output power. These improvements underscore the system’s capability to maximize sunlight
absorption and maintain optimal operating conditions, resulting in greater energy production and
system efficiency.

The research of loT-based real-time remote monitoring further strengthens the system's
reliability. It allows for continuous tracking of key parameters and enables proactive adjustments to
maintain optimal performance. This feature is particularly advantageous in regions with variable
weather conditions, where solar panel efficiency can fluctuate due to environmental factors.

Looking ahead, there are several promising avenues for future research and development. One
potential direction is incorporating active cooling techniques, which could further enhance the
thermal regulation of solar panels, particularly in high-temperature environments. Additionally,
integrating advanced predictive algorithms that forecast weather patterns and adjust the solar
reflector angles in anticipation of changes could lead to even more precise optimization. Such
advancements would improve the overall efficiency of solar panel systems and ensure their
adaptability to varying environmental conditions.
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