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Abstract- One of the most important renewable energy sources is solar power and its emergence has 
revolutionized how we retrieve, store, distribute, and consume electrical power. However, tracking 
mechanisms have not been entirely effective in the past towards maximizing energy storage from solar 
energy. This project seeks to design, implement, and optimize a Motorized Maximum Power Point Tracking 
(MPPT) solar system to improve the efficiency of renewable energy generation. The project involved using 
a smart algorithm to drive a solar panel connected to light dependent resistors (LDRs) linked to a suitable 
power source. An Arduino microcontroller and other components were added to the MPPT system to guide 
its movements towards the sun’s most intense ray region. A static solar panel was also designed to perform 
comparison of solar harvest between stationery and movable panels For 10 days each across sunny, partially 
cloudy, and cloudy weather, both systems were deployed to observe which solar panel would receive and 
generate more energy overall. The comparisons showed that the motorized MPPT system was more efficient 
in retrieving energy, with its setup getting as much as 16% more power across conditions deployed in 
different weather settings. The MPPT system’s superior energy-capturing ability makes it a suitable option 
for implementation. Results obtained showed that the MPPT solar tracker is a financially feasible option in 
the long term and should be scaled to meet commercial needs for sustainable energy options. 
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I. Introduction 

 
The availability of solar energy and its clean nature 

is an indisputable fact. Consequently, solar 
technologies have evolved over the years. These 
technologies have affected industrial and domestic 
industries through the provision of lighting, heat and 
electricity positively. Recently, with the alarming rate 
of depletion of major conventional energy sources like 
petroleum, coal and natural gas, coupled with the 
environmental hazards caused by the process of 
harnessing these energy sources, it has become an 
urgent necessity to invest in renewable energy sources 
that can power the future satisfactorily[1]. The energy 
potential of the sun being so great and unlimited has 
been faced by numerous challenges in harvesting 
mainly because of the limited efficiency of available 
solar cells. The best efficiency of the majority of 
commercially available solar cells ranges between 10 
and 20 per cent [2]. This shows that maximum 
tracking of the sun needs improvement, because the 
earth is rotating on a tilted axis and takes an elliptical 
path around the sun. A stationary solar panel's output 
will drastically vary throughout the day and even 

throughout the year [3]. Because of the sun's 
movement, a standard solar panel will only observe 
about 10% - 20% efficiency under ideal conditions, 
while solar tracking has been shown to potentially 
double that with 40% efficiency under ideal conditions 
[4].  

When a solar panel with a specific solar cell is 
chosen, the only other way to increase power output is 
by increasing the amount of light falling on the panel 
[5]. The effectiveness of a solar panel in general, is 
directly correlated to the amount of sunlight that it is 
being exposed to. A solar panel is most effective when 
it is hit by a solar source at a perfectly perpendicular 
angle, i.e., the angle of incidence is zero. To keep the 
angle of incidence at zero in a real-world situation, the 
solar panel must move with the sun to maintain this 
perpendicular angle [6]. In this way, maximum power 
can be converted by the solar panel into usable 
electricity. 

Over time, solar photovoltaic (PV) systems, have 
thus gained increasing popularity as a source of clean 
and sustainable energy due to their clean and 
sustainable features [7]. Despite these striking 
features, the PV system's efficiencies are observed to 
be affected by external factors such as temperature, 
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shading, and irradiance variations. This consequently 
leads to reduced power generation [8]. To mitigate or 
eliminate the effects of these consequences, a 
technique called Maximum Power Point Tracking 
(MPPT) was improvised. MPPT is thus a technique 
used to extract the maximum available power from PV 
modules by continuously tracking regions of 
Maximum Sunlight rays. Conventional MPPT 
algorithms do not account for dynamic changes in 
environmental conditions [9], necessitating the 
development of an automatic MPPT system with 
mechanical actuators to optimize power generation 
[10]. 

II. Reviewed Articles Related to This 
Research 

Solar energy is a crucial and sustainable resource 
that has garnered increasing attention due to its 
potential to mitigate the escalating challenges 
associated with normal everyday energy sources. The 
advantages of solar energy lie not only in its 
abundance but also in its environmental benefits and 
versatility as an energy source. The sun, as our 
primary source of solar energy, emits an astonishing 
amount of energy into space. Approximately 174 
petawatts (PW) of solar energy reach the Earth's upper 
atmosphere continuously. This energy influx far 
exceeds global energy consumption, highlighting the 
untapped potential of solar energy [11]. One of the 
paramount reasons for the growing interest in solar 
energy is its inherent environmental benefits. Unlike 
fossil fuels, solar energy production is clean and does 
not release harmful greenhouse gases or pollutants 
into the atmosphere. It contributes to a reduction in 
carbon emissions and addresses concerns regarding 
global climate change [12]. 
Solar energy can be harnessed through various 
technologies, each serving specific purposes. Solar 
photovoltaic (PV) systems, in particular, have gained 
prominence in both industrial and residential 
applications. These systems convert sunlight into 
electricity through the photovoltaic effect, making 
them suitable for a wide range of energy needs [13]. 
Solar energy offers the advantage of decentralization, 
allowing individuals and communities to generate 
their electricity. This decentralization can enhance 
energy security by reducing dependence on 
centralized power grids and vulnerable energy sources 
[14]. 

The decreasing cost of solar PV technology, 
coupled with government incentives and subsidies, 
has made solar energy economically viable. This 
affordability has encouraged widespread adoption, 
especially in regions with ample sunlight [15]. Solar 
energy systems are known for their durability and 
longevity, often lasting 25 years or more with minimal 
maintenance. This sustainability aspect aligns to 
achieve a more sustainable and eco-friendly energy 
landscape [16]. In the context of the global transition 

towards renewable energy sources, solar energy plays 
a pivotal role. As nations aim to reduce their reliance 
on non-renewable fossil fuels, solar power emerges as 
a cornerstone of the renewable energy portfolio [17]. 

In [18], the authors opined a technique that can 
optimally reduce system power loss and improve 
efficiency. An improved MPPT Charge Controller 
system with Arduino micro controller system is 
developed with about 97.75% recorded. The 
developed system had several innovative features such 
as smart device charging, wireless data loggers etc. 

Muhammad.R.H.et.al. [19] evaluated the 
implementation of MPPT system using switching 
power topology. This research followed a literature 
approach to finding constantly changing Maximum 
Power Points (MPP). The hill climbing algorithm is 
developed with oscillating results charts depicting 
output power derived at maximum power point. 

The Authors in [20], proposed the application of 
MPPT System to a piezoelectric wind harvester. It was 
observed that the output energy of the piezoelectric 
wind energy harvester generates highly erratic voltage 
waveforms with high total harmonic distortion. The 
proposed system is able to mitigate the impact of 
distortion with increased efficiency rate of 98% and 
lower power consumption measured at 5.29µw. 
Finally, although the device generates low power 
amount in MW, it can run and harvest power at low 
wind speeds compared to the conventional 
electromagnetic alternators. 

III. Materials and Methods 

The project was conceptualized and designed 
using the top-down design approach. This approach 
involves the systematic breakdown of the system into 
smaller, more manageable units, providing the 
designer with a deeper understanding of its intricacies 
and functionalities. 

A. Major Components 

The key components of the solar tracking system 
include: 

a. Photovoltaic cell 
b. Power supply 
c. Input light sensors (CDS) 
d. Voltage regulator 
e. Analog-to-digital converter 
f. Microcontroller 
g. Output mechanical transducer (Servo Motor) 
h. Tracking software 
i. Mechanical structure 
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Fig. 1: TP 4056 Pin – Out 

 

 
Fig. 2:  Circuit diagram representation 

1. Light Sensor 
 
A Cadmium Sulphide photocell is chosen as the 

light sensor for this project due to its cost-
effectiveness and simplicity. This passive component 
is characterized by a resistance that varies inversely 
with incident light intensity. 

Other features of the Photocell include;  
a. Resistance in the presence of light: 1KΩ 
b. Dark Resistance: 10MΩ to 100Ω 
c. Illuminance Range: 3 lux to ~ 4,000 lux 
d. Spectral Response: sensitive to wavelengths in 

the visible spectrum (400 nm to 700 nm) 
e. Temperature Coefficient: Typically around - 

0.05%/°C to - 0.1%/°C 
f. Operating Temperature Range: Approximately 

- 30°C to 70°C 
g. Maximum Power Dissipation: Around 100mW 

to 200mW 
 

Some two 220Ω resistors were selected to act as 
translators, converting subtle changes in sunlight 
intensity via the LDRs into electrical signals 
understood by the microcontroller, ultimately guiding 
the system's movement to maximize solar panel 
efficiency. It also helps to regulate current passing 
through the system onto connected LED indicators. 

 

 
Fig 3: Circuit Representation of a typical 

220Ω, 0.5W resistor. 

 
To calculate the resistance in the circuit, an 

account for the total resistance throughout its 
components has to be made as this will influence the 
current flow and ensure adequate power dissipation. 
Consequently Two (2) 220Ω resistors connected in 
parallel were included in the circuit. Therefore, to 
calculate the equivalent resistance for the parallel 
combination of the 220Ω resistors: 

Rparallel = 
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where     R1 = R2 = 220          
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= 110 

 
Two (2) light-dependent resistors connected to 

the circuit also possess 1,000 resistances and will 
play a role in current flow and overall power 
dissipation capacity. Given that there are two LDRs of 
1,000 each, the total resistance will be 2110 in the 
circuit.  

The microcontroller used, was programmed with 
a code that controls the servo motor based on readings 
obtained from two the 2 light sensors. The servo motor 
being controlled is attached to pin 9 of the 
microcontroller and is used to adjust the position of the 
PV cell based on the difference in light intensity 
detected by the two sensors. Some features of the 
microcontroller used include; 
a. Clock speed of up to 16MHz. 
b. 32 programmable input/output ports. 
c. 32K Bytes of self-programmable flash program 

memory. 
d. 1024 Bytes of EEPROM and 2K Bytes of SRAM. 
e. Multiple timers, counters, and PWM channels. 
f. 8 channels with a 10-bit ADC. 
g. Serial communication interfaces. 
h. Operating voltage range: 2.7-5.5 V. 
 

2. Microcontroller Pin Configuration 
 

Fig. 4 shows the pin configuration of the Arduino 
Uno R3 board, highlighting the functions and 
mappings of its input/output (I/O) pins.  
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Fig. 4: Pin Configuration of Arduino Uno R3 

 
3. Servo Motor 

 
The servo motor weighs 220 with a torque of 58 

kg·cm at 6V. The operating speed is 0.17 seconds per 
60 degrees at 6V, offering a good balance between 
power and responsiveness. Additionally, its wide 
operating voltage range of 4V to 12V provides 
flexibility for different power supply setups. 

B. Mechanical Structure 

 

 
 

Fig 5: Sketches of Solar Panel Configuration 
With Gear System 

Fig. 6: Complete Circuit Diagram 

 
Fig. 6 shows a complete circuit diagram of the 

microcontroller-based single-axis solar radiation 
tracker. This system tracks the radiation of the sun 
directly by tilting the photovoltaic cells at an angle of 
90 degrees for maximum exposure to the sun’s rays. 
The system uses two light-dependent resistors and one 

battery source of 3.7V. When a DC voltage comes 
from the battery, it is converted by the TP 4056 charge 
module to produce 5V. The 5V goes to the 
microcontroller which feeds same to the servo motor 
when its services are needed owing to changes in light 
rays sensed by the LDRs.  

At night, the LDRs detect no solar ray and are 
hence idle. But once solar radiation increases the two 
LDRs which work in pairs convert the solar radiation 
into analog signals and send it to the microcontroller 
through pins A0, A1, and 5V which do the 
comparisons. The microcontroller does its comparison 
and sends a signal to the servo-motor through pin 
GND to carry out adjustments, when necessary, to 
make the solar panel to face the direction with the 
highest intensity of solar radiation.  

Fig. 7 below shows the flowchart describing how 
the solar PV system with Arduino-controlled 
operation will operate:  

 
 
Fig. 7: Flowchart showing basic operation of Arduino -controlled 

solar tracking system with two LDRs. 












