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Abstract

The aim of this research paper is to address the global energy
crisis by increasing the efficiency of solar energy systems.
Renewable energy sources, especially solar energy, are essential
to reducing dependency on conventional energy sources.
However, several factors affect the energy extraction from solar
photovoltaic (PV) modules, limiting their efficiency. To overcome
these issues, this paper proposes a dual-axis solar tracking
system integrated with an automated cleaning mechanism. The
dual-axis tracker ensures maximum solar radiation capture by
keeping the solar panels oriented perpendicularly to sunlight,
while the automated cleaning mechanism removes dust
accumulation, maintaining consistent efficiency. This system can
improve energy output by up to 30% compared to traditional
fixed solar panels.

Keywords: Dual-axis solar tracker, automated cleaning system,
solar energy, solar PV modules, renewable energy efficiency.

l. Introduction

Electricity is an indispensable part of modern life, and its demand
continues to grow with advancements in technology and
industrialization. Unfortunately, conventional energy sources,
such as fossil fuels, are depleting at an alarming rate, causing
frequent power shortages and environmental damage. This has led
to a growing shift toward renewable energy sources, with solar
energy being one of the most abundant and accessible options.
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Solar energy is harnessed using photovoltaic (PV) panels that
convert sunlight into electricity. However, several factors,
including geographical location, weather conditions, and the tilt
and orientation of panels, significantly influence the efficiency of
solar power generation. Dust accumulation on solar panels further
reduces their effectiveness, often leading to a 15-25% decrease in
efficiency if not cleaned regularly.

In regions like India, where frequent power cuts are a norm, many
households and businesses rely on solar energy as an alternative
power source. However, the inconsistent efficiency of solar panels
due to the aforementioned factors poses a challenge. To address
these issues, a dual-axis solar tracking system with an automated
cleaning mechanism is proposed in this study. This system is
designed to optimize the angle of solar panels throughout the day
and ensure cleanliness, thereby maximizing energy output.

Il. Methodology

The proposed system combines two major subsystems: the dual-
axis solar tracking mechanism and the automated cleaning
mechanism. The entire system is controlled using microcontrollers
and sensors, ensuring efficient and automated operations.

A. Components Used

1. Microcontroller: A microcontroller from the 8051 family is
used to control both the tracking and cleaning systems.

2. Light Dependent Resistor (LDR): LDRs are employed to
detect the intensity of sunlight and determine the optimal
orientation of the solar panels.

3. DC Servo Motors: These motors facilitate the movement
of the solar panels and cleaning assembly.

4. Solar Panel (Flat Plate Collector): Standard solar panels
are used to capture sunlight and convert it into electricity.

5. Dust Sensor: A sensor is used to measure dust
accumulation on the surface of the solar panels.

6. Cleaning Assembly: This includes wipers, brushes, and
water valves to remove dust and debris from the panel
surface.

B. Tracking Mechanism
The dual-axis solar tracker enables solar panels to move along two
axes: horizontal and vertical. This ensures that the panels remain

perpendicular to the sun’s rays throughout the day and across
different seasons.

2223



Journal of Namibian Studies, 36 S2 (2023) : 2222-2228 ISSN: 2197-5523 (online)

1. Functionality: LDR sensors detect the direction of
maximum sunlight intensity. Based on the sensor readings,
the microcontroller calculates the required rotation angles
and sends pulses to the DC servo motors. The motors
adjust the panel’s orientation accordingly.

2. Benefits: By keeping the panels aligned with the sun’s
movement, the dual-axis tracker increases energy output
by approximately 20-30% compared to fixed panels.

C. Cleaning Mechanism

Dust accumulation on solar panels significantly reduces their
efficiency. The automated cleaning system addresses this issue by
employing a sliding wiper mechanism controlled by a
microcontroller.

1. Operation: The dust sensor continuously monitors the
panel’s surface for dirt and debris. If the dust level exceeds
a predefined threshold, the microcontroller activates the
cleaning system.
2. Components: The cleaning assembly consists of:
o Wipers/Rollers: To physically clean the panel’s
surface.
o Brushes: For removing stubborn dirt.
o Water Valve: To rinse the panels during cleaning.
3. Direction Control: The cleaning mechanism is powered by
motors that move the wiper assembly back and forth
across the panel surface, ensuring thorough cleaning.
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lll. System Design
A. Block Diagram

Power supply

Driver
Frem Micro- » Circuit
controller
Solar oC
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The system’s operation can be divided into two parts:

1. Sun Tracking: The LDR sensors detect sunlight intensity,
and the microcontroller controls the servo motors to
adjust the panel’s position.

2. Panel Cleaning: The dust sensor monitors panel
cleanliness, and the cleaning assembly removes
accumulated dust when necessary.

B. Working Principle

1. Tracking Logic:

o If sunlight is unevenly distributed across the LDR
sensors, the microcontroller signals the motors to
rotate the panels until the sunlight intensity is
balanced.

o The dual-axis movement ensures optimal
alignment with the sun’s position throughout the
day and year.

2. Cleaning Logic:

o The dust sensor continuously measures the
accumulation of dirt on the panels.

o When the dust level exceeds the permissible
value, the cleaning system is activated.

o The cleaning assembly moves in both directions,
ensuring the entire panel is cleaned.

IV. Advantages and Applications
A. Advantages
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1. Enhanced Efficiency:

o

Dual-axis tracking ensures maximum energy
capture by maintaining optimal alignment with
sunlight.

Automated cleaning prevents efficiency loss due
to dust accumulation.

2. Cost Savings:

o

o

Reduces labor costs by automating the cleaning
process.

Maximizes energy output, reducing reliance on
additional panels.

3. Sustainability: Increases the feasibility of solar energy
systems for small- and medium-scale applications.

B. Applications

1. Commercial and Domestic Use:

@)

Ideal for households, businesses, and educational
institutions to generate backup power.

2. Remote Areas:

o

Useful in areas without access to power grids.

3. Large-Scale Power Plants:

o

Can be employed in solar farms to enhance energy
production.

4. Monitoring Stations:

o

Used in weather and solar monitoring stations to
ensure consistent data collection.

V. Results and Discussion

The proposed system'’s effectiveness was evaluated by comparing
the energy output of fixed solar panels, single-axis trackers, and
dual-axis trackers under similar conditions. Key findings include:

1. Energy Output:

@)

Fixed panels provided the least output,
particularly during early morning and late
afternoon.

Single-axis trackers showed a 6-7% increase in
energy output compared to fixed panels.
Dual-axis trackers outperformed both, achieving a
30-40% increase in efficiency.

2. Cleaning Mechanism:

o

o

Panels cleaned using the automated system
maintained consistent efficiency over time.
Manually cleaned panels showed inconsistent
performance due to irregular cleaning intervals.

3. Cost-Benefit Analysis:
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o Although the initial setup cost of the dual-axis
tracker and cleaning system is higher, the long-
term benefits outweigh the expenses due to
improved energy production and reduced
maintenance costs.

VI. Conclusion

The integration of a dual-axis solar tracker with an automated
cleaning system significantly enhances the efficiency and reliability
of solar energy systems. By ensuring optimal alignment with
sunlight and maintaining cleanliness, the proposed system
addresses two major challenges in solar energy production. This
innovative approach not only increases energy output but also
reduces operational and maintenance costs, making it a viable
solution for both domestic and commercial applications.

Future work could focus on improving the durability of the cleaning
mechanism and integrating advanced sensors for more precise
tracking. Additionally, implementing machine learning algorithms
to predict sunlight patterns and optimize panel orientation could
further enhance system performance.
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