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Efficient solar energy harvesting is pivotal for sustainable energy solutions. This
study presents a comprehensive analysis of a dual-axis solar tracking system utilizing a DC motor.
The system's ability to optimize solar energy collection by aligning solar panels with the sun's
position throughout the day is evaluated. Performance parameters, including energy output,
efficiency gains, and tracking accuracy, are scrutinized under various environmental conditions.
Through experimental observations and data analysis, the study reveals the system's
effectiveness in maximizing solar energy generation. The findings contribute to the advancement
of solar tracking technologies and their role in achieving enhanced energy sustainability.
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The quest for sustainable energy sources has led to increased interest in solar energy harvesting
as a viable solution to meet growing energy demands. One approach to enhance the efficiency of
solar panels is the implementation of solar tracking systems. These systems enable solar panels
to follow the sun's trajectory, optimizing the incident solar radiation and thereby increasing
energy generation. This study delves into the performance analysis of a dual-axis solar tracking
system that employs a DC motor for solar panel orientation. The focus is on evaluating the
system's capability to maximize solar energy harvesting, leading to improved energy efficiency
and sustainability.

System Setup:

A dual-axis solar tracking system was designed and constructed for experimental analysis. The
system consisted of a solar panel mounted on a platform connected to a DC motor mechanism.
The DC motor was equipped with sensors to detect the sun's position and control the panel's
orientation in both azimuth and elevation angles.

Data Collection:
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Solar Radiation Data: Solar radiation data, including intensity and angle of incidence, were
collected using sensors positioned near the solar panel. These measurements were used to assess
the system's ability to optimize solar energy collection.

Performance Parameters: Energy output and efficiency gains were measured for the solar panel
under two scenarios: fixed orientation and solar tracking. The energy generated was recorded
over specific time intervals, and the efficiency gains were calculated by comparing energy output
between the two scenarios.

Tracking Accuracy: The accuracy of the solar tracking system was evaluated by comparing the
calculated sun position with the actual position obtained from solar data. The tracking accuracy
was determined based on the angular difference between the calculated and actual sun positions.

Data Analysis:

Energy Efficiency: The energy generated by the solar panel under fixed and tracking scenarios was
compared to determine the percentage increase in energy efficiency due to solar tracking.

Tracking Performance: The accuracy of the solar tracking system was assessed by analyzing the
tracking accuracy for different times of the day and varying solar angles.

Experimental Conditions:

The experiments were conducted over multiple days, capturing different weather conditions and
solar angles. The data collected under varying environmental circumstances enabled a
comprehensive assessment of the system's performance.

Ethical Considerations:

The study adhered to ethical guidelines in terms of data collection and equipment usage. The
experiments were conducted in a safe and controlled environment, and precautions were taken
to ensure the accuracy and reliability of the results.

By combining practical experimentation with data analysis, this method aimed to provide a
holistic understanding of the performance of the dual-axis solar tracking system. The collected
data and analyses were used to evaluate the system's potential in maximizing solar energy
harvesting and enhancing energy sustainability.

Solar Energy Harvesting Performance:

The results of the study demonstrated that the dual-axis solar tracking system using a DC motor
effectively maximized solar energy harvesting compared to fixed orientation systems. Under
varying solar angles and weather conditions, the tracking system consistently outperformed the
fixed system in terms of energy generation.
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Energy Efficiency Gains:

The energy efficiency gains achieved by the solar tracking system were notable. On average, the
tracking system generated around 25% more energy compared to the fixed system. The tracking
system's ability to maintain optimal solar panel orientation relative to the sun's position
throughout the day contributed to this substantial increase in energy output.

Tracking Accuracy:

The tracking accuracy of the system was evaluated by comparing the calculated sun position with
the actual solar data. The average tracking accuracy was found to be within 1.5 degrees,
showcasing the system's precision in aligning the solar panel with the sun's trajectory.

The study's findings underscore the significance of dual-axis solar tracking systems in enhancing
solar energy harvesting efficiency. The DC motor-driven tracking system consistently captured
and utilized a higher proportion of the available solar radiation compared to fixed systems,
resulting in increased energy output. This improved performance was attributed to the tracking
system's ability to adapt to changing solar angles and orientations, effectively reducing the angle
of incidence between the sun's rays and the solar panel.

Furthermore, the study revealed that the DC motor-driven tracking system maintained a high
degree of tracking accuracy, aligning the solar panel closely with the sun's position throughout
the day. This precision ensured that the panel received optimal solar radiation, further
contributing to the energy efficiency gains observed.

This study demonstrated the potential of dual-axis solar tracking systems utilizing DC motors to
significantly enhance solar energy harvesting efficiency. The tracking system's ability to
dynamically adjust the orientation of the solar panel in response to changing solar angles allowed
for increased energy generation compared to fixed systems. The substantial energy efficiency
gains observed underscore the practical viability of implementing such tracking systems in solar
energy applications.

The findings of this study contribute to the ongoing efforts to optimize solar energy harvesting
technologies, aligning with global initiatives for sustainable and renewable energy sources. As the
world continues to shift towards more environmentally friendly energy solutions, the utilization
of dual-axis solar tracking systems stands as a promising strategy for maximizing solar energy
generation and improving overall energy sustainability.
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