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Abstract: The increasing demand for renewable
energy has led to significant advancements in solar
power generation. Solar tracking systems coupled
with Maximum Power Point Tracking (MPPT)
techniques enhance the efficiency of photovoltaic
(PV) systems by optimizing power output. This paper
presents a comprehensive review of solar tracking
systems and MPPT algorithms, their integration, and
the benefits of combining these technologies to
maximize solar energy harvesting.

1. Introduction

Solar energy is one of the most promising renewable
energy sources. However, its efficiency is limited by
factors such as sunlight incidence angle, atmospheric
conditions, and PV panel orientation. Solar tracking
systems and MPPT techniques have been developed to
address these challenges and improve energy conversion
efficiency. This paper explores the synergy between
these two technologies and their impact on solar power
generation.

2. Solar Tracking Systems

Solar tracking systems adjust the position of PV panels
to follow the sun’s movement, ensuring maximum solar
irradiance throughout the day. These systems are
classified into:

. Single-Axis Trackers: Adjust the tilt of
the panel along one axis, either horizontal or
vertical.

. Dual-Axis Trackers: Adjust along both
horizontal and vertical axes, providing greater
accuracy and efficiency.

3. Maximum Power Point Tracking
(MPPT) Techniques

MPPT algorithms optimize the power output of PV

systems by continuously adjusting the electrical
operating point to extract the maximum available
power. Popular MPPT techniques include:

. Perturb and Observe (P&O):
Iteratively perturbs the voltage and observes the
power change to locate the maximum power
point.

. Incremental Conductance (INC):
Calculates the derivative of power with respect
to voltage to track the MPP more accurately.

. Fuzzy Logic and Avrtificial
Intelligence-based MPPT:  Utilizes Al
techniques for adaptive and dynamic power
optimization.

4. Integration of Solar Tracking and
MPPT

Combining solar tracking with MPPT ensures
optimal energy capture by maximizing both the
physical orientation and electrical power output of
PV systems. This integration results in:

. Higher Energy Yield: Increased
efficiency by 25-40% compared to fixed panels.
. Enhanced Performance in Variable

Conditions: MPPT adjusts to changing
irradiance while tracking ensures consistent sun
exposure.

. Improved System Lifespan: Reduces
thermal stress and power losses, enhancing
panel durability.

© 2025,IJSREM | www.ijsrem.com

| Page 1


http://www.ijsrem.com/

International Journal of Scientific Research in Engineering and Management (IJSREM)

SO TY
@REM“
e Journal
W Volume: 09 Issue: 04 | April - 2025

SJIF Rating: 8.586

ISSN: 2582-3930

I-V Characteristics of PV Panel

Current (A}
&

20
Voltage (V)

40

Ics

Fig. 1 1-V and P-V Characteristics of PV Panel

5. Algorithm for Solar Tracking with
MPPT
1. Initialize system parameters: solar panel

position, voltage, and current.

2. Measure solar irradiance and panel
temperature.

3. Adjust solar panel position using a solar
tracking system.

4, Read voltage and current from the PV
panel.
5. Apply MPPT algorithm:

a. Measure power (P =V * ).

b. Compare with previous power measurement.
c. Adjust voltage accordingly (increase or
decrease) to find MPP.

6. Continue  tracking and  MPPT
adjustments dynamically.

7. Output optimized power to the load or

battery storage.

8. Repeat steps 2-7 continuously.
6. Comparison of Conventional P&O
Algorithms

Perturb and Observe (P&Q) is one of the most widely
used MPPT techniques due to its simplicity and ease of
implementation. However, it has some limitations that
impact efficiency under dynamic environmental
conditions. The table below compares different
conventional P&O algorithms:
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Modified P&O techniques introduce adaptive step-size
mechanisms to reduce steady-state oscillations and
enhance performance under varying solar conditions.
Incremental Conductance (INC), while more complex,
provides better accuracy in tracking MPP by calculating
the slope of the power curve dynamically.

7.

MPPT
Combining solar tracking with MPPT ensures optimal
energy capture by maximizing both the physical
orientation and electrical power output of PV systems.
This integration results in:

Integration of Solar Tracking and

. Higher Energy Yield: Increased
efficiency by 25-40% compared to fixed panels.
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. Enhanced Performance in Variable
Conditions: MPPT adjusts to changing
irradiance while tracking ensures consistent sun
exposure.

. Improved System Lifespan: Reduces
thermal stress and power losses, enhancing
panel durability.

8. Challenges and Future Prospects

While solar tracking with MPPT enhances efficiency,
challenges include high initial costs, mechanical wear
and tear, and increased maintenance. Future
advancements in Al-based MPPT, sensor-driven
tracking, and self-powered actuators could further
improve performance and cost-effectiveness.

9. Conclusion

Solar tracking systems, when combined with MPPT
techniques, significantly enhance the efficiency of PV
energy systems. Continued research and technological
advancements are essential to making these solutions
more viable for widespread adoption, furthering the
transition to sustainable energy.
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