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Abstract: This paper presents a theoretical comparison of
stationary and solar tracker systems for solar energy
generation. The growing demand for renewable energy
sources has led to increased interest in solar power. Solar
panels’ efficiency is influenced by their orientation relative to
the sun, making solar tracking systems an appealing option
for optimizing energy output. Through a comprehensive
review of existing literature, this study analyzes the
advantages and disadvantages of stationary and solar tracker
systems. Key factors such as energy yield, cost-effectiveness,
environmental impact, and maintenance requirements are
examined. The findings suggest that stationary systems offer
a cost-effective solution for small-scale installations,
requiring minimal maintenance. Solar trackers, although
more expensive and complex, provide higher energy yields
due to their ability to dynamically adjust panel orientation.
Additionally, the paper discusses the environmental benefits
and economic feasibility of both systems. This theoretical
analysis serves as a valuable resource for decision-makers,
engineers, and researchers in selecting the most suitable solar
energy system based on their specific needs.
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INTRODUCTION

Solar energy is a renewable and sustainable source of energy
that has the potential to meet a significant portion of our global
energy needs. Solar panels convert sunlight into electricity, but
their efficiency can be affected by the angle at which they
receive sunlight. Stationary solar panels are fixed in place,
while solar tracker systems use motors to track the sun's
movement across the sky. This allows solar tracker systems to
generate more electricity than stationary solar panels.

In this paper, we will compare and contrast stationary and solar
tracker systems. We will discuss the advantages and
disadvantages of each system, and we will consider the purpose
of comparing these two systems. Brief explanation of
stationary and solar tracker systems. Stationary solar panels
are fixed in place and do not track the sun's movement. This
means that they receive less sunlight during the day, which can

reduce their efficiency. Solar tracker systems use motors to
track the sun's movement across the sky. This allows them to
receive more sunlight and generate more electricity. There are
two main types of solar tracker systems: single-axis and dual-
axis. Single-axis trackers track the sun's movement from east
to west. Dual-axis trackers track the sun's movement from east
to west and also track its movement from north to south.

Importance of solar energy and its applications

Solar energy is a clean and renewable source of energy that has
the potential to meet a significant portion of our global energy
needs. Solar energy can be used to generate electricity, heat
water, and power vehicles. Solar energy is already being used
in a variety of applications, including:

Residential solar: Solar panels are becoming increasingly
popular for residential use. They can be used to generate
electricity for homes and businesses.

Commercial solar: Solar panels are also being used in
commercial applications. They can be used to power large
buildings, such as office buildings and factories.

Utility-scale solar: Solar panels are also being used in utility-
scale applications. These large solar farms can generate
electricity for thousands of homes and businesses.

Purpose of the comparison between stationary and solar tracker
systems

The purpose of comparing stationary and solar tracker systems
is to understand the advantages and disadvantages of each
system. This information can be used to decide which system
is the best fit for a particular application.

Stationary solar panels are a less expensive option than solar
tracker systems. However, they are also less efficient. Solar
tracker systems are more expensive, but they can generate more
electricity.

The decision of whether to use a stationary solar panel or a
solar tracker system depends on several factors, including the
cost of the system, the amount of sunlight in the area, and the
desired level of efficiency.
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OVERVIEW OF STATIONARY SOLAR SYSTEMS

A. Definition and functionality of stationary solar systems
Stationary solar systems are solar panel systems that are fixed
in place. They do not track the movement of the sun, so they
receive less sunlight than solar tracker systems. However, they
are also less expensive to install and maintain.

B. Components and design of stationary solar systems

The components of a stationary solar system are the same as
those of a solar tracker system, but they are not mounted on a
tracking mechanism. The components include:

e Solar panels: These convert sunlight into electricity.

e Solar inverter: This converts the direct current (DC)
electricity from the solar panels into alternating current
(AC) electricity, which is the type of electricity that
can be used in homes and businesses.

e  Mounting system: This holds the solar panels in place.

e  FElectrical wiring: This connects the solar panels to the
solar inverter and the electrical grid.

C. Advantages and disadvantages of stationary solar
systems
Advantages:

e Lower cost: Stationary solar systems are less expensive to
install and maintain than solar tracker systems.

e Simpler design: Stationary solar systems are simpler to
design and install than solar tracker systems.

e  More reliable: Stationary solar systems are less likely to
break down than solar tracker systems.

Disadvantages:

e Lower efficiency: Stationary solar systems are less
efficient than solar tracker systems because they receive
less sunlight.

e Less flexibility: Stationary solar systems cannot be
adjusted to track the movement of the sun, so they are less
flexible than solar tracker systems.

Stationary solar systems are a less expensive option than solar
tracker systems. However, they are also less efficient. The
decision of whether to use a stationary solar panel or a solar
tracker system depends on a number of factors, including the
cost of the system, the amount of sunlight in the area, and the
desired level of efficiency.

In general, stationary solar systems are a good option for
applications where cost is a major consideration. However, for
applications where efficiency is more important, a solar tracker
system may be a better option.

OVERVIEW OF SOLAR TRACKER SYSTEMS

ISSN (online): 2321-774X

A. Definition and functionality of solar tracker systems
Solar tracker systems are solar panel systems that are mounted
on a tracking mechanism. The tracking mechanism allows the
solar panels to follow the movement of the sun throughout the
day, so they can receive more sunlight and generate more
electricity.

There are two main types of solar tracker systems: single-axis

and dual-axis. Single-axis trackers track the sun's movement

from east to west. Dual-axis trackers track the sun's movement
from east to west and also track its movement from north to
south.

B. Components and design of solar tracker systems

The components of a solar tracker system are the same as those

of a stationary solar system, plus the following:

e Tracking mechanism: This is the mechanism that
allows the solar panels to follow the movement of the
sun.

e Control system: This is the system that controls the
tracking mechanism.

The tracking mechanism can be a simple mechanical system or

a more complex electronic system. The control system can be a

simple timer or a more complex computer system.

C. Advantages and disadvantages of solar tracker systems

Advantages:

e Higher efficiency: Solar tracker systems are more efficient
than stationary solar systems because they receive more
sunlight.

e  Greater flexibility: Solar tracker systems can be adjusted
to track the movement of the sun, so they are more flexible
than stationary solar systems.

e Better performance in cloudy conditions: Solar tracker
systems can track the sun even when it is partially obscured
by clouds, so they can still generate electricity in cloudy
conditions.

Disadvantages:

e Higher cost: Solar tracker systems are more expensive to
install and maintain than stationary solar systems.

e More complex design: Solar tracker systems are more
complex to design and install than stationary solar systems.

e Less reliable: Solar tracker systems are more likely to
break down than stationary solar systems.

Solar tracker systems are a more efficient way to generate solar

power than stationary solar systems. However, they are also

more expensive and complex. The best system for a particular
application will depend on the specific needs of the project.

In general, solar tracker systems are a good option for

applications where efficiency is more important than cost. For

example, they may be a good option for commercial or utility-

scale solar projects. However, for applications where cost is a

major consideration, a stationary solar system may be a better

option.

COMPARISON OF PERFORMANCE

A. Energy output and efficiency of stationary systems
Stationary solar systems are fixed in place, so they do not track
the movement of the sun. This means that they receive less
sunlight than solar tracker systems, and their efficiency is lower.
The energy output of a stationary solar system depends on the
amount of sunlight that it receives. In general, stationary solar
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systems can generate about 15-20% of the theoretical maximum
energy output.

B. Energy output and efficiency of solar tracker systems
Solar tracker systems track the movement of the sun, so they
receive more sunlight than stationary solar systems. This means
that they are more efficient and can generate more electricity.
The energy output of a solar tracker system depends on the type
of tracker system, the amount of sunlight that it receives, and
the orientation of the system. In general, solar tracker systems
can generate about 20-30% of the theoretical maximum energy
output.

In order to evaluate and contrast the energy output and
efficiencies between the stationary system and solar tracker
system, a comprehensive analysis was conducted, with a focus
on maintaining the integrity of originality and copyright
compliance. By carefully observing and collecting relevant
data, the obtained readings have yielded the following results.

08.00 4.2 5 21
09.00 5.1 5 25.5
10.00 5.4 5 27
11.00 6 5 30
12.00 6.1 5 30.5
13.00 6.4 5 32
14.00 6.51 5 32.55
15.00 6.54 5 32.7
16.00 6.37 5 31.85
17.00 5.3 5 26.5
18.00 4.5 5 22.5
19.00 4.1 5 20.5

TABLE I: Readings For Stationary Solar Cell

8 5.1 5 255
9 5.61 5 28.05
10 6.26 5 31.3
11 6.34 5 31.7
12 6.54 5 32.7
13 6.6 5 33

14 6.57 5 32.85
15 6.55 5 32.75
16 6.41 5 32.05
17 6.44 5 32.2
18 5.81 5 29.05
19 4.92 5 246

TABLE 2: Readings for Solar Tracker
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TRACKER VS STATIONARY VOLTAGE

08.00 09.00 10.00 11.00 12.00 13.00 14.00
TIME

15.00 16.00 17.00 18.00 19.00

—e— Stationary
Tracker

Graph showing comparison of voltage observed

C. Factors influencing the performance of both systems
The performance of both stationary and solar tracker systems is
influenced by a number of factors, including:

e Sunlight availability and intensity: The amount of
sunlight that a system receives will affect its energy output.
Systems in areas with more sunlight will produce more
electricity.

e Installation location and orientation: The location and
orientation of a system will also affect its energy output.
Systems that are installed in areas with more sunlight and
that are properly oriented will produce more electricity.

e Cost and maintenance considerations: Solar tracker
systems are more expensive to install and maintain than
stationary solar systems. However, they can generate more
electricity, so they may be a better option for applications
where efficiency is more important than cost.

The performance of both stationary and solar tracker systems

depends on a number of factors. In general, solar tracker

systems are more efficient than stationary solar systems, but
they are also more expensive. The best system for a particular
application will depend on the specific needs of the project.

In general, solar tracker systems are a good option for

applications where efficiency is more important than cost. For

example, they may be a good option for commercial or utility-

scale solar projects. However, for applications where cost is a

major consideration, a stationary solar system may be a better

option.

COST ANALYSIS

A. Initial investment costs of stationary systems

The initial investment costs of a stationary solar system include
the cost of the solar panels, the mounting system, the electrical
wiring, and the inverter. The cost of the solar panels is the most
significant cost, and it can vary depending on the size and
efficiency of the panels. The mounting system is also a
significant cost, and it depends on the type of mounting system
that is used. The electrical wiring and inverter are less
expensive, but they are still necessary components of a
stationary solar system.
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B. Initial investment costs of solar tracker systems

The initial investment costs of a solar tracker system are higher
than the initial investment costs of a stationary solar system.
The additional costs are for the tracking mechanism and the
control system. The tracking mechanism is the system that
allows the solar panels to track the movement of the sun. The
control system is the system that controls the tracking
mechanism.

C. Operational and maintenance costs of both systems

The operational and maintenance costs of a stationary solar
system are relatively low. The only significant cost is the cost
of replacing the solar panels after they have reached the end of
their lifespan. The lifespan of solar panels is typically 25 years,
so the operational and maintenance costs of a stationary solar
system are spread out over a long period of time.

The operational and maintenance costs of a solar tracker system
are higher than the operational and maintenance costs of a
stationary solar system. The additional costs are for the
maintenance of the tracking mechanism and the control system.
The tracking mechanism and the control system are more
complex than the components of a stationary solar system, so
they require more maintenance.

D. Comparison of the overall costs and payback period

The overall costs of a solar tracker system are higher than the
overall costs of a stationary solar system. However, the solar
tracker system can generate more electricity, so it may have a
shorter payback period. The payback period is the amount of
time it takes for the solar system to generate enough electricity
to pay for its initial cost.

The payback period for a solar tracker system depends on a
number of factors, including the cost of the system, the amount
of electricity that it generates, and the cost of electricity. In
general, the payback period for a solar tracker system is shorter
than the payback period for a stationary solar system.

The cost of a solar system depends on the type of system, the
size of the system, and the location of the system. In general,
solar tracker systems are more expensive than stationary solar
systems. However, solar tracker systems can generate more
electricity, so they may have a shorter payback period.

The best system for a particular application will depend on the
specific needs of the project. For applications where efficiency
is more important than cost, a solar tracker system may be a
better option. However, for applications where cost is a major
consideration, a stationary solar system may be a better option.

ENVIRONMENTAL IMPACT

A. Carbon footprint and greenhouse gas emissions of
stationary systems

Stationary solar systems have a relatively low carbon footprint
and greenhouse gas emissions. The only significant emissions
are from the manufacturing of the solar panels. However, the
emissions from manufacturing solar panels are much lower than
the emissions from fossil fuels.

B. Carbon footprint and greenhouse gas emissions of solar
tracker systems

Solar tracker systems have a slightly higher carbon footprint
and greenhouse gas emissions than stationary solar systems.
This is because the tracking mechanism and control system
require additional manufacturing and maintenance. However,
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the difference is relatively small, and solar tracker systems are
still a much more environmentally friendly option than fossil
fuels.

C. Comparison of
considerations

Both stationary and solar tracker systems have significant
environmental benefits. They both produce clean, renewable
energy that does not contribute to climate change. However,
solar tracker systems have a slightly higher environmental
benefit because they can generate more electricity.

environmental benefits and

PRACTICAL CONSIDERATIONS

A. Installation requirements and complexity of stationary
systems

Stationary solar systems are relatively simple to install. They
can be installed on roofs, ground mounts, or other structures.
The installation process is typically completed in a few days.
B. Installation requirements and complexity of solar tracker
systems

Solar tracker systems are more complex to install than
stationary solar systems. They require a tracking mechanism
and a control system. The installation process is typically more
time-consuming and requires more specialized skills.

C. Suitability for different applications and geographic
locations

Stationary solar systems are suitable for a wide range of
applications and geographic locations. They can be used in
residential, commercial, and industrial settings. They are also
suitable for use in areas with varying levels of sunlight.

Solar tracker systems are more suitable for applications where
efficiency is important. They are also more suitable for use in
areas with high levels of sunlight.

CONCLUSION

In conclusion, both stationary and solar tracker systems have
significant environmental benefits. However, solar tracker
systems have a slightly higher environmental benefit because
they can generate more electricity. Solar tracker systems are
also more suitable for applications where efficiency is
important.

The best system for a particular application will depend on the
specific needs of the project. For applications where efficiency
is more important than cost, a solar tracker system may be a
better option. However, for applications where cost is a major
consideration, a stationary solar system may be a better option.
The future of solar energy technology is bright. There are a
number of advancements that are being made in solar energy
technology, including the development of more efficient solar
panels and the development of new tracking mechanisms. These
advancements are making solar energy more affordable and
more accessible.

As solar energy technology continues to improve, it is likely
that solar tracker systems will become more popular. Solar
tracker systems are a more efficient way to generate solar
power, and they are becoming more affordable. In the future,
solar tracker systems may be the preferred option for many
applications.
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