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Abstract

Solar tracking systems offer significant benefits in solar energy applications, including increased
power and efficiency compared to fixed systems. They are classified according to their components and
drivers, into include active, passive, semi-passive, manual, and chronological system. Active trackers
are the most efficient among other categories, as they contribute to boosting harnessed solar energy by
28.8-43.6 %, depending on the season. Single-axis tracking improves efficiency by 13% while, passive
trackers can improve efficiency by 25%. Manual trackers improve efficiency by 15%, and chronological
tracking systems provide the same efficiency as active trackers under similar climatic conditions. This
paper presents a literature survey on solar tracking systems. It summarizes multiple comprehensive
reviews that studied different literature on solar tracking technologies aiming to provide guide to
researchers and practitioners relate their work to existing research. The review concludes with a
summary of future recommendations and insights on designing and building effective and reliable solar
tracking system.

Keywords: Solar tracking system; Time-based tracker; Semi-passive tracker; Passive tracker; Manual

tracker; Future directions.
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1. Introduction

Solar energy has gained popularity as a clean and sustainable alternative to fossil fuels due to
rising energy demands, greenhouse gas emissions, and environmental pollution since the 1960s [1]. It is

widely distributed and used in numerous applications [3].

The amount of solar radiation incident on earth’s surface is variable and depends on several
geographical and meteorological conditions. Therefore, before installing a PV system, it is essential to
assess the solar potential of the location in order to optimize the technical and economic performance of
the system [10]. Due to limited on-site data availability, mathematical models and algorithms are being
developed to estimate solar power efficiency. However, predictions are prone to inaccuracies due to
geographical factors [11].

Solar tracking systems are crucial in various solar energy applications because they offer
advantages over fixed systems in terms of power and efficiency enhancement as well as the economics
of the system [9]. Tracking systems enable optimal collection of solar radiation by solar collectors and
panels [31].

Solar trackers use motors and sensors to track sunlight daily and seasonally by rotating mount-
holding panels to determine the optimal orientation of the panels under varying solar radiation
conditions. Sensors determine sun location based on shadow and light. Collected data are sent to a

microprocessor to determine the optimal tilt and azimuth angles [18,33].

There are two principal types of solar tracking systems: single-axis and dual-axis [5]. Both types

require a certain level of flexibility in movement [5,7].

The remaining part of this manuscript is structured as follows, section 2 discusses the different
types of solar tracking systems as well as their main components. Section 3 presents the operation
principle and mechanisms of solar trackers. Recommendations for future research and conclusions of

the review are listed in section 4 and 5, respectively.
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2. Types and components of Solar Tracking Systems

Based on their tracking technologies, the solar tracker systems are divided into five categories: active
tracking [17,23,36], passive tracking [12,45,50], semi-active tracking [34,46], manual tracker [13,22,56],
and time-based monitoring system [37,41,57].
Recent investigations have categorized solar tracking systems into numerous subtypes, primarily falling
under the five main classifications: single-axis tracking (north-south orientation) and dual-axis tracking
[4,9,21], azimuth tracking [8,44], polar tracking [12,38], dual-axis tracking [22,26,27].

C- Tip - tilt 2- axis tracker D- Azimuth 2- axis tracker

Figure 1: Solar Tracker Types [26].

Two of the most prevalent kinds of tilt and azimuth-tilt tracking have unique characteristics. Fig. 1 shows
the solar tracker systems' types of one-axis and two-axis trackers [27]. Dual-axis tracking systems
outperform single-axis systems by continuously optimizing solar panel orientation to account for both
diurnal and seasonal solar zenith angle variations [10]. On the other hand, dual-axis tracking is more
complex, expensive, and requires more additional components and machines. Compared to a single

tracking system, this benefit increases the efficiency of dual tracking and its solar power gain [39].

2.1 Dual-axis tracking system

Dual-axis trackers continuously face the sun since they move in two different directions. The tilt and

azimuth angles are two types of dual monitors. Tracking the sun in vertical and horizontal directions
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allows these devices to maximize energy output [22]. This kind of solar system produces and provides
dependable electricity to any location worldwide. Dual-axis monitoring is used in concentrated solar

energy methods, such as dish systems and PV solar structures [27].

Active tracking systems with two-axis tracking often employ a microcontroller, two motors, and four
distributed light-dependent resistors (LDRSs) on the solar panel. When the control system receives a
signal from the four LDRs positioned at different angles around the system, each motor spins the system

in single axis [40].

A new sensorless dual-axis solar tracker with great precision was introduced and managed by the
photovoltaic systems' maximum power point tracking unit. This tracker was proposed by Fathabadi [26],

to execute solar tracking operations focused on the vertical and horizontal axes of the solar cell panel.

Single-axis tracking systems, classified as horizontal or vertical, optimize solar panel orientation by
tracking the sun's daily azimuthal motion [18]. Dual-axis tracking systems, including azimuth-altitude
and tip-tilt configurations, optimize solar panel orientation by tracking the sun's diurnal azimuthal and
seasonal zenith angle variations [25]. The primary benefit of using the proposed solar tracking system is

to increase in energy efficiency by 28.8-43.6%, depending on the season.

An algorithmic model was proposed in [42] to forecast the thermal efficiency, usable power gain, and

absorbed energy of a solar collector in Brazil.

Vol. 04, No. 04 (2024) ISSN: 2709-6718



R, R; R3

Figure 2: Solar Tracking Types [25].
Figure 2 demonstrates six tracking strategies that are assessed using computational modeling to forecast
the thermal efficiency, useable energy gains, and absorbed energy of a solar panel collector in Brazil. A
graphic illustrates the tracking configurations in comparison to stationary solar panel collectors. The
following are the six tracking methods that are employed in the evaluation:
A plane rotated about a horizontal east-west axis in (R1), a horizontal north-south axis in (R2), and a
fixed-slope plane rotated about a vertical axis in (R3). All of these rotations were made with continuous
adjustments to minimize the angle of incidence. When both the surface azimuth and sun azimuth angles
are equal in this situation, the angle of incidence is reduced. The local latitude's absolute value served as
the tilt angle's definition.
To reduce the angle of incidence, (R4) a plane revolved around a north-south axis that was parallel to
the Earth's axis and was continuously adjusted; (R5) a plane tracked continuously around two axes; (R6)
A slope facing that is fixed facing north, with a tilt angle of 20°[25].
Chen and his colleagues proposed a mathematical model for a solar power system that uses a curved
mirror to focus sunlight onto a receiver. This system can move in two directions, always pointing at the
sun and using heat to generate electricity. The model considers factors like wind and uncertainties in the
system's components. The tracking system's central component aligns the condenser's axis with the sun's
rays. Based on the sun's location data, the biaxial mixed mode determines the deflection angle. The

condenser is driven by a servo motor to track, and sensors adjust the position deviation. The mixed mode
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decreases the tracking cumulative error. At the same time, minimizing the impact of the weather is

possible. Figure 3 shows an example of this kind of system [29].

T

Receiver

7

Reflector

Figure 3: Dual Axis Tracking for Solar Dish [29].

Many academics attempted to design inventive and economical methods for dual-axis tracking systems
to optimize solar energy absorption, therefore augmenting the total gain and electrical output. However,
the primary obstacle facing researchers studying this kind of tracking is the system's higher expense and
complexity than single-axis tracking. Rather than employing LDRs, some focus on constructing precise
controllers (maximum power point tracking) to simplify double-axis monitoring [26]. When comparing
the average power output of dual-axis and fixed-mount solar panels, it's evident that dual-axis systems
produce significantly higher energy yields. Dual-axis solar trackers have 49% higher power efficiency
than fixed mounts [54].

2.2 Single-axis tracking system

A single pivot point is used in a single-axis solar tracker system to revolve to track the solar beam from
one side to another. The horizontal, vertical, and diagonal single-axis tracking systems are the three
primary types of this system. The face of the system panel or module is positioned parallel to the axis of
rotation in a horizontal single-axis tracking system, where the axis of rotation is horizontal concerning
the ground. This type of system is typically employed in tropical locations [21]. Vertical single-axis

tracking systems employ a rotational axis oriented orthogonally to the ground plane.
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A primary limitation of single-axis tracking systems is their inability to account for the sun's annual
movement, restricting their tracking to daily east-west motion. Furthermore, their single-axis design can
significantly reduce their effectiveness on cloudy days [44].

Using a PLC and hydraulic drive, an autonomous sun-tracking system was created for a parabolic trough
solar concentrator. The tracking error is about 0.6° [4].

A method is provided for estimating the optical losses caused by a single-axis solar tracker's placement
angle inaccuracy using a small parabolic trough collector [6].

Throughout summer, winter, autumn, and spring, the assessment was made for the efficiency of a tilted-
wick solar still with a flat vertical plate reflector that tracks azimuth in a single step at a latitude of 30°
[20]. Compared to stationary solar still, the solar still developed by Abdallah and Badran [21] with a sun
tracking system achieved a 22% increase in production and a 2% improvement in total efficiency. This
study employed the surface azimuth angle (aw) for single-axis tracking, as depicted in Fig.4. The
perpendicular sun tracker actuator turns the joint vertically to control aw during four daily intervals.
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Figure 4: Four Intervals During the Day [21].

Comparative analyses between single-axis tracking and fixed-axis systems have underscored the
enhanced energy yield and system performance benefits associated with solar tracking technologies
[18,21,24].

They also used mathematical methods to evaluate how well the system focused light by changing its
position or comparing different types of solar trackers [51].

Energy yield assessments for single-axis and fixed-mount systems, conducted on a daily basis, indicate

a 13% increase in energy production for single-axis tracking configurations [53].
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3. Solar Tracker Mechanisms

Solar trackers can be classified into five categories based on how they move: active, passive, semi-active,
manual, and time-based [43]. There are five basic types of tracker drives, each with unique advantages,
limitations, features, components, and principles of operation. Scholars prefer active solar tracker drive

systems above the other four varieties.
3.1 Active tracker

An active solar tracking system uses sensors to estimate the sun's position in the sky throughout the day.
Sensors activate the motor or actuator to direct the driving system towards the sun throughout the day
[17]. Suppose the sun's beams are not orthogonal to the solar tracking system. In that case, it can cause
a variation in the level of light on one sensor compared to another, requiring the tracking system to be
perpendicular to the sunlight beams [36].

Active tracking systems use several kinds of control, including microprocessor-based, electrical sensor-
based, date and time methods, and extra photovoltaic cells [36]. The system computes the differential
signal between two input variables and provides this signal as input to the actuator [47].

3.1.1 Microprocessor and Electrical Sensor

Active tracker systems rely on feedback circuits and concepts, mainly microprocessors and electrical
sensors. Sensor inputs are used to detect and convey pertinent parameters to the controller. The controller
analyzes the parameters and determines the output. High-precision solar tracking systems rely heavily
on solar power arrays. Solar tracking systems are commonly employed in large-scale PV systems for
many applications [48].

An autonomous single-axis, three-positioned solar tracker system was created, as shown in Fig. 5 (b).
The device detects sunlight intensity by Light Dependent Resistor (LDR) sensors, as shown in Fig. 5 (a).

The system was set to be simple, cost-effective, and tested accordingly [28].
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Figure 5 (a): LDR Sun Detector (b) Sun Position During the Day [28].
A two-axis solar tracker was designed and constructed using the ATMEGA-8 L microprocessor. Fig. (6)

illustrates a diagram of an intelligent two-axis tracker with four LDR sensors [30].

UP-DOWN MOVEMENT

LEFT-RIGHT MOVEMENT

Figure 6 Dual-axis tracking system using four LDRs [30].
Ghosh and Haldar [35] created a solar tracking system with an AT89 family microprocessor and LDR
sensors to manage the direction of a solar PV panel. An integrated two-axis solar tracker system was
designed and tested, and its efficiency was compared to static and continuous two-axis systems [36].

Meanwhile, a fuzzy-logic controller for a solar tracker system was developed and executed on an
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ATMEGA 8353 microcontroller, resulting in a 47% increase in power gain over fixed panels [14].
Bentaher and his team created a simple solar tracker using light-sensitive sensors. They measured the
tracker's accuracy by calculating the angle between the sensors. They found the best angle for the sensors
through computer simulations and experiments [32].

3.1.2 Supplementary dual-sided solar-based tracker

This type of solar tracker uses active technology, requiring external power to move. It has two solar
panels facing opposite directions and a motor that rotates them, as shown in Fig. 7. The panels are
attached to a rotating axis, and a DC motor actuator controls the motor. Karimov and his colleagues
showed a solar tracker with four panels attached to a rotating motor. They manually adjusted the angle

of the second axis to find the best position [52].
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Figure 7: Solar Cell-Based Sensor [52].
3.2 Passive tracker
Passive solar tracking devices rely on thermal expansion or pressure imbalance between two sites at
either end of the tracker. These materials are often liquids or gases. The fluid is inserted into two opposed
reservoirs with a unique design to evaporate and change its characteristics based on the sun's course. The
link between the two tanks sends the condensate fluid from the most significant incidence reservoir to

the smaller one [45].
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Zomewords, an American company founded in the 1960s, was a pioneer in passive solar tracking
systems. In 1994, Poulek introduced a passive tracker system that employed shape memory alloy (SMA)
actuators [49]. SMAs, which undergo shape changes based on temperature fluctuations, exhibit a 2%
higher efficiency compared to traditional bimetallic actuators [50].

A passive tracker for photovoltaic modules was demonstrated, which uses gravity and heat generated by
the sun to transfer liquid from one side to the other to trace the sun's path from east to west. A tracker
does not require motors, gears, or control circuits [9].

Farooqui proposed a one-dimensional tracking technique, as shown in Fig. 8, for box-type solar cookers
that eliminate manual tracking requirements [15]. The new approach relies on gravitational potential

energy stored in the spring to provide tracking power, eliminating the requirement for external control.

Circularty
& Bent Pipa

Nylon =
Chord

60 cm B

Figure 8: Spring Along Steel Pipe [15].
In conclusion, a one-dimensional tracking tracker device utilizes changing fluid characteristics to
monitor the sun and has been examined in the literature. New meduim, such as moving liquids, are

quickly impacted.

The proposed system also achieved 24.86% greater energy collection efficiency than the fixed system
[55].
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3.3 Semi-active tracker

A semi-active solar tracker uses a unique lens to focus sunlight on a small area. This system requires
less energy to move than a fully active system. It has a group of tiny solar cells, a receiver, and a Fresnel
lens [34].

Ledn et al. [46] employs a semi-active solar tracking concentrator, depicted in Fig. 9, a micro-heliostat
array and a Fresnel lens to achieve solar concentration with reduced mechanical complexity. The micro-
heliostat grid, which tracks the solar azimuth and zenith angles, directs concentrated solar radiation onto
the Fresnel lens. Keeping the lens horizontally reduces wind stresses throughout the system. As a result,

the receiver can be fixed on the lens focus to minimizes the power required for system motion [46].

Figure 9: Semi-Passive Tracker [46].

Semi-passive tracker systems are distinct types that have received little attention in the literature
compared to active and passive trackers due to their constricted applications [46]. This sort of tracker
aims to save mechanical energy compared to regular trackers. Researchers are exploring systems that
use tiny mirrors or lenses to reflect sunlight onto a Fresnel lens, thereby reducing the need for mechanical

movement [34].
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4.3 Manual tracker

A manual solar tracker system uses a hand-driven actuator to adjust the tilt angle according to the season,
making constructing and maintaining the system easier. By incorporating a manual tilt angle axis, dual-
axis tracking systems can reduce costs compared to previous models that required two motors for both
axes of movement. Mwithiga and Kigo [22] created a solar drying device with limited sun tracking and
a 15° incremental to dry seeds of coffee in two days instead of a week. The tracking system's performance
is tested horizontally once, three, five, or nine times daily. In Fig. 10, a solar dryer with a flat plate
absorption and a box with no top measuring 8 m? base and 0.3 m high can track the sun in a west-to-east
direction. The selector disc on the stand allows for easy adjustment of the orthogonal angle with the
horizontal axis by at least 15°.

Gonul suggested a manual solar panel tracking system with a IMW PV power system in Turkey
manually adjusted seasonally, semi-seasonally, and annually. Manual tilt adjustment has a significant

net present value (NPV) increase in Turkey, ranging from 12.4% to 14.9% above fixed tilt [56].

Figure 10: Solar Dryer [22].

Manual tracker systems are not as standard in literature as semi-passive ones. The system relies on
human adjustments to reduce complexity, facilitate maintenance, and lower component costs. Few
studies have focused on this type of research, limiting it to specific applications like solar dryers (similar
to solar cookers) [22] and floating photovoltaic systems (PV) [13].
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3.5 Time-based tracker

A time-based solar tracking system moves the panel or module at a constant speed and angular
displacement daily or monthly. The motor rotates at a low rate of approximately 15° for one hour.

This tracking system is an open-loop control tracking device that follows a chronological motion model.
This system is more power efficient due to its low tracking error, resulting in negligible energy losses
during calibration [41].

Sidek et al. [37] developed dual-axis sun tracking with a micro-controller-based control system and a
method that utilizes global positioning systems and mathematical models linked to astronomy.
Additionally, the system employes a PID controller. Fig. 11 depicts the bidirectional solar tracking

structure.

90 degree UP-DOWN

360 degree CW/CCW

Figure 11: Time-Based Tracker [19].

Al-Qrimli and Kashan [57] used a mathematical model to improve the efficiency of the solar panel in
Irag, using the solar sun equations and Matlab/Simulink model to find the optimum tilt and azimuth
angles as shown in Fig. 12. These angles can be computed as follows [57]:

a = sin"Y(sin 8 sin® + cos & cos w cos B) (1)

where a, ¢, and J are the tilt, latitude, and altitude angles, respectively. 6 may be expressed as follows:

§ = 23.45sin [—36"(:;284)] @)
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Where n represents the day count, e.g., the 1% of January n = 1 and the 15" of September n =
31+29+31+30+31+30+31+31+15 = 259.
Moreover, w is the hour angle and is found by:
w = 15(t; — 12) (3)

Figure 12: Solar Angles [57].

Where ts is the solar time, in addition, the azimuth angle (y) is calculated as follows:

—cosdXsinw

Y =sinTH(——_——) (4)
Applying these equations to the Karbala\ Iraq location during the year to find the best azimuth and tilt
angle to set the solar tracking system on it in case of an axis solar tracking system and taking the average
of these angles during the season to get the optimum angle for the fixed panel or manual tracking system.
The results are shown in Table 1. which demonstrates the azimuth and tilt angle in twelve months during
the year. For the two-axis tracking system, the controller drives the solar panel by dual-axis according
to the solar angle results using a simple timer with a linear actuator. For a single-axis tracking system,
the controller will drive the solar panel either to the optimum tilt angle with a fixed azimuth angle or to
the optimum azimuth angle with a manually set tilt angle. The fixed angle in either way selected as an
average angle during the month, while the other angle will reference the controller that will drive the
solar panel. In the case of a fixed-mounted panel system, the solar angle will be chosen by taking the

noon angle for a specific month, which will be adjusted during the year.

Vol. 04, No. 04 (2024) ISSN: 2709-6718



Table 1:Annual solar angles for solar tracking system.

System/ | Two-axis tracking system Single-axis tracking system | Fixed-mounted solar system
month | Tilt angle Azimuthangle | Tilt angle | Azimuth angle | Tilt angle Azimuth angle
Jan. 36° peak 100°-250° 36° 150° 36° fixed 180° fixed
Feb. 43° peak 100°-256° 43° 156° 43° fixed 180° fixed
Mar. 55° peak 92°-266° 55° 174° 55° fixed 180° fixed
Apr. 66° peak 82°-275° 66° 193° 66° fixed 180° fixed
May 76° peak 75°-285° 76° 210° 76° fixed 180° fixed
Jun. 81° peak 74°-290° 81° 216° 81° fixed 180° fixed
Jul. 79° peak 72°-287° 79° 215° 79° fixed 180° fixed
Aug. 71° peak 79°-280° 71° 201° 71° fixed 180° fixed
Sept. 60° peak 88°-270° 60° 182° 60° fixed 180° fixed
Oct. 48° peak 98°-260° 48° 162° 48° fixed 180° fixed
Nov. 38° peak 100°-250° 38° 150° 38° fixed 180° fixed
Dec. 34° peak 110°-248° 34° 138° 34° fixed 180° fixed

Researchers commonly analyze and investigate the chronological solar tracking system, as discussed in
the literature survey in [2]. The solar tracking system uses chronological data, as shown in Fig. 11, to
accurately determine the sun's position. Some experts argue against using this tracker system for single-
axis solar tracking [19]. Meanwhile, other studies discuss its efficiency with dual-axis monitoring. It is
important to note that most studies on these tracking drivers have focused on photovoltaic applications
[37].

4. Recommendations for future research directions
4.1 The structure of the solar tracking system

An essential parameter of the solar tracker is the design of the structure of the tracker itself. It is

necessary to explore the structure's design, which means how the solar panel will be installed, the
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location of the actuator concerning the panel, and the rotation of the solar panel, whether it is linear or

circular. All these parameters will be set according to the panel and its installation ground.
4.2 The actuator of the solar tracking system

One of the critical elements of the solar tracking system is the actuator that drives the panel. For future
surveys, one must focus on the actuation system, whether it is electrical or pneumatic, its parameters,
drivers, power dissipation, and cost on the market. It is beneficial to explore the feasibility study for the
actuation system for dual or single-axis tracking systems by studying how much system efficiency will

increase compared with how much power the actuator needs for a specific tracking system.
4.3 Control system of the solar tracker

Several efficient control systems will process the input signals from the sensors to actuate the solar panel
to the optimum location. It is essential to focus on the studies that investigate the control system used in
the solar tracking systems, whether it is a simple closed loop system with a simple sensor or an advanced
system that uses artificial intelligence techniques such as fuzzy logic control or adaptive neuro-fuzzy
inference system controller, or just an open loop system with a lookup table for solar angle and a timer
that drives the actuator to achieve the optimal solar angles. It is also significant to discuss the effect of
control systems on the efficiency of the tracking process taking into consideration weather parameters

like temperature and cloudiness.
5. Conclusion

In recent years, there has been an increased interest in solar tracking systems. Components and
drivers classify solar tracking systems into active, passive, semi-passive, manual, and chronological
trackers. Active trackers are the most efficient, increasing solar energy by 28.8-43.6%, depending on
the season. Single-axis tracking increases efficiency by 13%, passive trackers by 25%, semi-passive
trackers use thermal energy harvesting, manual trackers improve efficiency by 15%, and chronological
tracking systems provide the same efficiency if the location has similar climatic conditions. This study
offered several recommendations and future directions to improve the performance of solar tracking
systems. These include using time-based tracker; semi-passive tracker; passive tracker; and manual
tracker. Furthermore, this study highlights the need to investigate different strategies for solving the
prediction problem. The future work based of this review is to apply and implement some of the artificial

intelligence methodologies in solar tracking systems.
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