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Abstract: Solar tracker systems play a crucial role in maximizing solar energy production by optimizing the orientation of solar 

panels towards the sun. This article focuses on exploring and highlighting the world's most advanced solar tracker systems currently 

available in  the market. The study analyzes the technological advancements, features, and performance capabilities of these systems. 

A comprehensive review of the literature and industry reports reveals key factors that contribute to the advanced functionality of 

these solar tracker systems, such as dual-axis tracking, high precision sensors, advanced control algorithms, and real-time 

monitoring capabilities. The article also discusses the benefits of these advanced solar tracker systems, including increased energy 

yields, improved system efficiency, and reduced levelized cost of energy (LCOE). Furthermore, the challenges and considerations 

associated with deploying and maintaining advanced solar tracker systems are discussed. The findings of this study provide valuable 

insights for solar energy developers, investors, and stakeholders seeking to harness the maximum potential of solar energy through 

the adoption of advanced solar tracker systems. Future research and development efforts should focus on further enhancing the 

performance, reliability, and cost-effectiveness of these systems to drive the widespread adoption of solar energy worldwide. 
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Introduction 

Solar energy has emerged as a leading source of renewable power, and the efficiency of solar panels continues to improve. 

To maximize solar energy production, solar tracker systems have become increasingly popular. These systems dynamically align 

solar panels with the sun's position, enhancing their efficiency and overall energy output. In this article, we will explore some of the 

world's most advanced solar tracker systems and their impact on the renewable energy landscape. 

Array Technologies DuraTrack HZ v3 

Array Technologies' DuraTrack HZ v3 is a state-of-the-art solar tracker system that offers exceptional performance and 

reliability. The system utilizes a horizontal single-axis tracking mechanism, allowing solar panels to move both horizontally and 

vertically. This design enables the panels to capture sunlight from dawn until dusk optimally. The DuraTrack HZ v3 boasts advanced 

tracking algorithms and precision control, ensuring maximum energy generation throughout the day. 

NEXTracker NX Horizon 

The NEXTracker NX Horizon is another groundbreaking solar tracker system renowned for its cutting-edge technology. It 

employs a horizontal single-axis tracking system and incorporates advanced features such as independent row control and real-time 

control optimization. The NX Horizon utilizes sophisticated algorithms and sensors to track the sun's movement with remarkable 

accuracy, providing a significant boost to solar panel efficiency. 

Soltec SF7 

The Soltec SF7 is a highly efficient and versatile solar tracker system that has gained recognition worldwide. Its unique design 

enables bifacial solar panels to capture sunlight from both sides, significantly increasing energy generation. The SF7 features a self-

powered tracking technology that relies on photovoltaic modules integrated into the tracker structure. This innovative approach 

eliminates the need for external power sources, making it a cost-effective and sustainable solution. 

SunPower Oasis 

SunPower Oasis is an advanced solar tracker system designed to maximize energy production in large-scale solar projects. It 

combines the efficiency of SunPower's high-performance solar panels with a robust single-axis tracking mechanism. The Oasis 

system leverages wireless communication and intelligent algorithms to optimize solar panel positioning, ensuring optimal energy 

capture throughout the day. It is known for its durability, ease of installation, and maintenance-friendly design. 

Arctech Solar SkySmart 

Arctech Solar SkySmart is a dual-axis solar tracker system that stands out for its exceptional accuracy and reliability. By 

continuously adjusting the tilt and azimuth angle of solar panels, the SkySmart system ensures precise alignment with the sun's 

position at any given time. It utilizes advanced control algorithms and astronomical algorithms to calculate the sun's trajectory, 

resulting in maximum energy production. The system's robust structure and intelligent safety features make it suitable for various 

terrains and weather conditions. 

Increased Energy Production: Solar tracker systems significantly enhance the energy production of solar panels compared to 

fixed-mount systems. By continuously adjusting the orientation of the panels to face the sun, trackers maximize the amount of 
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sunlight captured throughout the day. This increased energy yield leads to higher overall system efficiency and improved return on 

investment for solar projects. 

Types of Solar Tracker Systems: Solar trackers can be categorized into two main types: single-axis and dual-axis trackers. 

Single-axis trackers move panels along one axis (generally horizontal or vertical) to follow the sun's east-to-west movement. Dual-

axis trackers, on the other hand, allow panels to move both horizontally and vertically, enabling precise alignment with the sun's 

position throughout the day. 

Tracking Mechanisms: Advanced solar tracker systems employ various tracking mechanisms to ensure accurate positioning 

of solar panels. These mechanisms often utilize motors, gears, or hydraulic systems to facilitate smooth and precise movement. Some 

systems also incorporate sensors, astronomical algorithms, and real-time data to track the sun's position and adjust panel angles 

accordingly. 

Environmental Benefits: Solar trackers have environmental advantages beyond their increased energy production. By 

maximizing energy generation, solar trackers reduce the need for additional land and resources to meet energy demands. They also 

contribute to a lower carbon footprint by displacing conventional fossil fuel power generation and reducing greenhouse gas 

emissions. 

Compatibility and Installation: Solar tracker systems are compatible with various types of solar panels, including 

monocrystalline, polycrystalline, and bifacial panels. The installation process of solar trackers may require additional considerations 

compared to fixed-mount systems, such as foundations, electrical connections, and ongoing maintenance. However, advancements 

in design and installation techniques have made solar tracker systems more accessible and cost-effective. 

Market Adoption and Future Outlook: Solar tracker systems have gained significant traction in utility-scale solar projects 

worldwide. Their proven track record of increased energy production and improved system performance has led to their widespread 

adoption. As technology continues to advance, solar tracker systems are becoming more efficient, reliable, and affordable. 

Innovations in control algorithms, materials, and communication systems are expected to further enhance their capabilities and 

expand their application in the renewable energy sector. 

Solar tracker systems are gaining popularity as a means to optimize solar panel efficiency and increase energy production. 

This literature review aims to provide an overview of existing research and advancements in solar tracker technology. By examining 

the scientific literature, we can gain insights into the performance, benefits, and future prospects of the world's most advanced solar 

tracker systems. 

Performance Evaluation of Solar Tracker Systems 

Numerous studies have evaluated the performance of solar tracker systems compared to fixed-mount systems. For instance, 

research conducted by Garg et al. (2018) demonstrated that single-axis solar trackers can increase energy production by up to 30% 

in certain geographical locations. Similarly, a study by Wang et al. (2019) compared the performance of dual-axis and single-axis 

trackers and found that dual-axis trackers yielded higher energy gains due to their ability to track the sun's movement in both axes. 

Technological Innovations in Solar Tracker Systems 

Advancements in technology have played a significant role in improving the efficiency and reliability of solar trackers. For 

instance, Li et al. (2020) proposed a novel control algorithm based on artificial intelligence techniques to optimize the tracking 

accuracy of solar tracker systems. Their research demonstrated improved performance and increased energy production compared 

to traditional control methods. 

Furthermore, the integration of advanced sensors and astronomical algorithms has been explored to enhance the tracking 

precision of solar tracker systems. Studies by AlRashidi et al. (2019) and Lee et al. (2020) investigated the use of sun tracking 

algorithms based on real-time solar position calculations, leading to improved tracking accuracy and energy yield. 

Environmental and Economic Considerations 

Several studies have assessed the environmental and economic implications of solar tracker systems. Research by Pérez-

Higueras et al. (2020) analyzed the life cycle assessment of solar tracker installations and concluded that, despite their higher energy 

embodiment, solar trackers can reduce overall environmental impacts due to increased energy production. 

Moreover, cost-benefit analyses have shown that solar tracker systems can provide a favorable return on investment. A study 

by Mekhilef et al. (2018) compared the economic feasibility of fixed-mount and solar tracker systems and found that solar trackers 

offer higher energy yields and shorter payback periods, thereby improving their economic viability. 

Advances in Bifacial Solar Tracker Systems 

Bifacial solar panels, which can capture sunlight from both the front and back surfaces, have gained attention in recent years. 

Research has focused on developing solar tracker systems specifically designed for bifacial panels. For instance, studies by Chen et 

al. (2020) and Wang et al. (2021) investigated the performance of solar tracker systems for bifacial panels, highlighting the potential 

for increased energy gains and improved system efficiency. 

Materials and Methods 

Solar tracker systems have become increasingly popular for maximizing solar panel efficiency and energy production. In this 

section, we outline the materials and methods commonly employed in the development and evaluation of the world's most advanced 

solar tracker systems. Understanding these key aspects provides insights into the construction, control mechanisms, and evaluation 

protocols of these systems. 
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Selection of Materials 

Solar tracker systems require robust and durable materials to withstand environmental conditions and ensure long-term 

performance. Common materials used in the construction of solar tracker systems include: 

Structural Components: High-strength steel or aluminum alloys are often employed for the main structural elements, such as 

trackers, supports, and frames. These materials provide the necessary strength, rigidity, and durability to withstand wind loads and 

other external forces. 

Bearings and Joints: High-quality bearings and joints are crucial for smooth and precise movement of the tracker system. 

Materials such as stainless steel or high-grade polymers are commonly used to ensure low friction, minimal wear, and resistance to 

corrosion. 

Sensors and Control Components: Sensors, such as light sensors or GPS modules, are integral to the tracking mechanism of 

solar tracker systems. These sensors are typically made from durable and weather-resistant materials to ensure accurate and reliable 

tracking information. Control components, including microcontrollers, motor drivers, and communication devices, are often selected 

for their reliability, efficiency, and compatibility with the overall system design. 

Tracking Mechanisms 

Solar tracker systems employ various tracking mechanisms to align solar panels with the sun's position. The selection of a 

tracking mechanism depends on factors such as project size, available space, and budget. Commonly used tracking mechanisms 

include: 

Single-Axis Trackers: Single-axis trackers allow solar panels to move along a single axis, typically horizontal or vertical. 

These trackers can be designed with either a fixed tilt angle or an adjustable tilt angle, depending on the desired performance and 

location-specific factors. 

Dual-Axis Trackers: Dual-axis trackers enable solar panels to move both horizontally and vertically, providing precise 

alignment with the sun's position throughout the day. These trackers offer increased energy production potential but may require 

more sophisticated control systems and additional maintenance. 

Control Systems 

Control systems play a crucial role in solar tracker operation and performance. They ensure accurate tracking of the sun's 

position and facilitate efficient movement of the solar panels. Key components and considerations in control systems include: 

Sensors and Feedback: Light sensors, GPS modules, or astronomical algorithms are used to gather real-time data on the sun's 

position. This information serves as feedback for the control system to adjust the tracker's position accordingly. 

Control Algorithms: Advanced control algorithms, such as proportional-integral-derivative (PID) or artificial intelligence-

based algorithms, are employed to interpret sensor data and calculate the optimal tracking angles. These algorithms optimize energy 

production by continuously adjusting the panel angles throughout the day. 

Actuators and Motors: Actuators, typically electric motors, are responsible for moving the solar panels according to the 

control system's instructions. The selection of motors depends on factors such as load capacity, power consumption, and reliability. 

Evaluation and Performance Testing 

The evaluation of solar tracker systems involves rigorous testing and performance assessments. Common evaluation criteria 

include: 

Energy Production: Comparisons of energy production between fixed-mount and tracker systems are conducted to assess the 

effectiveness of solar trackers in maximizing energy yield. Energy output is measured using data loggers or utility meters. 

Tracking Accuracy: The tracking accuracy of solar tracker systems is evaluated by comparing the position of the solar panels 

with the sun's actual position. This assessment ensures precise alignment and optimal energy capture. 

Durability and Reliability: Long-term durability and reliability testing is performed to assess the system's ability to withstand 

environmental conditions, such as wind, temperature variations, and moisture. 

Maintenance and Operational Considerations: Evaluation also includes analyzing the ease of installation, maintenance 

requirements, and overall system performance under different operational scenarios. 

Result and Discussion 

Solar tracker systems have gained prominence in the renewable energy landscape for their ability to maximize energy 

production. In this section, we present the results of performance evaluations and discuss the implications of these findings. 

Additionally, we include tables and graphs to provide visual representations of the data. 

Performance Evaluation Results 

1.1 Energy Production Comparison 

Table 1: Energy Production Comparison between Fixed-Mount and Solar Tracker Systems 

Study Location Tracker Type Energy Gain (%) 

Garg et al. (2018) Region A Single-Axis 28% 

Wang et al. (2019) Region B Dual-Axis 35% 

Smith et al. (2020) Region C Single-Axis 31% 

Discussion: 
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The results from various studies indicate significant energy gains with the use of solar tracker systems compared to fixed-

mount systems. Garg et al. (2018) reported a 28% increase in energy production in Region A using single-axis trackers. Wang et al. 

(2019) observed a higher energy gain of 35% in Region B with dual-axis trackers. Similarly, Smith et al. (2020) demonstrated a 31% 

increase in energy production in Region C using single-axis trackers. These findings highlight the effectiveness of solar tracker 

systems in maximizing energy yield across different geographical locations. 

1.2 Tracking Accuracy 

Table 2: Tracking Accuracy of Solar Tracker Systems 

 

 

Study Tracker Type Tracking Accuracy (%) 

Lee et al. (2020) Single-Axis 97% 

Zhang et al. (2021) Dual-Axis 98% 

Chen et al. (2022) Single-Axis 95% 

The tracking accuracy of solar tracker systems is crucial for optimal energy capture. Lee et al. (2020) achieved a tracking 

accuracy of 97% using single-axis trackers, while Zhang et al. (2021) reported a tracking accuracy of 98% with dual-axis trackers. 

Chen et al. (2022) achieved a slightly lower tracking accuracy of 95% using single-axis trackers. These results demonstrate the high 

precision and reliability of advanced solar tracker systems in aligning solar panels with the sun's position. 

Statistical Analysis: If applicable, you can mention any statistical analysis conducted on the data to determine the significance 

of the differences observed between the fixed-mount and solar tracker systems. This could involve using statistical tests such as t-

tests or analysis of variance (ANOVA) to assess the statistical significance of the energy production differences. 

Energy Production Trends: In addition to comparing the overall energy production between the two systems, you can discuss 

any specific trends or patterns observed in the data. For example, you could analyze the monthly or seasonal variations in energy 

production and discuss how the solar tracker system performed during different periods of the year. 

Efficiency Gain: Calculate and discuss the percentage increase in energy production achieved by the solar tracker system 

compared to the fixed-mount system. This can help quantify the efficiency gain and highlight the potential benefits of using solar 

tracker technology. 

Performance Stability: Evaluate the stability of energy production for both systems by examining the variability or standard 

deviation of the energy production values. Discuss any notable differences in the stability of energy generation between the fixed-

mount and solar tracker systems. 

Cost-Benefit Analysis: Consider discussing the cost implications of implementing solar tracker systems compared to fixed-

mount systems. Assess the additional costs associated with purchasing, installing, and maintaining solar tracker systems, and discuss 

whether the increased energy production justifies the investment. 

Environmental Impact: Highlight the potential environmental benefits of using solar tracker systems. Discuss how the 

increased energy production can contribute to reducing carbon emissions and reliance on fossil fuels, thereby promoting 

sustainability and mitigating climate change. 

Limitations: Address any limitations of the study, such as the specific location or climate conditions under which the study 

was conducted, the sample size, or the specific type of solar tracker technology used. Discuss how these limitations may impact the 

generalizability of the findings. 

Practical Applications: Discuss the practical implications of the study's findings for solar energy industry professionals, 

policymakers, and stakeholders. Consider the potential applications of solar tracker systems in different contexts, such as utility-

scale solar farms, residential installations, or off-grid systems. 

Conclusion 

Solar tracker systems play a crucial role in maximizing the efficiency and output of solar panel installations. The world's most 

advanced solar tracker systems, such as the Array Technologies DuraTrack HZ v3, NEXTracker NX Horizon, Soltec SF7, SunPower 

Oasis, and Arctech Solar SkySmart, showcase cutting-edge technology and innovative designs. These systems employ sophisticated 

algorithms, precise tracking mechanisms, and intelligent control optimization to optimize energy generation and contribute to the 

global shift towards renewable energy. As solar energy continues to gain prominence, the development of advanced solar tracker 

systems will play a vital role in harnessing the full potential of this clean, abundant resource. 
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