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Abstract.This paper provides a comprehensive review of dynamic control 

strategies for FACTS (Flexible AC Transmission Systems) devices, 

aligning with the "Dynamic Control Strategies for FACTS Devices in 

Modern Power Grids." It addresses the critical role of FACTS in managing 

modern power grids, focusing on their ability to enhance power quality, 

stabilize voltage, and improve energy efficiency. As power systems evolve 

to incorporate renewable and distributed energy sources, the challenges of 

ensuring reliable and stable grid operations become increasingly complex. 

The review discusses how FACTS technology and dynamic control 

strategies are vital components in addressing these challenges. By 

regulating voltage profiles and power system stability, FACTS devices 

contribute to the efficient integration of renewable energy sources, aligning 

with the overarching theme of the review article. In essence, this review 

sets the stage for a deeper exploration of the dynamic control strategies that 

underpin FACTS devices' contributions to the modern power grid's 

reliability and efficiency, emphasizing their relevance and significance in 

the evolving energy landscape.  
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1 Introduction 

The evolution of modern power grids, driven by the integration of renewable energy 

sources, increased power demand, and aging network infrastructure, has presented 

numerous challenges. Among these challenges, effective power flow control has emerged 

as a critical concern for grid management. The intricate and highly interconnected nature of 

transmission networks necessitates active power flow control to ensure optimal grid 

utilization. Loop flows, which redistribute power across the grid without violating physical 

laws, can create cascading outages and overload conditions, further emphasizing the need 

for advanced control strategies. 

 

In response to these challenges, innovative solutions involving Flexible AC Transmission 

Systems (FACTS) and Distributed FACTS (D-FACTS) devices have been developed. 

These devices, such as Unified Power Flow Controllers (UPFC), Series reactance 

compensation, and Static Synchronous Series Compensators (SSSC), have introduced 

controllability and flexibility into power transmission, offering avenues to relieve 

congestion and enhance grid reliability. The placement of FACTS devices, a critical 

consideration, has prompted various methodologies to optimize their deployment [1]. 

 

However, one of the pressing issues in leveraging FACTS devices effectively is the 

development of local control strategies. To ensure the secure operation of modern smart 

and deregulated power systems under overloaded conditions, refined control mechanisms 

are essential. These strategies hold the potential to pave the way for smarter and more 

responsive power grids. 

 

This review article delves into the realm of series compensators used within power system 

networks. These passive elements, such as series capacitors, significantly augment power 

transfer capabilities and enhance system controllability, particularly in alleviating loop 

flows. A self-automated control algorithm, designed to send signals to passive elements on 

transmission lines, offers a self-healing solution during transmission line congestion, 

contributing to the realisation of a responsive and intelligent future power grid. 

 

The importance of power system stability cannot be overstated, especially in the face of 

increasing loads and generation. Power system oscillations and stability challenges require 

effective solutions, and power system stabilizers have emerged as a conventional yet 

indispensable remedy. Additionally, the paper explores the broader landscape of FACTS 

technology, its applications, and the evolving role of power electronic devices in enhancing 

power system stability, quality, and efficiency [2]. 

 

In recent years, FACTS technology has found new applications in efficient energy 

utilization, voltage stabilization, power quality enhancement, and power factor correction, 

further catalysing its relevance in modern power grids. With renewable energy sources 

gaining prominence, the role of FACTS devices and smart control strategies in ensuring 

efficient electrical utilization and grid security becomes increasingly significant. This paper 

undertakes a comprehensive review of FACTS device applications in smart grids, 

especially in conjunction with renewable energy systems, addressing issues of power 

quality, voltage regulation, and system stabilization. It also examines the impact of 

Distributed-FACTS (D-FACTS) systems and emerging voltage source inverters (VSI) on 

grid stabilization and harmonics reduction. Finally, the paper provides insights into the 

historical applications of FACTS devices in traditional and modern electrical networks, 
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offering a valuable perspective on the technology's evolution and its role in the future of 

power systems [3]. 

2 Review and discussion 

In the pursuit of optimizing power grid performance, the study conducted by the author has 

yielded significant findings regarding the dynamic control of Flexible AC Transmission 

Systems (FACTS) devices. This study investigated various scenarios of line overloading, a 

common challenge faced in modern power grids due to increasing demand and renewable 

energy integration. By implementing control algorithms with FACTS and Distributed 

FACTS (D-FACTS) devices, the research demonstrates how these technologies can 

effectively alleviate congestion and ensure power flow remains within safe limits. 

 

The study by Krithika et al. (2016) highlights the practical implications of the author's 

work. These findings showcase the ability of control algorithms to prioritize overloaded 

lines, adjust line reactance, and ultimately, enhance the reliability and stability of power 

transmission. As we delve into the details of each case, it becomes evident that these 

dynamic control strategies offer promising solutions for modern power grids striving to 

meet the challenges posed by evolving energy demands and renewable sources. 

 

Deep dive [6-10]: 

The table titled "Key Findings in Alleviating Line Overloading" summarizes the significant 

outcomes from the study conducted by the author. In this research, the author investigated 

the dynamic control of active power flow in transmission lines, focusing on the deployment 

of FACTS/D-FACTS (Flexible AC Transmission Systems/Distributed FACTS) devices and 

a control algorithm to address the critical issue of power transmission congestion. 

 

The table provides insights into the effectiveness of the control algorithm and FACTS/D-

FACTS devices in alleviating line overloading scenarios, which is a pivotal concern in 

modern power grids. The study examined five distinct cases, ranging from single-line 

overloading in a 5-bus system to two-line overloading in a 14-bus system. For each case, 

the control algorithm was tested to mitigate congestion and optimize power flow. 

 

These findings are essential as they demonstrate the practical applicability of the developed 

control strategy. They highlight the adaptability of FACTS/D-FACTS devices in 

autonomously adjusting line impedance to relieve congestion, ensuring that power flow 

remains within safe operational limits. This research contributes valuable insights to the 

broader field of dynamic power grid control, emphasizing the importance of advanced 

technologies like FACTS devices and innovative control algorithms in enhancing grid 

stability and efficiency. 

Table 1. Key Findings in Alleviating Line Overloading 

Case System Description 
Overloaded 

Lines 
Control Algorithm Action 

Case 

1 

Single transmission line 

overloading in 5-bus system 
Line 1 

Algorithm increases line reactance to alleviate 

line overloading. 

Case Two transmission lines Line 1, Line 2 Algorithm prioritizes lines based on 

overloading and adjusts reactance to restore 
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2 overloading in 5-bus system power flow within limits. 

Case 

3 

Three transmission lines 

overloading in 5-bus system 

Line 1, Line 2, 

Line 3 

Algorithm mitigates congestion in all 

overloaded lines. 

Case 

4 

Single transmission line 

overloading in 14-bus 

system 

Line 13 
Algorithm increases line reactance to reduce 

line overloading. 

Case 

5 

Two transmission lines 

overloading in 14-bus 

system 

Line 5, Line 7 
Algorithm prioritizes and adjusts line reactance 

to relieve congestion. 

 

These findings underscore the critical role of control algorithms in managing power flow 

and relieving congestion in transmission lines. The studies demonstrate the effectiveness of 

using FACTS and D-FACTS devices in dynamically adjusting line reactance to prevent 

overloading and ensure that power flows within safe limits. 

 

In the context of our review article, these findings contribute valuable insights into the 

practical implementation of dynamic control strategies for FACTS devices in modern 

power grids. They exemplify how control algorithms can address different scenarios of line 

overloading, which is a significant challenge in power systems with increased demand and 

renewable energy integration. By discussing these findings, our review article enhances the 

understanding of the methodologies and approaches employed in the field, offering readers 

a comprehensive view of the evolving landscape of power grid control and optimization. 

 

Linking Particle Swarm Optimization Insights to Modern Power Grid FACTS 

Control 

 

Particle Swarm Optimization (PSO) offers distinct advantages over traditional optimization 

techniques, as highlighted by the author's findings. Firstly, PSO operates on a population-

based approach, providing it with a remarkable degree of adaptability. This feature 

significantly reduces the risk of becoming trapped in local minima, enhancing its versatility 

and mitigating convergence-related challenges. PSO's ability to utilize objective function 

data stands out as another key benefit. By relying on this data to navigate the problem 

space, PSO can effectively tackle non-differentiable objective functions, a hurdle that many 

other optimization methods struggle with. Moreover, PSO's use of probabilistic transition 

rules, in contrast to rigid rules used by some traditional approaches, grants it the flexibility 

needed to navigate complex and uncertain problem spaces adeptly. 

 

Compared to conventional methods like Genetic Algorithms (GA) and various heuristic 

algorithms, PSO exhibits superior flexibility in striking a balance between global and local 

exploration within the search area. Its simplified coding implementation makes it an 

accessible choice for practical applications, while its stable convergence behaviour ensures 

reliable solution finding. Furthermore, PSO requires minimal parameter adjustments, 

simplifying the optimization process's complexity. This robustness extends to its 

insensitivity to the nature of the objective function, rendering it suitable for a wide range of 

optimization tasks. Lastly, PSO's efficiency in conducting global searches is particularly 

valuable for identifying optimal solutions swiftly, often outperforming other optimization 
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techniques in terms of solution quality and computational time efficiency. These findings 

emphasize the valuable role of PSO in modern optimization contexts. 

 

These insights provided by the Varma et al. (2015)'s findings on Particle Swarm 

Optimization (PSO) align closely with the focus area of our review article [2]. While the 

specific focus of the author's research is on optimization techniques, the common thread 

lies in the pursuit of effective solutions in complex and dynamic systems. Much like our 

exploration of FACTS devices' role in enhancing power system stability, PSO offers a 

valuable approach to optimizing and fine-tuning various parameters within the power grid 

to maintain reliable and efficient operation. By emphasizing the adaptability, flexibility, 

and efficiency of PSO, these findings underscore the importance of advanced control 

strategies, including those involving FACTS devices, in addressing the evolving challenges 

of modern power grids. The parallel drawn between PSO's optimization capabilities and the 

dynamic control strategies discussed in our review article underscores their shared goal of 

improving power system performance and reliability in the face of increasing complexity 

and demands [4,5]. 

 

Furthering our deep dive and in the context of our review article, it's also essential to 

recognize the pivotal role that Flexible AC Transmission Systems (FACTS) devices play in 

shaping the future of power networks. As we delve into the work of Gandoman et al. 

(2018), we find a comprehensive exploration of FACTS technology and its significance in 

enhancing power quality within evolving smart grids [3]. The author's insights shed light on 

how FACTS devices, in conjunction with power electronic converters and innovative 

control strategies, are instrumental in addressing the unique challenges posed by distributed 

generation (DG), renewable energy sources (RESs), and the integration of AC-DC systems. 

By examining the role of FACTS devices across various facets of power systems, including 

voltage stabilization, loss reduction, and dynamic voltage control, we gain valuable insights 

into their contributions towards ensuring the reliability, security, and efficiency of future 

power networksLet's now delve into the author's findings and their implications for the 

evolving landscape of power systems[11-19]. 

 

Role of FACTS in Smart Grids 

 Critical in Smart Grids: FACTS devices are essential components in the evolving 

landscape of smart grids, especially with the integration of DG and RESs. 

 

Emerging FACTS Configurations 

 Versatile Solutions: New FACTS configurations are emerging to address various 

challenges, including AC-DC interface decoupling, voltage security, reactive 

compensation, and power factor correction. 

 Microgrid Reliability: They play a crucial role in enhancing the reliability of 

microgrids and standalone DG systems, incorporating various energy sources. 

 

Diverse FACTS Technologies 

 Comprehensive Technology: FACTS technology comprises a range of devices, 

including VSCs, STATCOMs, SSSCs, UPFs, and more, each serving distinct 

functions. 

 Modern Power Systems: These devices are pivotal in modern power systems that 

include smart metering and integrated DG, ensuring reliability and power quality. 

 

Renewable Energy Integration 

       

, 090 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202454009003540
ICPES 2023

03 

5



 

 

 Renewable Energy Growth: They are vital for accommodating the growing share 

of renewable and green energy sources, which are expected to contribute 

significantly to electrical energy production. 

 

Flexible VSC-Based FACTS Systems 

 Versatile Solutions: Flexible VSC-based FACTS systems cater to distribution and 

utilization networks, offering solutions like DSSCs, DSTATCOMs, and switched 

power filters. 

 

Distributed FACTS (D-FACTS) Devices 

 Dynamic Control: D-FACTS devices provide dynamic voltage control, reactive 

power management, and power quality enhancement, extending the capabilities of 

FACTS systems. 

 

Innovative Applications 

 Beyond Microgrids: These advancements extend beyond microgrids, finding 

applications in vehicle-to-house (V2H), vehicle-to-grid (V2G) battery charging, 

and loss reduction systems. 

 

Smart Computing Optimization 

 Optimizing Operations: Smart computing techniques, including GA, PSO, and AC 

algorithms, play a vital role in optimizing these systems for efficiency and 

reliability. 

3 Future Scope of Research 

 Advanced FACTS Configurations: Investigate and develop more advanced 

FACTS configurations that are tailored for specific smart grid scenarios, including 

those with a high penetration of renewable energy sources. 

 

 Control Strategies: Explore innovative control strategies for FACTS devices, 

focusing on improving response times, adaptability, and the ability to handle 

complex grid dynamics. 

 

 Integration with Energy Storage: Study the integration of energy storage systems 

with FACTS devices to enhance grid stability, energy management, and resilience. 

 

 Machine Learning Applications: Investigate the application of machine learning 

techniques for real-time decision-making in FACTS devices, allowing for 

autonomous operation and adaptive responses. 

 

 Cybersecurity: Address the cybersecurity aspects of FACTS devices within smart 

grids to ensure protection against potential cyber threats and vulnerabilities. 

 

 Interoperability: Research ways to improve the interoperability of FACTS devices 

with other grid components, such as communication networks and sensors. 

 

 Economic and Environmental Assessment: Conduct economic and environmental 

assessments to determine the cost-effectiveness and sustainability of FACTS 

solutions in different grid scenarios. 
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4 Knowledge gaps 

 Impact on Long-Term Grid Planning: There is a need for comprehensive studies to 

assess the long-term impact of FACTS devices on grid planning and design, 

considering evolving grid requirements. 

 

 Optimal Sizing and Placement: Research should focus on determining the optimal 

sizing and placement of FACTS devices in various grid configurations to 

maximize their benefits. 

 

 Cybersecurity Vulnerabilities: Identify and address potential cybersecurity 

vulnerabilities in FACTS devices, especially in the context of increasing 

digitalization and connectivity. 

 

 Standardization and Interoperability: Develop standardized protocols and 

interfaces for FACTS devices to ensure seamless integration and interoperability 

within diverse smart grid environments. 

 

 Environmental Impact: Assess the environmental impact of FACTS technologies, 

including their carbon footprint and ecological footprint, to align with 

sustainability goals. 

 

 Grid Resilience: Investigate the role of FACTS devices in enhancing grid 

resilience against extreme weather events and other disturbances. 

 

 Consumer Engagement: Explore strategies to engage consumers in the adoption 

and acceptance of FACTS technologies and their role in improving power quality. 

5 Conclusion 

In an ever-evolving landscape of power systems, where the integration of renewable energy 

sources and advanced digital technologies is reshaping the energy paradigm, the role of 

Flexible AC Transmission Systems (FACTS) devices has emerged as a linchpin for grid 

enhancement. As we delve deeper into this comprehensive review article, our journey 

began with an abstract that hinted at the transformative potential of FACTS technologies. 

Now, having traversed through a spectrum of research articles, we have unearthed crucial 

insights. These findings are not just disparate pieces of information; they are the 

cornerstones of a narrative that paints a comprehensive picture of FACTS devices' 

significance in modern power systems. Let us embark on a journey through six key findings 

that encapsulate the essence of our exploration—a journey that illuminates the impact of 

FACTS devices, the challenges they confront, and the avenues they open for future research 

in the dynamic domain of power systems. 

 

Key Findings 

 

 FACTS Devices Enhance Grid Stability: The reviewed articles emphasize that 

Flexible AC Transmission Systems (FACTS) devices are pivotal in enhancing grid 

stability, particularly in modern power systems characterized by high levels of 

renewable energy integration and complex grid dynamics. 
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 Improved Voltage Control: One of the key takeaways is that FACTS technologies 

contribute significantly to improved voltage control, which is crucial for 

maintaining power quality and reliability in smart grids. 

 

 Impact on Renewable Integration: The articles underscore the critical role of 

FACTS devices in facilitating the integration of renewable energy sources (RESs) 

into the grid. These devices help manage the intermittency and variability 

associated with RESs. 

 

 Advanced Control Strategies: Advanced control strategies are highlighted as 

essential for optimizing FACTS device performance. Adaptive and real-time 

control algorithms are necessary to address the dynamic nature of modern power 

systems. 

 

 Cybersecurity and Interoperability Challenges: The articles recognize that as 

FACTS devices become more integrated with digital technologies, cybersecurity 

and interoperability challenges emerge as significant concerns that need to be 

addressed. 

 

 Sustainability and Environmental Impact: Lastly, the reviewed literature 

underscores the importance of assessing the sustainability and environmental 

impact of FACTS technologies. This includes evaluating their carbon footprint and 

aligning them with green energy goals. 

 

In conclusion, this review has highlighted the pivotal role of FACTS devices in modern 

power systems, touching upon their immense potential and challenges. FACTS 

technologies stand as linchpins for grid reliability, efficiency, and sustainability, offering 

stability improvements, power quality enhancements, and support for renewable energy 

integration. However, it's crucial to acknowledge the existing knowledge gaps, which 

beckon further exploration and innovation in the field. In essence, FACTS devices serve as 

catalysts for a resilient and sustainable energy future. 
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