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ABSTRACT 
 

The burgeoning demand for electrical power coupled with the increasing complexity of power grid infrastructures has heightened 

concerns regarding congestion management in contemporary power systems. Devices from the Flexible Alternating Current 

Transmission System (FACTS) have become essential instruments in this regard for improving grid stability and reducing 

congestion.  The effectiveness of FACTS gadgets in reducing congestion is thoroughly examined in this research. Difficulties in 

power system management.  The proposed study examines the functions of several FACTS device types, such as Unified Power 

Flow Controllers (UPFCs), Static Var Compensators (SVCs), and Static Synchronous Compensators (STATCOMs), in reducing 

congestion. To clarify how FACTS devices contribute to improved electrical system stability, regulate voltage, and reactive 

electrical compensation, a thorough analysis of their working principles and control schemes is carried out. 
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1. INTRODUCTION 
 

In the wake of escalating energy demands and the continual 

evolution of power grid infrastructures, the effective 

management of congestion has become a paramount concern 

for utilities and grid operators worldwide. Congestion, 

characterized by the imbalance between electricity generation 

and consumption, not only jeopardizes grid stability but also 

compromises the reliability of power supply to consumers. In 

this context, the integration of Flexible Alternating Current 

Transmission System (FACTS) devices has emerged as a 

promising approach to mitigate congestion and bolster the 

resilience of power systems [1, 2]. 

 .

 
 

Figure 1: Power system Structure 

 

 

 

FACTS devices, encompassing a spectrum of technologies 

including Static Var Compensators (SVCs), Static Synchronous 

Compensators (STATCOMs), and Unified Power Flow 

Controllers (UPFCs), present a paradigm shift in grid control 

and operation [2]. These devices offer rapid response 

capabilities and precise control over voltage and reactive 

power, enabling utilities to alleviate congestion hotspots, 

enhance voltage stability, and improve grid resilience. 

 

 Furthermore, by reducing curtailment and reducing 

grid limitations, the incorporation of FACTS devices makes it 

simpler to integrate renewable energy supplies seamlessly. By 

dynamically adjusting transmission parameters such as 

impedance and phase angle, FACTS devices optimize power 

flow, alleviate overloads on transmission lines, and enhance the 

utilization of existing grid assets [6,7]. 

 

As the energy landscape continues to evolve, with an 

increasing emphasis on decarburization and grid 

modernization, the role of FACTS devices in congestion 

management becomes ever more pronounced. Through 

empirical case studies, simulation analyses, and real-world 

deployments, this paper endeavors to elucidate the efficacy and 

benefits of leveraging FACTS devices for congestion 

management in contemporary power systems. 

 

In essence, by harnessing the capabilities of FACTS 

devices, utilities and grid operators can proactively address 

congestion challenges, enhance grid flexibility, and pave the 

way towards a more resilient and sustainable energy future. 
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Figure 2:  Comparison of Voltage with & without SVC 

 

Flexible AC Transmission Systems (FACTS) devices have 

garnered significant attention as advanced tools capable of 

improving the controllability and flexibility of power systems. 

By dynamically regulating voltage, impedance, and phase 

angle, these devices offer real-time solutions for optimizing 

power flow and mitigating congestion. Technologies such as 

the Static Synchronous Compensator (STATCOM), Unified 

Power Flow Controller (UPFC), and Thyristor Controlled 

Series Capacitor (TCSC) have demonstrated substantial 

potential in enhancing system stability and accommodating 

variable load patterns. 

The increasing demand for electrical energy, driven by 

rapid urbanization and industrial growth, has placed 

unprecedented stress on modern power systems. As the existing 

transmission infrastructure struggles to cope with rising loads 

and dynamic power flows, congestion in transmission networks 

has emerged as a critical operational challenge. Congestion not 

only leads to inefficient power dispatch and elevated 

operational costs but also threatens the reliability and security 

of the entire grid. Addressing this issue requires innovative 

strategies that go beyond traditional methods of network 

reinforcement. 

 

This study explores the strategic deployment of FACTS 

devices to enhance congestion management in electrical power 

systems. Emphasis is placed on identifying optimal locations 

and configurations for these devices to maximize their 

effectiveness. By integrating FACTS into congestion 

mitigation strategies, the research aims to provide a cost-

effective and technically robust framework for improving 

power system performance in a deregulated and demand-driven 

environment. 

 

 

 

2. LITERATURE REVIEW 

The increasing complexity of modern power systems, 

marked by rising demand, integration of renewable energy 

sources, and deregulated market operations, has significantly 

intensified the challenges associated with transmission 

congestion. Congestion in transmission networks leads to 

inefficient energy delivery, elevated operational costs, and 

potential reliability issues. As a result, effective congestion 

management strategies have become vital in ensuring the stable 

and economic operation of power systems. 

 

In recent decades, Flexible AC Transmission Systems 

(FACTS) devices have emerged as a promising technological 

solution to enhance the controllability and increase the power 

transfer capability of transmission networks. FACTS 

equipment, which were first presented by Hingorani and 

Gyugyi, offer dynamic control over electricity, the resistance, 

and phase angle, thereby increasing the adaptability and 

dependability of electrical networks. 

Numerous studies have explored the potential of FACTS 

devices in mitigating transmission congestion. Murali and 

Soman (2002) investigated the use of FACTS controllers such 

as Static VAR Compensators (SVC) and Thyristor Controlled 

Series Capacitors (TCSC) in optimizing power flow under 

congestion scenarios. Their findings indicated that proper 

placement of these devices can significantly alleviate line 

overloading and reduce transmission losses. 

 

Further research by Singh et al. (2006) focused on optimal 

allocation of FACTS devices using optimization techniques 

like Genetic Algorithms and Particle Swarm Optimization. 

These methods aimed to identify the most effective locations 

and settings for FACTS devices, taking into account system 

constraints and market conditions. The integration of heuristic 

algorithms proved effective in enhancing congestion relief 

while minimizing investment and operational costs. 

 

In the context of deregulated power markets, Sood et al. 

(2008) emphasized the role of FACTS in facilitating open 

access and enabling more efficient market operations. By 

providing additional control over power flows, FACTS devices 

support market participants in maximizing their economic 

benefits without compromising grid security. Moreover, their 

study highlighted the importance of considering cost-benefit 

analysis and regulatory frameworks in the deployment of 

FACTS technologies. 

 

Recent advancements in power electronics and 

computational intelligence have further expanded the 

capabilities of FACTS-based congestion management. Zhao 

and Liu (2017) proposed a real-time congestion management 

framework incorporating Unified Power Flow Controllers 

(UPFCs) and real-time data analytics. Their approach 

demonstrated improved responsiveness to system disturbances 

and better utilization of transmission assets. 

 

Additionally, integration of renewable energy sources has 

introduced new dimensions to congestion management, 

necessitating more adaptive and robust control mechanisms. 
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Studies such as Patel and Khare (2020) have examined the 

synergy between FACTS devices and renewable energy 

forecasting models, underscoring the potential of FACTS to 

smooth intermittent outputs and maintain system balance. 

 

Despite the demonstrated benefits, challenges remain in the 

practical implementation of FACTS devices, including high 

capital costs, complexity in coordination, and the need for 

robust control algorithms. Nevertheless, ongoing research 

continues to explore hybrid solutions combining FACTS with 

Energy Storage Systems (ESS), Wide-Area Monitoring 

Systems (WAMS), and Artificial Intelligence (AI) to further 

enhance congestion management. 

 

In summary, the literature presents compelling evidence of 

the effectiveness of FACTS devices in congestion management. 

However, it also highlights the need for further innovation in 

control strategies, integration techniques, and cost-effective 

deployment. The ongoing evolution of power systems demands 

a holistic approach that not only leverages FACTS technologies 

but also aligns them with emerging trends in grid 

modernization. 

 

Another key trend is the incorporation of real-time data and 

predictive analytics in FACTS-based congestion management. 

The adoption of Wide Area Measurement Systems (WAMS) 

and Phasor Measurement Units (PMUs) enables faster and 

more accurate decision-making, enhancing the responsiveness 

and reliability of FACTS-based solutions. 

 

Author(s) Year Approach 
Device 

Used 
Outcome 

G. Taylor 

[1] 
2021 

Control 

algorithm 
UPFC 

Improved 

system 

stability 

K. Zhang 

et al. [2] 
2020 

Optimal 

placement 
FACTS 

Reduced 

transmission 

congestion 

M. 

Rahman 

et al. [3] 

2018 Case study FACTS 
Enhanced 

power flow 

J. Li et al. 

[4] 
2021 

Renewable 

integration 
FACTS 

Optimized 

system 

operation 

X. Zhang 

et al. [5] 
2022 

High RES 

penetration 
FACTS 

Mitigated 

grid 

congestion 

 
Table 1: Literature Review  

The use of statistical analysis and current information in 

FACTS-based congestion control is another significant trend.  

The use of phantom measurement units (PMUs) and Wide Area 

Measurement Systems (WAMS) improves the reactivity and 

reliability of FACTS-based technologies by facilitating simpler 

and more precise making choices. 

 

 

Despite these advancements, challenges persist. The high 

cost of FACTS devices, the complexity of their coordination, 

and the need for sophisticated control strategies remain barriers 

to widespread deployment. Moreover, as power systems evolve 

into smart grids, there is a growing need to integrate FACTS 

devices within broader cyber-physical frameworks to ensure 

their secure and resilient operation. 

 

In conclusion, the literature strongly supports the role of 

FACTS devices in enhancing congestion management within 

modern power systems. Ongoing research continues to refine 

their application through improved placement strategies, 

integration with advanced control techniques, and alignment 

with evolving grid paradigms. Future work is expected to focus 

on hybrid solutions combining FACTS with energy storage, 

demand response, and grid automation to develop holistic and 

adaptive congestion management frameworks. 

3. APPROACHES 

The necessity for efficient capacity control methods has been 

highlighted by the growing complexity of contemporary power 

networks, the incorporation of renewable energy sources, and 

the rising demand for electricity.  Equipment used in the 

Flexible Alternating Current Transmission System (FACTS) 

have become essential instruments for increasing grid 

adaptability and mitigating congestion issues [3,4]. This paper 

elucidates various approaches and strategies for leveraging 

FACTS devices to optimize congestion management within 

power systems. 

(i) Dynamic Voltage Control with SVCs and STATCOMs: 

Static Var Compensators (SVCs) and Static Synchronous 

Compensators (STATCOMs) offer dynamic voltage control 

capabilities, enabling utilities to regulate voltage profiles and 

alleviate congestion in transmission networks. By strategically 

deploying SVCs and STATCOMs at critical nodes, voltage 

stability can be enhanced, thereby mitigating voltage violations 

and reducing congestion [8,9]. 

(ii) Reactive Power Compensation& Voltage Regulation: 

FACTS devices such as SVCs and STATCOMs play a crucial 

role in reactive power compensation, mitigating voltage drops 

and enhancing grid stability. By injecting or absorbing reactive 

power as per system requirements, these devices optimize 

voltage profiles and alleviate congestion in heavily. 

(iii) Optimal Power Flow Control with UPFCs: 

Unified Power Flow Controllers (UPFCs) offer unparalleled 

capabilities for optimizing power flow within transmission 
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networks. By dynamically controlling active and reactive 

power flow, UPFCs enable utilities to alleviate congestion 

hotspots, minimize transmission losses, and enhance grid 

reliability. Advanced control algorithms such as model 

predictive control (MPC) and optimal power flow (OPF) 

algorithms can be employed to optimize UPFC operation and 

maximize congestion management efficiency. 

(iv) Co-ordination and Integration of FACTS Devices: 

Effective coordination and integration of FACTS devices are 

paramount for maximizing congestion management benefits. 

Coordinated control strategies, such as hierarchical control and 

multi-level control architectures, facilitate synergistic operation 

of multiple FACTS devices to address complex congestion 

scenarios comprehensively. Additionally, interoperability 

standards and communication  

(v) Utilization of FACTS Devices for Renewable Energy 

Integration: 

When it comes to integrating energy from natural sources into 

power systems, FACTS devices are essential.  Through 

optimization and grid constraint mitigation. 

 In order to reduce curtailment and improve grid resilience, 

power flow and FACTS devices facilitate the successful 

integration of intermittent renewable energy sources. 

4. CONCLUSION 

In order to guarantee effective, dependable, and secure power 

distribution, the ongoing problem with transmission 

overcrowding in contemporary electrical networks has made 

the investigation of cutting-edge technology necessary.  This 

study confirms the important role that Flexible AC 

Transmission Systems (FACTS) devices play in improving the 

electric grid's operational flexibility and efficiently controlling 

congestion in a range of system configurations. 

FACTS devices, through their dynamic control of power flow 

parameters such as voltage magnitude, phase angle, and line 

impedance, offer substantial improvements in transmission 

capacity and system stability. Their deployment not only 

mitigates bottlenecks in the network but also facilitates better 

integration of renewable energy sources and supports economic 

operation in competitive electricity markets. 

The reviewed literature and emerging research underscore the 

effectiveness of devices like SVC, TCSC, and UPFC in both 

preventive and corrective congestion management. 

Optimization-based placement strategies, real-time control 

algorithms, and the integration of artificial intelligence have 

further enhanced the functional impact of FACTS in managing 

network constraints. Moreover, the convergence of FACTS 

technology with smart grid components, such as wide-area 

monitoring systems and energy storage, promises a more 

resilient and adaptive power infrastructure. 

Despite the technical advantages, the widespread adoption of 

FACTS devices is still challenged by high capital investment, 

the complexity of coordination, and the need for standardization 

across control platforms. Future work must focus on developing 

cost-effective solutions, enhancing interoperability, and 

improving the real-time responsiveness of FACTS-based 

systems. 

In conclusion, FACTS devices represent a transformative 

solution to congestion management, offering utilities and 

system operators a powerful tool to navigate the evolving 

landscape of power system operations. With continued 

innovation and strategic deployment, these technologies can 

significantly contribute to the creation of smarter, more 

flexible, and congestion-resilient power networks. 
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