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Introduction

The increasing integration of renewable energy sources into electrical distribu-
tion networks presents significant challenges to maintaining optimal power qual-
ity. Advanced control strategies are crucial for mitigating these issues, particularly
concerning the intermittency and variability of renewables, necessitating adaptive
control for voltage and frequency regulation through smart grid technologies [1].
The development of sophisticated control algorithms and real-time monitoring sys-
tems are paramount for ensuring grid stability and delivering high-quality power to
consumers in this evolving landscape.

Unified Power Quality Conditioners (UPQCs) offer a comprehensive solution for
simultaneously compensating voltage and current harmonics, as well as reactive
power, in distribution systems. A novel control scheme that enhances the dynamic
performance and effectiveness of UPQCs, especially under unbalanced and non-
sinusoidal load conditions, provides practical insights for robust power quality so-
lutions in both industrial and residential feeders [2].

The proliferation of distributed generation (DG) introduces complexities in power
quality management, primarily affecting voltage fluctuations and harmonic distor-
tions within distribution networks. Frameworks for DG placement and sizing are
being developed to optimize power quality indices while maximizing DG utiliza-
tion, supported by simulation tools to analyze diverse scenarios and guide grid
operators [3].

Electric vehicle (EV) charging stations are emerging as a significant source of
power quality disturbances in distribution networks. Voltage sags, swells, and har-
monic distortions are common due to the non-linear loads of EV chargers. Co-
ordinated control strategies involving smart charging and grid-side compensation
devices are proposed to maintain stable voltage profiles and minimize harmonic
pollution, thereby facilitating widespread EV adoption [4].

Advanced Static Synchronous Compensators (STATCOMSs) play a vital role in en-
hancing voltage stability and power quality within distribution systems. The design
and control of three-phase four-wire STATCOMs capable of injecting harmonic cur-
rents to cancel out load-generated harmonics have demonstrated effectiveness
in compensating for voltage imbalances, reactive power, and current harmonics
through simulation results [5].

The performance evaluation of various custom power devices (CPDs) for mitigat-
ing disturbances like voltage sags, swells, and unbalance in radial distribution net-
works is critical. Comparisons between STATCOMs, dynamic voltage restorers
(DVRs), and active filters highlight economic and technical trade-offs, offering a
guide for selecting appropriate CPDs based on specific scenarios [6].

Fuzzy logic-based control strategies for shunt active power filters (SAPFs) present
an effective approach to improving power quality in distribution systems by com-

pensating for current harmonics and reactive power under dynamic load condi-
tions. These controllers demonstrate superior performance in terms of response
time and steady-state accuracy compared to conventional methods [7].

Superconducting Magnetic Energy Storage (SMES) systems are being investi-
gated for their capability in providing dynamic voltage support and flicker mitigation
in distribution networks. Control algorithms enable rapid injection or absorption of
power to stabilize voltage during transient disturbances, highlighting SMES tech-
nology’s potential for enhanced grid resilience and power quality, particularly for
sensitive loads [8].

The integration of battery energy storage systems (BESS) is pivotal for power qual-
ity improvement in microgrids. BESS effectively contributes to voltage regulation,
frequency control, and harmonic compensation across various operating modes,
with optimal dispatch strategies aiming to maximize benefits while considering
system longevity and economics [9].

Machine learning algorithms are revolutionizing the real-time detection and classi-
fication of power quality disturbances in distribution networks. Utilizing techniques
such as support vector machines and artificial neural networks allows for accurate
identification of events like sags, swells, and interruptions, contributing to intelli-
gent monitoring systems for proactive power quality management [10].

Description

The ongoing integration of renewable energy sources into electrical distribution
networks necessitates advanced methodologies for power quality enhancement.
These strategies focus on managing the inherent intermittency and variability of
renewables through adaptive control techniques for voltage and frequency regula-
tion, leveraging smart grid technologies. The implementation of real-time monitor-
ing and sophisticated control algorithms is paramount for maintaining grid stability
and ensuring the delivery of high-quality electrical power to end-users [1].

Unified Power Quality Conditioners (UPQCs) represent a significant advancement
in addressing power quality issues by providing simultaneous compensation for
voltage and current harmonics, alongside reactive power correction, within dis-
tribution systems. The development of innovative control schemes has demon-
strably improved the dynamic performance and overall effectiveness of UPQCs,
particularly in scenarios involving unbalanced and non-sinusoidal load conditions,
offering practical solutions for diverse feeder applications [2].

The presence of distributed generation (DG) within distribution networks signif-
icantly impacts power quality, primarily influencing voltage fluctuations and har-
monic content. Research efforts are focused on developing comprehensive frame-
works for DG placement and optimal sizing to enhance power quality metrics while
maximizing the utilization of DG resources. Simulation studies are instrumental
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in analyzing various operational scenarios and formulating recommendations for
grid operators [3].

Power quality disturbances stemming from electric vehicle (EV) charging stations
are a growing concern in distribution networks. The non-linear nature of EV charg-
ers leads to phenomena such as voltage sags, swells, and harmonic distortions.
Mitigation strategies involve coordinated control of smart charging mechanisms
and the deployment of grid-side compensation devices to ensure voltage stability
and minimize harmonic pollution, thereby supporting the widespread adoption of
electric mobility [4].

Static Synchronous Compensators (STATCOMSs), particularly advanced three-
phase four-wire configurations, are being implemented to bolster voltage stability
and improve power quality in distribution systems. These devices are designed to
inject harmonic currents that effectively counteract harmonics generated by loads.
Simulation results consistently validate the efficacy of these STATCOMs in com-
pensating for voltage imbalances, reactive power demands, and current harmonics

[5].

A thorough evaluation of the performance characteristics of various custom power
devices (CPDs) is essential for effectively mitigating power quality disturbances
like voltage sags, swells, and unbalance in radial distribution networks. Compara-
tive analyses of STATCOMs, dynamic voltage restorers (DVRs), and active filters
in different operational contexts provide valuable insights into the economic and
technical considerations that inform the selection of appropriate CPDs [6].

Fuzzy logic-based control strategies have proven to be highly effective for shunt
active power filters (SAPFs) aiming to improve power quality within distribution
systems. These controllers excel at compensating for current harmonics and re-
active power fluctuations under dynamic and varying load conditions. Simulation
studies indicate that fuzzy logic controllers offer superior performance in terms of
rapid response times and enhanced steady-state accuracy when contrasted with
traditional proportional-integral (PI) controllers [7].

Superconducting Magnetic Energy Storage (SMES) systems are being explored
for their unique capabilities in providing dynamic voltage support and mitigating
flicker effects in distribution networks. The application of specialized control al-
gorithms allows SMES systems to swiftly inject or absorb both active and reactive
power, thereby stabilizing voltage during transient disturbances. This technology
holds considerable promise for augmenting grid resilience and improving overall
power quality, especially in areas serving sensitive loads [8].

The integration of battery energy storage systems (BESS) is a key strategy for en-
hancing power quality within microgrid environments. BESS plays a crucial role
in voltage regulation, frequency control, and harmonic compensation across dif-
ferent operational modes, including grid-connected and islanded configurations.
The development of optimal dispatch strategies for BESS aims to maximize power
quality benefits while also considering critical factors such as battery lifespan and
economic viability [9].

Machine learning algorithms are being increasingly employed for the real-time
detection and classification of power quality disturbances within distribution net-
works. Methodologies employing support vector machines (SVM) and artificial
neural networks (ANN) have demonstrated high accuracy in identifying a variety of
disturbances, including voltage sags, swells, and interruptions, thereby contribut-
ing to the development of intelligent systems for proactive power quality manage-
ment [10].

Conclusion

This collection of research explores advanced strategies and technologies for im-
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proving power quality in electrical distribution networks. Key areas of focus include
mitigating the impact of renewable energy integration, utilizing devices like Uni-
fied Power Quality Conditioners (UPQCs) and Static Synchronous Compensators
(STATCOMs) for harmonic and reactive power compensation, and managing dis-
turbances caused by electric vehicle charging stations and distributed generation.
The studies also investigate the role of custom power devices, fuzzy logic control
for active filters, superconducting magnetic energy storage (SMES), and battery
energy storage systems (BESS). Furthermore, machine learning algorithms are
presented as a means for intelligent detection and classification of power quality
disturbances, contributing to a more robust and resilient power grid.
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