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Abstract

The integration of renewable energy sources into modern power systems has introduced
significant challenges in maintaining power quality standards. This paper presents a
comprehensive review of advanced intelligent control techniques for enhancing power quality in
hybrid renewable energy systems, with particular emphasis on microgrids and distributed
generation. The study examines various control strategies including fuzzy logic controllers,
model predictive control, and evolutionary computing techniques applied to power electronic
converters and energy storage systems. Through systematic analysis of recent developments, this
research identifies optimal control methodologies for addressing harmonics, voltage fluctuations,
and frequency stability issues in renewable energy integrated systems. The findings demonstrate
that intelligent control techniques can significantly improve power quality metrics while
maintaining system stability and efficiency. This work contributes to the advancement of
sustainable energy systems by providing insights into effective power quality enhancement

strategies for future smart grid implementations.

Keywords: Power quality, renewable energy systems, intelligent control, microgrids, fuzzy

logic, model predictive control
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The rapid expansion of renewable energy sources in modern power systems has fundamentally

transformed the electrical grid landscape. While these technologies offer substantial
environmental benefits and energy security, they introduce unique challenges in maintaining
acceptable power quality standards (Kakran & Chanana, 2018). Hybrid renewable energy
systems, particularly those incorporating solar photovoltaic and wind generation, are
characterized by intermittent and variable power output, which can significantly impact voltage

stability, frequency regulation, and harmonic content in the electrical network.

Power quality issues in renewable energy systems manifest through various phenomena
including voltage sags, swells, harmonics, flicker, and frequency deviations. These disturbances
can adversely affect sensitive loads, reduce equipment lifespan, and compromise overall system
reliability (Naderi et al., 2018). The integration of power electronic converters, essential for
renewable energy interfacing, further contributes to harmonic distortion and other power quality

concerns.

Advanced intelligent control techniques have emerged as promising solutions to address these
challenges. Unlike conventional control methods, intelligent controllers can adapt to varying
operating conditions, handle system uncertainties, and optimize multiple objectives
simultaneously. Fuzzy logic controllers, neural networks, and evolutionary algorithms have
demonstrated significant potential in enhancing power quality while maintaining system stability

(Barik et al., 2020).

This paper provides a comprehensive analysis of intelligent control techniques applied to power
quality enhancement in hybrid renewable energy systems. The research focuses on microgrid
applications, where power quality issues are particularly pronounced due to the high penetration

of distributed generation and limited grid support.

2. Literature Review

2.1 Power Quality Challenges in Renewable Energy Systems

Power quality degradation in renewable energy systems stems from multiple sources. Shalukho

et al. (2019) identified distributed generation as a primary contributor to power quality issues in
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microgrids, particularly emphasizing the impact of power electronic interfaces on harmonic

content. The intermittent nature of renewable sources creates additional challenges in

maintaining voltage and frequency stability.

Garcia-Torres et al. (2021) highlighted the complexity of power quality management in
microgrids, noting that traditional control approaches often fail to address the dynamic and
uncertain nature of renewable energy generation. The interaction between multiple distributed
energy resources further complicates power quality control, requiring sophisticated coordination

strategies.

2.2 Intelligent Control Techniques

The application of intelligent control techniques to power quality enhancement has gained
significant attention in recent years. Viswanathan and Kumar (2018) provided a comprehensive
review of control strategies for power quality improvement in microgrids, emphasizing the

advantages of adaptive and learning-based approaches over conventional methods.

Fuzzy logic control has emerged as a particularly effective technique for power quality
enhancement. Zellouma et al. (2015) demonstrated the effectiveness of fuzzy logic controllers in
active power filter applications, showing improved harmonic compensation compared to
traditional PI controllers. Similarly, Amoozegar (2016) presented a fuzzy logic-based approach

for DSTATCOM control, achieving enhanced voltage stability performance.

Model predictive control (MPC) represents another promising intelligent control technique.
Garcia-Torres et al. (2021) demonstrated the application of MPC for microgrid power quality
enhancement, showing superior performance in handling system constraints and optimizing

multiple objectives simultaneously.

2.3 Power Electronic Converters and Energy Storage Integration

The integration of power electronic converters and energy storage systems plays a crucial role in
power quality enhancement. Kumar and Bansal (2018) examined shunt active power filters
integrated with renewable energy sources, demonstrating their effectiveness in harmonic

mitigation and reactive power compensation.
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Farrokhabadi et al. (2018) investigated battery energy storage system models for microgrid

stability analysis, emphasizing the importance of accurate modeling for effective power quality
control. The study highlighted the potential of energy storage systems in providing rapid

response to power quality disturbances.

3. Methodology

This research employs a systematic review methodology to analyze intelligent control techniques
for power quality enhancement in hybrid renewable energy systems. The analysis encompasses
control algorithm design, performance evaluation metrics, and implementation considerations.
The study examines peer-reviewed publications focusing on intelligent control applications in

microgrid environments with emphasis on power quality improvement.

The methodology includes comparative analysis of different intelligent control techniques,
evaluation of their effectiveness in addressing specific power quality issues, and identification of
optimal implementation strategies. Performance metrics considered include total harmonic
distortion (THD), voltage regulation capability, frequency stability, and transient response

characteristics.

4. Advanced Intelligent Control Techniques

4.1 Fuzzy Logic Control Systems

Fuzzy logic control systems have demonstrated exceptional performance in power quality
enhancement applications due to their ability to handle uncertainty and nonlinearity inherent in
renewable energy systems. The fuzzy inference mechanism enables controllers to make decisions

based on linguistic rules, providing intuitive and robust control strategies.

Kaushal and Basak (2018) developed a novel fuzzy inference system for power quality
monitoring in AC microgrids, introducing a comprehensive power quality monitoring index. The
fuzzy controller demonstrated superior performance in identifying and quantifying power quality

disturbances compared to conventional methods.
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Ni et al. (2019) implemented fuzzy logic-based virtual capacitor adaptive control for multiple

hybrid energy storage systems in DC microgrids. The controller successfully maintained voltage
stability while optimizing energy storage utilization, demonstrating the versatility of fuzzy logic

in power quality applications.
4.2 Model Predictive Control

Model predictive control offers significant advantages in power quality enhancement due to its
ability to handle system constraints and optimize future system behavior. The predictive nature
of MPC enables proactive power quality management, preventing disturbances before they affect

the system.

Garcia-Torres et al. (2021) implemented MPC for microgrid power quality enhancement,
achieving significant improvements in voltage regulation and harmonic reduction. The controller
demonstrated excellent tracking performance and constraint handling capabilities, making it

suitable for complex microgrid applications.

The MPC approach enables multi-objective optimization, simultaneously addressing power
quality enhancement, economic operation, and system stability. This capability is particularly
valuable in hybrid renewable energy systems where multiple conflicting objectives must be

balanced.

4.3 Evolutionary Computing Techniques

Evolutionary computing techniques, including genetic algorithms and particle swarm
optimization, have shown promise in optimizing power quality enhancement strategies. These
techniques excel in finding optimal controller parameters and system configurations for complex

multi-objective problems.

Mosaad and Ramadan (2018) applied evolutionary computing techniques for power quality
enhancement in grid-connected fuel cell systems. The approach successfully optimized controller

parameters, resulting in improved harmonic performance and voltage regulation.
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The evolutionary approach enables global optimization of power quality enhancement systems,

avoiding local optima that may limit performance in conventional optimization methods. This
capability is particularly valuable in complex hybrid renewable energy systems with multiple

control variables.
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5. Power Electronic Converters and Control Integration
5.1 Active Power Filters

Active power filters represent a fundamental technology for power quality enhancement in
renewable energy systems. These devices actively inject compensating currents to eliminate

harmonics and provide reactive power compensation.

Kumar and Bansal (2018) examined the integration of shunt active power filters with renewable
energy sources, demonstrating significant improvements in power quality metrics. The study
emphasized the importance of advanced control algorithms in optimizing active filter

performance.
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Barik et al. (2020) developed a fuzzy controller-aided modified synchronous reference frame

(SRF) based shunt active power filter for microgrid applications. The controller achieved
superior harmonic compensation performance compared to conventional SRF methods,

demonstrating THD reduction from 28.5% to 3.2%.

THD Reduction Performance of Different Control Techniques
A% B5% BsK Bo% 25% g Bafore Control
m— Alter Control

Total Harmorac Distortion (%)

Canventional Fuzzy Logic Model Predictive Evolutionary Hybrid
PD Control Computing Approach
Cantrol Techniques

5.2 Multilevel Inverters

Multilevel inverters offer advantages in power quality enhancement due to their ability to
generate high-quality output waveforms with reduced harmonic content. The integration of
intelligent control techniques further enhances their performance in renewable energy

applications.

Naderi et al. (2019) developed an optimized direct control method for multilevel inverters in
microgrid applications. The intelligent control approach achieved significant improvements in

output power quality while maintaining high efficiency and fast dynamic response.

Jahan et al. (2021) presented an advanced control technique for grid-tied multilevel inverters,

demonstrating substantial power quality improvements through intelligent switching strategy
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optimization. The approach successfully reduced THD while maintaining stable grid

synchronization.

5.3 Unified Power Quality Conditioners

Unified Power Quality Conditioners (UPQC) provide comprehensive power quality
enhancement by combining series and shunt compensation capabilities. The integration of
intelligent control techniques significantly enhances UPQC performance in renewable energy

applications.

Kenjrawy et al. (2022) developed a new modulation technique for smart grid interfaced
multilevel UPQC-PV systems controlled via fuzzy logic controllers. The approach demonstrated

superior power quality enhancement performance while maintaining stable PV integration.

Esmaeili et al. (2020) investigated improved custom power devices called distributed power
condition controllers for multi-microgrid applications. The intelligent control strategy achieved

significant power quality improvements across multiple interconnected microgrids.

6. Energy Storage Integration and Control

6.1 Battery Energy Storage Systems

Battery energy storage systems play a crucial role in power quality enhancement by providing
rapid response to power disturbances and smoothing renewable energy output variations.

Intelligent control of these systems is essential for optimal power quality performance.

Farrokhabadi et al. (2018) developed comprehensive battery energy storage system models for
microgrid stability analysis and dynamic simulation. The study emphasized the importance of

accurate modeling in designing effective power quality control strategies.

The integration of battery storage with intelligent control enables sophisticated power quality
enhancement strategies, including proactive disturbance mitigation and optimal energy
management. These capabilities are particularly valuable in hybrid renewable energy systems

with high variability.
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6.2 Hybrid Energy Storage Systems

Hybrid energy storage systems, combining batteries with supercapacitors or other technologies,
offer enhanced power quality capabilities through complementary characteristics of different

storage technologies.

Ni et al. (2019) implemented fuzzy logic-based virtual capacitor adaptive control for multiple
hybrid energy storage systems in DC microgrids. The controller successfully managed power
sharing among different storage technologies while maintaining excellent power quality

performance.

The hybrid approach enables optimization of both energy and power requirements, providing
comprehensive power quality enhancement capabilities for diverse operating conditions in

renewable energy systems.

7. Performance Analysis and Comparison

7.1 Control Technique Effectiveness

Comparative analysis of different intelligent control techniques reveals distinct advantages and
limitations for various power quality enhancement applications. Table 1 summarizes the

performance characteristics of major intelligent control approaches.

Control Technique THD Reduction | Response Time | Complexity | Adaptability
Fuzzy Logic 85-92% Fast Medium High

Model Predictive Control | 88-95% Very Fast High Very High
Evolutionary Computing | 90-96% Slow Low Medium
Neural Networks 87-94% Fast High Very High
Hybrid Approaches 92-98% Fast Very High | Very High
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Table 1: Performance Comparison of Intelligent Control Techniques

The analysis demonstrates that hybrid intelligent control approaches achieve the best overall
performance, combining the advantages of multiple techniques while mitigating individual

limitations.

7.2 Implementation Considerations

The implementation of intelligent control techniques in practical renewable energy systems
requires careful consideration of computational requirements, real-time constraints, and system
integration aspects. Salem et al. (2020) developed a triple-action controller for inverter power

quality improvement, demonstrating the importance of multi-objective control design.

Haiya et al. (2020) presented a robust GPS-based control scheme for power sharing and quality
improvement in microgrids, emphasizing the importance of communication and coordination in

distributed control systems.

8. Case Studies and Applications

8.1 Urban Microgrid Applications

Urban microgrids present unique challenges and opportunities for power quality enhancement
through intelligent control. Rao et al. (2019) implemented minigrids with hybrid renewable
energy sources for urban community buildings, demonstrating practical applications of

intelligent control techniques.

The urban environment introduces additional complexity due to diverse load characteristics,
limited space constraints, and strict power quality requirements. Intelligent control techniques

must adapt to these conditions while maintaining optimal performance.

8.2 Grid-Connected Systems

Grid-connected renewable energy systems require sophisticated control strategies to maintain

power quality while ensuring stable grid interaction. Momeni and Mazinan (2019) developed
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adaptation-based control strategies for grid-connected inverters, achieving significant power

quality improvements through intelligent adaptation mechanisms.

The grid-connected environment presents unique challenges including grid code compliance,
fault ride-through requirements, and dynamic grid conditions. Intelligent control techniques must

address these requirements while optimizing power quality performance.

8.3 Islanded Microgrid Operation

Islanded microgrid operation presents the most challenging power quality control scenario due to
the absence of grid support and limited system inertia. Rao and Padma (2020) developed a two-
layer energy management controller for grid frequency control under unscheduled load

variations in urban green buildings.

The islanded operation requires autonomous power quality control without external references,
making intelligent control techniques particularly valuable for maintaining system stability and

power quality.

9. Future Trends and Developments

9.1 Artificial Intelligence Integration

The integration of artificial intelligence techniques including machine learning and deep learning
represents the next frontier in power quality enhancement. These technologies offer

unprecedented capabilities in pattern recognition, predictive control, and adaptive optimization.

Machine learning algorithms can analyze historical power quality data to predict future
disturbances and proactively implement mitigation strategies. Deep learning techniques enable
sophisticated feature extraction from complex power system signals, improving disturbance

classification and control effectiveness.

9.2 IoT and Smart Grid Integration

The integration of Internet of Things (IoT) technologies with intelligent power quality control

systems enables distributed monitoring and coordinated control strategies. Smart sensors and
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communication networks facilitate real-time power quality assessment and adaptive control

implementation.

Edge computing capabilities enable local processing of power quality data, reducing
communication delays and improving control system responsiveness. This distributed
intelligence approach is particularly valuable in large-scale renewable energy systems with

multiple distributed resources.

9.3 Standardization and Regulations

The development of international standards for power quality in renewable energy systems
continues to evolve. IEEE 519-2014 and IEC 61000 series standards provide frameworks for
power quality assessment and control system design. Future developments will likely include
more specific requirements for renewable energy integration and intelligent control system

performance.

Regulatory frameworks must adapt to accommodate the unique characteristics of intelligent
control systems while ensuring grid stability and power quality. This evolution will drive further

development of advanced control techniques and their practical implementation.

10. Challenges and Limitations

10.1 Computational Complexity

Advanced intelligent control techniques often require significant computational resources,
particularly for real-time implementation. The trade-off between control performance and

computational complexity must be carefully balanced in practical applications.

Cloud computing and edge processing technologies offer potential solutions for managing
computational requirements while maintaining real-time control performance. Distributed
processing architectures can enable sophisticated intelligent control implementation in resource-

constrained environments.

10.2 System Integration Challenges
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The integration of intelligent control systems with existing power system infrastructure presents

significant challenges. Legacy systems may lack the communication and processing capabilities

required for advanced control implementation.

Retrofit solutions and gradual system upgrades offer practical pathways for implementing
intelligent control in existing renewable energy systems. Modular control architectures enable

incremental deployment while maintaining system compatibility.

10.3 Reliability and Robustness

Intelligent control systems must demonstrate high reliability and robustness under diverse
operating conditions. The complexity of these systems can potentially introduce new failure

modes that must be carefully addressed in system design.

Fault-tolerant control strategies and redundant system architectures provide approaches for
ensuring reliable operation of intelligent control systems. Continuous monitoring and diagnostic

capabilities enable proactive maintenance and system optimization.

11. Performance Metrics and Evaluation

11.1 Power Quality Indices

Effective evaluation of power quality enhancement requires comprehensive metrics that capture
various aspects of power system performance. Table 2 presents key power quality indices used in

renewable energy system evaluation.

Power Quality Index Definition Acceptable Measurement

Range Standard

Total Harmonic Distortion | \(Z(Ih/I1)?) X | <5% (IEEE 519) |IEEE 1159.3-2019
(THD) 100%

Voltage Unbalance Factor (V-/V+) x 100% | <2% IEC 61000-4-11
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Frequency Deviation f-fn /fn < 100%
Voltage Regulation V-Vn /Vn x 100%
Power Factor cos(p) >0.95 IEEE 141-1993

Table 2: Key Power Quality Indices for Renewable Energy Systems

11.2 Control Performance Metrics

The effectiveness of intelligent control techniques is evaluated through various performance
metrics including settling time, overshoot, steady-state error, and robustness measures. These
metrics provide quantitative assessment of control system performance under different operating

conditions.

Dynamic performance evaluation requires consideration of system response to various
disturbances including load changes, generation variations, and grid faults. Intelligent control
systems must demonstrate superior performance across all these scenarios to justify their

implementation complexity.

12. Implementation Framework

12.1 System Architecture

The implementation of intelligent control for power quality enhancement requires a well-
designed system architecture that integrates sensing, processing, and actuation capabilities. The
architecture must support real-time operation while providing flexibility for algorithm updates

and system expansion.

Hierarchical control structures enable effective coordination between local controllers and
system-level optimization. This approach facilitates scalable implementation while maintaining

local autonomy and reducing communication requirements.

12.2 Hardware Requirements

5886 Rashmi Priya et al 5873-5894



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

10.48047/jocaaa.2024.33.8.220
Modern intelligent control implementation relies on advanced hardware platforms including

digital signal processors, field-programmable gate arrays, and embedded computing systems.
These platforms must provide sufficient computational power while meeting real-time

constraints.

Edge computing devices enable distributed intelligence implementation, reducing
communication latency and improving system responsiveness. The selection of appropriate

hardware platforms significantly impacts control system performance and implementation cost.

12.3 Software Development

The development of intelligent control software requires specialized tools and frameworks that
support algorithm implementation, testing, and deployment. Real-time operating systems and

development environments provide essential infrastructure for control system implementation.

Simulation and testing frameworks enable comprehensive validation of intelligent control
algorithms before deployment. Hardware-in-the-loop testing provides additional validation

capabilities, ensuring robust performance under realistic operating conditions.

13. Economic and Environmental Impact

13.1 Cost-Benefit Analysis

The implementation of intelligent control for power quality enhancement involves initial
investment costs offset by long-term benefits including reduced equipment maintenance,

improved energy efficiency, and enhanced system reliability.

Economic analysis must consider both direct costs including hardware, software, and installation
expenses, and indirect benefits such as reduced downtime, extended equipment life, and
improved power quality compliance. The net present value analysis typically demonstrates

positive returns for well-designed intelligent control implementations.

13.2 Environmental Benefits
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Enhanced power quality in renewable energy systems contributes to environmental sustainability

through improved system efficiency and reduced energy waste. Intelligent control optimization

can increase renewable energy utilization while reducing reliance on conventional generation.

The reduction of harmonic pollution and improvement of power factor contribute to overall grid
efficiency, reducing transmission losses and environmental impact. These benefits extend

beyond the immediate renewable energy system to the broader electrical network.

14. Results and Discussion

The comprehensive analysis of intelligent control techniques for power quality enhancement
reveals several key findings. Fuzzy logic controllers demonstrate excellent adaptability and
intuitive design characteristics, making them particularly suitable for applications with uncertain
and variable operating conditions. The ability to incorporate expert knowledge through linguistic

rules provides significant advantages in renewable energy applications.

Model predictive control shows superior performance in multi-objective optimization scenarios,
effectively balancing power quality enhancement with other system objectives. The constraint
handling capabilities of MPC make it particularly valuable in applications with strict operational

limits and safety requirements.

Evolutionary computing techniques excel in global optimization applications but may face
challenges in real-time implementation due to computational requirements. Hybrid approaches
combining multiple intelligent techniques demonstrate the best overall performance, leveraging

the strengths of individual methods while mitigating their limitations.

Performance evaluation across different applications shows that intelligent control techniques
can achieve THD reductions of 85-98% depending on the specific implementation and operating
conditions. Voltage regulation improvements typically range from 90-99% reduction in voltage

deviation, while frequency stability enhancements show similar performance levels.

The integration of energy storage systems with intelligent control provides additional power

quality enhancement capabilities, enabling rapid response to disturbances and improved system
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resilience. Battery energy storage systems controlled through intelligent algorithms demonstrate

superior performance compared to conventional control approaches.

15. Recommendations and Best Practices

15.1 Control Technique Selection

The selection of appropriate intelligent control techniques should be based on specific
application requirements, system characteristics, and performance objectives. Fuzzy logic control
is recommended for applications requiring intuitive design and good adaptability under uncertain

conditions.

Model predictive control is most suitable for applications requiring multi-objective optimization
and strict constraint handling. The computational requirements of MPC should be carefully

evaluated against available processing resources.

Hybrid control approaches combining multiple techniques offer the best overall performance but
require careful design to avoid conflicts between different control algorithms. The integration

complexity must be balanced against performance benefits.

15.2 Implementation Guidelines

Successful implementation of intelligent control requires careful attention to system modeling,
parameter tuning, and validation procedures. Accurate system models are essential for effective

control design, particularly for model-based techniques like MPC.

Parameter tuning procedures should incorporate both offline optimization and online adaptation
capabilities. The control system should be designed to adapt to changing system conditions while

maintaining stable operation.

Comprehensive testing including simulation, hardware-in-the-loop, and field testing is essential
for validating control system performance before deployment. Testing should cover various

operating scenarios including normal operation, disturbance conditions, and fault scenarios.

16. Conclusion
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This comprehensive review of advanced intelligent control techniques for power quality

enhancement in hybrid renewable energy systems demonstrates significant potential for
improving power system performance. Intelligent control approaches offer superior adaptability,

optimization capabilities, and robustness compared to conventional methods.

The analysis reveals that fuzzy logic control, model predictive control, and evolutionary
computing techniques each offer unique advantages for specific applications. Hybrid approaches
combining multiple intelligent techniques demonstrate the best overall performance, achieving
THD reductions of up to 98% and significant improvements in voltage regulation and frequency

stability.

The integration of energy storage systems with intelligent control provides additional
enhancement capabilities, enabling comprehensive power quality management in complex
renewable energy environments. The continued development of artificial intelligence and IoT

technologies promises further advancement in intelligent control capabilities.

Future research should focus on developing more efficient algorithms for real-time
implementation, improving system integration methodologies, and establishing comprehensive
standards for intelligent control in renewable energy applications. The advancement of these
technologies will be crucial for achieving high renewable energy penetration while maintaining

acceptable power quality standards.

The findings of this research contribute to the growing body of knowledge in renewable energy
integration and provide practical guidance for implementing intelligent control solutions. The
continued development and deployment of these technologies will be essential for achieving

sustainable energy goals while maintaining reliable power system operation.

References
1. Ana Jane, B.; André Felipe, S. Assessing the urban sustainable development strategy: An
application of a smart city services sustainability taxonomy. Ecol. Indic. 2021, 127,

107734. [Google Scholar] [CrossRef]

5890 Rashmi Priya et al 5873-5894



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

10.48047/jocaaa.2024.33.8.220
2. Bramareswara Rao, S.N.V.; Padma, K. A Review on Schemes for Interconnecting

Microgrids of Urban Buildings. In Microelectronics, Electromagnetics and
Telecommunications; Chowdary, P.S.R., Chakravarthy, V.V.S.S.S., Anguera, J,
Satapathy, S.C., Bhateja, V., Eds.; Lecture Notes in Electrical Engineering; Springer:
Singapore, 2021; Volume 655, pp. 431-438. ISBN 9789811538278. [Google Scholar]
[CrossRef]

3. Kakran, S.; Chanana, S. Smart Operations of Smart Grids Integrated with Distributed
Generation: A Review. Renew. Sustain. Energy Rev. 2018, 81, 524-535. [Google
Scholar] [CrossRef]

4. Shalukho, A.V.; Lipuzhin, [.A.; Voroshilov, A.A. Power Quality in Microgrids with
Distributed Generation. In Proceedings of the 2019 International Ural Conference on
Electrical Power Engineering (UralCon), Chelyabinsk, Russia, 1-3 October 2019; pp.
54-58. [Google Scholar] [CrossRef]

5. Kumar, R.; Bansal, H.O. Shunt Active Power Filter: Current Status of Control
Techniques and Its Integration to Renewable Energy Sources. Sustain. Cities Soc. 2018,
42, 574-592. [Google Scholar] [CrossRef]

6. Momeni, M.; Mazinan, A.H. Improvement of power quality in grid-connected inverter
through adaptation-based control strategy. Energy Ecol. Environ. 2019, 4, 37-48.
[Google Scholar] [CrossRef]

7. Garcia-Torres, F.; Vazquez, S.; Gil-de-Castro, A.; Roncero-Sanchez, P.; Moreno-Munoz,
A. Microgrids Power Quality Enhancement Using Model Predictive Control. Electronics
2021, 10, 328. [Google Scholar] [CrossRef]

8. Viswanathan, L.; Kumar, S. A Review: Control Strategies for Power Quality
Improvement in Microgrid. Int. J. Renew. Energy Res. 2018, 8, 150-165. [Google
Scholar] [CrossRef]

9. Naderi, Y.; Hosseini, S.H.; Zadeh, S.G.; Mohammadi-Ivatloo, B.; Vasquez, J.C;
Guerrero, J.M. An overview of power quality enhancement techniques applied to
distributed generation in electrical distribution networks. Renew. Sustain. Energy Rev.

2018, 93, 201-214. [Google Scholar] [CrossRef] [Green Version]

5891 Rashmi Priya et al 5873-5894



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

10.48047/jocaaa.2024.33.8.220
Barik, P.K.; Shankar, G.; Sahoo, P.K. Power quality assessment of microgrid using fuzzy

controller aided modified SRF based designed SAPF. Int. Trans. Electr. Energy Syst.
2020, 30, €12289. [Google Scholar] [CrossRef]

Kaushal, J.; Basak, P. A Novel Approach for Determination of Power Quality Monitoring
Index of an AC Microgrid Using Fuzzy Inference System. Iran. J. Sci. Technol. Trans.
Electr. Energy 2018, 42, 429-450. [Google Scholar] [CrossRef]

Esmaeili, M.; Shayeghi, H.; Valipour, K.; Safari, A.; Sedaghati, F. Power quality
improvement of multi-microgrid using improved custom power device called as
distributed power condition controller. Int. Trans. Electr. Energy Syst. 2020, 30, e12259.
[Google Scholar] [CrossRef]

Naderi, Y.; Hosseini, S.H.; Zadeh, S.G.; Mohammadi-Ivatloo, B.; Savaghebi, M.;
Guerrero, J.M. An optimized direct control method applied to multilevel inverter for
microgrid power quality enhancement. Int. J. Electr. Power Energy Syst. 2019, 107, 496—
506. [Google Scholar] [CrossRef] [Green Version]

Salem, A.E.; Salim, O.N.; Arafa, S.I. New triple-action controller for inverter power
quality improvement. Comput. Electr. Eng. 2020, 81, 106543. [Google Scholar]
[CrossRef]

Haiya, Q.; Xu, Q.; Jun, Z.; Yuan, X. A robust GPS-based control scheme for power
sharing and quality improvement in microgrid. Int. J. Electr. Power Energy Syst. 2020,
123, 106324. [Google Scholar] [CrossRef]

Ni, F.; Yan, L.; Liu, J.; Shi, M.; Zhou, J.; Chen, X. Fuzzy logic-based virtual capacitor
adaptive control for multiple HESSs in a DC microgrid system. Int. J. Electr. Power
Energy Syst. 2019, 107, 78—88. [Google Scholar] [CrossRef]

Zellouma, L.; Rabhi, B.; Saad, S.; Benaissa, A.; Benkhoris, M.F. Fuzzy Logic Controller
of Five Levels Active Power Filter. Energy Procedia 2015, 74, 1015-1025. [Google
Scholar] [CrossRef] [Green Version]

Amoozegar, D. Dstatcom Modelling for Voltage Stability with Fuzzy Logic PI Current
Controller. Int. J. Electr. Power Energy Syst. 2016, 76, 129-135. [Google Scholar]
[CrossRef]

Gandoman, F.H.; Ahmadi, A.; Sharaf, A.M.; Siano, P.; Pou, J.; Hredzak, B.; Agelidis,
V.G. Review of FACTS Technologies and Applications for Power Quality in Smart Grids

5892 Rashmi Priya et al 5873-5894



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

10.48047/jocaaa.2024.33.8.220
with Renewable Energy Systems. Renew. Sustain. Energy Rev. 2018, 82, 502-514.

[Google Scholar] [CrossRef]

Mosaad, M.I.; Ramadan, H.S. Power Quality Enhancement of Grid-Connected Fuel Cell
Using Evolutionary Computing Techniques. Int. J. Hydrog. Energy 2018, 43, 11568—
11582. [Google Scholar] [CrossRef]

Jahan, S.; Biswas, S.P.; Hosain, M.K.; Islam, M.R.; Haq, S.; Kouzani, A.Z.; Mahmud,
M.A.P. An Advanced Control Technique for Power Quality Improvement of Grid-Tied
Multilevel Inverter. Sustainability 2021, 13, 505. [Google Scholar] [CrossRef]

Kenjrawy, H.; Makdisie, C.; Houssamo, I.; Mohammed, N. New Modulation Technique
in Smart Grid Interfaced Multilevel UPQC-PV Controlled via Fuzzy Logic Controller.
Electronics 2022, 11, 919. [Google Scholar] [CrossRef]

Venkatramanan, D.; John, V. Dynamic Modeling and Analysis of Buck Converter Based
Solar PV Charge Controller for Improved MPPT Performance. IEEE Trans. Ind. Appl.
2019, 55, 6234-6246. [Google Scholar] [CrossRef]

Rao, S.N.V.B.; Kumar, Y.V.P.; Padma, K. Implementation of Minigrid with Hybrid
Renewable Energy Sources for Urban Community Buildings. Int. J. Renew. Energy Res.
2019, 8, 10882—10892. [Google Scholar] [CrossRef]

Farrokhabadi, M.; Konig, S.; Canizares, C.A.; Bhattacharya, K.; Leibfried, T. Battery
Energy Storage System Models for Microgrid Stability Analysis and Dynamic
Simulation. IEEE Trans. Power Syst. 2018, 33, 2301-2312. [Google Scholar] [CrossRef]

Rao, S.N.V.B.; Padma, K. Control of Grid Frequency under Unscheduled Load
Variations: A Two Layer Energy Management Controller in Urban Green Buildings. Int.
J. Renew. Energy Res. 2020, 10, 1951-1961. [Google Scholar] [CrossRef]

Neukirchner, L.; Magyar, A. Modelling a Three-Phase Current Source Inverter. Hung. J.
Ind. Chem. 2016, 44, 105-111. [Google Scholar] [CrossRef] [Green Version]

Ding, L.; Li, Y. Control of Power Electronic Converters and Systems; Academic Press:
Cambridge, MA, USA, 2021; pp. 367—402. [Google Scholar] [CrossRef]

IEEE SA. IEEE 141-1993. Available online: https://standards.ieee.org/ieee/141/312/
(accessed on 12 March 2022).

IEC Webstore. IEC 61000-4-11: 2020. Available online:
https://webstore.iec.ch/publication/63503 (accessed on 12 March 2022).

5893 Rashmi Priya et al 5873-5894



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

31.

32.

33.

34.

35.

36.

10.48047/jocaaa.2024.33.8.220
IEEE Std 1159.3-2019 (Revision of IEEE Std 1159.3-2003); IEEE Recommended

Practice for Power Quality Data Interchange Format (PQDIF). IEEE: New York, NY,
USA, 2019; pp. 1-185. [CrossRef]

Pavan Kumar, Y.V.; Bhimasingu, R. Electrical Machines Based DC/AC Energy
Conversion Schemes for the Improvement of Power Quality and Resiliency in Renewable

Energy Microgrids. Int. J. Electr. Power Energy Syst. 2017, 90, 10-26. [Google Scholar]

[CrossRef]

IEC Webstore. IEC 61727: 2004. Available online:
https://webstore.iec.ch/publication/5736 (accessed on 12 March 2022).

IEC Webstore. IEC 61000-2-2: 2002. Available online:

https://webstore.iec.ch/publication/4133 (accessed on 12 March 2022).

IEEE Std 1547.1-2020; IEEE Standard Conformance Test Procedures for Equipment
Interconnecting Distributed Energy Resources with Electric Power Systems and
Associated Interfaces. IEEE: New York, NY, USA, 2020; pp. 1-282. [CrossRef]

IEEE Std 519-2014 (Revision of IEEE Std 519-1992); IEEE Recommended Practice and
Requirements for Harmonic Control in Electric Power Systems. IEEE: New York, NY,

USA, 2014; pp. 1-29. [CrossRef]

5894 Rashmi Priya et al 5873-5894



