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Abstract: - The increasing integration of photovoltaic (PV) systems into smart microgrids 

presents significant challenges in power quality, voltage regulation, and reactive power 

management. Effective reactive power sharing is crucial for maintaining grid stability and 

optimizing energy distribution. This research proposes an advanced control strategy for 

reactive power sharing in a smart microgrid with a high penetration of PV systems. The study 

explores decentralized and hierarchical control methods, incorporating droop-based 

techniques, intelligent controllers, and adaptive algorithms to enhance reactive power 

distribution while minimizing voltage deviations. Additionally, energy storage integration 

and real-time monitoring are considered to improve power reliability and mitigate 

fluctuations caused by PV intermittency. The proposed model is simulated using 

MATLAB/Simulink, and its performance is evaluated based on voltage stability, power 

factor correction, and dynamic response under varying load and irradiance conditions. The 

results demonstrate improved efficiency, stability, and reactive power coordination, 

contributing to the development of sustainable and resilient smart microgrids. 
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I. INTRODUCTION 

Global markets for contemporary electric power have been The conventional energy sources, 

such as oil and fossil fuels, are rapidly running out of energy due to the constantly increasing 

demand for energy. In addition to raising the cost of producing electricity, the rate at which 

these sources are being depleted is exacerbating problems like pollution, greenhouse gas 

emissions, global warming, etc. Compared to power generation from traditional fossil fuels, 

power generation from renewable energy sources is receiving more attention in this context 

[1]. The electric power supply company and end users are both concerned about power 

quality, which has emerged as the most prevalent term in the power sector.  

The voltage and frequency ranges of the power determine the type of power that is 

communicated to the buyers. The type of power that is transmitted is affected if the voltage 

and frequency of the electric power are not in accordance with the standard values. These 

days, there is a rare shift in semi-conductor devices due to advancements in innovation. Semi-

conductor devices gained a permanent position in the power segment, making it easier to 

control general systems, thanks to these advancements and points of interest. Furthermore, a 

significant percentage of the loads are also semi-conductor-based equipment. In any event, 

the semi-conductor devices draw non-direct current from the source and are not straight.  

And furthermore, the semi-conductor devices are engaged with power conversion, which is 

either AC to DC or from DC to AC. This power conversion contains part of switching tasks 
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which may present irregularity in the current. Because of this irregularity and non-linearity, 

harmonics are available which influence the power quality conveyed to the end client. With a 

specific end goal to keep up the power quality conveyed, the harmonics ought to be filtered 

out. Along these lines, a gadget named Filter is utilized which fills this need.[3] 

A renewable energy system for a smart microgrid plays a crucial role in achieving 

sustainable, resilient, and efficient energy systems, particularly in off-grid or remote areas. As 

the world moves towards cleaner energy solutions, photovoltaic (PV) systems have gained 

significant attention due to their ability to harness solar energy, which is abundant and 

renewable. However, integrating PV systems into microgrids presents challenges, primarily 

related to managing reactive power, which is essential for maintaining voltage stability and 

ensuring reliable grid operations. Reactive power is required to support the voltage levels 

necessary for the active power to flow efficiently, and its proper management is critical for 

the overall stability of both grid-connected and isolated microgrids. Therefore, innovative 

solutions for reactive power sharing among distributed energy resources, such as PV systems, 

are essential for the optimal operation of smart microgrids.[4] 

In a smart microgrid, reactive power sharing mechanisms can significantly enhance the 

performance and reliability of the system. By using advanced control strategies, PV systems 

can be integrated to not only supply active power but also contribute to the reactive power 

demand, thus improving the overall voltage profile and ensuring the grid's stability. The 

proposed approach, based on reactive power sharing for PV systems, focuses on the 

coordinated control of multiple distributed energy sources, such as solar inverters, to 

effectively balance both active and reactive power in real-time. This strategy allows for 

improved voltage regulation, reduces the risk of voltage instability, and enhances the grid's 

ability to accommodate variable renewable energy sources. Moreover, incorporating reactive 

power management in smart microgrids can lead to increased system efficiency, reduced 

losses, and better integration of renewable energy into the grid, making it a promising 

solution for future sustainable energy systems.[5] 

II. Overview of renewable energy systems in microgrids 

Renewable energy systems in microgrids are an essential component of the transition towards 

a more sustainable and resilient energy infrastructure. A microgrid is a small-scale energy 

system that can operate independently or in conjunction with the main grid, providing 

localized energy generation, storage, and distribution. These systems typically integrate 

renewable energy sources such as photovoltaic (PV) solar, wind, biomass, and sometimes 

hydroelectric power, aiming to reduce dependence on traditional fossil fuels. Renewable 

energy systems in microgrids not only help mitigate environmental impacts by reducing 

carbon emissions but also enhance energy security, especially in remote or off-grid areas 

where access to the main power grid is limited or unreliable. [6]By incorporating renewable 

energy, microgrids can offer a more decentralized approach to power generation and 

distribution, promoting sustainability and reducing transmission losses associated with long-

distance power transfer.[7] 

The integration of renewable energy in microgrids also involves advanced technologies such 

as energy storage systems, smart inverters, and energy management systems (EMS) to 

optimize the balance between energy supply and demand. Energy storage, typically through 
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batteries or other forms of storage, plays a critical role in ensuring the reliability of renewable 

energy systems, which can be intermittent. Smart inverters help manage the flow of energy 

between the microgrid and the main grid, allowing for efficient operation and enabling 

features like voltage regulation and fault detection. Energy management systems are used to 

monitor and control the generation, consumption, and storage of energy within the microgrid, 

ensuring that it operates at peak efficiency. Together, these systems enhance the stability and 

reliability of renewable energy-powered microgrids, making them a viable solution for both 

rural and urban settings in the pursuit of clean, reliable, and resilient energy.[8] 

 

III. SOLAR PV STAND-ALONE SYSTEM 

In recent years, power electronics and electronic hardware have become increasingly 

sensitive compared to their counterparts from just a few years ago. Among the most 

vulnerable components to variations or degradation in power quality are sensitive loads, 

which require pure sinusoidal voltage for proper operation. In addition to the heightened 

sensitivity of the equipment, businesses are also becoming more concerned about production 

losses due to reduced profit margins, further emphasizing the importance of power quality. 

Historically, power has been considered a fundamental right in domestic life, with the 

expectation that it will always be available. As a result, even minor disruptions in the supply 

often lead to significant complaints, even when no physical damage is observed. 

Customers often describe "horrendous power quality" when electrical equipment trips due to 

fluctuations in supply voltage. However, utilities typically identify disruptive effects 

stemming from end-user equipment as the primary cause of power quality issues. The 

complex interaction between the equipment and power quality makes it challenging to assess 

power quality concerns accurately. What may be considered "excellent" power quality for 

one piece of equipment could be "poor" for another. Two similar pieces of equipment may 

respond differently to the same power quality parameters due to variations in their design and 

sensitivity. Additionally, while modern electronic devices can create disturbances, they are 

not typically the source of voltage fluctuations, which can instead be caused by other factors 

affecting the power supply.[9] 

 

 
Fig.1: Solar PV stand-alone power system 
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IV. SMART GRID 

The principle guilty party behind this poor power quality is the utilization of power electronic 

devices that are for the most part the gear driven by converters and rectifiers like PC, speed 

drives and so forth that acts as non-direct load [10, 11].  

Green energy is produced using renewable energy sources to lessen environmental pollution. 

In this project, construct a photovoltaic system that supplies electricity to the grid. For the 

renewable energy solution, a grid-connected photovoltaic system is becoming more and more 

crucial. For PV grid-connected applications, a variety of inverter types, including multilevel 

inverters, current source inverters, voltage source inverters, and others, have been proposed. 

This block diagram illustrates a PV system that is connected to the grid. The DC-DC boost 

converter with MPPT (Maximum Power Point) tracking is the first stage of this two-stage 

processing, and the five-level inverter is the second stage. A new five-level inverter topology 

that lowers the number of switches and other parameters is suggested for this stage. After this 

stage levelled output passes through designed LCL filter which gives AC output and 

connected to grid [11, 12] 

. 

 
Fig.2: RES for grid integration 

 

This paper presents a mathematical formulation of the day-ahead load shifting technique as a 

minimization problem. In order to solve this minimization problem, a heuristic-based 

evolutionary algorithm that readily adapts was created. Simulations were conducted on a 

smart grid that has a range of loads in three service areas: one with residential customers, one 

with commercial customers, and one with industrial customers. According to the simulation 

results, the DSM approach lowers the smart grid's peak load demand while still achieving 

significant savings. 

The advanced measurement system based on synchro phasors was also implemented using 

DAQs real-time synchronous data. The developed system features a wide variety of 

competences such as online system parameters calculation and online voltage stability 

monitoring. These are implemented as an experimental case to improve WAM. Furthermore, 
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the protection system was designed inside of the real-time software environment to monitor 

the real-time wide area data, and make a comprehensive and reliable coordination for the 

entire system and ideas related to the communication of a dc microgrid involving sustainable 

energy sources with the main ac grid have been also implemented and presented. The 

implemented system is obvious and possible in any research laboratory and for real-time real-

world smart grid systems. 

Various literature and publications on the topic of the thesis are discussed in the preceding 

section to recognize and describe the possibility of the research work. In this section scope, 

aim and objectives of the research involvement are defined. 

The first part of the literature shows that the setting or spread of the grid interconnection with 

individual or multiple RES has certain challenges like: 

 

• Providing the screening applications for power system parameters 

• The power flow solution 

• Multi-phase analysis 

• Circuit model size 

• Harmonics 

• Determining the value of DG 

• Modeling sub-transmission 

• Assessing distribution reliability 

• Loss analysis 

• Protective device coordination 

 

V. METHODOLOGY AND RESULTS 

Modern advancements have made Renewable Energy Source (RES) integration into the 

electric grid through smart grids critical. The analysis in this chapter demonstrates how solar 

PV along with wind energy systems integrate with storage options such as fuel cells by 

implementing advanced monitoring systems that control power system variables. The system 

uses a Digital Signal Processor (DSP) to manage its behavior and adapt to load requirements 

for continuous RES-based energy delivery between systems. 

 

Modern technology has been used to extract renewable energy sources for expanding modern 

energy requirements. Each energy source ran separately to deliver power to the load at first 

which sparked several operational difficulties due to unreliable energy supply and regular 

interruptions. A DSP controller has been developed to tackle existing challenges since it 

incorporates multiple energy sources. The controller maintains continuous power supply 

through effective management of power transitions between different energy resources. 

Power delivery through a three-phase inverter enables consistent power while the designed 

algorithm optimizes energy flow through renewable sources to achieve maximum generation 

and minimum interruptions. 
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Fig.3: Simulation Model of Proposed Methodology 

 

The designed simulation model of the proposed RES method for smart microgrids utilizes 

multiple essential components while implementing PV system reactive power sharing. The 

system design comprises a solar photovoltaic array that works with a communication element 

enabling power transmission to the grid and storage components (batteries or fuel cells) for 

reactive power control. A Digital Signal Processor (DSP) works as the power control system 

between all components within the model. This system reaches maximum output efficiency 

when it extracts all potential power from the PV system yet controls reactive power generated 

for grid structural integrity. 

 

A three-phase inverter changes PV system DC energy into AC power which synchronizes 

with the grid voltage for integration purposes. The reactive power sharing algorithms perform 

dual functions to manage how power flows between the PV system and grid while 

minimizing voltage oscillations for better system reliability. Through different renewable 

energy conditions and load scenarios the simulation shows how an efficient and sustainable 

approach for grid integration functions. 
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Fig. 4: PV power and current with respect to voltage 

 

This work is divided into two stages: the first stage involves a DC-DC boost converter with 

Maximum Power Point Tracking (MPPT), and the second stage features a five-level inverter. 

In the second stage, a novel five-level inverter topology is proposed, which reduces the 

number of switches and optimizes other system parameters. The output from this inverter 

passes through a designed LCL filter to produce an AC output, which is then connected to the 

grid. 

The maximum output voltage of the PV system is set to 290V, based on the specifications of 

the PV module. This voltage exhibits a ripple of approximately 50V peak-to-peak. Such high 

voltage ripple can potentially damage the system, reduce its efficiency, and increase losses. 

The DC voltage from the PV output is shown in Fig. 5. 

 

 
Fig. 5: Output Waveform of grid Voltage, grid Current and inverter Current 
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Fig. 6: Unity Power factor at the grid side 

 

Power quality refers to the significance of issues encountered in any electrical system, with 

these problems often depending on the perspective of the end-user network. One of the most 

common concerns is the deviation from sinusoidal voltage and current waveforms, which 

leads to harmonic distortion. Harmonics are a significant issue at various stages in electrical 

power systems and can affect a wide range of equipment, including electric machines and 

telecommunication systems. Non-linear loads are a major contributor to harmonics, with 

commonly used non-linear devices including power converters, motor speed controls, 

transportation systems, and household appliances. When harmonics reach a certain level, the 

system's reactive impedance can combine with the inductive reactance at the resonant 

frequency, resulting in large currents that can cause damage or instability in the system. 

 

VI. CONCLUSION 

This research presents an efficient reactive power sharing strategy for a smart microgrid with 

high PV penetration, addressing key challenges in power stability, voltage regulation, and 

power quality. The proposed approach integrates adaptive control techniques, including 

droop-based control and intelligent algorithms, to ensure optimized reactive power 

distribution among distributed energy sources. Simulation results demonstrate that the 

method enhances grid stability, minimizes voltage fluctuations, and improves overall power 

factor correction, even under varying solar irradiance and load conditions. 

Furthermore, the incorporation of energy storage systems and real-time monitoring 

significantly improves system resilience and operational efficiency. By optimizing reactive 

power sharing, the study contributes to the sustainable and reliable operation of smart 

microgrids, paving the way for enhanced renewable energy integration and grid 

modernization. Future work will focus on hardware implementation, real-time testing, and the 

integration of AI-driven predictive control strategies for further performance improvements. 
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