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Abstract: Increased energy demand due to rapid industrialization, environmental concerns with fossil 

fuel-based generation, decreasing fossil energy resources, overloading of the transmission grids and 

deteriorating technical performance are the motivations for the integration of small decentralized 

renewable generation units (DG) and the conversion of existing energy. Optimizing the technical 

advantages of a DG placement is a well-known challenge for Distribution System Operators (DNOs) for 

DGs based on fossil and renewable energy resources, but renewable DG systems have several 

challenges in the network quality characteristic of renewable DG systems, as electricity loads react more 

sensitively to PQ disturbances and the penetration of renewable energies as well as non-linear loads, it 

spreads in the power distribution in grids. ) Technologies are becoming inevitable due to the ongoing 

reform in traditional distribution networks through the integration of renewable energies. This article 

contains a comprehensive analysis of the challenges of network quality in the network integration of 

renewable DG systems and the current state of research on corresponding mitigation techniques, 

theoretically emphasizes all the decisive challenges in network quality associated with the network 

integration of renewable energies, and, secondly, creates a matlab model of distribution line with 

STATCOM. Observing various fault and adding rectifier load on line with and without STATCOM we 

can conclude the benefit of STATCOM. The high penetration of renewable energies and techniques for 

reducing power quality are also demonstrated by the simulation of a grid-integrated PV-based DG 

system in MATLAB / Simulink. This article is believed to be very useful for academics and industry 

professionals to understand existing PQ challenges, PQI techniques, and future research guidelines for 

renewable energy technologies. 
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I. INTRODUCTION 

With urbanization, industrial enterprises and rising living standards, the unity of public services is affected by the 

increasing demand for electricity. The supply capacity of purely typical sources cannot meet the demand for modern 

energy, thus increasing the difficulty of the reliability and security of the electricity supply, while the large amount of 

pollutants poses serious environmental problems. 20 years ago renewable and decentralized energy sources emerged as 

a supplement to standard energy sources and the unit range predicted by utility engineers as a powerful solution to 

successfully meeting load demand Hybrid Renewable Energy (HRES), which is primarily based on distributed 

generation (DG), is the recent trend in the renewable energy system because it has been shown to improve performance 

and accountability. Various possibilities are argued for using many renewable energies efficiently. Sources for 

generating electricity. Renewable energy sources, wind and alternative energy sources are quickly used in combination 

in various hybrid systems. Recently, hybrid photovoltaic wind-star systems received important attention from energy 

providers around the world. Power analysis of the hybrid energy system of the wind-electric phenomenon, which is 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 1, July 2026 

 Copyright to IJARSCT      DOI: 10.48175/IJARSCT-37617   132 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
connected to the grid via an electronic power interface. In order to obtain an additional sensitive state, a variable AC 

load within the system is used together with intermittent power sources from the photovoltaic star system and WEC in a 

test to bring a strong dynamic into the hybrid system. The primary result of this is that a variable reactive power supply 

is required to maintain a voltage profile on the load bus. Under these circumstances, STATCOM represents an 

alternative to the device as it has been proven in many studies that it improves voltage regulation in isolated hybrid 

systems. Additional modeling system as the simulation has misused MATLAB / Simulink 2019 to evaluate the 

performance and the functionality to check the hybrid system connected to the network in isolated systems and to 

demonstrate the suitability of STATCOM with regard to increasing the voltage properties of the load rail. 

 
Fig 1 .: Configuration of the renewable photovoltaic wind hybrid system connected to a distribution network 

compensated by STATCOM 

The systems are increasingly burdened with electricity requirements The supply of the systems from purely 

conventional sources cannot cover modern energy requirements and thus increases the difficulty of energy reliability 

and security, while the large number of pollutants raises serious environmental problems [1,2]. Over the past 20 years, 

renewable and distributed energy sources have emerged to complement standard energy sources and are viewed by 

utility engineers as a powerful solution for meeting load needs to successfully overcome problems. Decentralized 

Generation (DG) based on Hybrid Renewable Energy Systems (HRES) is the recent trend within the renewable energy 

system as it has been shown to improve overall performance and reliability [5] sources for power generation [6]. 

Among all the trending renewable energy sources, combined wind and solar energy sources are used efficiently in 

various hybrid systems. Recently, solar-photovoltaic-wind hybrid systems have received a lot of attention from utility 

companies around the world [7,8]. and solar systems complement each other in the daily cycle. Solar energy, which has 

the potential to meet four times the total global energy demand in a given region of North Africa [9], is available 

throughout the day, while strong winds occur mainly at night. In general, strong winds are observed in the course of 

darkness and also on cloudy days as opposed to weak winds on bright days [10]. Regardless of their intermittent 

behavior and inherent disadvantages, hybrid wind-photovoltaic energy systems tend to provide energy for charging 

with greater reliability and continuity of supply [11,12]. Despite the ability to provide power with improved continuity 

and reliability, the volatility of such intermittent power sources has a direct impact on the critical stability between the 

power supply from renewable energy sources and thus the connected load [13]. As a result, deviations from bus voltage 
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and network frequency, network interval fluctuations and excess reactive power generation are again determined by the 

moving network stability and network quality [14]. From energy physics science technology and the associated 

versatile A. transmission devices (FACTS) [15], the devices indicate their possible applications in such renewable 

energy sources (RES) in order to reduce problems with network quality. Various devices are used and studied on the 

market and they give satisfactory results [16]. Of many devices, SVC and STATCOM are said to be best suited for 

reagent performance compensation and voltage maintenance support [24]. SVCs often increase the disadvantage of 

capacity quality in isolated hybrid systems [25, 26] that support reactive power management. However, as a mainly 

VSC-based device, STATCOM shows a higher performance compared to SVC if one takes into account the variation 

and identical evaluations [27,28].Mohanty et al. [29] transferred the advantages of the genetic algorithm (GA) and the 

Particle Swarm Optimization (PSO), the optimized implementation of STATCOM in an offshore wind-diesel-tidal-

rotary engine hybrid system. The hybrid system was established by adopting the tiny signal model. The power 

compensation is achieved by combining the STATCOM controller. Shanthiet al. [30], an undeniably economical 

energy transmission structure for wind-photovoltaic hybrids, which can be implemented with a minimal variety of 

converters wherever a network aspect device for WEC such as STATCOM is used to increase the network dynamics. 

Mohanty et al. [31] have described numerous problems in connection with poor transient stability in an autonomous 

wind / diesel / photovoltaic hybrid system and transferred the influence of UPFC, SVC and STATCOM in suppressing 

the dynamics of the hybrid system. The careful comparison could not hide the fact that STATCOM has superior 

properties compared to the typical PI controller. SVC based on the simulation study by Bhatti et al.[32] examined the 

effects of STATCOM on bus voltage management in a stand-alone wind-diesel hybrid by compensating for the 

immunoglobulin reactive power demand and variable load, thereby maintaining system stability once a mod is 

delivered at speed. Reactive load and wind speed SOLAR-PV-MPPT-MANAGEMENT-TECHNIK In order to use the 

largest part of the energy of a photovoltaic system, it is necessary that the associated influence of the DC electronics 

take into account the bus voltage at the output for such a heterogeneous purpose in which the most performance units 

are sometimes This electrical device is nothing more than an associated MPPT controller that is inserted between the 

photovoltaic system and the payload. 

 
Figure 2 Distributed line with STATCOM 

 In this work the final model is created taking into account two cases, in the first case the distributed line is created with 

STATCOM. In this model, the AC load is connected on the receiving side, and a rectifier load is added for the addition 

of harmonics.It occurs for a reasonable time and also the disturbances with the help of three-phase faults that push the 

system to 0. 8 sec. to 1.2 sec. Figure 2 above describes the Statcom model. 
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Figure 3 Distribution line without STATCOM 

 Figure 3 shows the distribution line without STATCOM, in this model only the AC load is connected on the receiving 

side and the rectifier load is connected in order to generate harmonics in the line. Here I also considered case 2, case 1 

is B. when grinding the load is applied online to generate harmonics for more than 0.5 seconds and in case 2 multiple 

errors are applied online for a period of 0.8 seconds to 1.2 second.  

 

II. RESULT 

A) Result for without STATCOM model  

Case 1: only rectifier load for harmonics generation  

The Source side waveform shows a balanced three-phase system with a load change at 0.5 s, where the current 

increases from approximately 3.54 A RMS to 6.36 A RMS while the voltage remains around 141 V RMS per phase. 

 
fig: 4 model with harmonics at source 

 
fig:5  model with harmonics at  load 
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Case 2 : fault at load side without STATCOM 

 
Fig.6 LLG fault on load side 

Fig 6 shows the LLG fault, phase voltages become severely unbalanced (225 V, 5 V, 5 V peak) and fault currents 

increase to approximately 1500 A. 

 
fig.7 LG fault on load side 

fig 7 show the load side waveform shows distorted and unbalanced voltage-current waveforms with large current 

magnitude (≈780 A peak), indicating poor power quality 

B) Result with STATCOM model  

 
fig.8 Load side waveform under Harmonic load and under all fault condition 

By considering and studying above fault and harmonics, in this by using STATCOM the effect of fault and harmonics 

on load can be neglected or reduced. 
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C) Result of ANN for fault detection 

 
Fig.9 ANN result for LG fault 

Fig 9 shows the result of ANN under LG fault condition. From above figure clearly shows that at LG display we 

getting nearly one value and at remaining places we get nearly zero value. 

 
Fig.10 ANN result for LLG fault 

Fig 9 shows the result of ANN under LLG fault condition. From above figure clearly shows that at LLG display we 

getting nearly one value and at remaining places we get nearly zero value. 

 

III. CONCLUSION 

In this article, the potential influence of STATCOM in associated grid-connected hybrid-star-solar-PV system 

environments was examined under different load conditions. 3 completely different eventualities were developed to 

evaluate the effectiveness of STATCOM in strengthening voltage regulation. The measurement must first be carried 

out for the transitional responses received in each case. The results obtained showed that the voltage profile is 

successfully maintained in the presence of STATCOM, which effectively counteracts a greater flow of reactive energy 

on the road and suppresses its undesirable effects. the performance of the system Hence a unit of conclusion generally 

drawn from the simulation result, it was found that the STATCOM has the ability to stabilize the voltage on the 

connection bus by compensating for the reactive power and could give a shocking answer to the energy suppliers to the 

event of the performance and responsibility of this This work thought of purely linear clusters, either strictly resistive or 

inductive for easy simulation. However, these clusters are rarely found in energy systems. Common sense, for the most 

part, encompasses heaps of inductive and nonlinear motors, all of which add system disturbances in terms of current 

imbalance and harmonic injections. In the future, this work could even be expanded by implementing these intelligent 

stacks in networked hybrid RES environments to review their effects on system dynamics and to examine the diverse 

potential of different FACTS controllers to perform different functions. 
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