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Abstract 

The Modern distributed power systems incorporate renewable energy sources, which may be used to meet 

energy demands. Therefore, microgrid-connected renewable energy systems will satisfy grid demand and lower 

carbon emissions, which will reduce global warming. In this study, a solar photovoltaic (PV) system for grid-

connected applications is proposed. The new microgrid codes address many power quality concerns such as 

harmonics, transients, voltage fluctuations, flicker, voltage stability, and reliability when PV systems are linked 

with the grid. Voltage dips, imbalanced voltage, and negative sequence voltage are the primary sources of power 

quality difficulties in the grid. Disturbances in the grid, such as frequency changes, voltage sag, swell, and 

especially failures, have an impact on the performance of PV. The increase in the use of solar photovoltaics will 

have a substantial impact on the Indian electricity system. The primary goal of this research is to evaluate the 

performance of a microgrid-connected PV system employing STATCOM that employs dynamic reactive power 

compensation & voltage stability. A STATCOM can improve the quality and stability of the voltage by reducing 

the sag and swell in a PV system that is linked to the grid. This study uses a STATCOM to investigate balanced 

and unbalanced voltage sags and swells in a microgrid-connected PV system. A STATCOM is recommended to 

adjust for both positive and negative voltage sequences in order to improve voltage stability and quality. 

Keywords- Microgrid; STATCOM; Voltage Stability; Power Quality; Fuzzy controller; Voltage Sag and Voltage 

Swell. 

 

1. Introduction 

The advantages of renewable energy, particularly 

solar power generation, have drawn attention from 

all over the world in response to the deterioration 

of the global environment. Pollution-free, simple, 

and environmentally friendly installation [1]. Large-

scale grid-connected PV is expected to overtake 

other photovoltaic power production technologies 

in the next years, according to the progressive 

expansion of solar power producing distributed 

generation systems from the island to the 

integrated grid [2]. A converter connects solar 

power generation equipment to a low voltage 

distribution network, allowing load electricity to be 

delivered [3]. It is capable of supplying power to 

neighbouring local loads at higher light intensities. 

Local loads are supplied by the power supply when 

the light intensity is low. A large number of non-

resistive loads connected to a power grid may result 

in voltage distortion at the end of the power grid,  

 

three-phase imbalance, reactive power, as well as 

undesirable distribution network conditions [4]. 

Changes in the power grid and load, advanced 

electronic gadgets, and fresh problems related to 

the use of power electronics technology all play a 

role. The conventional approach to reactive power 

compensation uses a STATCOM-style device to fix 

reactive power, which necessitates extra power 

equipment expenditure to increase the voltage 

stability of the grid's terminals [5]. The study's 

conclusions show that a solar inverter and d-

STATCOM have fundamental architectures that are 

entirely compatible, allowing for the installation of 

a photovoltaic power generation system in the 

distribution system of terminals that deliver 

reactive power.  

Due to an increase in sensitive loads, power 

quality is presently viewed as a serious problem in 

the industrial sectors. Power quality concerns, in 
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general, have a considerable influence on the 

distribution side, causing sensitive loads to 

malfunction and fail. Nonlinear loads and harmonic 

imbalances are the main causes of power quality 

issues. The primary power quality concerns that 

have a substantial detrimental impact on the power 

distribution system include voltage sag/swell, 

harmonic distortions, spikes and surges, and 

transient interruptions [6]. It uses an innovative 

strategy to deal with the voltage sag problem, 

however the power quality problem is not entirely 

handled because it only accounts for some of the 

sag. STATCOM, an outstanding FACTS device, is 

employed in this study to improve power quality 

and voltage stability by increasing sag/swell 

control, dynamic voltage control, real and reactive 

power regulation, and so on [7], [8]. As a 

consequence of advanced technology, the power 

generation and distribution networks are 

undergoing significant changes, including the 

adoption of large-scale distributed renewable 

producing, enhanced communication and control 

methods, and increased storage capacity. Solar PV 

dependent energy producing systems are 

extensively utilized for the generation of electricity 

by various renewable resources because to their 

static design, compact size, and low maintenance 

needs [9]. Due to the intermittent nature of solar 

PV output, energy storage systems & other 

renewable energy sources are linked with PV 

systems to offer dependable operation. This is done 

by parallelizing the DC-DC converters and PV panel 

[10], [11]. A DC-DC converter is required between 

the inverter and the PV panel to avoid connecting 

several PV panels in series. This converter is 

required for the PV system's power generation 

process in order to ensure electrical isolation. 

The Static Synchronous Compensator (STATCOM), a 

highly developed FACTS regulating device that 

operates independently of other system 

components, is one of the many FACTS family 

devices. The flow of reactive power across the 

system may be controlled using FACTs. STATCOM 

switches the instantaneous reactive power across 

phases to supply reactive power [12], [13]. Within 

the power system, the STATCOM's primary duties 

include controlling fundamental reactive power 

exchange and giving buses voltage support. Bus 

voltages are modified during dynamic disturbances 

to enhance transient characteristics, expand 

transient stability margins, and decrease system 

fluctuations brought on by these disturbances [14]. 

2.  Statcom System Outline 

Reactive power can be supplied or absorbed by the 

Static Synchronous Compensator (STATCOM), a 

parallel-connected reactive compensation system. 

Its output can be altered to maintain control of 

various electrical power system characteristics. 

STATCOM performs similarly to a spinning 

synchronous compensator in the absence of 

mechanical inertia [15]. The three phase voltages in 

the STATCOM system may be quickly controlled in 

terms of amplitude and phase angle thanks to the 

solid-state power switching components. A three-

phase IGBT or GTO, Voltage Source Inverter (VSI), 

DC capacitor, and step-down transformer with 

leaky reactance make up the majority of the 

STATCOM [16], [17]. The AC potential difference 

across the leaky reactance provides reactive power 

exchange among the power system and the 

STATCOM, enabling STATCOM to regulate the AC 

voltage at the bus bar and improve the voltage 

profile of the power system.  

In order to increase transmittable power while 

also strengthening steady-state transmission 

characteristics and system stability, a power 

system's voltage can be controlled via STATCOM. 

The controller lowers or eliminates line overvoltage 

when there is a light load; nevertheless, when there 

is a strong load, STATCOM is employed to maintain 

precise voltage levels. 

 
Figure 1. STATCOM & AC-bus bar Connection 
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Figure 2. STATCOM and AC bus bar Connection 

 

The input filter, coupling transformer, 

controller, and voltage source converter make up 

STATCOM. In Figure 1, the STATCOM connection to 

the AC bus is depicted. When two AC sources with 

the same frequency are wired in series, the active 

power moves from the leading source to the trailing 

source, while the reactive power moves from the 

leading source to the lower voltage source. Active 

power flow is determined by the phase angle 

difference between the two sources, whereas 

reactive power flow is determined by the voltage 

amplitude difference between the two sources 

The inner current controllers & voltage 

controller of a rotating dq reference frame with grid 

voltage orientation in STATCOM define a 

proportional-integral (PI) controller. Equation for 

the fuzzy PI controller is 

A PI controller was used by Dannehl et al. 

(2009) to construct the inner current loop in 

STATCOM for both negative and positive sequence 

current. Based on the power rating, the voltage 

source converter level configuration for the 

STATCOM is selected. Two-level voltage source 

converters are utilized for low power applications, 

whereas multi-level topologies are used for high 

power applications.  

3. Integration of Statcom with PV System 

An LC filter, a STATCOM connected to the grid, 

and a PV power supply make up the recommended 

system. PV panels, the MPPT algorithm, a DC-DC 

buck-boost converter, a three-phase inverter with a 

filter, and the PV power system are the components 

of the PV power system. In reaction to changes in 

irradiance, a PV panel's output voltage changes. DC-

DC converters equipped with MPPT technology 

create consistent DC voltage. When output filters 

are used with three-phase inverters, they provide 

pure sinusoidal output when converting regulated 

DC current into three-phase AC. The PV sinusoidal 

voltage is linked to the grid after the transformer. 

STATCOM is currently linked via the LCL filter at this 

time. PV systems only increase the utility grid's 

active power, which might change the system's 

reactive power flow. Higher voltages on nearby 

buses might result from a lack of reactive power. 

The utility and consumer sides of the PV system's 

functioning may be negatively impacted by the 

over-voltage it generates. To regulate the voltage in 

a PV grid-connected system, STATCOM must be 

included. STATCOM also regulates voltage flickers 

and undesirable voltage variations brought on by 

over- and under-loading. The imbalanced kind of 

grid faults predominates 

 
Figure 3. Block representation of the suggested 

system 

4. Results & Discussions 

4.1 A STATCOM simulation analysis for a grid 

connected type PV system 

The system under investigation is a 1MW PV 

power system connected to the grid. The STATCOM 

is located close to the grid & the PV system. The 

STATCOM is modelled as controlled voltage 

sources. The same low voltage bus, which connects 

both devices, is attached to the medium voltage bus 

by a transformer. Through a second transformer, 

the high voltage level is linked to the medium 

voltage level. The STATCOM and PV systems' total 

output is what both transformers are rated for, and 

they each have a series impedance of 5% as well as 

10% The high voltage level of the grid is thought to 

be where the problem with the grid is.  

4.2 Integration of STATCOM with PV-System 
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Figure 4. Block representation of the suggested 

system. 

MATLAB and Simulink are used to simulate the 

complete system. Analysis of the PV system's 

performance using STATCOM is done with various 

balanced and unbalanced loads on the grid. Grid 

voltage will sag and swell when there are abrupt 

variations in the load on the system. Figure 3 

depicts the system's simulation model using PI 

4.3 Sag Control: 

Voltage and current control in this model are 

handled by fuzzy based- PI controllers. The initial 

load balance causes the system to droop. Figure 5 

depicts the three phases of the sag brought on by 

an abrupt increase in load.  

 
Figure 5 a). Grid Current with a 28% variation in 

load 

Figure 5 (c) illustrates how well STATCOM 

adjusts for voltage sag, and it can be seen from this 

that it does so without causing a change in 

frequency. Figure 5(d) and (e) illustrate STATCOM's 

performance in the aspect of frequency for the 

identical 28 % sag scenario. 

 
Figure 5 b). Uncompensated grid voltage by a 28% 

load variation 

 
Figure 5 c). Sag corrected grid voltage by 28% load 

variation 

 
Figure 5 d). Grid Current two cycles with a 28% load 

change 

 
Figure 5 e). grid voltage was reduced by 28% 

throughout two cycles of sag compensation 

4.4 Swell Control 

Swell control is also used to examine the 

system. Voltage increases as a result of the quick 

decrease in load. 28% of the load is lowered at 0.1 

seconds for the analysis. Grid current and its impact 

on grid voltage are depicted in Figure 6. 
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Figure 6 a). 28% load variation in grid current 

 
Figure 6 b). uncompensated 28% load variation in 

the grid voltage 

 
Figure 6 c). Swell compensated grid voltage by 28% 

load change 

Figure 6 (d) and (e) depict STATCOM's 

performance in the aspect of frequency under the 

identical 28% swell situation. 

 
Figure 6 d). Grid Current with a 28% load change 

over two cycles results in swelling. 

 
Figure 6 e). Swell compensated the grid voltage two 

cycles by a 28% load change. 

Figures 5 a and 5 b demonstrate how a quick 

shift in grid current generates changes in voltage 

such as sag and swell. When the load changes 

without STATCOM, the voltage fluctuates, resulting 

in lower-quality electricity. It can be seen from 

figures 5 (d) and (e) and 6 (d) and (e) that the 

frequency of the grid's voltage and current is kept 

constant. By compensating for voltage sags and 

swells, STATCOM enhances power quality. It is clear 

from this investigation that the effectiveness of 

voltage stability and reactive power correction 

depends on the voltage controller employed. 

5. Conclusion 

The primary goal of the research project was to 

provide techniques for fuzzy logic controller 

implementation for PV STATCOM and to offer a 

control strategy for enhanced improvement of 

voltage stability. The introductory portion included 

a brief overview of the modulation technique and 

controller that could be analysed from the 

literature. When the load changes without 

STATCOM, the voltage fluctuates, resulting in 

lower-quality electricity. The STATCOM is used in 

this work to analyse balanced and unbalanced 

voltage sags and swells in a microgrid-connected PV 

system. It is suggested to utilize a STATCOM that 

takes into account both the advantageous adverse 

sequences of voltage in order to boost the voltage's 

stability and quality. The simulation findings 

demonstrate that the STATCOM effectively corrects 

for voltage variations and maintains the grid 

system's power quality.  
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