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Abstract— In addition to the increase in the types and 

capacities of electrical loads, problems with the quality of 

power, in particular reactive power and harmonics, are the 

serious threats to the safe operation of the network. Linear / 
non-linear loads are one of the main causes of deterioration 

in the quality of energy in transmission lines. High non-

linearity and time-varying operation cause harmonic 

distortion and voltage fluctuations. As an important member 

of FACT, the distributed synchronous static compensator 

(DSTATCOM) is widely used as an advanced dynamic 

bypass compensator to control reactive power in 

transmission and distribution systems. Utilities such as 

households, businesses and industries face many PQ 

problems in the form of voltage dips, increases and 

fluctuations or fluctuations in voltage. This paper describes 
the implementation of a distributed static compensator 

(DSTATCOM) using a PWM-based control algorithm for 

harmonic rejection. This custom power devices used to 

estimate and mitigate voltage sag, swell, voltage 

fluctuations, and reactive power limits for various utility 

load conditions. D-STATCOM has been adopted as a 

compensation device because it is known for its flexibility, 

easy implementation, dynamic load compensation and 

multifunctional operation. The D-STATCOM model is 

shunted with a three-phase source which provides a constant 

and variable load developed using Simulink. The simulated 

results show that D-STATCOM can be considered as a 
viable solution to solve the problems of voltage dips, 

swelling and variation. A control algorithm based on PWM 

control is used to extract the basic active and reactive power 

components from the load current to derive the reference 

compensation current through STATCOM. The 

performance of the three-phase three - phase system using 

DSTATCOM was checked for harmonic rejection using a 

MATLAB / SIMULINK simulation model. 
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I. INTRODUCTION 

In the field of electrical energy, the industry mainly consists 

of the production, transmission and distribution of electricity 

to customers. There are a variety of problems in transporting 

electrical energy from production to consumption, including 

weather fluctuations, production deficits compared to 

demand, and disturbances and fluctuations in line-connected 

loads. Modern equipment used by commercial and industrial 

consumers is very sensitive to energy quality issues. Energy 
quality issues have become more important recently as their 

impact on energy suppliers, equipment manufacturers and 

consumers has increased [1]. With the advent of sensitive 

equipment based on semiconductor devices, the quality of 

the voltage has become an important factor for the proper 

functioning of the device. Deviations of electrical system 

voltages, currents, and frequencies from nominal values are 

defined as power quality issues according to [2]. Voltage 

sags, undulations, fluctuating or fluctuating voltages, 

harmonic distortion, imbalances, and transients can affect 
customer equipment and even cause malfunctions and loss 

of power production [3, 4]. 

Electricity is the most important factor for 

developing countries to secure economic development. The 

stability of existing transport networks is approaching its 

limits due to the increasing industrialization of electrical 

systems [5]. Therefore, it is essential to build a new 

transmission system. However, construction of new 

transmission lines is not always possible for political, 

environmental and economic reasons to mitigate overhead 

transmission lines and provide adequate transient stability 
[6]. In this article, all of these issues were considered and 

attempts were made to improve the stability of the power 

system where FACTS devices were used.  

Among the various types of FACTS devices, this 

paper selected STATCOM. This is because it provides a 

quick response and can be used to compensate for delays 

and main VAR’s. In the past, a new type of STATCOM 

built by a CASCADING voltage source inverter has been 

described. SPWM technology is used at each VSI to control 

switching devices. With a multi-level cascaded inverter, a 

multi-level optimal modulation scheme was developed for 

the static synchronization compensator (STATCOM). In a 
study using space vector theory [7], an accurate STATCOM 

model was developed. In this theory, the voltage equation is 

converted to a DQ axis frame. Another approach compared 

to STATCOM focuses on the modeling of fundamental 

frequency switching based on 24-pulse 100MVAR at two 

levels for high power applications, as described in [8] 

Proposes a new model of a synchronous static distribution 

compensator (D-STATCOM) based on a voltage source 

converter (VSC) to provide and receive the required reactive 

power to achieve the desired voltage. Was. A study based on 

PI adaptive control is presented in [8], which can 
automatically adjust the control gain in the event of a 

disturbance. Therefore, performance will always be at the 

norm, without taking into account operational changes. In 

[9], STATCOM's analysis was based on a reactive power 

compensation control designed to generate a reference 

voltage with PWM pulses to reduce power loss. A feasibility 

study on reactive power compensation was performed in 

[10], where STATCOM was connected to a 33kV network 

using a conventional control scheme. A STATCOM model 

is proposed in [11] and is designed for voltage regulation 

using a PI controller with fuzzy auto-tuning. 

This paper presents promising ways to improve 
energy quality and power system stability. This study will 

focus on the design of the STATCOM controller in 

MATLAB / SIMULINK to confirm the correct functioning 

of the designed network.  
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In addition after implementing STATCOM in the 

power system for variable load, operation of STATCOM has 

been observed. Section II focused on the power quality 
problems due to load fluctuations, Section III presents the 

implementation of STATCOM with power system network 

and Section IV describes the design of network with PWM 

based STATCOM controller. The simulation results and 

discussions are presented in section V.  

II. POWER QUALITY PROBLEMS 

The definition of power quality conferring to Institute of 

Electrical and Electronic Engineers (IEEE) is ―”The 
concept of powering and grounding sensitive electronic 

equipment in a manner suitable for the equipment”. Since 

the controlled variable of an electrical system is primarily 

voltage, in most cases the controlled variable is voltage, so it 

is called "voltage quality". If the supply voltage drops due to 

a fault, this affects the output power of the lighting and 

induction motor. As shown in the figure, recent power 

outages are expensive. Voltage disturbances, voltage surges, 

momentary interruptions, transients, voltage imbalances, 

harmonics, DC offsets, and other common disturbances. 

There are two approaches to alleviating food 
quality issues. Energy quality solutions can be implemented 

on the client or utility side. The first approach is called load 

balancing. This makes the equipment less susceptible to 

power disturbances and can operate in the event of large 

voltage distortions. Another solution is to install a line 

conditioning system that eliminates or neutralizes 

disturbances in the electrical system. Currently, they are 

based on PWM converters and connect to low and medium 

voltage distribution systems in shunt or series. A series 

active power filter must work in conjunction with a passive 

shunt filter to compensate for load current harmonics. A 

shunt active power filter acts as a controllable current 
source, and a series active power filter acts as a controllable 

voltage source. Both schemes are preferably implemented 

with a voltage source PWM inverter with a DC bus with 

reactive elements such as capacitors. 

A. Voltage Sag: 

According to IEEE Std. 1159(1995), Voltage Dip magnitude 

range from 0.1 to 0.9 of nominal voltage and its durations 

from half-cycle to one minute. Furthermore, Voltage Sag 

may be classified in three categories like Instantaneous, 

Momentary and temporary. 

B. Voltage Swell: 

Voltage swells are not as frequent as voltage drops, but their 

occurrence is also related to supply system failures. If there 

is a single-phase ground fault, the voltage of the other phase 

will rise and the voltage will expand. Sudden start-up or 

disconnection of a capacitor bank or large inductive load, 

respectively, can also cause voltage surges in the electrical 

system. Generally, this is due to an improper floating earth 

or delta system, and a change in ground reference can 

increase the magnitude of the voltage in ungrounded 

systems. Another cause of increased tension is a sudden 

interruption of the load. 

C. Voltage fluctuations: 

It is defined as a repetitive, random change in supply voltage 

compared to a nominal value over a period of time. The 

amplitude of the voltage fluctuation does not exceed 10%. 

Small amplitudes of food fluctuations can cause a flicker of 

tension that can be observed with the naked. These occur 

when the load fluctuates suddenly or periodically and 

consumes current. Examples of devices that cause voltage 

fluctuations include arc welding, arc furnaces, and motor 
drives with periodic motion. 

III. STATCOM 

STATCOM is a FACTS device which has a different 

working principle and construction compared to other 

FACTS devices. DSTATCOM is Distribution Static 

synchronous shunt compensator which is used at distribution 

level for real and reactive power compensation, 

ESTATCOM is Energy storage Equipped Static 
synchronous Compensator which is actually a STATCOM 

used for Energy Storage. 

The principle of DSTATCOM is similar to 

synchronous machine which can provide both lagging and 

leading currents when operated in under excited and over 

excited conditions respectively.  It is able to deliver or 

absorb reactive power and also has ability to provide real 

power exchange under the presence of external DC source 

connected to distribution system that is with the presence of 

distributed generation sources.  

DSTATCOM is a synchronous machine principle 
based shunt compensated custom power device. It is used 

for VAR compensation and for the improvement of voltage 

regulation without the use reactive power source it is a cost 

effective solution. It has an ability to provide both inductive 

and capacitive compensation. To compensate the 

disturbances created during abnormal conditions, it can 

inject the current by comparing the existing parameter with 

the reference. That means it can be used to protect the 

distribution system from the disturbing loads.   

In this paper among the power quality 

compensating devices DSTATCOM was implemented 
because of its fast response. It is a power electronic based 

converter which can compensate almost all power quality 

issues. In distribution system apart from the compensation 

of voltage variations it also acts as reactive power 

compensator that means it can act as source to reactive 

power as well as sink to reactive power. It has better 

characteristics than other compensating devices. 

When the load voltage is more than the system 

voltage DSTATCOM injects the leading current in to the 

system and generates reactive power whereas under the 

reduced load voltage condition it can injects the lagging 

current and acts as shunt connected inductor to the 
distribution system.    

The static synchronization compensator connected 

in shunt is a personalized supply device and is called D-

STATCOM when it is placed in the use segment of the 

supply system. D-STATCOM is a parallel connected device 

based on a voltage source converter (VSC), incorporating 

advanced power electronics to provide an energy quality 
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solution for utility and commercial or industrial 

applications.  

 
Fig. 1: Schematic of STATCOM 

The converters can be arranged to operate as a 

STATCOM distribution [12]. The simplest implementation 

integrates sinusoidal PWM technology to generate the gate 

signals necessary for IGBTs. The STATCOM distribution 

can operate in the same way to exchange real and reactive 

power with the utility bus by controlling respectively the 

angle and the amplitude of voltage between the converter 

and the bus. Figure 1 shows the operating functions of the 

distribution STATCOM according to the DC storage device. 
The flexibility offered by the fast switching of IGBTs allows 

more sophisticated control schemes based on voltage space 

vector technology. The compensator can control large 

reactive currents as well as transient currents when 

operating in voltage regulation mode. The reactive current 

determines the setting of the voltage at the reference voltage 

Vref. It depends on the minimum and maximum range of the 

current injected by the converter [13].  

 
Fig. 2: Distribution system with DSTATCOM 

 D-STATCOM is the most important controller for 

distribution networks. It is widely used to adjust system 
voltages, improve voltage profiles, reduce voltage 

harmonics, reduce transient voltage disturbances and load 

compensation. DSTATCOM uses a power electronics 

converter controlled by pulse width modulation (PWM). D-

STATCOM is the most important A Voltage Source 

Converter (VSC) based DSTATCOM is shown in Fig. 2. It 

is connected to a three phase transmission line feeding three 

phase non-linear load. 

An interface inductor (Li) is used on the AC side of 

the VSC to overcome the compensation current ripple. 

Passive ripple filters, which are a series connection of a 

resistor and a capacitor, are used to filter high-frequency 
switching noise in VSCs [14]. It is also connected to CCP. 

Recently, capacitors and resistors of the same value as the 

ripple filter are connected in series and used in three phases. 

The current DSTATCOM is injected according to the needs 
of the compensation current to remove harmonics of the 

load current and compensate for the reactive power demand 

[15]. Therefore, loads due to reactive components / 

harmonics are greatly attenuated in the distribution system. 

The nominal value of a VSC insulated gate bipolar transistor 

(IGBT) depends on the voltage and current for the necessary 

compensation. As a rule, the nominal value of VSC for 

compensation is 15% higher than the nominal reactive 

power. 

IV. STATCOM IMPLEMENTATION 

STATCOM model for the compensation of power quality 

issues along with the reactive power control has been 

designed in MATLAB/SIMULINK. Simulink model is 

shown in Fig. 3, consists of distribution system with 3 buses 

and STATCOM is connected before bus 3 which is 

connected to loads through distribution transformer. The 

load is variable one and source is considered with sag and 

swell. Performance of the distribution system is analyzed for 

voltage sag, swell and voltage fluctuations which were 
caused by load switching with and without STATCOM.  

 
Fig. 3: STATCOM connected distribution system Simulink 

model 

 
Fig. 4: STATCOM controller block 
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Fig. 5: Pulse generation block 

Fig. 4 and 5 represents the control block diagram 

for STATCOM and pulse generation for the on and off 
control for the switches used in STATCOM implementation 

respectively.  

V. SIMULATION AND RESULTS 

In MATLAB/SIMULINK a distribution system network is 

designed by using power system blocks and results from 

simulation are obtained. The results are specified in the 

following simulation studies with and without connecting 

STATCOM. PWM controlled STATOCM is used for the 
voltage, reactive power compensation. STATCOM 

simulation model connected distributed system is shown in 

Fig. 3. Table I provides all the parameters considered for 

Simulink model. 

Parameter Value 

Source 25kV, 60Hz 

Feeder Length 23km 

Load 600V, 1MW resistive laod 

Distribution 

Transformer 

Delta/Star connected, 25kV/600V 

transformer 

Dc link Capacitor 10000e-6 

Table 1: Simulation model specifications 

By connecting STATCOM performance of the 

system have been evaluated. 

 
(a) 

 
(b) 

Fig. 6: Bus voltages with and without STATCOM 

Before connecting the STATCOM, magnitude of 
the voltage at 3 buses varies because of sag and swell 

introduced in source voltage due to internal or external 

disturbances and after connecting STATCOM voltage has 

been improved and it will compensate the sag and swell and 

is shown in Fig.6. This figure represents the bus voltages 

before and after compensation that is with and without 

STATCOM.  

The simulation results of Fig. 7 and Fig. 8 shows 

real and reactive powers without and with STATCOM 

respectively. It can be observed that without and with 

STATCOM the flow of real power and reactive power 

varied. Because the voltage has been controlled during sag 
and swell conditions active and reactive power flow 

variations reduced with STATCOM. Fig. 9. Shows the 

STATCOM voltage and current. During normal operating 

condition no current injected by STATCOM.   

 
Fig. 7: Active and Reactive power flow without STATCOM 

 
Fig. 8: Active and Reactive power flow with STATCOM 
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Fig. 9: STATCOM voltage and current (injected) 

 
Fig. 10: Source current without compensation 

 
Fig. 11: STATCOM injected current 

 
Fig. 12: Compensated source current 

 Source current without compensation which has 

variations during swell and sag condition is shown in Fig. 

10. Whereas Fig.  12. Shows the compensated current with 

constant magnitude and reduced harmonics. This source 

current is compensated by injecting current through shunt 

connected STATCOM.  

VI. CONCLUSION 

In this paper, the study of STATCOM which is a shunt 

connected Converter is carried out to improve the voltage 

profile, active and reactive power flow in distribution 

network with static linear load. Major power quality issues 

like voltage fluctuations, sag and swell are analyzed for 

variable loads. The simulation results shows the 

improvement in voltage profile with compensation by using 

STATCOM. Most of the power quality issues are due to 
sudden swathing of loads only. So voltage sag and swell are 

created in the power systems and its profile improved with 

STATCOM. Apart from the improvement in voltage profile 

active and reactive power flow in the distribution system has 

been improved. By injecting the current through shunt 

connected STATCOM source current is maintained within 

the limits and current harmonics were reduced in the 

distribution system which has major effect on the system 

with dynamic loads, switching operations and use of high 

inductive loads. The degraded voltage profile of the system 

can be restored to its original profile by placing a converter 
connected in parallel. It can also improve energy quality by 

limiting the power factor of the system to specified limits.  
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