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ABSTRACT 

STATCOM (static synchronous compensator) as a shunt-link flexible AC transmission system(FACTS) controller has shown extensive feasibility in 

terms of cost-effectiveness in a wide range of problem solving abilities from transmission to distribution levels. Advances in power electronic 

technologies such as Voltage Source Converter (VSC) improves the reliability and functionality of power electronic based controllers hence resulting in 

increased applications of STATCOM. In this paper, design and implementation of a Distribution type, Voltage Source Converter (VSC) based static 

synchronous compensator (D- STATCOM) has been carried out. It presents the enhancement of power quality problems, such as voltage sag and swell 

using Distribution Static Compensator (D-STATCOM) in distribution system. The model is based on Sinusoidal Pulse Width Modulation (SPWM) 

technique. The control of the Voltage Source Converter (VSC) is done with the help of SPWM.  

The main focus of this paper is to compensate voltage sag and swell in a distribution system. To solve this problem custom power devices are used such 

as Fixed Compensators (FC, FR), Synchronous Condenser, SVC, SSSC, STATCOM etc. Among these devices Distribution STATCOM (D- 

STATCOM) is the most efficient and effective modern custom power device used in power distribution networks. D- STATCOM injects a current into 

the system to mitigate the voltage sag and swell. The work had been carried out in MATLAB environment using Simulink and SIM power system tool 

boxes. The proposed D-STATCOM model is very effective to enhance the power quality of an isolated distribution system feeding power to crucial 

equipment in remote areas. The simulations were performed and results were found to be satisfactory using MATLAB/SIMULINK. 
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1. INTRODUCTION 

An increasing demand for high quality, reliable electrical power and increasing number of distorting loads may leads to an increased awareness of 

power quality both by customers and utilities. The most common power quality problems today are voltage sags, harmonic distortion and low power 

factor. 

Voltage sags is a short time (10 ms to 1 minute) event during which a reduction in rms voltage magnitude occurs. It is often set only by two 

parameters, depth/ magnitude and duration. The voltage sags magnitude is ranged from 10% to 90% of nominal voltage and with duration from half a 

cycle to 1 min. 

Voltage sags is caused by a fault in the utility system, a fault within the customer’s facility or a large increase of the load current, like starting a motor 

or transformer energizing .Voltage sags are one of the most occurring power quality problems. For an industry voltage sags occur more often and cause 

severe problems and economical losses. Utilities often focus on disturbances from end-user equipment as the main power quality problems. 

Harmonic currents in distribution system can cause harmonic distortion, low power factor and additional losses as well as heating in the electrical 

equipment. It also can cause vibration and noise in machines and malfunction of the sensitive equipment. The development of power electronics 

devices such as Flexible AC Transmission System(FACTS) and customs power devices have introduced and emerging branch of technology providing 

the power system with versatile new control capabilities. 

There are different ways to enhance power quality problems in transmission and distribution systems. Among these, the D-STATCOM is one of the 

most effective devices. A new PWM-based control scheme has been implemented to control the electronic valves in the DSTATCOM. The D-

STATCOM has additional capability to sustain reactive current at low voltage, and can be developed as a voltage and frequency support by replacing 

capacitors with batteries as energy storage. 
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2. CONCEPT OF POWER QUALITY 

A. Introduction to Power Quality: 

Power quality is the set of limits of electrical properties that allows electrical systems to function in their intended manner without 

significant loss of performance or life. The term is used to describe electric power that drives an electrical load and the load's ability to function 

properly with that electric power. A perfect power supply would be one that is always available, always within voltage and frequency tolerances 

and has a pure noise-free sinusoidal wave shape. 

Without the proper power, an electrical device (or load) may malfunction, fail prematurely or not operate at all. There are many ways in which 

electric power can be of poor quality and many more causes of such poor quality power. 

Many power problems originate in the commercial power grid, which, with its thousands of miles of transmission lines, is subject to weather 

conditions such as hurricanes, lightning storms, snow, ice, and flooding along with equipment failure, traffic accidents and major switching 

operations. Also, power problems affecting today’s technological equipment are often generated locally within a facility from any number of 

situations, such as local construction, heavy startup loads, faulty distribution components, and even typical background electrical noise. 

Widespread use of electronics in everything from home electronics to the control of massive and costly industrial processes has raised the 

awareness of power quality. The study of power quality, and ways to control it, is a concern for electric utilities, large industrial companies, 

businesses, and even home users. 

B. Various problems of Power Quality: 

Following are some of the power quality disturbances: 

 Transients 

 Interruptions 

 Sag / Under voltage 

 Swell / Over voltage 

 Harmonic distortion 

 Voltage Spike 

 Noise 

3. DIFFERENT TYPES FACTS DEVICES FACTS  

FACTS devices are now a reality and will soon change the way engineers plan and operate power systems. These equipments 

can be applied in series, shunt or shunt- series in transmission line, and controls operation parameters in transmission systems in steady state and 

system dynamic behavior in transient state. 

A FACTS is defined by the IEEE as "a power electronic based system and other static equipment that provide control of one or more AC transmission 

system parameters to enhance controllability and increase power transfer capability." 

 

Fig.1 Types of FACTS 
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A. Static synchronous compensator(STATCOM): 

STATCOM is applied in shunt in transmission lines and can adjust the required reactive power dynamically and within the capability of the 

converter. STATCOM operation modes are Reactive power (Var ) control mode and Automatic voltage control mode. 

B. Static Synchronous Series Compensator(SSSC): 

The SSSC is settled in transmission line in series and injects a voltage with controlled magnitude and angle into it. This injected voltage is, 

directly or indirectly, always used to control the flowing power on the line. 

C. Dynamic Voltage Restorer(DVR): 

DVR injects a voltage component in series with the supply voltage and therefore can be regarded as a controlled voltage source, 

compensating voltage sags and swells on the load side. Voltage injection of arbitrary phase with respect to the load current implies active power 

transfer capability. This active power is transferred via the dc link, and is supplied either by a diode bridge connected to the ac network, a shunt 

connected PWM converter or by an energy storage device. 

D. Unified Power Quality Controller(UPFC): 

The best protect for sensitive loads from voltage sources with inadequate quality, is shunt-series connection power conditioner (UPQC) 

(Fig.1) in which the shunt part supplies the required power of the series part in the condition of voltage sags. UPQC is consisted of two PWM 

converters and a dc link capacitor. 

4. DISTRIBUTION STATIC COMPENSATOR 

In power distribution networks, reactive power is the main cause of increasing distribution system losses and various power quality problems. 

Conventionally, SVCs have been used in conjunction with passive filters at the distribution level for reactive power compensation and mitigation of 

power quality problems. Though SVCs are very effective system controllers used to provide reactive power compensation at the transmission level, 

their limited bandwidth, higher passive element count that increases size and losses, and slower response make them inapt for the modern day 

distribution requirement. Another compensating system has been proposed by, employing a combination of SVC and active power filter, which can 

compensate three phase loads in a minimum of two cycles. Thus, a controller which continuously monitors the load voltages and currents to determine 

the right amount of compensation required by the system and the less response time should be a viable alternative. 

D-STATCOM has the capacity to overcome the above mentioned drawbacks by providing precise control and fast response during transient and steady 

state, with reduced foot print and weight. A D-STATCOM is basically a converter based distribution flexible AC transmission controller, sharing many 

similar concepts with that of a STATCOM used at the transmission level. At the transmission level, STATCOM handles only fundamental reactive 

power and provides voltage support, while a D- STATCOM is employed at the distribution level or at the load end for dynamic compensation. The 

latter, D- STATCOM, can be one of the viable alternatives to SVC in a distribution network. Additionally, a D-STATCOM can also behave as a shunt 

active filter, to eliminate unbalance or distortions in the source current or the supply voltage. Since a D-STATCOM is such a multifunctional device, 

the main objective of any control algorithm should be to make it flexible and easy to implement, in addition to exploiting its multi functionality to the 

maximum. 

Prior to the type of control algorithm incorporated, the choice of converter configuration is an important criterion. The two converter configurations are 

voltage source converter or current source converter, in addition to passive storage elements, either a capacitor or an inductor respectively. Normally, 

voltage source converters are preferred due to their smaller size, less heat dissipation and less cost of the capacitor, as compared to an inductor for the 

same rating. This paper focuses on the comparative study of the control techniques for voltage source converter based D- STATCOM, broadly classified 

into voltage control DSTATCOM and current control D-STATCOM. Under the former, phase shift control is compared with the latter, considering 

indirect decoupled current control and regulation of AC bus and DC link voltage with hysteresis current control. The first two schemes have been 

successfully implemented for STATCOM control at the transmission level, for reactive power compensation, and voltage support and are recently 

being incorporated to control a D-STATCOM employed at the distribution end. 

The following indices are considered for comparison - measurement and signal conditioning requirement, performance with varying linear/nonlinear 

load, THD, DC link voltage variation and switching frequency. The paper briefly describes the salient features of each strategy, with their merits and 

demerits. The paper also emphasizes the choice of current control technique, as it significantly affects the performance of a D-STATCOM. A dynamic 

simulation model of the D-STATCOM has been developed for various control algorithms in Mat lab/Simulation Power System environment. 

A. Principle of D-Statcom 

A D-STATCOM is a controlled reactive source, which includes a VSC and a DC link capacitor connected in shunt, capable of generating 

and/or absorbing reactive power. The operating principles of a D-STATCOM are based on the exact equivalence of the conventional rotating 

synchronous compensator. The AC terminals of the VSC are connected to the PCC through an inductance, which could be a filter inductance or 

the leakage inductance of the coupling transformer, as shown in Fig.2 
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Fig.2 Block Diagram of D-Statcom 

The DC side of the converter is connected to a DC capacitor, which carries the input ripple current of the converter and is the main reactive energy 

storage element. This capacitor could be charged by a battery source, or could be recharged by the converter itself. If the output voltage of the VSC is 

equal to the AC terminal voltage, no reactive power is delivered to the system. If the output voltage is greater than the AC terminal voltage, the D- 

STATCOM is in the capacitive mode of operation and vice versa. 

The quantity of reactive power flow is proportional to the difference in the two voltages. It is to be noted that voltage regulation at PCC and power 

factor correction cannot be achieved simultaneously. For a D- STATCOM used for voltage regulation at the PCC, the compensation should be such that 

the supply currents should lead the supply voltages; whereas, for power factor correction, the supply current should be in phase with the supply 

voltages. The control strategies studied in this paper are applied with a view to studying the performance of a D- STATCOM for power factor 

correction and harmonic mitigation 

B. Features of D-Statcom 

The coupling of DSTATCOM is three phase, in parallel to network and load. DSTATCOM injects currents into the point of common 

coupling. The injected current compensates undesirable components of the load current. There are two possible modes of operation: standard 

mode and flicker mode. 

This mode features four distinct control tasks. A list of priorities can be specified by the customer, defining the most important control tasks for 

the application at hand. In standard mode, DSTATCOM can perform the following four tasks simultaneously. 

i) Active Harmonic Filtering 

The current, flowing from the load into the network, is measured, and separated into fundamental and harmonic components. DSTATCOM 

injects currents such that unwanted harmonic currents are exclusively exchanged between DSTATCOM and the load and therefore do not flow into 

the network. Rather than a broadband elimination, DSTATCOM filters certain discrete harmonics (e.g. 5th and 7th).Up to four discrete harmonics 

at a time can be eliminated. The highest harmonic which can be filtered in this manner by the standard equipment is the 13th. As only problematic 

harmonics are filtered, based on the DSTATCOM power and economical survey 

ii) Reactive Power Compensator 

DSTATCOM can dynamically supply step-less reactive power, in both capacitive and inductive modes. Power factor control (cosФ - control) is 

also possible in this mode. 

iii) Dynamic Load balancing 

DSTATCOM can inject both, positive and negative sequence currents into the point of common coupling. It is thus possible to eliminate 

negative sequence currents associated with unbalanced loads, thereby performing dynamic load balancing. 

iv) Active Power Transfer 

Energy storage devices such as chemical batteries or flywheel systems connected to the dc link capacitor allow energy to be transferred in to the 

network. 

A D-STATCOM consists of a two-level VSC, a dc energy storage device, controller and a coupling transformer connected in shunt to the 

distribution network. Fig 3 shows the schematic diagram of D-STATCOM. 

Referring to the equation 2, output current will correct the voltage sags by adjusting the voltage drop across the system impedance. It may be 

mention that the effectiveness of D- 

STATCOM in correcting voltage sags depends on 

a. The value of Impedance, 

b. The fault level of the load bus 
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Fig.3 Schematic diagram of D-STATCOM 

5. ADVANTAGES OF D-STATCOM 

 It is a modified form of STATCOM 

 It has better control operational features as compared to STATCOM 

 There is no chance of resonance phenome non. 

 It is used for flicker compensation, reactive power compensation and harmonic filtering. 

6. RESULTS AND DISCUSSIONS 

A) Test System Without Insertion of D-Statcom 

 

Fig.4 Simulink design diagram of test system without insertion of D-Statcom 

Table 1 Results of Voltage Sag at fault 0.66 Ohms 
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B) Results of Test System without Insertion of D- Stastcom 

 

Fig.5 Three Phase to Ground -Voltage at Load Point is 0.6600 p.u 

 

Fig.6 Double Line to Ground- Voltage at Load Point is 0.7070 p.u 

 

Fig.7 Line to Line- Voltage at Load Point is 0.7585 

 

Fig.8 Single Line to Ground- Voltage at Load Point is 0.8257 

The above figures shows the simulation results of the test system for different types fault. The fault occur during when the fault resistance Rƒ=0.66. 
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Fig.9 The waveforms shows THD (41.31%) results of fixed load and variable inductive load. 

                                                 

Fig.10 The wave forms shows THD (21.28%) results of fixed load and variable capacitive load 

C) Testing system with insertion of D-Statcom 

 

 

Fig.11 Simulink Design Diagram with Insertion of D- Statcom 

Table 2 Results of Voltage Sag at fault 0.66 OHMs 
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D) Results of Insertion of D-Statcom 

 

Fig.12 Three Phase to Ground-Voltage at Load Point is 0.9367 p.u 

 

Fig.13 Double Line to Ground- Voltage at Load Point is0.9800 p.u 

 

 

Fig.14 Line to Line- Voltage at Load Point is 1.068 

 

Fig.15 Single Line to Ground - Voltage at Load Point is 0.9837 
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The above figures shows the simulation results of the test system for different types fault.The fault occur during when the fault resistance Rƒ=0.66. 

 

Fig.16 The waveform for pure inductive,capacitive loads with statcom 

 

Fig.17 The waveform for without filter THD results 41.31% 

 

 

Fig.18 The above waveform for with filter THD results 1.11% 

Table 3 Comparsion Between without Insertion and Insertion D-Statcom 

Type of Without With D- Percentage 

fault D- STATCOM of 

 STATCOM (p.u) improvement 

 (p.u)  (%) 

TPG 0.6600 0.9367 27.67 

DLG 0.7070 0.9800 27.30 

SLG 0.8259 0.9837 15.78 

LL 0.7587 1.0168 25.81 

 

Table 4 Comparsion of THD resultsBetween without Insertion and Insertion of LCL filter 
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Type of 

fault 

Without D- 

STATCOM 

IN(%) 

With D- 

STATCOM 

IN(%) 

TPG 87.35 5.28 

DLG 41.35 4.29 

SLG 21.28 1.11 

LL 24.56 1.29 

7. CONCLUSION 

The simulation results show that the voltage sags can be mitigate by inserting D-STATCOM to the distribution system. By adding LCL Passive 

filter to D-STATCOM, the THD reduced. The power factors also increase close to unity. Thus, it can be concluded that by adding D- STATCOM with 

LCL filter the power quality is improved. 
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