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ABSTRACT 

A Distribution Static Compensator (DSTATCOM) is a powerful tool for mitigation of the power quality 
problems. The power quality problem arises due to increasing number of sensitive loads. Hence, in order to maintain power 
quality the DSTATCOM has been installed. DSTATCOM will provide or absorb the reactive power. In distribution system 
reactive power is the main reason of power quality problems and system loses. This paper explains the system used to 
compensate the reactive power, Unbalance load condition and unbalance voltage. The effectiveness and performance of the 
DSTATCOM to mitigate the power quality problems are analyzed by using SPWM technique. The results are obtained 
through MATLAB and Simulink software. 
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1. INTRODUCTION  

In power distribution system reactive power is the 
main reason of increasing power quality problems [1] and 
system losses. Normally, Static Var Compensators (SVCs) 
have been used in combination with passive filters at the 
distribution level for mitigation of power quality problems 
[5], [6] and reactive power compensation. Although SVCs 
are very effective controllers used for reactive power 
compensation at the transmission system, their higher 
passive element count, limited bandwidth that increases 
losses and size of the system also slow response make 
them incompetent for distribution system has been 
proposed by using a combination of active power filter and 
SVC, which can compensate the 3 phase loads. Thus, a 
controller or device which regularly monitors the load 
voltage and current to decide the accurate amount of 
compensation required by the system and less response 
time should be feasible alternative. Distribution Static 
Compensator (DSTATCOM) [3], [4] has the capability to 
overcome the above mentioned drawbacks by supplying 
correct control and fast response with reduced weight.  

A DSTATCOM is basically a converter based 
Distribution Flexible AC Transmission controller [2], [16] 
which has many similar concepts with that of Static 
Compensator (STATCOM) used at transmission system. 
At transmission system STATCOM controls only 
fundamental reactive power and gives voltage supports, 
while DSTATCOM is used at distribution system for 
dynamic compensator. The latter, DSTATCOM can be 
one of the feasible alternatives to SVC in the distribution 
system. The DSTATCOM can also act as a shunt active 
filter, to remove distortion in the source current or voltage. 
Hence, a DSTATCOM is such a multifunctional device. 
The main objective of any control technique should be to 
make it easy and flexible to implement, an inclusion to 
exploiting its multifunctionality to the maximum. The 
choice of converter configurations i.e. Voltage Source 
Converter (VSC) [8] or Current Source Converter (CSC). 
Usually, VSC are preferred because of their smaller size 

and less cost of the capacitor as compared to an inductor 
for the same rating. 

This paper explains, a Voltage Source Converter 
[9] (VSC) with Sinusoidal Pulse Width Modulation 
(SPWM) gives a faster control that is essential for 
mitigation of power quality problems and reactive power 
compensation. The proposed DSTATCOM system [4] is 
advantageous for voltage regulation and power factor 
correction with the neutral current compensation. 
 
2. REACTIVE POWER COMPENSATION 

Reactive Power Compensation [10] is defined as 
management of reactive power to improve the 
performance of the ac system. The reactive Power 
Compensation improves the stability of the system by 
increasing active power. 
There are two main features: 
 
Load Compensation [11]: The objectives are: 
 
 To increase the power factor. 
 Eliminate harmonics. 
 To Balance the real power. 
 To compensate the voltage regulation. 
 
Voltage support 
 To decrease the fluctuations 
 
Reactive power 
 Reactive power is required to maintain the 
voltage to deliver active power (watt) through the system. 
In other words reactive power supplies a path for actual 
power flow. It represents the background energy 
movement in the system arising from the production of 
magnetic and electric fields. Motor loads and other loads 
require reactive power to convert the flow of electrons into 
useful work i.e. reactive power is present where the active 
power is needed but when there is deficiency in reactive 
power then the voltage sags down and it is not possible to 
push the power demanded by loads through the lines. 
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Hence, reactive power [10] must be properly compensated 
to maintain stability in the system. 
 
A. Importance of reactive power 
 Transformer, transmission lines and motors require 

reactive power. 
 Results from energy storage component in the power 

grid (mainly inductors and capacitors). 
 It has a robust effect on the system voltages. 
 It must be balance in the grid to prevent voltage 

problems. 
 Reactive power amount have an effect on voltage 

collapse. 
 Electric motor wants reactive power to produce 

magnetic fields for their operation. 
 
B. Need of reactive power 
 Reactive power is need to maintain the voltage to 

balance the active power through the system. 
 Different loads and electro-mechanical systems needs 

reactive power. 
 Because of reactive power deficiency the voltage sag 

occurs. 
 
C. Reactive power limitations 
 Usually require to produce it close to the location 

where it is needed, this is very uneconomical. 
 A supplier close to the location of the need is in a 

much better position to provide reactive power than 
one that is located far from the location of the need. 

 Reactive power source are closely tied to the ability to 
deliver real or active power. 

 
D. Need for reactive power compensation 
 Voltage regulation. 
 Increased stability of the system. 
 Decreases losses related with the system. 
 Utilization of machines connected to the system. 
 Prevent the system voltage collapse. 
 
3. DISTRIBUTION STATIC COMPENSATOR  
    (DSTATCOM) 

A DSTATCOM is a controlled reactive power 
source, which consist of a Voltage Source Converter 
(VSC) and DC link capacitor connected in shunt which is 
able to generate or absorb the reactive power. The 
DSTATCOM [20] has many similar characteristics like 
Static Synchronous Compensator (STATCOM). 
STATCOM is used at transmission system. To achieve the 
dynamic compensation the DSTATCOM is installed at 
distribution system. 

The AC terminals of the VSC are connected to 
the Point of Common Coupling (PCC) by the inductance. 
The inductance should be filter inductance or leakage 
inductance of the transformer as shown in Figure-1. The 
DC side of the converter is connected to the DC capacitor. 
This capacitor carries the ripple current of the converter 
and it is the reactive power storage element. This DC 
capacitor should be charged by battery or should be 

recharged by converter itself. If the AC terminal voltage is 
same as that of the input voltage of the VSC no reactive 
power is distributed to the system and if the output voltage 
is more than AC terminal voltage the DSTATCOM 
operates in capacitive mode and vice versa. The amount of 
reactive power delivered is proportional to the difference 
between two voltages, but the voltage regulation at point 
of common coupling and power factor correction should 
not be obtained simultaneously. The DSTATCOM [24] 
used for voltage regulation at point of common coupling 
the compensation can be such that the supply current 
should lead the supply voltage. Whereas, for the power 
factor correction the supply current should be in phase 
with the supply voltage.  
 

 
 

Figure-1. Schematic diagram of DSTATCOM. 
 

Figure-2 shows the single line diagram of the 
DSTATCOM. The DSTATCOM [20] supplies flexible 
voltage and reactive power control which can be applied to 
carry out many power system applications such as, fast 
voltage recovery, improving system transient stability, 
improving system reliability, enhancing system voltage 
stability, minimizing system losses etc. 
 

 
 

Figure-2. Single line diagram of a DSTATCOM. 
 
A. Voltage source converter 

There are two converter types i.e. Voltage Source 
Converter (VSC) and Current Source Converter (CSC) 
based on the storage element which are either inductive or 
capacitive respectively. A Voltage Source Converter 
(VSC) is a Power Electronics based device [7]. Generally, 
VSCs are selected due to their less dissipation of heat, 
smaller size and less cost. A VSC can generate a 
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sinusoidal voltage with suitable magnitude, frequency and 
phase angle. VSC are mostly used in adjustable speed 
drives, also they can used to mitigate the voltage dips. The 
VSC [8], [9] is used to inject the ‘Missing Voltage’. The 
difference between nominal voltage and actual voltage is 
known as ‘Missing Voltage’. The main function of VSC is 
to mitigate the power quality problems. 
 
B. Operating principle of DSTATCOM 

STATCOM is the solid-state based power 
converter type of SVC (Static Var Compensator). The 
concept of STATCOM [22] was recommended by Gyugyi 
in 1976 and it is operated as shunt connected SVC. Its 
output current can be controlled separately from its AC 
bus voltage. Power converters has fast switching 
characteristics because of that, STATCOM supplies much 
faster response as compared to SVC. The capacitor voltage 
does not change immediately after the event of change in 
system voltage. Hence, STATCOM effectively act for the 
desired response. For example, if the system voltage 
changes or drops for any reason then the STATCOM can 
inject the capacitive power to balance the dipped voltages. 
Basically, a power converter installed in the STATCOM 
[23] can be either Voltage Source Converter (VSC) or 
Current Source Converter (CSC). 
 In practice, VSC [12] is preferred in the system 
because it has bidirectional blocking capability which is 
required by the power semiconductor devices used in 
CSC. To achieve this kind switching property, a 
supplementary diode must be connected in series with a 
conventional semiconductor switch, or the physical 
structure of the semiconductor must be modified. These 
alternatives increase the conduction losses and total 
system value. Usually, a CSC derives its terminal power 
from a current source (reactor) but a charged reactor has 
many losses than the charged capacitor. Additionally, the 
VSC needs a current-source filter at its AC terminals, 
which is normally supplied by the coupling transformer 
leakage inductance, while supplementary capacitor banks 
are needed at the AC terminals of the CSC. Finally, the 
VSCs can operate with higher efficiency than the CSCs do 
in high-power applications. A VSC is selected by 
considering following factors. 
 
 The voltage rating of the network. 
 The current harmonic necessity. 
 The complexity of the control system. 
 
 Usually, the DSTATCOM system consists of 
three important parts: 
 
 Voltage Source Converter (VSC) 
 Step up transformer or coupling reactor 
 Controller 
 
 In a high voltage system, the leakage inductance 
of the transformer can work as a coupling reactor. The 
STATCOM is added in the system at the Point of 
Common Coupling (PCC) where the voltage related 

problem is the main concern. Hence this DSTATCOM 
system is more beneficial [24] to overcome the power 
quality problems. The performance of the system can be 
increased by using Sinusoidal Pulse Width Modulation 
(SPWM) technique [25] which provides the faster control 
and mitigates the power quality problems. The fast 
response, adequate performance, simple implementation 
are the main considerations of any control technique. The 
SPWM technique is the most important part of the 
DSTATCOM control and it has strong effect on its 
compensation capability, transient as well as steady state 
performance. 
 
4. SINUSOIDAL PULSE WIDTH MODULATION 

The main goal of this control technique is to 
maintain constant voltage magnitude at the point where 
the sensitive load is connected, under the system 
disturbances. The control technique measures the rms 
voltage at the load point. The VSC switching technique is 
based on SPWM control which gives simplicity as well as 
good response. 

The PI controller identifies the error signal and 
generates the angle δ to drive the error to zero. In the 
PWM control, the sinusoidal signal Vcontrol is compared 
with a triangular signal in order to generate the switching 
signal for VSC. The main attributes of the SPWM control 
are the amplitude modulation index Ma of the signal 
Vcontrol and frequency modulation index Mf of triangular 
signal. 

Hence, amplitude modulation index Ma is the 
ratio of Vcontrol and Vtri. The frequency of modulation 
index is given by, the ratio of switching frequency (Fs) 
and the fundamental frequency (Ff).  
 
5. MATLAB BASED MODELLING OF DSTATCOM 

Figure-3 shows the MATLAB simulation of 
DSTATCOM. In this model system operates at the 
frequency of 50 Hz and voltage of 11KV is given through 
three phase system. The system for three phases is 
considered with internal block diagram and display gives 
the values of active and reactive power. The main aim of 
this system is to compensate the reactive power. The graph 
parameters of each section can be studied through scope 
provided for each line. Hence, it helps to simplify the 
calculation of required voltage and current. 
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Figure-3. MATLAB simulation of DSTATCOM. 
 

Figure-4 shows the SPWM control which is used 
to maintain the constant voltage at the sensitive load is 
connected. The SPWM technique is the most important 
part of the DSTATCOM control and it has strong effect on 
its compensation capability, transient as well as steady 
state performance. 
 

 
 

Figure-4. Sinusoidal Pulse Width Modulation (SPWM) 
controller. 

 
Characteristics of SPWM control: 
 
The objective of using SPWM technique is: 
 To control the inverter output voltage 
 To reduce the harmonic 
 
Advantages of SPWM technique: 
 The average value proportional to duty cycle 
 Low power utilized in transistors which is used to 

switch the signal 
 Less heat dissipated versus using resistors for 

intermediate voltage quantity 
 Fast switching feasible due to MOSFETS and power 

transistors at speeds in excess of 100 kHz 
 

 
 

Figure-5. Graph of source side voltage. 
 

 
 

Figure-6. Graph of source side current. 
 

 
 

Figure-7. Graph of load side voltage. 
 

 
 

Figure-8. Graph of load side current. 
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Figure-9. Graph of active and reactive power. 
 
6. CONCLUSIONS 

In this paper the DSTATCOM has been modeled 
and simulated in MATLAB software. The system of 
Voltage Source Converter (VSC) with SPWM gives the 
faster control which is required for mitigation of power 
quality problems and reactive power compensation. The 
performance of DSTATCOM has been analyzed for non-
linear load condition and reactive power compensation has 
been achieved by this system.  
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