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ABSTRACT: This paper presents a STATCOM based reactive power compensation control using
MATLAB/SIMULINK. Whenever the reactive power compensation takes place at the distribution side for the different
load condition, STATCOM plays a major role to support the reactive power compensation in generation and
transmission system. With the PI controller, a reference voltage is generated with the sinusoidal PWM pulse which is to
reduce the reactive power loss. The DC capacitor is used to maintain the constant energy at the input of the
STATCOM. The STATCOM also reduces the harmonics present in the grid side. STATCOM is used to improve the
power factor, and reactive power loss can be completely minimized. The voltage variation in the transmission line is
also minimized with the help of STATCOM.
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I. INTRODUCTION

In Alternating Current transmission and distribution system reactive power is a great concern which determines the
quality of power. The total power in AC network was calculated as the algebraic sum of real and reactive power .From
this the compensation of reactive power improves the power quality. In older days there active power was compensated
by using reactors and capacitors. For various loads multiple numbers of reactors and/or capacitors were required. This
type of compensation was complicated when non-linear loads are applied and also leads to higher cost and
maintenance. In this work there active power compensation for non-linear load was proposed by using STATCOM [1].

In this system single DC link capacitor was used for compensation. The capacitor will acts as an input for an inverter..
By varying the pulse width of the inverter the compensation was achieved. STATCOM is one of the FACTS family
device which was recently used for reactive power compensation. In STATCOM only one capacitor and reactor are
used for reactive power compensation. Normally the reactor acts as alter for the inverter and the capacitor acts as the
input for the inverter. STATCOM is operated as a shunt connected static VAr compensator based voltage and current
source converter whose capacitive and inductive current can be controlled with ac voltage[2].

Here the closed loop control of STATCOM was achieved by using PI controller .STATCOM is to be able to exchange
reactive power with the ac power network (i.e., to a value high enough for the STATCOM to be able to produce ac
voltage at the value required). The voltage across the capacitor is maintained at the required value by continually
adjusting the magnitude and polarity of the active component of the current at the ac side of the STATCOM. When the
voltage across the capacitor needs to be increased, the STATCOM adjusts the magnitude and polarity of the active
component of the current owing through its ac side so that active power is drawn from the ac power system and
converted to dc power in order to charge the capacitor[3]

In this study sinusoidal PWM is used as control signal. The circuit conditions for a 1000w load ,before and after
compensation using STATCOM is obtained. From the corresponding waveforms, we can analyse that by using
STATCOM, Power factor can be improved to Unity . And also ,we can suppress the effect of sag by injecting
appropriate amount of current in to the power system.
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Il. REACTIVE POWER

The work producing power, measured in watts (W), or kilowatts (kW) is considered to be the real power. Real power
produces the mechanical output of a motor. Reactive power is not used to do work but it is needed to operate apparatus
and is measured in Volt-Amperes-reactive (VAr) or (KVAr). If the load is pure resistive, then it doesn't need to worry
about the reactive power. However ,most of the loads are not purely resistive. It may be moreover inductive or

capacitive in nature. For this type of loads, reactive power compensation is required.

P = Real Power (kW)

Displacement = i

Angle Q= Reactive Power (KVAR)

S = Apparent
Power (kWA4)

Fig.1: Power Triangle
S=P+jQ
From the power triangle, it is clearly known that compensation of reactive power decreases, as the apparent power
equals the real power. Thus, the total consumption of apparent power is also reduced.

VOLTAGE SOURCE CONVERTER (VSC)

A voltage-source converter is a power electronic appliance, which generate and a sinusoidal voltage with any essential
magnitude, frequency and phase angle. Voltage source converters are widely used in adjustable speed drives, but can
also be used to mitigate voltage sags. The VSC is used either to totally change the voltage or to add the missing
voltage’ in the transmission line. The ‘missing voltage’ is the difference between the nominal voltage and the actual
voltage. The converter is generally based on various kind of energy storage, which will supply

the converter with a DC voltage. The solid state electronics base converter is then,switched to get the preferred output
voltage. Normally the VSC is used for voltage sag/swell mitigation.but also used for power quality issues like flicker
and harmonics that are produced in network ac system.

A STATCOM is a device that compensates the reactive power and provide and the voltage support to an AC system.
Due to the advance of technique of power electronics devices,VSC-based converters have been increasingly used in
STATCOM systems. The normal VSC-based STATCOM consists of a voltage source converter,linked to an energy
storage device on one side and to the AC power system on the other-hand, and a control system based on the
conventional method with system controller.When utility source is injecting the power to the load then the reactive
power demand takes place in the distribution system due to the inductive nature of load[5]. By measuring the reference
voltage by PI controller, and by minimizing the error, the conduction pulse width of inverter switches are controlled for
reactive power injection in the line by the STATCOM. The Power factor is maintained as unity at the generation side of
the distribution system. So the utility does not need to take care of or de liver the reactive power to the load’s VAr
demand. STATCOM injects the required reactive power to the distribution system to improve the power factor, voltage
stability.

CONTROLLER

The aim of the control method is to retain constant voltage magnitude at the point where a sensitive load is
connected,under system disturbances. The control system measures the RMS voltage at the load point. The VSC
switching strategy is based on a sinusoidal PWM technique which offers simplicity and good response to the ac system.
Since convention power device is used for low-power application. Besides, high switching frequencies can be used to
improve the efficiency of the converter, without accusing significant switching losses. The control requirement for the
compensator which defines the way the output of the VAr originator has to be varied to increase power flow and to
stabilize specific parameter of the Power system. Power system network faces contingencies’ and dynamic disturbances
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problem. The controller input is an error signal obtained from the reference voltage and RMS is measured. Error is
processed by a PI controller the output is the angle which provides the PWM indicate generation. The active and
reactive power exchange with the network simultaneously: an error signal is obtained by comparing the reference
voltage with the RMS voltage measured at the load point. PI controller produces the error signal generate the required
angle to make the error with zero, i.e., the load RMS voltage is brought back to the reference voltage. The voltage and
reactive values are compared in PI controller and error signal is calculated and minimised. The signal from controller is
given to the hysteresis control compares the input current and reference current and adjusts the dc voltage to remain as
constant in the distribution system.

111. RESULTS AND DISCUSSION
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Fig.2: Simulation model of circuit before compensation
Fig 3 shows the output voltage and current are out of phase in source side before compensation.

Fig.3: Simulation result of circuit before compensation

Fig 4 shows the Sine PWM generation circuit.
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Fig.4: Simulink model of control circuit
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Fig 5 shows the Sine PWM generation .which is used here as control pulse.
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Fig.5: SPWM generation

Fig 6 shows the circuit after compensation ,that is with STATCOM.
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Fig.6: Simulink model of circuit using STATCOM

Fig 7 shows Grid voltage under normal working condition of the power system.

Fig.7: Grid voltage
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Fig 8 shows sudden decrease in voltage when a sag condition occurs.

Fig.8: Sag voltage without STATCOM

Fig 9 shows injection of current in to the power system in order to compensate the sag condition by the STATCOM

Fig.9: STATCOM current during Sag

Fig 10 shows comparison of results before and after compensation. In the first waveform (without STATCOM) the
voltage and current are out of phase. In the second waveform (with STATCOM) voltage and current are in phase. That
is we get unity power factor by using STATCOM.
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Fig.10: PF waveform without and with STATCOM
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SIMULATION PARAMETERS
Table shows the simulation parameters without and with using STATCOM for a 1000w load.

Table: 2 Parameters after compensation

Real Reactive Power Real Reactive Power
Power Power(VAr) | Factor Power | Power(VAr) | Factor
(Watts) (Watts)
Source 1617.53 652.1 9978
Source 1353 1133 7667
Load 642.6 674.6 707
Load 1188 969.3 .7684 STATCOM | 854.02 709.3 7758

IV. CONCLUSIONS

In this study the reactive power compensation for single phase distribution system with RL load has been implemented
using a single phase shunt connected voltage source converter . The VSI is made to act as the STATCOM by
maintaining the DC Voltage level across the DC input side of the VSI. A separate control logic is implemented to draw
a mild amount of real power (p) from the grid itself to charge the D.C capacitor ,STATCOM as rectifier and separate
control strategies are involved to make the STATCOM to work as reactive current source in to and from direction with
respect to grid and STATCOM (as reactive power compensator).The shunt connected VSI may also be extended to
mitigate harmonics also. The MATLAB-SIMULINK work is done for a capacitor of 1000 WATTS. Here 1000 W RL
load has been taken. The reactive power compensated using STATCOM and the power factor which is maintained as
unity. The load required 709 VAr reactive power is delivered from STATCOM not from source. Closed loop PI
controller has been developed for improving the power factor and to compensate the reactive power. So the quality of
the input power was improved in the utility side.
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