
REACTIVE POWER COMPENSATION USING STATCOM 

UNDER LESS SWITCHING LOSSES 

 

              V. Praveen#1, T. Santosh Reddy#2,  

P. Jeevan Kumar#3,V. Sekhar#4, M. Manikanta Veera Kumar#5 
#Electrical & Electronics Department, Pragati Engineering College. 

 
Abstract— Development of power generation and transmission, in last ten years, has been inadequate 

due to limited resources while power demand has increased significantly. Consequently existing 

transmission lines are used near thermal stability limits under heavy loads and the system stability 

becomes a power transfer limiting factor. Substantial expansion of generation as well as transmission 

system in order to accommodate the increased demand is restricted by the environmental, political, 

social and regulatory constraints. In this environment, Flexible Alternating Current Transmission 

System (FACTS) controllers open the door towards the advanced control of power system at least for 

transmission lines. FACTS technology helps to explore some new possibilities for flow control and 

improves the operational capability of existing and new transmission lines. 

I. INTRODUCTION 

In recent years voltage stability has become a key matter of interest to operators, especially the 

power systems that are heavily loaded and have shortage of reactive power. Voltage instability is a great 

threat to power system protection, safety and reliability. The power systems are getting more advanced 

and complex due to diverse generation sources and transmission of power from these sources without 

modifying and adding additional transmission capability, in some case, forces the system to operating 

under extremely overstressed situations. Additionally, it has become difficult to meet the requirement 

of reactive power and to maintain the bus voltage within adequate limits. 

To improve overall efficiency, power system operators are forced to move away from the 

traditional/conventional model of centralized generation, transmission and distribution to de-centralized 

and less regulated operations. This global trend of deregulations hopes to make power system more 

efficient and competitive in open market environment. This basically means that all aspects of power 

system engineering such as generation, transmission, distribution and utilization of electric power must 

now become accustomed to new rules and regulations. In this study, we will concentrate on the 

transmission part of the power system and issues related to it. 

Due to limited expansion of transmission lines and increased generation issues like heavily loaded lines, 

unscheduled power flow and power system stability are becoming more severe. To overcome these 

issues, new kind of devices are introduced that can operate and control power flow in the power system 

quickly and efficiently and at the same time mitigate the voltage stability issues. These devices are 

power electronics based andprovide: 

1. Phase anglecontrol 

2. Transmission line voltagecontrol 

3. ImpedanceControl 

These challenges are encountered by power industry with the technology of FACTS and their use is 

preferred in some studies. Some of these new power electronics based devices can control all three 

parameter simultaneously 
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                        AC network controllers used to improve the performance of a power system can be 

classified in two categories, conventional network controller and FACTS controller. In a dc injection 

elimination method called IDCF is proposed to build an extra feedback loop for the dc component of 

the output current. It can improve the output current quality of STATCOM. However, the circuit 

configuration of the cascaded STATCOM is the delta configuration, but not the star configuration. 

Moreover, an adaptive theory-based improved linear sinusoidal tracer control method is proposed in 

[19] and a leaky least mean square-based control method is proposed in [20]. But these methods are not 

for STATCOM with the cascaded structure. By using the traditional linear control method, the 

controller is characterized by its simple control structure and parameter design convenience, but poor 

dynamic control stability. The vision of the FACTS has been formulated by the Electric Power Research 

Institute (EPRI) in the late 1980s. The various power-electronics based controllers regulate power flow 

and transmission voltage and mitigate dynamic disturbances. The main objectives of FACTS are to 

increase the useable transmission capacity of lines and control power flow over designated transmission 

routes. Hingorani (1988, 1991) and Hingorani and Gyugyi (2000) have proposed the concept of FACTS. 

                      There are two generations for the realization of power electronics-based FACTS 

controllers: the first generation uses conventional thyristor-switched capacitors and reactors, and 

quadrature tap-changing transformers and the second generation uses Gate Turn-Off (GTO) Thyristors-

switched converters as Voltage Source Converters (VSCs). The first generation has resulted in the Static 

VAR Compensator (SVC), the Thyristor- Controlled Series Capacitor (TCSC), and the Thyristor-

Controlled Phase Shifter (TCPS). The second generation has produced the Static Synchronous 

Compensator (STATCOM), the Static Synchronous Series Compensator (SSSC), the Unified Power 

Flow Controller (UPFC), and the Interline Power Flow Controller (IPFC).  

II. REACTIVE POWER AND ITS SIGNIFICANCE 

                    A sinusoidally alternating voltage applied to a purely resistive load results in an 

alternating current that is fully in phase with the voltage. However, in many applications it is common 

for there to be a reactive component to the system, that is, the system possesses capacitance, inductance, 

or both. These electrical properties cause the current to change phase with respect to the voltage: 

capacitance tending the current to lead the voltage in phase, and inductance to lag it. 

For sinusoid currents and voltages at the same frequency, reactive power in vars is the product of 

the RMS voltage and current, or the apparent power, multiplied by the sine of Ø (phase angle between 

the voltage and the current). The reactive power Q (measured in units of volt-amperes reactive or var) 

is given by: 

Q= VrmsIrmssin(Ø) 

where Ø is the phase angle between the current and voltage. 

                   Reactive power is required for electrical components that make use of an alternating 

magnetic field, primarily motors and transformers. In addition, many switching power supplies in 

computers and TVs draw current only during a part of the cycle, thus creating a net reactive load. Similar 

remarks apply for mercury-vapor lamps (but not, of course, incandescent lamps). There are no common 

household or industrial devices that present a capacitive load. 

                   Reactive power is required to maintain voltage on motors and transformers, and hence, on 

the power system. A modern utility grid issue with reactive power is that many solar generators (with 

DC-AC inverters) and wind turbines (with induction generators) may generate no reactive power. 

Conventional central station power plants can generate reactive power, but fuel is not required to 

generate it. In fact, reactive power can be generated with passive capacitors, common on distribution 

systems. Advanced DC-AC inverters on solar plants can be set to generate or absorb reactive power as 

needed for voltage control. In some cases, old generators are used only to provide reactive power; these 
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units, which no longer burn any fuel, are called synchronous condensers. Other sources of reactive 

power at the bulk level include the static var compensator, static synchronous compensator and 

the dynamic var compensator: the first being essentially a thyristor-controlled bank of capacitors, the 

last a more complex high-power electronic device. 

III. PROPOSED MODEL 

     

The need for the power demand is increasing day by day. And to meet the particular load under less 

time, we have to increase the power generation. As it cannot be possible because to increase the speed 

of the generator the frequency cannot be constant. So it is not possible to vary the frequency (±2.5 Hz). 

So in that case we use STATCOM connected in parallel with the line. 

In the proposed system we are using a STATCOM with less switching losses, a controller and three 

phase circuit breaker, battery, reactor, transformer. Whenever there is need to supply the power for the 

excess load (or) to meet the excess load the circuit breaker connected is operated at a particular time 

and at that time the switch in the three phase circuit breaker makes the circuit and this operate the 

required power to the required phase. 

The power is given to the required phase by the IGBT switching by a capacitor connected through a 

battery. The operation of the switches is done according to need of the power in the phase (A), phase 

(B), phase(C). if say switch 1,6 to be operated which makes the reactive power to deliver to the phase 

(A) and for switches 2,3 & 4,5 for phase (B) and phase(C). 

 

 
Fig. 1 simulation model of proposed system 

 

 

 

 

IV. RESULTS 
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Fig. 4.1 Graphs are drawn between Voltage vs Time and Current vs Time at Grid 

 
Fig. 4.2 Graphs are drawn between Voltage vs Time and   Current vs Time at Load 

 

 
Fig. 4.3 Graphs are drawn between Voltage vs Time and   Current vsTimeat STATCOM 
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Fig.4.4Graph is drawn between Cosine angle vs Time 

 

 
 

 

Fig. 4.5Graph is drawen between Active Power vs time and Reactive Power and Time 

V. CONCLUSION 

In this paper different FACTS devices or controllers are reviewed, compared and discussed. In previous 

few years, experimental installation of FACTS controllers on transmission lines are successfully done 

to improve voltage stability and power flow. But, the significant up front cost of FACTS controllers 

remains high as the main hindrance to their common use. It is hoped that in future FACTS devices 

adaption into transmission system will increase and provide more assistance in controlling the power 

flow through the transmission lines effectively. 
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