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ABSTRACT: In this paper a comparative analysis between various FACTS Devices in Power System has been carried 
out. In a power system network consisting of generators, transmission lines, transformers and load etc., STATCOM, 
SVC and UPFC are applied between two buses separately and their effects are analyzed as par applied system 
conditions. Power flow between different buses and voltage regulation of above FACTS devices is found out. 
Simulation of the system was carried out in MATLAB environment. 
In this analysis system was simulated by introducing reference power at the bus where UPFC is connected. UPFC 
injects series voltage in line and follows reference power as required. SVC and STATCOM are simulated in voltage 
regulation mode where a reference voltage is given at the bus to which they are connected. Their voltage regulation 
capabilities and reactive power compensation ability is analyzed.   
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I. INTRODUCTION 
 
Transmission lines in congested areas are often driven increased electric power consumption and trades. Thus, secure 
operation and reliable supply is endangered by the higher risks for faulted lines. FACTS devices are able to influence 
power flows and voltages to different degrees depending on the type of the device. If the reactive power of the load is 
changing rapidly, then a suitable fast response compensator is needed. Static VAR Compensator (SVC) thyristor control 
series compensator (TCSC) and thyristor control phase shift transformer (TCPST) is such a compensator which belongs 
to FACTS family. The ultimate objective of applying reactive shunt compensation in the line is to improve the voltage 
profile. The inclusion of the FATCS devices in the circuit improves the reactive power in the line. FACTS are 
successfully simulated and the results show the voltage profile improvement.  
Flexible alternating current transmission systems (FACTS) technology opens up new opportunities for controlling 
power and enhancing the usable capacity of present, as well as new and upgraded lines. The Unified Power Flow 
Controller (UPFC) is a second generation FACTS device, which enables independent control of active and reactive 
power besides improving reliability and quality of the supply. 
The power flow over a transmission line depends mainly on three important parameters, namely voltage magnitude of 
the buses (V), impedance of the transmission line (Z) and phase angle between buses (θ). The FACTS devices control 
one or more of the parameters to improve system performance by using placement and coordination of multiple FACTS 
controllers in large-scale emerging power system networks to also show that the achieve significant improvements in 
operating parameters of the power systems such as small signal stability, transient stability, damping of power system 
oscillations, security of the power system, less active power loss, voltage profile, congestion management, quality of 
the power system, efficiency of power system operations, power transfer capability through the lines, dynamic 
performances of power systems, and the load ability of the power system network also increased. As FACTS devices 
are fabricated using solid state controllers, their response is fast and accurate. Thus these devices can be utilized to 
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improve the voltage profile of the system by using coordinated control of FACTS controllers in multi-machine power 
systems in this work. 
 

II. LITERATURE REVIEW 
 

FACTS devices control one or more of the parameters [1, 2]. They improve system performance by using placement and 
coordination of multiple FACTS controllers in large-scale emerging power system networks to also show that they 
achieve significant improvements in operating parameters of the power systems such as small signal stability, transient 
stability, damping of power system oscillations, security of the power system, less active power loss, voltage profile, 
congestion management, quality of the power system, efficiency of power system operations, power transfer capability 
through the lines, dynamic performances of power systems, and the load ability of the power system network also 
increased [3,4]. 
Detailed information about the development of FACTS technologies is presented in [3, 4, 5, and 6]. Introduction to 
FACTS devices, voltage profile improvement, power system operation and control and comparison of different FACTS 
devices is presented in [1, 2, 5, and 6]..UPFC controls active and reactive power independently and it can also control 
step like changes in P and Q. 
Basic Unified Power Flow Controller approach to Power Transmission Control is presented in [7]. Modeling of UPFC is 
done separately for shunt and series converters. Modeling of UPFC is studied from [8, 9]. 
UPFC can be connected to a bus where control of active and reactive power is desired. Interfacing and  control strategy 
of UPFC is presented in [8].FACTS devices improve voltage under severe fault conditions. They supply reactive power 
during fault conditions. Transient Simulation of FACTS in multi machine power systems is studied from [10].UPFC 
enables independent control of active and reactive power besides improving reliability and quality of the supply [11]. 
Modelling of UPFC is done using d-q axis theory quiet easily .Modelling of shunt and series UPFC system is done. 
Shunt control system and series control system is designed for analysis of UPFC. Performance of a unified power flow 
controller using a D-Q control system AC and DC power transmission is studied from [12].Performance of UPFC on 
System Behavior under Fault Conditions is presented in [13]. 
Transmission lines are of two types. Single circuit transmission lines and double circuit .Transmission line designing is 
very important aspect of power system. Designing of EHV lines is studied from [14]. 
The UPFC is the most versatile and complex power electronic equipment that has emerged for the control and 
optimization of power flow in electrical power transmission systems. It offers major potential advantages for the static 
and dynamic operation of transmission lines, but it brings with it major design challenges, both in the power electronics 
and from the perspective of the power system [14, 15]. As the UPFC transitions from concept to full-scale power system 
implementation, the control and protection of this sophisticated equipment are of primary concern [15]. UPFC theory, 
modelling, and applications are studied from [16, 17]. 
The best place for UPFC for loss reduction is in the main transmission lines. The loss reduction can be achieved by two 
methods. First, by increasing the transition power in lines which have low impedance; Second, by decreasing the 
transmission power in lines with high impedance [18].UPFC control is designed in such a way that not only regulates the 
voltage but also regulates the current, active and reactive power [19, 20]. It can also reduce the harmonics in the system 
and improves the overall harmonic distortion level. It is designed as such that it does not cause high swings in the dc 
capacitor voltage and the simulation results prove it [19, 20, 21, and 22]. 
 

III. MODELLING OF SVC, STATCOM AND UPQC 
 

A. Modelling of SVC 
SVC is a first generation FACTS controller that is already in operation at various places in the world. In its simplest 
form it uses a thyristor controlled reactor (TCR) in conjunction with a fixed capacitor(FC) or thyristor switched 
capacitor (TSC). A pair of opposite poled thyristors is connected in series with a fixed inductor to form a TCR module 
while the thyristors are connected in series with a capacitor to form a TSC module Figure 1 shows the Simulink 
diagram of SVC. SVC can control the voltage magnitude at the required bus thereby improving the voltage profile 
of the system. The primary task of an SVC is to maintain the voltage of a particular bus by means of reactive power 
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compensation (obtained by varying the firing angle of the thyristors). It can also provide increased damping to power 
oscillations and enhance power flow over a line by using auxiliary signals such as line active power, line reactive 
power, line current, and computed internal frequency. Static VAR Compensator (SVC) is a shunt connected FACTS 
controller whose main functionality is to regulate the voltage at a given bus by controlling its equivalent reactance. 
Basically it consists of a fixed capacitor (FC) and a thyristor controlled reactor (TCR). 

B. Modelling of STATCOM 
The Static Synchronous Compensator (STATCOM) is a shunt device of the Flexible AC Transmission Systems 
(FACTS) family using power electronics to control power flow and improve transient stability on power grids. The 
STATCOM regulates voltage at its terminal by controlling the amount of reactive power injected into or absorbed from 
the power system. When system voltage is low, the STATCOM generates reactive power (STATCOM capacitive). 
When system voltage is high, it absorbs reactive power (STATCOM inductive).The variation of reactive power is 
performed by means of a Voltage Sourced Converter (VSC) connected on the secondary side of a coupling transformer. 
The VSC uses forced-commutated power electronic devices (GTOs, IGBTs or IGCTs) to synthesize a voltage V2 from 
a DC voltage source. The principle of operation of the STATCOM is explained on the Figure 2 below showing the 
active and reactive power transfer between a source V1 and a source V2. In this figure, V1 represents the system 
voltage to be controlled and V1 is the voltage generated by the VSC. 
 

 
Fig. 1. Simulink model of SVC 
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Figure 2 Simulink model of STATCOM 

 

푃 =
푉1푉2
푋 sinδ 

푄 =
푉1(푉1 −푉2 cosδ	)

푋  
Where, 
V1 = line to line voltage of source V1 
V2 = line to line voltage of V2 
X = reactance of interconnection transformer and filter  
δ = angle of V1 with respect to V2. 
In steady state operation, the voltage V2 generated by the VSC is in phase with V1 (δ=0), so that only reactive power is 
flowing (P=0). If V2 is lower than V1, Q is flowing from V1 to V2 (STATCOM is absorbing reactive power). On the 
reverse, if V2 is higher than V1, Q is flowing from V2 to V1 (STATCOM is generating reactive power). The amount of 
reactive power is given by, 

푄 =
푉1(푉1− 푉2)

푋  
A capacitor connected on the DC side of the VSC acts as a DC voltage source. In steady state the voltage V2 has to be 
phase shifted slightly behind V1 in order to compensate for transformer and VSC losses and to keep the capacitor 
charged. 
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C. Modelling of UPQC 
UPFC is composed of two back to back gate-turn off thyristor (GTO) based, pulse width modulated 6+(PWM) inverters 
connected by a common DC link. It is assumed that each inverter uses six GTOs with corresponding anti parallel diodes. 
In order to realize a suitable VA rating for the UPFC in a typical power system application multiple inverters would be 
required to be coupled in series and/or parallel combinations. The objective is to present the performance of the UPFC 
using high bandwidth, which can be achieved from correctly paralleling low switching frequency inverters, the inverters 
can be treated as ideal controllable voltage sources. Therefore the ideal UPFC can be represented in a simple 
transmission system as shown in Figure 3. In Figure 3 the UPFC is implemented at the receiving end of the transmission 
line with two bus-bars (Vs and Vr), a transmission line with an inductance L and resistance r. The series inverter 
(Inverter 2) supplies the compensation voltage Vc while the shunt inverter (Inverter 1) provides the real power demand 
of Inverter2 and reactive power by controlling V2. 

 
Figure 3 Simulink model of UPQC 

 
IV. SIMULATION AND RESULTS 

 
In this section simulation result of different simulation model of SVC, STATCOM and UPFC is shown. Simulation 
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one by one. These FACTS devices are tested in different mode of operation and results are found out. 
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A.  SVC Simulation results 
SVC acts basically in Voltage Regulation and VAR control mode. For the selected power system network, result of 
Voltage Regulation mode has been found out.  
In the Figure 4 results of applied reference voltage and measured reference voltage at SVC Bus is shown. Here SVC 
shows its voltage regulation capability. 
 

B. STACOM Simulation Results 

 
Figure 4 Reference Voltage and measured voltage at SVC Bus. 

 
Figure 5 STATCOM connected at Bus B1. 

 
Figure 6 STATCOM connected at Bus B2. 

 

 
Figure 7 STATCOM connected at Bus B3.
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Figure 5-7 shows the voltage waveforms of bus B1, B2 and B3 with perturbation applied at time 1 second. 
 

C. UPQC Simulation Results 
 

 
Figure 8 Reference active power with measured active power at UPFC Bus. 

 

 
Figure 9 Reference reactive power with measured active power at UPFC Bus 

 

 
Figure 10 Voltage magnitude injected by UPFC 
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Table I Comparison of active and reactive power flow with and without UPFC 
 

S. No. UPFC B1B2 B2B3 B3B5 B4B5 B4B5+ B3B5 
1 Not Connected 95.19 MW 588.8 MW 586.8 MW 898.6 MW 1279 MW 

-16.4Mvar -63.69 Mvar -26.83 Mvar 26.72 Mvar -105.6 Mvar 
2 Connected 196.6 MW 689.7 MW 687 MW 796 MW 1277 MW 

-31.82 Mvar -99.45 Mvar -37 
Mvar 

18   Mvar -97.1 
Mvar 

 
Thus results in above table of UPFC is showing relieve in congestion between BUS B4 and BUS B5 and now 
transformer2 is not overloaded. 
 

V. CONCLUSIONS 
 
UPFC can control active and reactive power flow in transmission lines. SVC and STATCOM improves system voltage 
stability. Voltage regulation mode of SVC and STATCOM is successfully simulated in MATLAB. Simulation results 
are good and they are accepted. UPFC can control active power and reactive power independently. Series compensator 
of UPFC can be operated in power flow control mode and simultaneously shunt compensator may be operated in 
voltage regulation or var control mode. Similarly, simulations carried out showed that SVC and STATCOM provides 
excellent voltage regulation, power factor and active power regulation capabilities.  
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