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Abstract— The unified power flow controller (UPFC) is the 

most versatile and advanced member of flexible ac 

transmission systems (FACTS) devices .This is the capable 

of controlling  real -reactive power flows, as well as 

providing voltage magnitude control in power networks 

through a transmission line by placing the UPFC. This paper 

presents a comprehensive review on the with and without 

UPFC placed on transmission line. Voltage source inverter 

based UPFC device control parameters with respect to 

reduction in the transmission line losses and total system 

real power loss to enhance the power system security. This 

paper describes the basic principle of operation of UPFC, its 

advantages and to compare its performance with the one of 

the FACTS equipment available. 
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I. INTRODUCTION 

Flexible AC transmission system is an evolving technology 

to help electric utilities [1]. Its first concept was introduced 

by N.G Hingorani, in 1988 (FACTS) is very popular and 

essential device in power systems. The (FACTS) concept 

based on applying power electronics technology to existing 

AC transmission systems, improves stability to increase 

usable power transmission capacity to its thermal limit. 

FACTS family with very attractive features. The system 

planner has to select a controller out of the set of FACTS 

Controllers, for improving the system operation, based on 

cost benefit analysis proposed the Unified Power Flow 

Controller (UPFC) concept in 1991[1]. In this paper the 

injection model of UPFC is used to investigate its effect on 

load flow and loss reduction in power system. In this study 

the Newton-Raphson algorithm is modified to consider the 

benefits of having UPFC in the power system 

The optimum place for installing UPFC in order to 

have minimum loss in the system The proposed concept is 

known as Flexible AC Transmission Systems (FACTS) [1]. 

The two main objectives of FACTS are to increase the 

transmission capacity, control Power flow over designated 

transmission routes and minimizing the transmission 

losses.[1-3] 

The UPFC is the most versatile and complex of the 

FACTS devices, combining the features of the STATCOM 

and the SSSC. The UPFC can provide simultaneous control 

of all basic power system parameters, viz., transmission 

voltage, Impedance and phase angle. It is recognized as the 

most sophisticated power flow controller currently, and 

probably the most expensive one. In this review paper, 

presents real and reactive power flow control through a 

transmission line by placing UPFC at the sending end. 

When no UPFC is installed, real and Reactive power 

through the transmission line cannot be controlled. 

II. LITERATURE REVIEW 

UPFC is primarily used for independent control of real and 

reactive power in transmission lines for a flexible, reliable 

and economic operation and loading of power system. The 

UPFC, which was proposed by Gyugyi in 1991, is one of the 

most complex FACTS devices in a power system today 

.Now recently all three parameters that affect real and 

reactive power flow on the line, i.e. the line impedance, 

voltage magnitudes at the terminals of the line and power 

angle, were controlled separately. It can be using various 

types of FACTS devices such as a Static Var Compensator 

(SVC), a Thyristor Controlled Series Capacitor (TCSC), a 

phase shifter etc. But our focus on UPFC. However, the 

UPFC allows simultaneous or independent control of these 

parameters with transfer from one control scheme to another 

in real time. Also, the UPFC can be used for voltage 

support, transient stability improvement and damping of low 

frequency power oscillations. 

M. Noroozian L. Angquist et. al 1993[11] The 

proposed model is used to demonstrate some of the features 

of UPFC for optimal power flow control applications. This 

paper shows that a UPFC has the capability of regulating the 

power flow and minimizing the at the same time. This 

outstanding feature can be utilized for various power flow 

control applications, for example, overload relief, loop flow 

minimization, etc. Since the size of UPFC has a great impact 

on power system performance and also in view of the device 

cost, the optimal dimensioning of UPFC for a specific 

application is quite important. Such a subject is handled in 

this paper and a dimensioning algorithm is proposed. 

Renz et.al.1999 [8] The shunt converter of the 

UPFC controls the UPFC bus voltage/shunt reactive power 

and the dc link capacitor voltage. The series converter of the 

UPFC controls the transmission line real/reactive power 

flows by injecting a series voltage of adjustable magnitude 

and phase angle. 

Tanushree Kaul, Pawan Rana et. al. 2013[12] In the 

recent years ecological concerns and high installation costs 

have put constraints over construction of new plants and 

overhead lines in many countries, thereby forcing existing 

system to be used more efficiently rather than constructing 

new lines, industry has tended towards the development of 

technologies or devices that increase transmission network 

capacity while maintaining or even improving grid stability. 

Our main objective is to meet the electric load demand 

reliably while simultaneously satisfying certain quality 

constraints imposed on the power supply 

  Until a few years ago, the only means of carrying 

out this function were electromechanical devices such as 

switched inductors or capacitor banks and phase shifting 

transformers, however, specific problems related to these 

devices make them not very efficient in some situations they 

are not only relatively slow, but they also cannot be 

switched frequently, because they tend to wear out quickly.  
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III. PRINCIPLE, CONSTRUCTION AND OPERATION OF UPFC 

The UPFC is the most versatile FACTS controller 

developed so far, with all encompassing capabilities of 

voltage regulation, series compensation, and phase shifting. 

It can independently and very rapidly control both real- and 

reactive power flows in a transmission line [3-5]. It is 

configured as shown in Figure 3.1  

A. UPFC Construction  

The UPFC consists of two voltage source converters; series 

and shunt converter, which are connected to each other with 

a common dc link. Series converter or Static Synchronous 

Series Compensator (SSSC) is used to add controlled 

voltage magnitude and phase angle in series with the line, 

while shunt converter or Static Synchronous Compensator 

(STATCOM) is used to provide reactive power to the ac 

system, beside that, it will provide the dc power required for 

both inverter. Each of the branches consists of a transformer 

and power electronic converter. These two voltage source 

converters shared a common dc capacitor as shown in figure 

3.1. The energy storing capacity of this dc capacitor is 

generally small.[7] 

 Therefore, active power drawn by the shunt 

converter should be equal to the active power generated by 

the series converter. The reactive power in the shunt or 

series converter can be chosen independently, giving greater 

flexibility to the power flow control. The coupling 

transformer is used to connect the device to the system as 

shown in figure3.1  

 
Fig. 1: Schematic Diagram of UPFC 

B. Operation of UPFC 

Figure shows The Implementation of the UPFC using     two 

―back-to-back‖ VSCs with a common dc-terminal capacitor. 

It comprises two VSCs coupled through a common dc 

terminal. One VSC—converter 1—is connected in shunt 

with the line through a coupling transformer; the other 

VSC—converter 2—is inserted in series with the 

transmission line through an interface transformer.  

The dc voltage for both converters is provided by a 

common capacitor bank. The series converter is controlled 

to inject a voltage pharos, Vpq, in series with the line, which 

can be varied from 0 to Vpq max. Moreover, the phase angle 

of Vpq can be independently varied from 0 degree to 360 

degree.[10] 

 In this process, the series converter exchanges both 

real and reactive power with the transmission line. Although 

the series converter, the real-p

is made feasible by the dc-energy–storage device—that is, 

the capacitor. The shunt-connected converter 1 is used 

mainly to supply the real-power demand of converter 2, 

which it derives from the transmission line itself. The shunt 

converter maintains constant voltage of the dc bus. Thus the 

net real power drawn from the ac system is equal to the 

losses of the two converters and their coupling transformers 

 
Fig. 2: The Implementation of the UPFC using two ―back-

to-back‖ VSCs with a common dc-terminal capacitor. 

In addition, the shunt converter function like a 

STATCOM and independently regulates the terminal 

voltage of the interconnected bus by generating absorbing a 

requisite amount of reactive power. The concepts of various 

power-flow control functions by use of the UPFC are 

illustrated in Figs. 3.3(a)–(d). 

 
Fig. 3: A phasor diagram illustrating the general concept of 

series- voltage injection and attainable power flow control 

function (a) series-voltage injection (b) terminal-voltage 

regulation(c)terminal voltage and line- impedance regulation 

and (d) terminal-voltage and phase- angle regulation 

Part (a) depicts the addition of the general voltage 

phasor Vpq to the existing bus voltage, V0, at an angle that 

varies from 0 degree to 360 degree. Voltage regulation is 

effected if Vpq (c DV0) is generated in phase with V0, as 

shown in part (b). A combination of voltage regulation and 

series compensation is implemented in part (c), where Vpq 

is the sum of a voltage regulating component DV0 and a 

series compensation providing voltage component Vc that 

lags behind the line current by 90 degree. In the phase-

shifting process shown in part (d), the UPFC-generated 

voltage Vpq is a combination of voltage-regulating 

component DV0 and phase-shifting voltage component Va. 
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The function of Va is to change the phase angle of the 

regulated voltage phasor, V0 + DV, by an angle a.(TCSCs), 

the Static Synchronous Series Compensators (SSSCs), and 

the Unified Power Flow Controllers (UPFCs). 

The UPFC is the most versatile and complex of the 

FACTS devices, combining the features of the STATCOM 

and the SSSC. The UPFC can provide simultaneous control 

of all basic power system parameters, viz., transmission 

voltage, impedance and phase angle. It is recognized as the 

most sophisticated power flow controller currently, and 

probably the most expensive one. In this paper, a UPFC 

control system that includes both the shunt converter and the 

series converter has been simulated. The performance of the 

UPFC in real and reactive power flow through the 

transmission line has been evaluated. 

IV. CONTROL MODES 

The UPFC has many possible operating modes. In 

particular, the shunt inverter is operating in such a way to 

inject a controllable current, ish, into the transmission 

line[6-9].The shunt inverter can be controlled in two 

different modes: 

A. VAR Control Mode: 

The reference input is an inductive or capacitive VAR 

request. The shunt inverter control translates the var 

reference into a corresponding shunt current request and 

adjusts gating of the inverter to establish the desired current. 

For this mode of control a feedback signal representing the 

dc bus voltage, Vdc, is also required. 

B. Automatic Voltage Control Mode: 

The shunt inverter reactive current is automatically 

regulated to maintain the transmission line voltage at the 

point of connection to a reference value. For this mode of 

control, voltage feedback signals are obtained from the 

sending end bus feeding the shunt coupling transformer. The 

series inverter controls the magnitude and angle of the 

voltage injected in series with the line to influence the 

power flow on the line. The actual value of the injected 

voltage can be obtained in several ways. 

C. Direct Voltage Injection Mode: 

The reference inputs are directly the magnitude and phase 

angle of the series voltage. 

D. Phase Angle Shifter Emulation Mode: 

The reference input is phase displacement between the 

sending end voltage and the receiving end voltage. 

E. Line Impedance Emulation Mode: 

The reference input is an impedance value to insert in series 

with the line impedance 

F. Automatic Power Flow Control Mode: 

The reference inputs are values of P and Q to maintain on 

the transmission line despite system changes. 

V. IMPLEMENTATION OF UPFC 

The concept of the control system, in a transmission line is 

taken to implement the use of UPFC. The two control modes 

that is voltage injection mode and the power flow control 

mode to see the effect of UPFC on a transmission line. It is 

carried out to verify the utility of UPFC device. The UPFC 

could be considered as comprehensive reactive power and 

real power compensation capable of independently 

controlling the real and reactive powers in the line and 

voltage profile[5] 

A. Implementation of UPFC on transmission line   without 

UPFC 

The function of the electric power system is to supply 

electrical energy to consumers which is economical as well 

as reliable. An efficient transmission system has capability 

to provide the transfer of electrical energy between the point 

of supply and the delivery. Transmission line performance 

assessment depends on data collection capabilities and 

performance metrics to ensure continued grid adequacy and 

security[7].  

B. Implementation of UPFC on transmission line with 

UPFC 

With the development of power systems it is more important 

to control the power flow along the transmission line, thus to 

meet the need of power transfer. On the other hand with the 

fast development of power electronic technology has made 

UPFC a hopeful part for future power system needs. This 

device is an advanced power system device capable of 

providing simultaneous control of voltage magnitude, active 

and reactive power flows in an adaptive fashion [7]. 

VI. ADVANTAGES OF UPFC 

The UPFC can perform the function of STATCOM and 

SSSC and phase angle regulator. Besides that the UPFC also 

provides an additional flexibility by combining some of the 

function above. UPFC has also a unique capability to 

control real and reactive power flow simultaneously on a 

transmission system as well as to regulate the voltage at the 

bus where it’s connected. The UPFC can also increase the 

capability of the power flow to the load demand until its 

reach its limit in the short period .At the same time the 

UPFC also can increase the security system by increases the 

limit of transient stability, fault and the over load demand 

.Lastly the UPFC also can reduce the value of the reactive 

power And will optimum the real power flow through the 

transmission line. 

VII. BENEFITS AND COST OF UPFC 

The benefits from the use of FACTS devices are many; 

however, not all are tangible. Similarly, the costs of FACTS 

devices are also huge. the cost has to computed against 

anticipated benefits. One of the reasons for low deployment 

of FACTS is because very little has been done to show their 

profitableness. FACTS devices can save the system from 

potential threat of system collapse, which can have very 

serious consequences on other economic sector as well. It 

can help to avoid the wide spread blackout. The opportunity 

cost of FACTS controllers in these situations has to take into 

consideration. As compared to conventional devices, 

FACTS controllers are very expensive. The total cost also 

depends on the size of fixed and controlled portion of the 

FACTS controller. 
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UPFC yes high High medium medium 

TCSC Yes 
mediu

m 
Low High medium 

SVC Yes low High Low medium 

SSSC Yes low High medium medium 

Table 1:  Comparisons Of Facts Controller 

VIII. CONCLUSION 

This paper presents a review of developed   and under 

developing power electronics-based FACTS devices and 

their control features. Effectiveness of UPFC in controlling 

real and reactive power through the line. 

The power flow and the voltage profile in various 

transmission lines along with and without the placement of 

UPFC in a specific transmission line is obtained in order to 

improve the system performance.  

Hence the themes of the paper to maintain voltage 

stability have been successfully achieved with the 

incorporation of UPFC. 

The performance of the UPFC is higher for power 

system stability improvement is compared with the other 

FACTS devices such as SVC, TCSC, and SSSC 

respectively. 
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