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ABSTRACT 

A reliable and economical electrical power system plays a vital role in the economy of any country 

and its failure may seriously affect the economy. In order to achieve the reliable performance of the 

power system, different research techniques are being carried out. The Flexible Alternating Current 

Transmission System (FACTS) is a cutting edge technology and its key function is to enhance the 

control and power handling capability of Alternating Current (AC) transmission systems. The 

Unified Power Flow Controller (UPFC) is the advanced FACTS controller developed with the 

properties of phase shifting, voltage regulation and series compensation. It is capable of controlling 

the active and reactive power through a transmission lines. In this research work, the data of 220 kV 

transmission line has been collected and unified power controller has been designed in 

MATLAB/Simulink environment software to increase the reliability and performance of the 

transmission line. The 220 kV transmission line model has been simulated with and without UPFC in 

the system using MATLAB software. The simulation results of UPFC are compared to prove that 

this type of controller has a great impact for controlling active and reactive power of transmission 

line than other conventional controllers. 
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1. INTRODUCTION  

Modern electricity supply system is invariably three-

phase. The design of transmission and distribution 

networks is such that normal operation is reasonably close 

to balanced three-phase working, and often a study of the 

electrical conditions in one phase is sufficient to give a 

complete analysis [1]. A simple way of graphically 

representing a network is the schematic or line diagram in 

which three-phase circuits are represented by single lines. 

Transmission refers to the huge transfer of power by high 

voltage links between central generation and load centers. 

Distribution describes the dispatch of that power to the 

consumers by lower voltage networks [2] and [3]. 

In power system, the most important part is transmission 

system network. It acts as critical link amongst the 

generators and end in electricity supply [4]. Electrical 

power transmission systems are subjected to continuous 

rise of demand through-out the world and require 

installing new power stations. This may cause 

overloading of existing transmission lines and 

transformers. To tackle these issues, utilities may be 

required to erect the new transmission lines, upgrade the 

transformers and system components [5]. These 

requirements are becoming restrictive because of 

economic and environmental factors. Automatic control 

methods and device s can be employed to enhance the  

 

 

 

 

system operational behavior. 

Therefore, advanced and fast control components should 

be designed to extend the transmission capacity by 

utilizing installed power plants and loading transmission 

lines near their thermal limits even in contingency 

situations. Flexible Alternating Current Transmission 

Systems (FACTS) controllers are installed at electrical 

power systems for improving its performance [6]. 

1.1 Flexible Alternating Current  Transmission 

System (FACTS) 

The rising need and complex electrical power systems 

need efficient operation of load flow control system and 

keep the required load flow and improve all sort of 

stability [7]. The invention of power electronic 

components and design of control systems have made it 

possible for the implementation of dynamic controllers 

also called FACTS, which emerge as practically capable 

control systems for the efficient operation of the dynamic 

system behavior [8]. The FACTS is adopted like family 

of power electronic devices that have been installed to 

control and optimize the power flow in transmission line 

[9]. 

1.2 Unified Power Flow Controller (UPFC) 

The most advanced FACTS controller is the Unified  
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Power Flow Controller. It combines three compensation 

properties that are phase angle, voltages and impedance, 

which have ability to produce a comprehensive 

compensation [10], [11] and [12]. It comprises of two 

voltage source converters; shunt and series converters that 

are connected with one another by dc link. Static 

Synchronous Series Compensator (SSSC) is installed to 

control the magnitude of voltage and phase angle in series 

with transmission line and Static Synchronous 

Compensator (STATCOM) is installed to control reactive 

power in power system, it supply dc power needed for 

combined inverters [13] and 14]. The branch comprises of 

a series transformer, shunt transformer and converters. 

This Vehicle Stability Control (VSC) share a common dc 

capacitor [15]. Its diagram is mentioned in Fig. 1. 

 

Figure-1: Unified power flow controller.  

2. WORKING PRINCIPLE 

Both voltage source inverters can operate independently 

with respect to one another by isolating the dc part. The 

shunt inverter is working as STATCOM that can control 

reactive power for regulating the magnitude of voltage at 

connection. The SSSC can control reactive power for 

regulating the flow of current; therefore power flow 

through the transmission line is controlled. UPFC 

possesses multiple operation modes. The shunt inverter 

can be operated by injecting a controlled current in 

transmission line.  The shunt inverter is controlled with 

two operating modes:  

2.1 Volt Ampere Reactive Control Mode 

The reference is a capacitive or inductive Volt Ampere 

Reactive (VAR) setting. The control samples reference 

setting in to a related shunt current signal and set the 

inverter gate to produce required current. The necessary 

feedback signal representing the dc voltage Vdc is needed 

[16]. 

2.2 Automatic Voltage Control Mode   

The shunt reactive current is maintained automatically for 

regulating the transmission line voltages at connection 

point to a preset quantity. Voltage feedback signal is 

gained from the sending end bus feeds the shunt 

transformer [17]. The series inverter will control the 

magnitude and angle of the series injected voltage with 

the line to control the power flow. The injected voltages 

value is achieved by different methods. 

Direct Voltage Injection Mode: The reference inputs are 

directly injected to phase angle and magnitude of series 

voltage [18]. 

Phase Angle Shifter Emulation mode:  The reference 

input is phase displacement among sending and receiving 

end voltages.  

Line Impedance Emulation mode:  The reference input is 

an impedance preset value by inserting in series with the 

line impedance. [19] 

Automatic Power Flow Control Mode:  The reference 

inputs are preset values of active power and reactive 

power for maintain the parameters of transmission line 

irrespective of changes in system [20].  

3.   CHARACTERISTICS 

The UPFC is the cutting edge power system controller 

and capable to provide control of magnitude of voltage; 

active as well as reactive power flows altogether. It 

possesses extended functionality, capable of voltage 

control, line impedance and phase angles in power 

system, capability of power transfer is enhanced, decrease 

in generation cost, improved security, stability and 

applicable for power flow control [21]. 

4. MATLAB SIMULATION 

It is a high-level language and interactive environment for 

programming, simulation, and numerical analysis. We can 

process data, create algorithms, design models along with 

applications. The language, tools, and math functions 

helps us by exploring wide methods and achieve solutions 

[22]. Simulink is a block diagram environment for 

simulation and model based design. It supports system 

level design, simulation, automatic code generation, and 

continuous tests. Simulink has graphics editor, block 

function libraries, to solve for modeling and simulation of 

dynamic systems. It is integrated with MATLAB, 

enabling to incorporate MATLAB algorithms into models 

[23]. 

5. METHODOLOGY 

In order to improve the power handling capability of a 

220kV transmission line, transmission line model has 

been simulated in MATLAB Simulink environment to 

analyze the performance of transmission line before and 

after simulating the UPFC in the model. The technical 

data of a 220kV transmission line has been collected from 

National Transmission and Dispatch Company Limited. 

The performance of a transmission line with and without 

UPFC in the system has been analyzed. The data of 

220kV transmission line has been shown in Table 1. 
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Table 1: Technical data of 220kV Transmission line 

Type of conductor RAIL 

Length of transmission line 144.4 K.M 

Transmission line rating 330 MVA  

Current rating 880 Amperes 

Voltage rating 220 K.V 

Frequency  50 Hz  

Resistance per KM  0.06 Ohms  

Inductive reactance per KM 0.3921 Ohms  

Inductance per K.M 0.0012 Henry  

           

6. DEVELOPMENT OF 220KV TRANSMISSION 

LINE MODEL 

The Simulation model in Fig. 2 is the 220 K.V 

transmission line model along with two loads connected 

mentioned as load1 and load 2. In this model pie section 

of transmission line have been taken in to consideration 

for analysis. 

 

Figure-2: Simulation model of 220 K.V transmission line. 

7. DEVELOPMENT OF 220KV SHIKARPUR-

GUDDU TRANSMISSION LINE MODEL 

WITH UPFC 

The Simulation model of 220kV transmission line along 

with unified power flow controller is shown in Fig. 3. 

 

Figure-3: Simulation model of 220 K.V transmission linewith 

UPFC. 

8. SIMULATION RESULTS 

The graphs mentioned in Figs. 4 and 5 show the 

waveforms of Active power and reactive power before 

and after implementing UPFC in the simulation model. In 

Fig. 4 the green color waveform is active power flow 

through the transmission line. The blue color waveform is 

active power flow through the transmission line after 

simulating UPFC in the system in Fig. 3. 

 

Figure-4: Waveforms of active power before & after 

implementing UPFC. 

In Fig. 5 the red color waveform is reactive power  
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flowing through the transmission line while the green 

color waveform is reactive power flowing through the 

transmission line after simulating UPFC in the system in 

Fig. 3. 

 

Figure-5: Waveforms of reactive power before & after 

implementing UPFC. 

8.1 Comparison of Results 

The results depicted in Table 2 show that the active and 

reactive power of 220kV transmission line is improved 

after implementation of UPFC based controller. The 

results for the active and reactive power flow of 

transmission line are calculated in terms of actual values 

as well as in p.u quantity. This proves the applicability 

and suitability of UPFC based controller for the 

transmission line. 

Table 2: Comparative analysis of results before and after 

implementing UPFC 

Electrical 

Quantities 

Without UPFC With UPFC 

Quantity P.U 
Actual 

Value 
P.U Actual Value 

Active Power 0.61 135.8 MW 0.87 195.1 M.W 

Reactive Power 0.54 119.7 Mvar 0.92 207 Mvar 
 

8.2 Graphical Representation of Results 

Fig. 6 shows the graphical representation of simulation 

results for active and reactive power flow of the 

transmission line. The results for active and reactive 

power for transmission line are simulated with and 

without UPFC based controller and are then compared 

graphically in terms of per unit values. The improved p.u 

values with UPFC based controller clearly state its 

applicability. 

 

Figure-6: Graphical representation of results. 

9. CONCLUSION 

After simulating the UPFC, the load flow through the 

220kV transmission has been improved. Active power 

through the system has been enhanced. As power flow is 

enhanced so the per unit cost will also be reduced. 

Existing transmission lines can be used at an extending 

capacity thereby reduced the economic burden of newly 

erected transmission lines. Technical losses through the 

transmission line are reduced. Therefore, the overall 

performance of a transmission line is improved.  
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