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Abstract- Growing needs of electrical energy, deregulation of market, constraints in capacity building have 
forced electric utility to make optimum use of the available resources and consistently deliver quality power. 
Advancement in technologies has made it possible to have improvised performance of existing infrastructure 
through devices like Flexible AC transmission systems (FACTS).   In this paper a segment of transmission 
network of Rajkot city has been taken as a case study and how use of FACTS devices like UPFC helps to 
improve or control the power flow in the network under some of the hypothetical load conditions based on 
probable future scenario is studied. Transmission network model has been prepared in Simulink MATLAB on 
basis of the data collected Gujarat Electricity Transmission Corporation Ltd. (GETCO). Power flow in the 
network is studied under assumed load conditions both with and without using UPFC and results are compared.  
 

Index Terms- FACTS, UPFC, Power systems. 

1. INTRODUCTION 

Electricity is a highly engineered product, however 
the ongoing expansion and growth of electric utility 
industry and introduction of deregulation in many 
countries have brought numerous changes in the 
domain. Electricity is now slowly looked upon and 
handled as a commodity. This evolving utility 
environment and market forces are forcing for more 
optimal and profitable operations of power system 
and this trend will continue and gain more importance 
in coming days. Further, to meet the growing market 
needs upgrading transmission system infrastructure in 
term of new transmission lines, substations and 
associated equipments does not always prove to the 
possible solution. In fact this proves to be time 
consuming, expensive and many a times controversial 
too. In regards to all these, more efficient utilization 
and control of existing transmission system 
infrastructure has become essential and inevitable. 
Effectively operating transmission system close to 
their stable and thermal limits with focus on delivery 
of quality power has become norm of the day. 
 
Today, advance control technologies have made it 
possible to achieve improved utilization of existing 
power system. Flexible AC transmission systems 
(FACTS), that are power electronics based 
equipments, presents one of the possible solutions to 
new challenges in transmission system. FACTS allow 
efficient operation of transmission system with 
minimal infrastructure investment, implementation 
time and other environmental impacts compared to 
construction of new transmission lines [1, 2].  
 

 
This paper briefly introduces the concept of FACTS 
and various types of FACTS devices and 
demonstrates the use of UPFC for controlled and 
improved power flow over a segment of actual 
transmission network of Rajkot city under 
hypothetical load condition based on future scenario. 
The paper is organized as follows. In Section 2, 
FACTS and its types are introduced with emphasis on 
FACTS under study, i.e. Unified power flow 
controller (UPFC). This is followed by discussion on 
the model of transmission network of Rajkot city, 
taken as case study,  prepared on basis of the data 
collected form Gujarat Electricity Transmission 
Corporation Ltd. (GETCO) in Section 3. In Section 4 
various hypothetical load conditions are taken and 
how UPFC can efficiently help in handling such load 
conditions is illustrated through simulations. This is 
followed by conclusion in Section 5. Transmission 
network model and all simulations have been done 
using SimPowerSystem of Simulink, MATLAB. 
 

2. REVIEW OF FACTS AND UPFC  

In general, FACTS can be defined as power 
electronics based semiconductor devices that can 
inject or absorb reactive power in a system as per the 
needs. Traditionally active and reactive power control 
in AC transmission networks were exercised by 
carefully adjusting transmission line impedances, as 
well as regulating terminal voltages by generator 
excitation control and by transformer tap changers. 
Also series and shunt impedances are employed to 
change line impedance. These traditional techniques 



International Journal of Research in Advent Technology, Vol.2, No.5, May 2014 
E-ISSN: 2321-9637 

 

7 
 

are relatively slow in response and offers limited 
range of active and reactive power flow control. 
FACTS on the other hand provide fast response and 
control active and reactive power in wide range. 
Implementation of FACTS offer number of 
advantages: increasing power flow capability of 
transmission line, power quality improvement, 
improvement of voltage and power profile, voltage 
regulation and improvement in power system 
operational efficiency, voltage stability, reduction in 
active and reactive power loss, improvement in line 
capacity and loadability, improvement in dynamic and 
transient stability, etc. FACTS controller can be 
classified as follows [1]. 
 
(1) Series connected controllers: Thyristor controlled 

series capacitor or compensator (TCSC), Static 
synchronous series compensator (SSSC) (series 
connected) 

(2) Shunt connected controllers: Static VAR 
compensator (SVC), Static synchronous 
compensator (STATCOM) 

(3) Combined series-series controllers: Interline 
power flow controller (IPFC) 

(4) Combined shunt-series controllers: Thyristor 
Controlled Phase Shifting Transformer (TCPST), 
Unified power flow controller (UPFC). 

 
UPFC is one of the most versatile FACTS devices. As 
shown in Figure 1, it combines STATCOM and SSSC 
and gives complete control of active and reactive 
power as well as line voltage control. As shown in 
Figure 2 it comprises of two Voltage source 
converters (VSC) coupled through a common DC 
terminal. Convert 1 is connected in shunt with the line 
through a coupling transformer and 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 
phasor, 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 to 360 
degrees. In this process, the series converter 
exchanges both real and reactive power with the 
transmission line. Although the reactive power is 
internally generated/ absorbed by the series converter, 
the real-power generation/ absorption 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  

 
 
 
 
 
 
 

 
Fig. 1 Basic block diagram of UPFC 

2, which it derives from the transmission line itself. 
The shunt converter maintains constant voltage of the  
dc bus. In addition, the shunt converter functions like 
a STATCOM and independently regulate the terminal 
voltage of the interconnected bus by generating/ 
absorbing a requisite amount of reactive power [2]. 
 
Literature is available discussing different approaches 
for installing UPFC in power system. The concept and 
characteristics have been discussed in detail in [3]. 
Number of literature represents use of UPFC in power 
flow control [4-6], in improving power quality [7, 8] 
and power system stability [9, 10]. Literature is also 
available discussing various models of UPFC [11, 12] 
and algorithms for optimum placement of UPFC [13, 
14]. 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Basic circuit arrangement of UPFC. 

3. TRANSMISSION NETWORK MODEL 
UNDER STUDY 

A segment of transmission network of Rajkot city has 
been taken as a case study. Data related to the 
transmission network has been collected from 
GETCO through filed visits of substations. 
Transmission network taken for the study is shown in 
Figure 3. Details of the network are given in Table 1 
and 2. Table 1 describes line data whereas Table 2 
describes bus data. On basis of these transmission 
network prepared in Simulink MATLAB is shown in 
Figure 4. 
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Fig. 3.  Topology of transmission network under study. 

 

Table 1: Line data of the network under study. 

Line Start 
Bus 

End 
Bus 

Distance Line parameters per unit length 
1: positive sequence 

0: zero sequence 

MW 
rating 

    R1 
R0 

L1 
L0 

C1 
C0 

 

1 1 7 115 0.0594 

0.162 

0.9337e-3 

4.1264e-3 

12.74e-9 

7.751e-9 

212 

2 2 3 26 0.08 

0.219 

0.9337e-3 

4.1264e-3 

12e-9 

7.5e-9 

131 

3 2 5 72 0.08 

0.219 

0.9337e-3 

4.1264e-3 

12e-9 

7.5e-9 

42 

4 3 4 45.5 0.08 

0.219 

0.9337e-3 

4.1264e-3 

12e-9 

7.5e-9 

32 

5 4 5 33.5 0.08 

0.219 

0.9337e-3 

4.1264e-3 

12e-9 

7.5e-9 

142 

6 5 6 12.6 0.08 

0.219 

0.9337e-3 

4.1264e-3 

12e-9 

7.5e-9 

165 

7 5 6 12.6 0.08 

0.219 

0.9337e-3 

4.1264e-3 

12e-9 

7.5e-9 

165 
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Fig. 4. Simulink model of the network under study. 

Table 2: Bus data of the network under study. 

Bus Bus 
Voltage 

(kV) 

Generation 
(MW) 

Load 
(MW) 

1 400 800 0 

2 220 0 800 

3 220 0 160 

4 220 0 240 

5 220 70 340 

6 220 0 600 

7 400 1100 0 

The model represents a seven bus system with two 
buses of 400 kV and others of 220 kV. Present 
study is focused on power flow control on double 
circuit line i.e. L6 and L7 between bus B5 and B6. 
Study of current loading pattern in the network 
shows that these 220 kV double circuit line is the 
key source in supplying power to Rajkot city. 
Some of the major highlights of these lines are as 
follow. 

• Each of these 220 kV double circuit line imports 
average load of 160-170 MW from B6. 

• Bus B5 is also connected to a generator of 
capacity 35 MW of wind energy type. 

• Bus B5 has a major export of around 120-130 
MW to B4 and it is also connected over 220 kV 
line to B2. 

• Nine 66 kV lines goes to various substations from 
bus B5 which are considered here as a load. 

The present study and implementation of UPFC 
for power flow control is based on following 
hypothesis on this network.  
 

Currently lines L6 and L7 are at operating at 
nearly 60-70% of their full load capacity. In case 
when one of the lines is under tripping or is switched 
off, it is proposed to be studied that how UPFC can 
help to automatically control the power flow in other 
line at its best efficient performance and preventing it 
from tripping due to overload condition. Further, it 
has to be studied if the over load condition on line L6 
and L7 can be eased by regulating the power flow on 
line L3 between buses B5 and B2. 

4. A IMPLEMENTATION OF UPFC AND 
SIMULATION RESULTS 

The effect of tripping or switching off of one of the 
lines out of L6 and L7, as mentioned in the hypothesis 
discussed above, was stimulated on the network of 
Figure 4, with as well as without UPFC and was 
compared with the power flow in normal operative 
conditions. In Figure 5, the network model without 
UPFC and with one line switched off using a circuit 
breaker is shown. The results are given in Table 3. It 
was found that on switching off one of the line the 
load on other line almost gets double and well crosses 
the thermal limit of the line and hence it is not 
acceptable. The problem was solved by using UPFC 
in the network. UPFC was introduced on 400 kV line 
L1 between buses B1 and B7. Network model is given 
in Figure 6 and the result is give in Table 3. It is 
evident from the results that introduction of UPFC 
allows line L6 to operate well within the thermal 
limits of the line. 
 
 



International Journal of Research in Advent Technology, Vol.2, No.5, May 2014 
E-ISSN: 2321-9637 

 

 

 
Fig. 5. Network line L7 switched off without UPFC . 

 

 

Fig. 6. Network with line L7 switched off with UPFC implemented 

 

 
Table 3: Simulation results under various operating conditions 

Line Normal 
Operation 

Line L7 switched off 
Without 
UPFC 

With 
UPFC on 
L1 

L1 212 242 286 

L2 131 236 148 

L3 42 44 37 

L4 32 20 18 

L5 142 211 146 

L6 160 346 242 

L7 160 0 0 

 

5. CONCLUSION  

Part of the transmission network of Rajkot city has 
been modeled using Simulink MATLAB. Power flow 
in the network under the assumed condition of 
tripping of one of the vital lines of city supply has 
been studied. Possible solution for efficiently 
controlling the power flow in the network using 
UPFC has been presented along with necessary 
simulation results. Also the importance of placing 
UPFC at appropriate location in the network has also 
been illustrated through simulation. The results are 
encouraging and show that how FACTS devices help 
to efficiently control the power flow with minimum 
infrastructure investment, implementation time and 
other environmental constraints. 
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