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Abstract- With the increasing size of power system, there is a 
thrust on finding the solution to maximize the utilization of 
existing system and to provide adequate voltage support. For 
this the flexibility of power is needed. Flexible AC 
transmission system (FACTS) if placed optimally can be 
effective in providing voltage support, controlling power flow 
and in turn resulting into lower losses.  

 
The algorithm to find the optimal location of UPFC 

based on genetic algorithm has been developed. The effect of 
these devices on line flows and bus voltage profile has been 
studied by placing at random location and placing them 
optimally with optimal ratings dictated by genetic algorithm. 
The effectiveness of developed algorithm has been tested on 
14-bus systems. In this work, a comparison of the effects of 
compensation of a Simplified multi-machine (two-machine 
system) power system by shunt/series connected FACTS 
controllers at optimal location using GA. The model 
procedure of enhance voltage stability and power flows 
capability of systems is illustrated. The study system is a 
simple example of multi-machine system, which is simulated in 
MATLAB/PSAT. 
 

I. INTRODUCTION 
 
 The increasing Industrialization, urbanization of life 
style has lead to rising dependency on the electrical power. 
This has resulted into quick development of power systems. 
This quick development has resulted into few uncertainties. 
Power disruptions and individual power outages are one of the 
most important harms and affect the financial system of any 
country. In contrast to the rapid changes in technologies and 
the power required by these technologies, transmission 
systems are being pushed to operate closer to their stability 
limits and at the same time reaching their thermal limits due to 
the fact that the delivery of power have been increasing. The 
most important problems faced by power industries in 
establishing the match between supply and demand are: 
Transmission & Distribution; supply the electric demand 
without exceeding the thermal limit. In large power system, 
problems causing power disruptions and blackouts leading to 
huge losses. 

 

These constraints change the value of power 
delivered. However, these constraints can be suppressed by 
enhancing the power system control. One of the best methods 
for reducing these constraints is FACTS devices. 

 
With the rapid increase of power electronics, Flexible 

AC Transmission Systems (FACTS) devices have been 
planned and implemented in power systems. FACTS devices 
can be utilized to manage power flow and enhance scheme 
stability. Mostly with the deregulation of the electricity 
advertise, there is a rising attention in using FACTS devices in 
the operation and control of power systems. A superior 
utilization of the existing power systems to raise their 
capacities and controllability by installing FACTS devices 
becomes crucial. FACTS devices are price effective 
alternatives to fresh transmission line construction [1]. 

 
Reactive power compensation is provided to reduce 

power transmission losses, to keep power transmission 
capability and to keep the supply voltage. Series compensation 
is manage of line impedance of a transmission line; with the 
modify of impedance of a line either inductive or capacitive 
compensation can be obtained thus facilitating active power 
transfer or control. Unified Power Flow Controller (UPFC) is 
a combined series-shunt compensator and is connected in both 
modes with the transmission line to increase the power 
transfer capability, recover transient stability, decrease 
transmission losses and dampen power system oscillations. 
Shunt compensation is used to increase the steady-state 
transmittable power and to control the voltage profile along 
the line. Its combination of SSSC and STATCOM and its one 
of the most important members of FACTS family that are 
increasingly being applied to long transmission lines by the 
value in modern power systems. They can have different 
applications concerned with operation and manage of power 
system, such as arrangement power flow; decreasing 
unsymmetrical components damping the power oscillations 
and enhancing transient stability. 

 
II. BACKGROUND OF THE RESEARCH 

 
The brief background on the placement of FACTS devices is 
presented here.  
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The theory of FACTS and FACTS controllers was 
first distinct by Hingorani, [1988]. FACTS generally refer to 
the application of high-power semiconductor devices to 
manage different parameters and electrical variables such as 
voltage, impedance, phase angles, currents, reactive and active 
power. 

 
FACTS can provide flexible benefits to transmission 

utilities such as manage of power flow, rising capabilities of 
lines to their thermal limits, reducing loop flows, providing 
larger flexibility [17-19]. The value of FACTS application lies 
mainly in the ability of the transmission system to efficiently 
transmit power or to transfer power under contingency 
conditions. 

 
Azimoh.,[2009] investigated the effects of two 

FACTS controllers, STATCOM and UPFC, on voltage 
stability. Continuation Power Flow (CPF), with correct model 
of these controllers, is used for this study. Applying saddle 
node bifurcation theory with the use of Power System 
Analysis Toolbox (PSAT), the optimal location of these 
controllers is determined. The study has been carried out on 
the 6-bus and IEEE 14-Bus Test Systems and results are 
presented. 

 
Sarda Jigar S. ,[2012] presented a novel method for 

optimal position of FACTS devices in a multi machine power 
system using Genetic Algorithm (GA).Using the proposed 
method, the location of FACTS controllers, their type and 
rated values are optimized simultaneously. Among the 
different FACTS controllers, Static Var Controller (SVC), 
Thyristor Controlled Series Compensator (TCSC) and Unified 
Power Flow Controller (UPFC) are considered. 

 
Kazemi A. (2006) presented the most important 

causes of voltage instability is the reactive power limit of the 
system. Improving the system's reactive power handling 
capacity via Flexible AC transmission System (FACTS) 
devices is a preparation for prevention of voltage instability 
and hence voltage collapse. In this paper, the things of two 
FACTS controllers, STATCOM and UPFC, on voltage 
stability will be studied .Continuation Power Flow (CPF), with 
correct model of these controllers, is used for this study. 
Applying saddle node bifurcation theory with the use of Power 
System Analysis Toolbox (PSAT), the optimal position of 
these controllers is determined. The study has been carried out 
on the 6-bus and IEEE 14-Bus Test Systems and results are 
presented.[27] 

 
Objective of the Dissertation 

 

The work reported in this thesis has been carried out 
with the objective of studying the effect of UPFC on swings, 
voltage and power transfer capability enhancement in power 
system. 

 
The objectives of the dessertation are: 
 

i. Design and simulate the classical model of the 14-bus 
system using MATLAB/PSAT tool. 

ii. Design and simulate UPFC using MATLAB/PSAT 
SIMULINK tool . 

iii.  Deploy UPFC in the 14-bus system using GA. 
iv. Study the steady state operating situation of the 

electrical network. The steady state may be 
determined by finding out the run of active and 
reactive power throughout the system, power transmit 
and the voltage magnitudes at all nodes of network 
(14-bus system) with and without UPFC. 

v.  Investigate the result of UPFC for improving voltage 
and power transmit capability of the multi-machine 
power structure. The MATLAB/PSAT simulation 
results of the test system are performed with constant 
loading effect. To illustrate the performance of the 
FACTS controller (UPFC), 14-bus Multi-Machine 
Power System has been considered. 

 
Definitions of the Problem Statement Terms 
 

As FACTS devices are costly so type, number and 
position of the FACTS devices is major, to decide the optimal 
position and parameters of FACTS devices the following 
sspecifications are used in FACTS related researches: 

 
 Transmission pricing issues by maximizing social 

welfare with or without consideration of FACTS’ 
costs;  

 Better utilization of FACTs by maximizing FACTS 
devices total transferred power. 

 Reactive power or voltage control by minimizing 
transmission losses or voltage fluctuation 

 Increase system’s security under contingency by 
minimizing transmission lines loadability. 

 
III. RESULTS 

 
This chapter presents the results obtained on the 

performance of power system with the placement of UPFC. 
The installation of UPFC has been studied for their placement 
at arbitrary location and optimal location decided by GA. The 
performance has been studied on 14-bus systems the data used 
for these case studies is given in Appendix-1. 
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First, Newton-Raphson-Method is run without any FACTS 
devices with following parameters in PSAT are used: 
 
Base MVA= 100. 
 
And base Kv= 69 kv. 
 
The power flow results of the system are given below. 
 
Results with-out  
 
Power flow report PSAT 2.1.6 
 
Following table 1 shows the system specification for the 
installation of UPFC. 
 

Table 1 
Network statistics 

 
 

Table 2 
Solution statistics 

 
 
Power flow result with -out UPFC 
 

The table 3 shows the values of the per unit voltage, 
Phase, P generated, Q generated, P load and Q load at 
different busses in the IEEE 14-bus system with-out UPFC 
installation. 
 
It is noted that on bus-4 and on bus-14 Voltage per unit value 
is less than unity. 
 
LINE FLOWS 
 

The table 4 shows the values of the P flow and Q 
flow forward between different busses or on different lines 
and P loss and Q loss between different busses with-out 
installation of the UPFC in the IEEE 14-bus system. 
 

The table 5 shows the values of the P flow and Q 
flow backward between different busses or on different lines 

and P loss and Q loss between different busses with-out 
installation of the UPFC in the IEEE 14-bus system. 
 
GLOBAL SUMMARY REPORT 
 

Without UPFC total generation of Real power and 
Reactive power ,Total load and taotal losses in the system is 
given in the following table 5.6. 
 

Table 3 
Global summary report With-out UPFC 

 
 

To analyze the system behavior graphs are plotted for 
Real Power , Reactive Power available and consumed on 
different busses, Real and Reactive Power loss in the system. 
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Fig. 1: Available Real power profile with-out UPFC at 

buses 
 

The Available Real power profile with-out UPFC at 
buses of the system shown in figure 1. It shows the active 
power available at each bus of system for with-out UPFC 
condition. 
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Fig. 2: Available Reactive power profile with-out UPFC at 

buses 
 

The Available Reactive power profile with-out UPFC 
at buses of the system shown in figure 2. It shows the reactive 
power flow at each bus of system for with-out UPFC 
condition. 
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Fig. 3: Voltage profile with-out UPFC at buses 

 
The Voltage profile with-out UPFC at buses of the 

system shown in figure 3. It shows the Voltages at each bus of 
system for with-out UPFC condition. 
 

 
Fig. 4 Active power loss with-outs UPFC of lines 

 
The Active power loss with-out UPFC of lines for the 

system shown in figure 4. It shows the active power losses for 
each line of system for with-out UPFC condition. 

 

 
Fig. 5: Reactive power loss with-out UPFC of lines 

  
The reactive power loss with-out UPFC of lines for 

the system shown in figure 5. It shows the reactive power 
losses for each line of system for with-out UPFC condition. 
 
RESULTS WITH UPFC 
 
RESULT OF POWER FLOW WITH UPFC  

 
The table 5 shows the values of the per unit voltage, 

Phase, P generated, Q generated, P load and Q load at 
different busses in the IEEE 14-bus system with UPFC 
installation. It is noted that on bus-4 and on bus-14 Voltage 
per unit value is near to unity. 
 
Global summary report 
 

Table 4 
Global summary report With UPFC 

 
  

The Available Real power profile with UPFC at 
buses of the system shown in figure 5.6. It shows the active 
power available at each bus of system for with UPFC 
condition. 
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Fig. 6: Available Reactive power profile with UPFC at 

buses 
 

The Available Reactive power profile with UPFC at 
buses of the system shown in figure 7. It shows the reactive 
power flow at each bus of system for with UPFC condition. 
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Fig. 7: Result of Voltage profile using UPFC 

 
The Voltage profile with UPFC of the system shown 

in figure 7. It shows the Voltages at each bus of system for 
with UPFC condition. 
 

 

Fig. 8: Active power loss with UPFC of lines 
 

The Active power loss with UPFC of  lines for the 
system shown in figure 8. It shows the active power losses for 
each line of system for with UPFC condition. 
 
 

 
Fig. 9: Reactive power loss with UPFC of lines 

 
The reactive power  loss with UPFC of lines for the 

system shown in figure 9. It shows the reactive power losses 
for each line of system for with UPFC condition. 
 
Comparative result analysis for the power system with and 
with-out  UPFC 
 

 
Fig. 10  Active Power flow (transfer) Comparison With 

and With-out UPFC 
 

The figure 10 Shows Active Power flow (transfer) 
Comparison With and With-out UPFC of lines. It shows the 
comparative analysis of Active Power flow Transfer for with 
and with-out UPFC condition. So the analysis denotes the 
Active Power flow Transfer with UPFC of lines is reduced at 
high power flow lines so the Active Power Transfer capability 
of system is increased.  
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Fig. 11  Reactive Power flow (transfer) Comparison With 

and With-out UPFC 
 

The figure 11 Shows Reactive Power flow (transfer) 
Comparison With and With-out UPFC of lines. It shows the 
comparative analysis of Reactive Power flow Transfer for 
with and with-out UPFC condition. So the analysis denotes the 
Reactive Power flow Transfer with UPFC of lines is reduced 
at high power flow lines so the Reactive Power Transfer 
capability of system is increased and the Reactive power 
consumption is reduces hence availability increased.  
 

 
Fig.  12 Voltage magnitude profile Comparison With and 

With-out UPFC at buses 
 

The figure 12 Shows Voltage magnitude profile 
Comparison With and With-out UPFC at buses. It shows the 
comparative analysis of Voltage profile for with and with-out 
UPFC condition. So the analysis denotes Voltage profile with 
UPFC of lines is enhanced at buses hence the Voltage profile 
of system is increased.  
 

 
Fig. 13 Active Power (P) loss Comparison With and With-

out UPFC of lines 
 

It shows the comparative analysis of Active Power 
(P) loss for with and with-out UPFC condition. So the analysis 
denotes the Active Power (P)  loss  with UPFC of lines is 
reduced hence the reduction in overall Active Power (Q) 
losses of system. 
 

 
Fig. 14 Reactive Power (Q) loss Comparison With and 

With-out UPFC of lines 
 

The figure 14 Shows Reactive Power  (Q) loss 
Comparison With and With-out UPFC of lines. It shows the 
comparative analysis of Reactive Power (Q) loss for with and 
with-out UPFC condition. So the analysis denotes the Reactive 
Power (Q) loss  with UPFC of lines is reduced hence the 
reduction in overall Reactive Power (Q) losses of system.  
 

IV. CONCLUSION 
 

The work on ‘Evolutionary Algorithm assisted 
Optimal Placement of FACTS Controllers in Power System’ 
has been carried out to find optimal location of UPFC to 
improve the voltage profile, reduce losses and enhancement in 
power system transfer capability of the system. The optimal 
placement of FACTS controllers has been attempted using 
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Genetic Algorithm. The study has been carried out on 14-bus 
system. From the study following conclusions are drawn. 
 

 The developed algorithm is effective in deciding the 
placement of FACTS devices.  

 UPFC helps in diverting flow from heavily loaded 
lines and results in reduction in active power losses.  

 UPFC helps in improving voltage profile of the 
system and results in reduced reactive power losses.  

 UPFC enhanced overall power system transfer 
capability of the system and results in reduced overall 
power losses. 
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