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Abstract
Static Var Compensator (SVC) is a power quality device, which 
employs power electronics to control the reactive power flow of 
the system where it is connected.  It is one of the shunt connected 
type of FACTS device which has the ability to provide fast-acting 
reactive power compensation on electrical systems. With increase 
in load, any transmission, distribution and generating model 
suffers from disturbances. These disturbances effect the overall 
stability of the system. Criterias like voltage profile, power flows, 
losses tell us about the state of the system under study. Load 
flow analysis of the system under study is capable of providing 
the insight of the system. SVC is one of the methods and can be 
applied to obtain a system with least losses, increased power flow 
and healthy voltage profile. Number, location and size of SVC 
are the main concerns and they can be optimized to a great extent 
by Genetic Algorithm (GA) or any other method. Use of SVC in 
a system has shown considerable increase in voltage profile and 
power flows while decrease in losses.
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I. Introduction
Recently, environmental, economical, right of way and energy 
problems have delayed the construction of both new generation 
facilities and new transmission lines, while the demand for electric 
power has continued to grow. To cope up with this problem, power 
systems operators are looking for ways to maximize the utilization 
of the existing systems. However, maximizing the utilization of 
the existing systems is restricted by the thermal, voltage, stability 
and other operating limits.
The steady state performance of power system has become a 
matter of grave concern in system operation and planning. As 
the power system becomes more complex and heavily loaded, it 
can be operated in unstable or insecure situations like cascading 
thermal overloads, the frequency and voltage collapse. For a secure 
operation of power system, it is essential to maintain the required 
level of security margin [1].
Fortunately, with the advances in the high power solid-state 
switches e.g. Gate Turn Off (GTO) Thyristors, an alternative 
solution for problem has emerged by developing transmission 
controllers that provide controllability and flexibility for power 
systems.
This new technology program is known as Flexible AC 
Transmission Systems (FACTS). The development of FACTS 
devices based on the advance of semiconductor technology opens 
up new opportunities for controlling the load flow and extending the 
load ability of the available transmission network. The parameters 
such as transmission line impedances, terminal voltages and 
voltage angle can be controlled by FACTS devices in an efficient 
way. The benefits brought about FACTS include improvement of 
system dynamic behavior and enhancement of system reliability. 
System instability, loop flows, high transmission losses, voltage 
limit violations, inability to utilize transmission line capability 

up to the thermal limit, cascade tripping and high operational 
costs has been mentioned as a result of unregulated active and 
reactive power flows [2]. Upgrading existing transmission lines 
by using FACTS controllers is suggested as a solution to these 
problems [3-5].
By using FACTS devices consisting of self-commutated inverters, 
it is possible to extend Available Transfer Capacity (ATC) 
without constructing new transmission lines. In addition, it is 
expected that the cost of FACTS devices will be cheaper than 
the current one by the progress of power electronics technology. 
The concept of FACTS offers means to effectively avoid power 
flow bottlenecks and extend the loadability of existing power 
transmission networks.
The objective of FACTS devices is to bring a system under control 
and to transmit power as ordered by the control centres, it also 
allows increasing the usable transmission capacity to its thermal 
limits. With FACTS Technology, and we can get the most service 
from their transmission facilities and grid reliability.
The Dynamic models of FACTS devices are non-linear and non-
constant due to the nature of the inverter switching. In addition, the 
dynamics of inverter switches are much faster than the dynamics of 
interest in power system. By connecting the FACTS to synchronous 
machines or induction machines, the dynamic interaction between 
the devices can be analyzed and new controls rapidly synthesized 
and implemented via matlab. FACTS family devices, ranging in 
both complexity and application from the relative simple Static 
VAr Compensator through to advanced reconfigurable systems, 
such as convertible static compensator [6-7].
FACTS devices are one of the most promising network controllers 
for bulk power system. These devices work by modifying power 
flow in individual lines of the power grid, maintaining voltage 
stability and damping oscillations. The DOE National Transmission 
Grid Study released in may 2002 identified FACTS devices as 
playing a significant role in the “Intelligent Energy System” of 
the future.
In a traditional vertically integrated utility structure, the scheduling 
of generators was the primary means for adjusting power flow 
through the network. However, as the vertically integrated utility 
structure is replaced by open access, this means of transmission 
power flow control has been diminished. Thus, new controllers must 
be developed that will allow transmission providers direct control 
of the grid. Introducing FACTS will help reduce transmission 
congestion and more fully utilize the existing transmission system. 
Encouraging the use of FACTS technologies is essential to make 
better use of existing transmission facilities and reduce the number 
of new facilities that are needed, but their utilization brings new 
problems as well.
In large interconnected networks, the placement of more than one 
FACTS device in the same region or electrical area will be natural 
consequence of the growing use of this technology. However, 
adverse interactions may occur between different FACTS devices 
if their controls are not coordinated. The existence of dynamic 
interactions among FACTS controls can adversely affect the 
overall performance and even lead to dynamic instability of the 
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system. Adverse interactions among FACTS controls must be 
identified and alleviated before multiple FACTS devices can 
be safely deployed in a system. Recently, a number of studies 
have addressed the control interaction behavior between FACTS 
devices [8-9].
Nowadays, VSC (voltage-sourced converter) based FACTS 
Controllers are the most advanced ones due to their wide operating 
range. Shunt connected type of VSC-based controllers such as 
SVC (static var compensator) have already been widely adopted 
to the transmission network around the world and operated in 
commercial environment.
Proper placement of SVC and thyristor controlled series 
compensator (TCSC) reduces transmission losses, increases the 
available capacity, and improves the voltage profile as suggested 
by Biansoongnern et al [10]. Sundar and Ravikumar [11] have 
suggested that the optimal location of SVC is identified by a 
new index called single contingency voltage sensitivity (SCVS) 
index. Khandani et al concentrated on optimal placement of Static 
VAR Compensator (SVC) controller to improve voltage profile 
using a novel hybrid Genetic Algorithm and Sequential Quadratic 
Programming (GA-SQP) method. The proposed algorithm has 
used to determine optimal placement of SVC controller and 
solving optimal power flow (OPF) to improve voltage profile 
simultaneously. The proposed OPF has used to improve voltage 
profile within real and reactive power generation limits, line 
thermal limits, voltage limits and SVC operation limits [12]. 
A modified artificial immune network algorithm (MAINetA) 
has used for placement of SVC in a large-scale power system 
to improve voltage stability. To enhance voltage stability, the 
planning problem has formulated as a multiobjective optimization 
problem for maximizing fuzzy performance indices for bus voltage 
deviation, system loss and the installation cost [13]. Minguez et 
al addressed the optimal placement of SVCs in a transmission 
network in such a manner that its loading margin gets maximized. 
A multi scenario framework that includes contingencies has also 
considered [14].Mixed Integer Nonlinear Programming (MINLP) 
used as a useful technique for combinatorial optimization over 
integers and variables to determine optimal location of SVC [15] 
by Etemad et al. 
Farooq et al [16] suggested that the experimentally developed 
harmonic models, of various commonly deployed domestic 
appliances are used for the simulation of a practical distribution 
system in Electrical Transient Analyzer Program (ETAP). Single 
line diagram of distribution system having non-linear domestic 
appliances has modeled and simulated in ETAP. ETAP is well 
acclaimed software which has capability to perform harmonic 
analysis, load flow analysis, short circuit analysis, and transient 
stability analysis. Selvan and Anita have found that ETAP is the 
most comprehensive analysis platform for the design, simulation, 
operation, control, and optimization, automation of generation, 
transmission, distribution and industrial power systems. It provides 
error report and highlights the mistake in single line diagram to 
the user in brief report [17]. Simulation of Distribution network 
with SVC has been developed by Porate et al [18] in the ETAP 
where voltage profile, power factor and power flows are noted 
from single line diagram for without and with SVC. The study of 
optimal placement and sizing of fixed capacitor banks placed on 
distorted interconnected distribution system in the form of single 
line diagram has simulated in ETAP by Chopade and Bikdash 
[19]. The importance of simulation in power system engineering 
can be seen in the variety of simulation tools that are available 
in various forms and brands around the power engineering, 

academics, electrical utilities and companies. Software packages 
for power system analysis can be divided into two classes of tools. 
One called, Commercial Software and other called, Educational 
/Research Software. ETAP is an example of commercial type of 
software by Bica and Moldovan [20]. Konaki et al [21] stated 
that Multi-objective formulations are realistic models for many 
complex engineering optimization problems. Customized genetic 
algorithms have been demonstrated to be particularly effective to 
determine excellent solutions to these problems. Genetic Algorithm 
(GA) is inspired by the evolutionist theory explaining the origin of 
species. Being a population based approach, GA are well suited to 
solve multi-objective optimization problems. Bajpai and Kumar 
[22] have explained that the genetic algorithm is a heuristic that 
is routinely used to generate useful solutions to optimization and 
search problems. It generates solutions to optimization problems 
using techniques inspired by natural selection, such as inheritance, 
mutation, selection and crossover. Genetic algorithms are one of 
the best ways to solve a problem for which little is known. They 
are very general algorithm and so well in any search space. 
This paper presents the potential applications of static var 
compensator (SVC) as one of the FACTS controllers, using power 
electronic switching devices in the fields of power transmission 
systems with controlling the voltage ,losses and power flow. Load 
flow analysis of 33/11 kV distribution substation is performed to 
calculate the various values of voltage, losses and power flow at 
each bus. Low rated static VAR compensators (SVC) are installed 
at load ends. Genetic algorithm (GA) is optimization method 
applied and Simulation of the distribution substation with SVC 
has been developed in the Electrical Transient Analyzer Program 
(ETAP) Environment. The objective of the study is enhancement 
in voltage at various buses, reduction in system power loss and 
the improvement in power flows.

II. Static Var Compensators
Static Var Compensator (SVC) is a power quality device, which 
employs power electronics to control the reactive power flow of 
the system where it is connected. As a result, it is able to provide 
fast-acting reactive power compensation on electrical systems. In 
other words, static var compensators have their output adjusted 
to exchange inductive or capacitive current in order to control a 
power system variable such as the bus voltage.SVC is based on 
thyristors without the gate turn-off capability. It includes separate 
equipment for leading and lagging vars; the thyristor-controlled 
or thyristor-switched reactor for absorbing reactive power and 
thyristor-switched capacitor for supplying the reactive power. It 
is low cost substitute for STATCOM.
According to the IEEE, a static var compensator is a static var 
generator whose output is varied so as to maintain or control 
specific parameters (e.g., voltage, frequency) of electric power 
system. A static var generator becomes a static var compensator 
when it is equipped with special external controls which derive 
the necessary reference for its input, from the other operating 
requirements and prevailing variables of the power system, to 
execute the desired compensation of transmission line. A  Simple 
Connection diagram of SVC has been given in figure 1.
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Fig. 1: SVC Connection to a Bus

The equivalent circuit of SVC can be represented by fig. 2, where 
BSVC represents equivalent susceptance of SVC.

Fig. 2: Equivalent Circuit of SVC

The current drawn by SVC is
ISVC =  j BSVC*VK
And reactive power drawn by the SVC, which is also the reactive 
power injected at bus k
QSVC = QK = -VK 2 BSVC
The main types of SVC controllers presently used are Thyristor 
Controlled Reactor (TCR), Fixed Capacitor Thyristor Reactor 
(FC-TCR), Thyristor Switched Capacitor (TSC) and Thyristor 
Controlled Reactor-Thyristor Switched Capacitor (TCR-TSC).

A. Types of SVC Controllers

1. Thyristor Controlled Reactor (TCR)
In this type of SVC, a reactor with thyristor valves is incorporated 
in each phase. Reactive Power is varied by controlling the current 
through the reactor using the thyristor valves. This type of SVC 
is characterized by smooth and continuous control.

2. Fixed Capacitor Thyristor Reactor (FC-TCR)
In this type of SVC, a TCR is used in combination with a fixed 
capacitor bank when reactive power generation is required. This is 
often the optimum solution for sub-transmission and distribution 
applications. The main characteristics of this type of SVC are 
smooth and continuous control, elimination of harmonics by 
tuning the fixed capacitors and compact design.

3. Thyristor Switched Capacitor (TSC)
In this type of SVC, a shunt capacitor bank is divided into an 
appropriate number of branches. Each branch is individually 
switched on or off through anti-parallel connected thyristors. The 
main characteristics of this type of SVC are step and smooth 
control, no harmonics, low losses and flexibility.

4. Thyristor Controlled Reactor-Thyristor Switched 
Capacitor (TCR-TSC)
In this type of SVC, the TCR and the TSC is combined to get 
an optimum solution in many cases. With a TCR-TSC SVC, 
continuously variable reactive power can be obtained across the 
entire control range, with full control of both the inductive and 
the capacitive parts of the compensator. The principal benefit is 
optimum performance during major disturbances in the system such 
as line faults and load rejections. This type of svc is characterized 
by continuous control, elimination of harmonics through TSC 
control, low losses, redundancy and flexibility

III. Methodology
A single line diagram of 33/11 KV Distribution Substation with 
eleven buses (from Bus 1 to Bus11) is  considered [18] in ETAP 
containing two power transformers (T1 and T2), each having 
capacity of 3MVA and four distribution transformers (T3, T4, T5 
and T6) with four static loads (from Load 1 to Load 4) as shown 
in  figure 3. Then, is studied by performing its load flow analysis 
from where values of active power (KW), reactive power (KVar), 
branch losses and voltage (%) at each bus of power system are 
obtained.
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Fig. 3: Single Line Diagram

In order to study the effect of Static Var Compensators on all these 
parameters, first, single SVC is considered and then two SVCs are 
considered in the same single line diagram and Load flow analysis 
is performed. The set of values of various parameters so obtained 
are then, used as data sheet for genetic algorithm for excel. To find 
the suitable location for SVC device placement in given power 
system, Genetic Algorithm method is considered. GA will give set 
of values of fitness function for each case considered. The highest 
value of fitness function gives optimum location of SVC in the 
given power system. Various distribution line parameters and 
transformer data are shown in Table 1 and Table 2, respectively.

Table 1: Distribution Line Parameters

FROM TO
Resistance 
per Km Reactance 

per Km

Bus1 Bus2 0.16 0.32
Bus1 Bus3 0.16 0.32
Bus2 Bus4 0.16 0.32
Bus2 Bus5 0.16 0.32
Bus3 Bus6 0.16 0.32
Bus3 Bus7 0.16 0.32
Bus4 Bus8 0.16 0.32
Bus5 Bus9 0.16 0.32
Bus6 Bus10 0.16 0.32
Bus7 Bus11 0.16 0.32

Table 2: Transformer Parameters

Transformer MVA

TI 3

T2 3

T3 200

T4 100

T5 63

T6 25

IV. Genetic Algorithm
Genetic Algorithm (GA) is the optimization methods used which 
based on biological principles of evolution and provide an easy 
interesting alternative to “classic” gradient-based optimization 
methods [23]. They are particularly useful for highly nonlinear 
problems and models, whose computation time is not a primary 
concern. Similar to other search methods such as Simulated 
Annealing, they perform better than Gradient-based methods in 
finding a global optimum if a problem is highly nonlinear and 
features multiple local minima. In general, GAs approach the 
entire design space randomly and then improve the found design 
points by applying genetics-based principles and probabilistic 
selection criteria. The primary usefulness of the GA is that it 
starts by sampling the entire design space, possibly enabling it to 
pick points close to a global optimum. It then proceeds to apply 
changes to the ranked individual design points, which leads to 
an improvement of the population fitness from one generation to 
another. To ensure that it doesn’t converge on an inferior point, 
mutation is randomly applied, which perturbates design points and 
allows for the evaluation and incorporation of remote points. 
The Fitness Function made in GA, by considering all objectives 
is:

V.  Results with Conclusion Remarks
On the basis of optimization by genetic algorithm, the values 
of fitness function for different cases are shown in Table 3 and 
Table 4.

Table 3: Fitness Function Values for Single SVC

Case Fitness

bus8 0.026989

bus9 0.027019

bus10 0.035677

bus11 0.016857
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Table 4: Fitness Function Values for Two SVCs

Case Fitness

bus8-9 0.052972

bus8-10 0.051681

bus8-11 0.022305

bus9-10 0.073585

bus9-11 0.021431

bus10-11 0.013448

Thus, when one SVC is considered at various bus locations, we 
have value of fitness function large at Bus 10.i.e. 0.035677 and 
for two SVCs, we have value of fitness function large for Bus 9 
and 10.i.e. 0.073585.
The various graphs obtained by analyzing base case with SVC 
case illustrates that with the help of SVC, there is improvement 
in all parameters like voltage profile, losses, reactive power and 
active power. When single SVC is considered, we have improved 
voltage profile as shown in fig. 4, reduced losses as shown in fig. 
5, and increased active power as shown in fig. 6.

Fig. 4: Voltage Profile Improvement

Fig. 5: Losses Reduction

Fig. 6: Active Power Improvement

When two SVCs are considered, the following graphs for 
voltage profile and active power are shown in fig. 7 and fig. 8 
respectively.

Fig. 7: Voltage Profile 

Fig. 8: Active Power

As installation of two SVCs increase the cost. Single SVC at 
Bus10 should be preferred to meet our objectives.i.e. Least losses, 
increased voltage profile and increased power flows. Reduction 
of losses, increase of power transfer capability and voltage profile 
can also be optimized by number of other optimization methods 
and instead of having ETAP as a power system solution, the same 
system can be simulated and the results of various indices like 
voltage profile, reactive power, active power and losses can be 
done with the help of Matlab, PSPICE and PSCAD softwares.
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