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Abstract: - The different problems occurring in operation
and control of emerging modern restructured power
systems can be resolved up to some extent by the use of
flexible AC transmission system (FACTS) devices. In this
paper, the injection model of STATCOM is used to
investigate its effects on bus voltages and loss reduction
in a power system In this paper, NRLF has been applied to
obtain optimal location and sizing of static synchronous
compensator (STATCOM) to minimize real & Reactive
power loss, voltage deviation and sizing of STATCOM
considering outage of the most critical contingencies. In
first step of proposed methodology, contingency ranking
has been carried out for determination of the most severe
line outages by evaluating voltage. It is observed from the
results that the voltage profile of the power system are
increased and are within limits, also real power losses are
reduced there by optimally locating STATCOM device in
the power system. The proposed method is tested on
IEEE 14 bus system.

Keywords: - Real power loss, Reactive power loss, Static
synchronous compensator (STATCOM, Contingencies.

I. INTRODUCTION
Now a day, Modern power network are facing problem
regarding stability and control, due to the increase in
peak load demand and power transfer between utilities,
increasing complexity in network and change in network
topology. This rapid increase in load demand forces
power system to operate near its critical limits due to
economical and environmental pressure. It drives the
power system to run as close to its stability boundary as
possible to save more money. Voltage stability is one of
the major problem associate with such stressed power
system. Report of the occurrence of the voltage collapse is
becoming more frequent and this problem has been an
area of great interest to power system engineers. A power
system is said to be an unstable system or in a state of
voltage instability when a fault causes a progressive and
uncontrollable decline in voltage. The voltage collapse is a
local phenomenon and it occurs at a bus within an area of
high loads and low voltage profile. Recently, FACTS-based
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devices have been used for power flow control and for
damping power system oscillations. They can also be
used to increase transmission line capacity; steady state
voltage regulation; provide transient voltage support to
prevent system collapse; and damp power oscillations.
FACTS devices can be used in wind power systems to
improve the transient and dynamic stability of the overall
power system. The STATCOM is from the family of FACTS
devices that can be use to provide transient voltage
support to prevent system collapse. In other words a
STATCOM is an electronic generator of reactive power. A
review on applications of Flexible AC Transmission
Systems (FACTS) controllers[1] such as Thyristor
Controlled Reactor (TCR), Thyristor Controlled Switched
Reactor (TCSR), Static VAR Compensator (SVC) or Fixed
Capacitor. The different problems occurring in operation
and control of emerging modern restructured power
systems can be resolved up to some extent by the use of
flexible AC transmission system (FACTS) devices [2]. Due
to huge capital investment of these devices, at the
planning stage of installation of these devices, an
exhaustive exploration is required to attain utmost
advantages of these devices. Flexible AC Transmission
System (FACTS) was launched to solve the emerging
system problem. It identifies alternating current
transmission system incorporating power electronics
based controllers to enhance the controllability increase
power transfer capability. These controllers are used to
regulate power flow, transmission voltage and through
rapid control action can mitigate dynamic disturbances.
Static Var compensator (SVC) and Static Synchronous
Compensator (STATCOM) are widely used for shunt
reactive compensation in order to maintain a flat voltage
profile. Other FACTS controllers such as Thyristor Control
Series Capacitor (TCSC) and Static Synchronous series
capacitor are used to control power flow through
transmission line. Power Flow Study is necessary for
planning, operation and economic scheduling and
exchange of power between utilities. Power Flow study is
required for many other analyses such as transient
stability, optimal power flow and contingency studies.



The principle information obtained from power flow
study is magnitude and phase angle of voltage at each bus
and real and reactive power flowing in each transmission
lines. In this work, the increase in voltage profile is done
through the insertion of Static Synchronous Compensator
(STATCOM), a shunt connected FACTS controller which is
capable of generating or absorbing reactive power in
order to control the voltage magnitude of the bus where
they are connected. The following objectives are
hopefully to be achieved in this work: The technical
literatures contributed by esteemed authors
scientists have been reviewed for this work. To develop
the mathematical model of STATCOM. To develop the
Newton-Raphson method of load flow in electrical power
system. To use the NRLF technique for optimal location of
STATCOM in electrical power system. To use the NRLF
technique for optimal size of STATCOM in electrical
power system. To compare the results of voltage profile
obtain from Newton-Raphson method. To compare the
power loss with and without STATCOM in electrical in
power system.
II. PROPOSED METHODOLOGY

The FACTS devices represent a relatively new technology
for power transmission systems. They provide the same
benefits as conventional compensators with mechanical
switches (circuit breaker) in steady state power system
operation; in addition, they improve the dynamic and
transient performance of the power system. This is
achieved by fast switching time and repeatable operation
of solid state switches as compared to mechanical
switches. The switching time of solid state switch is a

and

portion of a periodic cycle; and this is much faster than
that of a circuit breaker with a switching time of a number
of cycles. Generally, the main objectives of FACTS are to
increase the useable transmission capacity of lines and
control power flow over designated transmission routes.
The power flow over a transmission line depends mainly
on three important parameters, namely voltage
magnitude of the (V), impedance of the
transmission line (Z) and phase angle between buses (8).
The FACTS devices control one or more of the parameters
to improve system performance by using placement and

buses

coordination of multiple FACTS controllers in large-scale
emerging power system networks to also show that the
significant  improvements operating
parameters of the power systems such as, small signal
stability, transient stability, damping of power system
oscillations, security of the power system, less active

achieve in

power loss, voltage profile, congestion management,
quality of the power system, efficiency of power system
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operations, power transfer capability through the lines,
dynamic performances of power systems, and the load
ability of the power system network also increased. As
FACTS devices are fabricated using solid state controllers,
their response is fast and accurate. Thus these devices can
be utilized to improve the voltage profile of the system by
using coordinated control of FACTS controllers in multi
machine power systems. The following definition for
FACTS and FACTS Controllers are defined by IEEE.
Flexible AC Transmission System (FACTS): Alternating
current transmission system incorporating power
electronic based and other static controller to enhance
controllability and increase power transfer capability.
FACTS Controller: A power electronic based system and
other static equipment that provide control of one or
more AC transmission system parameters.

III. CASE STUDY AND RESULTS

For our proposed work IEEE-14 bus for minimum power
loss analysis. With the objective to bring the bus Real &
Reactive Power loss nearer to 1 pu, STATCOM are
implemented in these test system to improve the Real &
Reactive Power loss minimum. We use the line and bus
data in Newton-Raphson load flow analysis to calculate
the Real & Reactive Power and voltage of each bus. A
general electrical power system consists of mainly three
systems, generation, transmission and utilization. In
generation system we generate electrical power from
mechanical power, in transmission we transmit the
electrical power from generating station to utilization
centre, and in utilization we use electrical power for
different form of work. For good quality of power the
voltage profile, frequency and continuity of electrical
power is essential. In this work mainly concern with
maintenance of rated voltage profile irrespective of
change in load or other parameters of the electrical power
system. Management of reactive power is essential for
maintaining of rated voltage profile. The following power
system performance indices are as follows:

a) Real Power Index (RPI)

The real power index defined as:

R PWi'[h_STATCOM

RPI =

Pwithout_STATCOM

b) Reactive Power Index (RCPI)
The real power index defined as:

R(':I:)With_ STATCOM

RCP,

without_STATCOM

RCPI =




c) Voltage Deviation Index (VDI)
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The IEEE-14 bus systems are given blow in Fig. 1 in the

The voltage deviation index defined as: system there are three PV bus/generators bus systems.
VDI — VD|Wim_STATCONI ’;he parameter of the nine bus systems are given in table
VD I without _ STATCOM .
Parameters of IEEE-14 bus System
(I) BUS DATA
Table 1: Parameters of IEEE-14 bus System
Bus_i | Type P4 Qa Gs | Bs | Area Vm Va BasekV | zone | Vmax | Vmin
1 3 0 -3 0] 0 1 1.06 0 0 1 1.06 0.94
2 2 217 | 127 | 0 | O 1 1.045 | -4.98 0 1 1.06 0.94
3 2 94.2 19 0] 0 1 1.01 | -12.72 0 1 1.06 0.94
4 1 478 | -39 0] 0 1 1.019 | -10.33 0 1 1.06 0.94
5 1 7.6 0.6 0] 0 1 1.02 -8.78 0 1 1.06 0.94
6 2 11.2 7.5 0] 0 1 1.07 | -14.22 0 1 1.06 0.94
7 1 0 0 0] 0 1 1.062 | -13.37 0 1 1.06 0.94
8 2 0 0 0] 0 1 1.09 | -13.36 0 1 1.06 0.94
9 1 295 | 166 | 0 | 19 1 1.056 | -14.94 0 1 1.06 0.94
10 1 9 2.8 0] 0 1 1.051 | -15.1 0 1 1.06 0.94
11 1 3.5 1.8 0] 0 1 1.057 | -14.79 0 1 1.06 0.94
12 1 6.1 1.6 0] 0 1 1.055 | -15.07 0 1 1.06 0.94
13 1 13.5 5.8 0] 0 1 1.05 | -15.16 0 1 1.06 0.94
14 1 14.9 5 0] 0 1 1.036 | -16.04 0 1 1.06 0.94
(I1) GENERATOR DATA
Table 2: Parameters of IEEE-14 bus System
Bus Pg Qg Qmx Qmn Vg mBase Status Pmx Pmn
1 2324 | -19.6 10 0 1.06 100 1 3324 0
2 40 42.4 50 -40 1.045 100 1 140 0
3 0 23.4 40 0 1.01 100 1 100 0
6 0 12.2 24 -6 1.07 100 1 100 0
8 0 17.4 24 -6 1.09 100 1 100 0

3.1 Results of IEEE-14 bus System by MATLAB
Programming of N- R technique

In IEEE- 14 bus system the results of real power profile
from the N-R technique are given below in this table no. 3.
The optimal location of the STATCOM is at bus no. 14 and
the optimal size of the STATCOM is 5 (MVAR). This table
shows the Real Power loss of the buses with and without
STATCOM. The overall Real Power loss profile of the
fourteen bus systems is minimized when STATCOM size
are maximum and placed at optimal location of bus no 14.
From Fig. 1 it is concluded that when the size of
STATCOM is increasing Real Power Loss is decreasing.
Minimum loss occurs by using 5SMVAR which is maximum
size at location of bus no-14 by N-R load flow technique.
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3.2 Reactive Power Loss

In IEEE- 14 bus system the results of real power profile
from the N-R technique are given below in this table no. 4
The optimal location of the STATCOM is at bus no. 14 and
the optimal size of the STATCOM is 5 (MVAR). This table
shows the Reactive Power loss of the buses with and
without STATCOM. The overall Reactive Power loss
profile of the fourteen bus systems is minimized when
STATCOM size are maximum and placed at optimal
location of bus no 14. From Fig. 3 it is concluded that
when the size of STATCOM is increasing Real Power Loss
is decreasing. Minimum loss occurs by using 5SMVAR
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which is maximum size at location of bus no-14 by N-R
load flow technique.
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Fig.1 IEEE-14 bus system Fig. 2 Real Power loss Profile with and without STATCOM
Table 3: Real Power loss of IEEE-14 bus System
REAL POWER LOSS (MW)
Without With With With With With
BUS NO STATCOM STATCOM STATCOM STATCOM STATCOM STATCOM
of IMVAR of 2MVAR of 3MVAR of 4AMVAR of SMVAR
1 13.393 13.393 13.388 13.387 13.388 13.388
2 13.393 13.393 13.388 13.388 13.388 13.388
3 13.393 13.393 13.388 13.387 13.388 13.388
4 13.393 13.391 13.384 13.366 13.381 13.38
5 13.393 13.388 13.377 13.388 13.367 13.362
6 13.393 13.393 13.388 13.387 13.388 13.388
7 13.393 13.391 13.384 13.387 13.38 13.379
8 13.393 13.39 13.388 13.388 13.388 13.388
9 13.393 13.39 13.387 13.379 13.377 13.376
10 13.393 13.383 13.379 13.372 13.368 13.365
11 13.393 13.385 13.374 13.377 13.376 13.375
12 13.393 13.384 13.388 13.379 13.379 13.381
13 13.393 13.38 13.371 13.364 13.359 13.354
14 13.393 13.375 13.363 13.354 13.347 13.341
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Table 4: Reactive Power loss of IEEE-14 bus System

REACTIVE POWER LOSS (MVAR)
With S With With With
BUSNO Without TATCOM STATCOM | With STATCOM | STATCOM of | STATCOM of
STATCOM of IMVAR of 2MVAR of 3SMVAR 4MVAR 5MVAR
1 54.54 54.54 54.52 54.52 54.52 54.52
2 54.54 54.54 54.52 54.52 54.52 54.52
3 54.54 54.54 54.52 54.52 54.52 54.52
4 54.54 54.52 54.49 54.48 54.47 54.38
5 54.54 54.52 54.48 54.45 54.45 54.44
6 54.54 54.54 54.52 54.52 54.52 54.52
7 54.54 54.52 54.49 54.47 54.46 54.45
8 54.54 54.52 54.52 54.52 54.52 54.52
9 54.54 54.51 54.47 54.46 54.44 54.43
10 54.54 54.5 54.47 54.46 54.42 54.4
11 54.54 54.5 54.47 54.47 54.46 54.46
12 54.54 54.5 54.47 54.49 54.48 54.48
13 54.54 54.5 54.48 54.4 54.44 54.43
14 54.54 54.48 54.44 54.4 54.39 54.37
. REACTIVE POWERLOSS ) minimized and improve voltage profile of system using
Sy =+=Without STATCOM e Wit STATCOM of 3MVAR K
8- With STATCOM of IMVAR —f—With STATCOM of 4MVAR MATLAB tool box environment.
e —i=With STATCOM of ZMVAR == With STATCOM of SMVAR
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