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Abstract— In electric power systems, system no remain in secure
operating state due to increased power demand. On other hand,
the power system stability has been recognized as an important
problem for its secure operation. Several methods are being
used conventionally to improve operating margins necessary for
system stability. Many of these suffer with excessive response
time and considerable amount of power loss. To overcome this
difficulty, a rapid development of power electronic devices such
as Flexible AC Transmission System (FACTS) devices are used,
their primary application is to enhance power transfer
capabilities, power system stability and allow more flexible
control of power flows. By installing FACTS equipment at
optimal sites, the overall system benefits are sought. But the
location of these FACTS devices has been big challenge. This
challenge is overcome by using Sensitivity Indices analysis
method. Here two Sensitivity Indices analysis methods are used
and these are; reduction of total system reactive power loss and
real power flow performance index sensitivity indices. The
‘MATLAB’ software is used here to write a programming code
for finding out the sensitivity indices for both methods. IEEE-14
bus system is used here for the study purpose.

Keywords—sensitivity analysis; sensitivity indices;
system security; Pl; FACTS

power

. INTRODUCTION

With the ongoing expansion and growth of the electric
utility industry, including deregulation in many countries,
numerous changes are continuously being introduced to a
once predictable business. Although electricity is a highly
engineered product, it is increasingly being considered and
handled as a commodity. Thus, transmission systems are
being pushed closer to their stability and thermal limits while
the focus on the quality of power delivered is greater than ever
[2]. Power system is a network of electrical components used
to supply, transmit and use electric power. An example of an
electric power system is the network that supplies a region like
homes and industry with power. For sizable regions, this
power system is known as grid and can be broadly divided
into the generator that supply the power, the transmission
system that carries the power from the generating centre to the
load centre and the distribution system that feeds the power to
nearby homes and industries. The power system needs to be
operationally secure, i.e. with minimal probability of blackout
and equipment damage [3]. An important component of power
system security is the system’s ability to withstand the effects
of contingencies [4]. The power system operation is said to be
normal when the power flows and the bus voltages are within
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acceptable limits despite changes in load or available
generation. From this perspective, security is the probability of
a power system’s operating point remaining in a viable state
of operation [5].

The system operation is governed by three sets of generic
equations — one differential and two algebraic (generally non-
linear). Out of two sets of algebraic sets, one set comprises
equality constraints (E) which express balance between the
generation and load demand. The other set consists of
inequality constraints (I) which express limitation of the
physical equipment (such as current and voltages must not
exceed maximum limits). The classification of the system
states is based on the fulfillment or violation of one or both
sets of these constraints, Fig. 1 shows the system operating
state [6].

A. Normal State

Here all equality(E) and Inequality(l) constraints are
satisfied.
B. Alert State

This state implies that there is a danger of violating some
of the inequality (I) constraints when subjected to disturbances
enables the transition from an alert state to secure state.
C. Emergency State

Here inequality (1) constraints are violated. The system,
however, would still be intact, and emergency control action
could be initiated to restore the system to alert state.
D. In-Extremis State

Here both equality(E) and inequality(l) constraints are
violated.
E. Restorative State

From this state, the system can transit to either the alert
or the normal state depending on the circumstances.

I NORMAL STATE |

Fig. 1. Power System Operating State
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In the present day scenario, transmission systems are
becoming increasingly stressed, more difficult to operate, and
more insecure with unscheduled power flows and greater
losses because of growing demand for electricity and
restriction on the construction of new lines. However, many
high-voltage transmission systems are operating below their
thermal ratings due to constraints, such as voltage and
stability limits. Now, more advanced technology is used for
reliable operation of transmission and distribution in power
system. To achieve both reliable and benefit economically, it
has become clearer that more efficient utilization and control
of the existing transmission system infrastructure is required.
Improved utilization of the existing power system is provided
through the application of advanced control technologies.
Power electronics has developed the Flexible AC
Transmission System (FACTS) devices. FACTS devices are
effective and capable of increasing the power transfer
capability of a line and support the power system to work
with comfortable margins of stability and used to overcome
the insecure problem of power system [7] [8].

FACTS is defined by the IEEE as “a power electronic
based system and other static equipment that provide control
of one or more AC transmission system and increase the
capacity of power transfer” [9].

In this paper, the optimal location of FACTS devices is
find out using sensitivity indices analysis method. The
‘MATLAB’ software is used here to write a programming
code for finding out the sensitivity indices for both methods.
For the study purpose electrical IEEE-14 bus system is used
here.

Il.  BENEFITS OF UTILIZING FACTS DEVICES

The advantages of utilizing FACTS devices in power system
can be given as below;
e  Existing transmission system can be utilize in better
way with the help of FACTS devices.
e Reliability and availability of transmission system
increases.
e  Environmental friendly.
In many countries, increasing the energy transfer capacity
and controlling the load flow of transmission lines are of vital
importance, especially in de-regulated markets, where the
locations of generation and the bulk load centers can change
rapidly. Frequently, adding new transmission lines to meet
increasing electricity demand is limited by economical and
environmental constraints. FACTS devices help to meet these
requirements with the existing transmission systems [10].

IIl.  STATIC MODEL OF TRANSMISSION LINE

A simple transmission line, connected between bus-1 and
bus-j with the line admittance given as g;+jb;=1/(rjj+jx;), can
be represented by its limped = equivalent parameters as
shown in Fig. 2 [11].

v =5, v, < s,
Yy = gu+iby

1Ban /2 iBan/2

Bus- i T T Bus-j

Fig. 2. Static Model Of Transmission Line
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The real (P;) and reactive (Qj) power flows from bus-i to
bus-j can be written as;

Py = VAgj - ViVi( gjCosd; + biSind;) 1)
Qi = - VZi( bjj + Ba/2 ) — ViVj(g;Sind;; - byCosdyj) 2

Where,
8” = 8i - 81'

Similarly, the real (Pij) and reactive (Qij) power flows
from bus-j to bus-1 can be expressed as;

Pi = V7g;— ViV;( giiCosd; - bySindy;) ©)
Qi =- V4 (byj + By/2) + ViV (g;Sind; + byCosdy)  (4)

Where,
By, is full line charging impedance.

IV. PROPOSED SENSITIVITY ANALYSIS METHOD

Following are two sensitivity analysis methods for finding
the optimal location of FACTS devices [12] [13].

e Reduction Of Total System Reactive Power L0ss.

e Real Power Flow Performance Index Sensitivity
Indices.

A. Reduction Of Total System Reactive Power Loss

Here we look at a method based on the sensitivity of the
total system reactive power loss with respect to the control
variable of the FACTS devices. For FACTS devices placed
between buses i and j we consider net line series reactance as a
control parameter. Loss sensitivity with respect to control
parameter of FACTS devices placed between buses i and j can
be written as [14] [15],

5Q (rjz‘_sz‘)
L _ [Vf+ VjZ_ 2‘/11/](:0561]] _(ri2:+xi2;)2 (5)

Qi = — =
U sxy

B. Real Power Flow Performance Index (PI)Sensitivity
Indices

The severity of the system loading under normal and
contingency cases can be described by a real power line flow
performance index, as given below [16] [17] [19];

N, Wn PLm 2n

Where,

P, isthe real power flow,

PR is the thermal limit of line m,

n is an exponent used to adjust the index value to
avoid the masking effect in the contingency,

W,, isthe weighting coefficient used to reflect the
importance of lines.
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V. CRITERIA FOR OPTIMAL PLACING OF FACTS DEVICES

The FACTS devices should be placed on the most
sensitive line. Following criteria can be used for deciding
optimal placement [15].

e Inreactive power loss reduction method, the
FACTS devices should be placed in a line
having the most positive loss sensitivity index.

. In real power flow performance index method,
the FACTS devices should be placed in a line
having most negative sensitive index.

VI. SYSTEM DESCRIPTION

Study of power system stability using sensitivity indices
is done here. In this paper, idea about, which line is most
sensitive in network is explain here. The analysis is done on
IEEE-14 bus system. The single line diagram of the IEEE-14
bus standard test system is shown in Fig. 3, which consists of
five synchronous machine, including two generators, located
at bus 1 and 2 as well as three synchronous compensators
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VII. RESULT AND DISCUSSION

The result obtained from the MATLAB programming are
shown in TABLE | by using reduction of total system
reactive loss and real power flow performance index
sensitivity indices analysis method. Column 3™ gives
sensitivity indices by using total system reactive loss and it is
denoted by a;; whereas 4™ column gives the sensitivity indices
by using real power flow performance index sensitivity
analysis method and it is denoted by béj. According to total
system reactive loss method (column 3'), the line no. 19 (a;
= 0.0048 )is more sensitive and line no. 19 is suitable for
placing the FACTS device and according to real power flow
performance index method (column 4™), line no. 6 (bij = -
56813.7 ) is more sensitive and line no. 6 is suitable for
optimal placement of FACTS device. In this way to
overcome the security problem of power system, optimal
placement of FACTS devices can done with the help of
sensitivity analysis indices method.

TABLE I. CALCULATED SENSITIVITY INDICES

. Line i-] aij bjj
used only for reactive power support, located at bus 3, 6 and ! ! !
8. Bus 1 is a slack/ reference bus while bus 2, 3, 6 and 8 are 1 12 20,0053 20565
PV bus and other all are PQ bus [18]. The generating capacity
of each generator, value of load and value of resistance and 2 1-5 -0.0004 5.14¢™®
reactance are also shown in it.

3 2-3 -0.0181 0.02800
4 2-4 -0.0103 -2.32¢’"
BN . 5 2-5 -0.0019 -4.61e™
LEMVA" ™2 1IMW
0170834034802 50MVA @
T\-H AVAS 6 34 20,0931 568137
V=12
. 14 Synchronous
SIMW 18MVAY Compensators 7 4-5 -0.0608 0
16MVAY | V=12 " m ViFl2
0082054019207 0127114027038 8 4-7 -0.3631 0
9 4-9 -0.0435 0
0.12291+]0.25581 000498+10.19890 \[10{ Vi=L2 10 3 0.0009 0
QURIEL008850 25w '
izz‘zmw I66MVAT v, 219
T 12MwW 8 11 6-11 -0.2187 0
TSMVAr =17 0407615
1 V=16 : ijs:rw | Q 12 6-12 -0.1637 -6.24¢
0,01938+j0.05917 m 7 V=12
V=107 % Ve 13 6-13 -0.5723 -4.57¢°
16 MVAr
0.01938+j0.05917 478MW 14 7-8 20.1160 0
0067014047103 15 79 -0.0083 0
16 9-10 -0.0022 429.89
942MW -10
i iy 17 9-14 -0.0001 -3.33¢
18 10-11 -0.0008 0
19 12-13 0.0048 1.25¢®
20 13-14 -0.0037 9.29¢"

Fig. 3. IEEE-14 bus system
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CONCLUSION

The system security is the important thing in the power
system. As per expected goal, in large power system, the
finding of the optimal location of FACTS devices is
important step. The optimal place of FACTS devices to
improve power system security is find out by introducing
some sensitivity indices analysis method, the analysis
approach has been utilized to find the most sensitive line in
power system network and on sensitive line FACTS devices
are placed to improve the system stability and system security.

REFERENCES

[1] Narain G. Hingorani, Life Fellow, IEEE, “FACTS Technology State Of
The Art, Current Challenges And The Future Prospects”.

[2] John J. Paserba, Fellow, IEEE, “How FACTS controllers Benefit AC
Transmission System”.

[3] Nikhlesh Kumar Sharma, Arindam Ghosh, Rajiv Kumar Varma,“A
novel placement strategy for FACTS controllers,” IEEE Transactions
on Power Delivery, vol. 18, July 2003.

[4] Bindeshwar Singh, “Application of FACTS controllers in power system
for enhancement of the power system stability: A State-of-The-Art”,
International Journal of Review in Computing.

[5] D. Marali, Dr. M. Rajaram, N. Reka, “Comparison of FACTS devices
for power system stability enhancement” , International Journal of
Computer Applications, vol. 8, Oct. 2010.

[6] <“Operating under stress and strain”, IEEE Spectrum, March, 1978.

[7] Ranjit Kumar Bindal, “A Review of Benefits of FACTS devices in
Power System,” International Journals of Engineering and Advanced
Technology, vol. 3, April 2014.

[8] M. A. Abido, “Power system stability enhancement using FACTS
controllers: A Review”.

[91 A. Edris, et.al, “Proposed terms and Definitions for Flexible AC
Transmission System (FACTS)”, IEEE Trans. Power delivery, vol. 12,
pp. 1848-1853, Oct. 1997.

[10] Sajid Ali, Sanjiv Kumar, Vipin Jain, “Installation and Benefits of
FACTS Controllers and Voltage Satability in Electrical Power
Systems”.

[11] Hassan W. Qazi, Jai Govind Singh, “Development of sensitivity based
indices for optimal placement of UPFC to minimize load curtailment
requirement”.

[12] Prakash Burde, Jagdish Helonde, “Optimal location of FACTS devices
on enhancing system security,” International Journals of Electrical and
Computer Engineering, vol. 2, June 2012, pp. 309-316.

[13] Mark Ndubuka Nwohu, “Optimal location of Unified Power Flow
Controller (UPFC) in Nigerian grid system”.

[14] Textbook by Wood A. J., Wollenberg B. F., “Power Generation,
Operation and Control”, 1996 John Wiley, New York.

[15] S. Manikandan, P. Arul, “Optimal location of multiple FACTS devices
using sensitivity methods”, International Journals Of Engineering
Trends And Technology, vol. 4, 10 Oct. 2013

[16] K. S. Verma, S. N. Singh, H. O. Gupta, “FACTS devices location for
enhancement of total transfer capability” Power Engineering Society
Winter Meeting, IEEE, vol. 2, pp. 522-527.

[17] S.N. Singh, A. K. David, “Placement of FACTS devices in open power
market, advances in power system control, operatin and management”.

[18] J. Vishnu, Rishi Menon, “Maximum loadability assessment of IEEE-14
bus system by using FACTS devices incorporating stability
constraints”.

[19] S. V. Jethan, V. P. Rajderkar, “Sensitivity based optimal location of
power system security,” International Journals Of Research In
Engineering And Technology.

| JERTV41S050995 www.ijert.org

International Journal of Engineering Research & Technology (1JERT)
ISSN: 2278-0181
Vol. 4 Issue 05, May-2015

1063

(Thiswork is licensed under a Creative Commons Attribution 4.0 International License.)



