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Abstract

Voltage instabilities and/or collapses have been recognized as one of the major causes of power system blackouts. The main objective of
this paper is to provide some solutions to prevent large power systems from voltage collapse. The FACTS (Flexible AC Transmission
Sys-tems) devices placement gives new opportunities for enhancing voltage stability. The calculation of the loadability point is based on
the con-tinuation power flow technique (CPF) to choosing the optimal placement of STATCOM (Static Synchronous Compensator) in
order to improve voltage stability by increasing the loading parameter, maintaining bus voltages at desired level and minimizing losses in

a power system network.

A 39-bus New England power system is chosen as test case in order to illustrate this approach. The obtained results show the efficiency
of the proposed method for the planning of the Static Synchronous Compensator optimal placement and the voltage stability enhance-

ment.
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1. Introduction

The stability of the power system may be defined as the property
of the power system which allows it to remain in a state of operat-
ing equilibrium under normal operating conditions and to return to
an acceptable equilibrium state after being subjected to disturb-
ance [1].

The instability of the voltage is mainly associated with the imbal-
ance of the reactive power. The loadability of a bus in the power
system depends on the reactive power support that the bus can
receive from the system. As the system approaches voltage col-
lapse point (maximum loading point), the real and reactive power
losses increase rapidly.

Therefore, reactive power supports must be local and adequate [1].
Power electronics based equipment, or FACTS, provides proven
technical solutions to voltage stability problems.

Particularly, due to the increasing need for rapid response for
power quality and voltage stability.

The recent development and use of FACTS controllers in the
power transmission system has led to many applications of these
controllers not only to improve the voltage stability of existing
power network resources, but also to provide operational flexibil-
ity to power system [2]. By using FACTS controllers, variables
such as voltage amplitude, phase angle and line impedance on the
selected bus can be controlled.

Many studies have been done to locate FACTS based on the oper-
ation of these devices in the power system such as controlling the
power flow in the transmission lines or improving the loadability
[3].

A number of voltage stability analysis methods have been pro-
posed, such as: Continuation power flow (CPF), modal analysis
etc. A number of voltage stability indices such as a voltage col-
lapse indicator, the minimum singular value of the Jacobian matrix

of power flow, the minimum eigen value of the reduced Jacobian
matrix has been proposed in the literature to estimate the proximi-
ty of the power system to voltage stability and voltage collapse.
The application of the CPF consists in evaluating the stability of
the voltage of a power system for various loading conditions and
contingencies.

In this work, a Continuation Power Flow Analysis (CPF) method-
ology is used to evaluate the effects of FACTS devices, precisely
the STATCOM (Static Synchronous Compensator) for shunt con-
nected controlled reactive-power source. It produces a balanced
set of three-phase sinusoidal voltages at the fundamental frequen-
cy with rapidly adjustable amplitude and phase angle on the sys-
tem maximum loading point in voltage stability study.

Various implementations of the continuation method have been
proposed to improve voltage stability in power systems with
FACTS devices.

In Ref. [4], CPF is used to determine the size and location of the
series compensators in order to increase steady state power trans-
mission capability in the power system.

The continuation power flow analysis consists of a prediction step,
which is performed by calculating the tangent vector, and a cor-
rector step, which can be obtained either by a local parameteriza-
tion, or by a vertical intersection.

The aim of this paper is to find the optimal placement of Static
Synchronous Compensator, namely the STATCOM of large pow-
er system, in order to achieve the static voltage stability margin
using CPF technique. CPF objective function to be maximized is
the loading parameter which modifies load powers.

The rest of the paper is organized as follows: Section Il introduces
mathematical representation of voltage stability study. In section
111, some interesting results are presented along with detailed dis-
cussion. Finally, our contributions and conclusions are summa-
rized in Section V.
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2. Voltage stability study with statcom device
using CPF

2.1. Statcom device

The implemented STATCOM model is a current injection model
[5]. The STATCOM current is always kept in quadrature in rela-
tion to the bus voltage so that only reactive power is exchanged
between the ac system and the STATCOM. The dynamic model is
shown in Figl. The mathematical model of the differential equa-
tion and the reactive power to be injected at the STATCOM node
are given, respectively as follows:

i.sH:(kr(Vm'+VsPOD7V)*isH)A’ (1)
Q :iSH *v

V:OD ™

14 /_
) + k ISH
—>(O)—>» Tsa1 |—
+
14

ef
o min
I

Fig. 1: STATCOM Structure.

POD

where v is bus voltage magnitude, v~ is signal output of the

power oscillation damper, v, is reference voltage, k, is regulator
gain, T, is regulator time constant, i™™ is maximum current, jmin
is minimum current and ig, is total current.

2.2. Continuation power flow

CPF techniques are a very robust tool for calculating variable
trajectories state in a system dependent on one or more parameters.
Different methods exist and we will focus here on the method
developed by C. Canizares in [6]; then the process is manipulated
according to the following power flow equation:]the process is
manipulated according to the following power flow equation:

0=f(x,y,4)
0<A<2

critical

@

Where x is the vector of bus voltage angles, VY is the vector of bus

voltage magnitudes and A is loading parameter.
The problem is solved by the CPF technique and iterative process
involving predictor and corrector steps as shown in figure 2.
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Fig. 2: CPF Technique.
2.3. Objective function

In this paper, our goal is to obtain the best utilization of the exist-
ing large power network with STATCOM placement to maximize
the loading parameter denoted by (A4).
This goal can be expressed as follows:

Maximize (4 ®)

The Flowchart of voltage stability with FACTS using the CPF
method is illustrated in Fig 3. From Fig. 3, it can be observed that
equations of FACTS devices are added in the load flow equations.
The new load flow equations are then used in the corrector step in
CPF process.

3. Case studies

A 39-bus test system is used for the objective of this study (figure
4). This large power system represents a simplification of the
transmission network of the New England Region (Northeastern
United States). It is composed of 10 machines, 39 nodes, 34 lines,
and 12 transformers. It has three areas; the base voltage of each
bus is 100Kv. The original system data can be found in [7].
Voltage stability analysis is performed by starting from an initial
stable operating point and then increasing the loads by a factor A
until singular point of power flow linearization is reached. The
loads are defined as:

R =P,
Q.=1Q, “)

Where P, and Q, are the active and reactive base loads, whereas
P, and Q, are the active and reactive loads at bus | for the current
operating point as defined by 4.
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3.1. Location of statcom

The behaviour of the test system with and without STATCOM
under different loading conditions is studied.

The location of the STATCOM device is determined through CPF
technique.

Figure 5 represents the voltage profile for the system without the
STATCOM.

Figs. 6, 7 and 8 represent respectively PV curves for the critical
buses for the three areas for 39-bus test system without STAT-
COM.
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Fig. 4: The IEEE-39 Bus System.

From the CPF analysis which is shown in the figure 5 and PV
curves figures for the three areas composed our large power sys-
tem, the buses 3 (area 2), 8 (area 1) and 15 (area 3) are the most
critical buses.

Maximum loading point or bifurcation point where the Jacobian
matrix becomes singular occurs at A =2.28p.u.

Bus 8 is indicated as the most critical voltage bus needing Q sup-
port.

After the optimal location of the STATCOM was determined to be
at bus 8 and the corresponding size of STATCOM is — 380 Mvar
[+ 420 Mvar according to (1).

Locating an STATCOM at the best position reduces both real and
reactive power losses.
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Fig.5: Voltage Profile of IEEE 39 Bus System.
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Fig. 6: PV Curve for 39 Bus System without STATCOM (Areal).
3.2. Impact of statcom ——1.05pu
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Voltages profiles of base case and system with STATCOM are 12 I sase case
illustrated in figure 9. It is obviously from fig. 9 STATCOM pro- I with STATCOM at bus 8
vides a better voltage profile at the collapse point. This is due to 1
the reason that the STATCOM is installed at the weakest bus.
The PV curve for the system with the STATCOM at bus 8 is =
shown in figure 10. As expected, the bifurcation for the system zos8
with the STATCOM placed at bus 8 occurs at a higher load value, %
ie, 4=231pu. § 0.6
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Fig. 7: pav curve for 39-bus system without statcom (area 2).
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Fig. 8: PV Curve for 39 Bus System without STATCOM (Area 3).
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Fig. 9: Voltage Profile of System with STATCOM at Bus 8.
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Fig. 10: PV Curve For 39 Bus System with STATCOM at Bus 8.

Figure 11 and Figure 12 Show Respectively the Active and Reactive Pow-
er Losses Profiles of the System (without and with STATCOM), the in-
crease of Losses Near the Collapse Point is Lower with a STATCOM
Connected to a Power System.
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Fig. 11: 39-Bus System Active Power Losses Profile without and With
STATCOM at Bus 8.
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Fig. 12: 39-Bus System Reactive Power Losses Profile without and with
STATCOM at Bus 8.

4. Conclusion

This paper implements a proposed CPF analysis to determine the
optimal location of FACTS devices. This is for the purpose of
improving the stability margin of the large system voltage.
STATCOM device is used to improve the performance of power
system. The simulation results on the IEEE 39 bus validate the
optimal placement efficiency of this device.

The results obtained show:

e The potential of the CPF algorithm to solve the problem of
the optimal placement of STATCOM.

e Improving the stability of the voltage by maximizing the
loading parameter.

e The best voltage profile and the lowest active and reactive
power losses at collapse point when the placement of the
STATCOM is optimized.

This work can be extended to solve the problem of the optimal
location of multiples FACTS devices to improve the stability of
the voltage in practical power systems.

References

[1] Kundur,P, Power System Stability and Controls, McGraw-Hill,
New York, 1994.

[2] Hingorani, N.G, Understanding FACTS, Concepts and technology
of Flexible ac transmission systems, IEEE Pressl, 2000.

[3] Repo S, Line voltage stability assessment of power system: An ap-
proach of Black box modelling. Doctoral Dissertation, Tampere
University of Technology, 2001.

(4]

(5]

(6]

(71

(8]

[

[10]

[11]

[12]

[13]

Rajaraman. R, Alvarado. F, Maniaci. A, Camfield .R & Jalali.S,
Determination of Location and Amount of Series Compensation to
Increase Power Transfer Capability, VVol. 13, 1998.

Milano, F, Power System Analysis Toolbox. Version 2.0.0.-b2.1,
Software and Documentation, 2008.

Canizares C.A, Power flow and transient stability models of
FACTS controllers for voltage and angle stability studies, Proceed-
ings of 2000 IEEE Power Engineering Society Winter Meeting,
Singapore, pp. 1447-1454, 2000.

J.E Fagan,Synchronous Machine Modeling Mechanization and Sys-
tem Performance Study, Doctorat Thesis, The University of Texas
at Arlington, 1977.

E Nasr Azadani, S. H Hosseinian, P Hassanpor, Optimal placement
of multiple statcom for voltage stability margin enhacement using
particle swarm optimization, Electr Eng (2008) 90:503-510.

Bekri O.L, Fellah M.K, Benkhoris M.F, Miloudi A, Voltage stabil-
ity enhancement by optimal SVC and TCSC location via CPFlow
analysis, International Review of Electrical Engineering (2010) vol.
05, no. 05, pp. 2263-2269.

Khotari S, Agrawel R, Kumar S, Enhancement of voltage stability
using FACTS controllers: A State of the Art Review, International
Journal of Advanced Scientific and Technical Research (2014) vol.
1, no. 4, pp. 262271.

Qian F, Tang G, He Z, Optimal Location and Capability of FACTS
Devices in a Power System by Means of Sensivity Analysis and
EEAC, D R P T, Nanjing,China, 2008.

Gerbex S, Cherkaoui R, Germond A.J, Optimal Location of FACTS
Devices to Enhance Power System Security, IEEE, 2003.

Faur Zeno T, Effects of Facts Devices on System loadibility,
Proc.North American Power Symposian.Bozeman, Montana, 1995.



