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Abstract

With the electricity market deregulation, the number of unplanned power exchanges increases. Some
lines located on particular paths may become overload. It is advisable for the transmission system
operator to have another way of controlling power flows in order to permit a more efficient and secure
use of transmission lines. The FACTS devices (Flexible AC Transmission Systems) could be a mean to
carry out this function. In this paper, unified power flow controller (UPFC) is located in order to
maximize the system loadability and index security. The optimization problem is solved using a new
evolutionary learning algorithm based on a hybrid of real genetic algorithm (RGA) and particle swarm
optimization (PSO) called HRGAPSO. The Newton-Raphson load flow algorithm is modified to
consider the insertion of the UPFC devices in the network. Simulations results validate the efficiency of
this approach to improvement in security, reduction in losses of power system, minimizing the
installation cost of UPFC and increasing power transfer capability of the existing power transmission
lines. The optimization results was performed on 14-bus test system and implemented using MATLAB.
Copyright © 2011 International Energy and Environment Foundation - All rights reserved.

Keywords: Power system security; System loadability; Real power loses; UPFC; Optimization; Optimal
allocation; PSO; RGA; HRGAPSO.

1. Introduction

In recent years, with the development of electric power systems, transmission systems are becoming
increasingly stressed and more difficult to operate. The fast development of solid-state has made flexible
AC transmission system (FACTS) devices a promising concept for future power systems. FACTS
controllers are based on power electronic devices. They are capable to control various electrical
parameters of transmission systems. The UPFC is the universal and the most versatile FACTS devices,
which consists of series and parallel connected converters. It can provide simultaneous and independent
control of voltage magnitude and active and reactive power flow.

This paper presents an approach to find optimum location of a UPFC in a power system, with minimum
transmission losses and cost of generation. The system loadability and index security are applied as a
measure of power system performance. For solving complex real-world problems of optimization, in
contrast to traditional computation systems, evolutionary computation [1] provides a more robust and
efficient approach.

GA is a global evolutionary search technique that can result a feasible as well as optimal solution. To
increase the speed and the exactitude of the process of research, the ordinary (binary) GA can be
modified using real codes as real-GA (RGA), in which decoding is not needed to be done [2]. RGA is
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very efficient at exploring the entire search space, but it is relatively poor in finding the precise local
optimal solution in the region where the algorithm converges.

Particle swarm optimization (PSO) is an exciting new methodology in evolutionary computation that is
somewhat similar to a genetic algorithm in that the system is initialized with a population of random
solutions. Unlike other algorithms however, each potential solution (called a particle) is also assigned a
randomized velocity and then flown through the problem hyperspace. Particle swarm optimization has
been found to be extremely effective in solving a wide range of engineering problems. It is very simple
to implement and solves problems very quickly. PSO is able to accomplish the same goal as RGA
optimization in a new and faster way[3].

When PSO and RGA both work with a population of solutions, combining the searching abilities of both
methods seems to be a good approach. RGA and PSO are strong combined for solving this problem of
optimization. In order to overcome the drawbacks of particle swarm optimization and standard genetic
algorithm, some improved mechanisms based on non-linear ranking selection, crossover and mutation
are adapted in the genetic algorithm, and dynamical parameters are adapted in PSO. During each
iteration, the population is divided into three parts, which are evolved with the elitist strategy, PSO
strategy and the RGA strategy respectively. Therefore, this kind of technique can make balance between
acceleration convergence and averting precocity as well as stagnation.

In the literature, many power flow algorithms are proposed. The majority of these methods are based on
Newton-Raphson algorithm because of its quadratic convergence properties [4-5]. An existing Newton-
Raphson load flow algorithm is modified to include FACTS devices is presented in [5]. In this paper, this
algorithm is extended in order to include the UPFC devices into the power system. Load flow equations
represent the equality constraints. The inequality constraints are the operating limits of the UPFC and the
security limits.

The remaining sections of this paper are organized as follows: Section 2 presents the model of power
system with UPFC device. Section 3 briefly explains the problem formulation. Section 4 describes the
implementations of RGA and PSO in the proposed HRGAPSO algorithm. The numerical examples are
then presented in section 5 and conclusion is made in section 6

2. Implemented power system model

2.1 Power flow in line transmission

Power flow through the transmission line i-j namely Pij and Qij are depended on line reactance Xij, bus
voltage magnitudes Vi, Vj, and phase angle between sending and receiving buses Ji-dj [6].These are
expressed by:

.. ViVj .
P, =-Pji= i]{ sin(5, —9,) M
. 1 BikO_ , ViVj
=(—- [ cos(d. -0, 2
Qij (Xij 2), X (6, =9)) 2

BikO, > _Vil]

1
i=(—=- 0,—0; 3
Oji = (= =5 W =y eos(d =9) ®

From the Figure 1 it can be conclude the following remarks:

-Changing the phase shift acts primarily on the reactive power.

-The variation of the reactance of the line acts simultaneously on the active and reactive power.
-Control of the voltage changes the flow units for the calculation of reactive power.

2.2 Mathematical model of power systems with UPFC devices

The objective of this section is to give a power flow model for a power system with a UPFC device.
Modified Newton-Raphson algorithm as described in [5] is used to solve the power flow equations.
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Figure 1. Control of power flow through the transmission line i-j by changing: (a) Phase angle between
the sending and receiving end voltages &, — O ;> (b) Voltage magnitude V;,V; (c) Impedance Xij

2.2.1 Power flow analysis without UPFC

Consider a power system with N buses. For each bus i, the injected real and reactive powers can be
described as:

N

=21V Y, c0s(5,-6,-0;) (4)
j=1
N

Q=) V¥, sin(3,-9,-6,) )
j=1

where V; and ¢; are respectively modulus and argument of the complex voltage at bus i, ¥; and 6; are

respectively modulus and argument of the ij-#4 element of the nodal admittance matrix Y.
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The power flow equations are solved using the Newton-Raphson method where the nonlinear system is
represented by the linearized Jacobian equation given by the following equation :

J' A [AP ‘
7 {AV}[AQ} ©

The ij-th elements of the sub-jacobian matrices J toJ?, J% and J* are respectively

. oP 20,
J, ) =—L, J? = ,J° = dJ* =
(i.7) % (i.j)= aV (i,j)=—and J*(i,/)= o

J / J

2.2.2 Power flow analysis with UPFC

Basically, the UPFC is composed of series and shunt voltage source inverters. These two inverters share
a common DC-link storage capacitor [7]. They are connected to the power system through two coupling
transformers. The series inverter injects a controllable AC voltage system in series with the transmission
line to control the real and reactive power flows. The shunt inverter supplies or absorbs the real power
demand (negative or positive value) by the series inverter at the DC-link. Also, it can provide
independent shunt reactive compensation and generate or absorb controllable reactive power [7-8].

The schematic diagram of UPFC is shown in Figure2.

V £, .
Series transformer V40

—
I'—‘I Bus m

Shunt Converter 1 J_ Converter 2
transformer

Bus k

T

Figure 2. Simplified diagram of UPFC

The series voltage source is modelled as an ideal series voltage Es in series with impedance. The shunt
voltage source inverter is equivalent to an adjustable voltage source E), in series with impedance. £, and
E, are controllable in magnitude and phase. Figure 3 represents the equivalent circuit of UPFC installed
between buses k and m.

Y, is the admittance of the line k-m including the series component of the UPFC. ¥, is the admittance of
the parallel component.

The injected real and reactive powers for all buses of the system with UPFC remain same as those of the
system without UPFC except for buses k and m, where they have the following expressions [10] :

N
By =By + D ViV Yy cos(8, =6, - 0) )
j=1
N
O =0y + 2 ViV Yy sin(5, -5, - 0, ®)
Jj=1
N
P =P, +ZVmVijj cos(é‘m -9 —Hmj) ©)
j=1
N
0, =0, + DV, VY, sin(3, -5,-6,,) (10)
j=1
where:
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P, = szYp cos 0, + V.Y, cos O, -V,EY, cos(&k -9, —Hp)+ V.EY, cos(6, —0,—6,)

(11
_VkaYs COS(5k _5m - es)

O = VY, 5in6, —V2Y, 5in6, —V,E,Y, sin(5, -5, —6,)+V,EY,sin(5, - 5,—6,)

(12)
_VmI/ka Sin(é‘k _5m _es)
P, =-VY.cos0,~V, EY cos(5, 5, —8,)-V, VY cos(5, ~5, —6,) (13)
ka = _anYS' Sines _VmESYS Sin(5m _5S _es)_VkaYs Sin(5m _5k _Hs) (14)

where E, and 6, are magnitude and phase of the shunt voltage source, E and &, are magnitude and

phase of the series voltage source.

Finally, the modified power flow equations can be solved with the Newton-Raphson method by using
equation (15).
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Figure 3. Equivalent circuit of UPFC
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2.2.3 UPFC devices cost function
Using Simens AG database [9], cost function for UPFC is developed as follows:

Cpre = 0.0003s> —0.2691s +188.22 (USS$/ KVar) (16)

where s is the operating range of the UPFC devices in MVAR, s = |Q2 - Q1|

QI - MVAR flow through the branch before placing UPFC device.
Q2 - MVAR flow through the branch after placing UPFC device.
and Cypgc is in US$/KVar. The cost function is shown in Figure 4.

200 ! , ! !

= O
[ S o R e

[}
[}

Investment [US$IKVar]
Az

£ O
[ R |

1 1 i 1 i
u] 50 100 150 200 250 300 350 400

Operating Range [MVvar]

""""" Lawer limit: Equipment costs
e | peer lirnit: Total investment costs

Figure 4. Cost Function of the UPFC device

3. Problem formulation

3.1 Optimal placement of UPFC device

The essential idea of the proposed UPFC device, UPFC placement approaches is to determine a line
overloaded where the voltages at there extremities were out of acceptable limits, this line is considered as
the best location for UPFC device. Once the location of UPFC device is determined, the economic load
dispatch, security index and powers system losses can be obtained by solving the optimization problem
using RGA, PSO and HRGAPSO approaches.

3.2 Maximum loadability limit (MLL)
The maximum lodability limit of power system is expressed as follow [10].

J,=MLL=Y P —P, (17)

J=1
where Pj is the real power generated by the unit j and P, is the transmission loss.

3.3 Security index
The security index for contingency analysis of power system is expressed as follows [11]:
2
Jo= 2wl =V, (18)
Sj 2
J j,max

where V, , w, are voltage amplitude and associated weighting factor for i"™ bus respectively, S j» W, are

apparent power and associated weighting factor for j™ line respectively, V. ,; 18 nominal voltage

magnitude which is assumed to be 1pu for all load buses (PQ buses) and to be equal to specified value
for generation buses (PV buses) and S, is apparent power nominal rate of j"" line or transformer.

j.max
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3.4 Objective function of optimization

The aim of optimization is to perform the best utilization of the existing transmission lines. UPFC is
located in order to enhance power system security and to maximize the system loadability. Fitness
function is expressed as below:

FitnessJ =a,.J , +a,J, +a,.(M —J ) (20)
A large constant positive constant M is selected to convert the MLL into a maximum one.
The coefficient a, to a, are optimized by trial and error to 0.237, 0.315 and 0.448 respectively.

3.5 Problem constraints
3.5.1 Equality constraints
These constraints represent typical load flow equations as follows:

P, -P, —ZN:V/ |Gy cos(@,~a,)+ B sin(a; - ;) | =0 1)
j=1

Qi — Op; —ﬁVj[Gij sin(ai —aj)—Bij cos(ai —aj):| =0 (22)
=

where F; and O, : generator real and reactive power at i-th bus, respectively; P, and Q) : load real

and reactive power at i-th bus, respectively; G; and B : transfer conductance and susceptance between

buses i and j, respectively.

3.5.2 Inequality constraints
These constraints represent are:

3.5.2.1 Security constraints
These include the constraints of voltage at load buses Vi , the thermal limits of line transmission and the
generator capacity are given respectively as follows:

v <y, <V i=1,,.,N, (23)
S, <8, d=1....Nb (24)
P <P <P, for j=1,...Ng (25)
where P, . and P, . are the minimum and maximum real power output of generating unit j.

3.5.2.2 Parameters UPFC constraints

Epmin SEJp SE'pmax (26)
Esmin = Es = Esmax (27)
é‘pmin < 517 < 5pmax (28)
5smin < 53' < 5smax (29)

4. Hybrid of RGA and PSO (HRGAPSO)

The proposed HRGAPSO combines RGA with PSO to form a hybrid algorithm ,in order to improve the
search ability of the algorithm. In this section, real GA and PSO are introduced first, followed by a
detailed introduction of HRGAPSO.
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4.1 Real genetic algorithm (RGA)

Heuristic methods are able to solve complex optimization problem, and to give a good solution of a
certain problem, but they are do not assure to reach global optimum.GA is a global evolutionary search
technique that can result a feasible as well as optimal solution. To increase the speed and the exactitude
of the process of research, the ordinary (binary) GA can be modified using real codes as real-GA (RGA),
in which decoding is not needed to be done [2]. The major issues of RGA can be addressed in crossover
as well as mutation and selection stages. In the following those stages are explained in details [12-14].
Figure 5 illustrates the flow chart of the proposed RGA technique in this study.

Read the line data’s, UPFC data
v

Initialize first generation

v
‘ Calculate fitness ‘

[™1

v

Selection, crossover and mutation operator

v

‘ Calculate fitness ‘
v

‘ Replacement of population ‘

Figure 5. Real genetic algorithm flow diagram

4.2 Particle swarm optimization (PSO)algorithm
PSO is initialized with a group of random particles and the searches for optima by updating generation.

Each particle represents a potential solution and has a position represented by X,. A swarm of particles

moves through the problem space, with the moving velocity of each particle represented by a position
vector V, . In every iteration each particle is updated by following two best values [15]. The first one is

the best solution p,, which is associated with the best fitness it has achieved so far. Another best value
that is the best position among all the particles obtained so far in the population is kept track of as p o At
each time step 7, by using the individual best position p, (7 ) and global best position p . (7), anew
velocity for particle i is updated by:

vi(r+1) = 0*v,(r) + ¢, *rand, *(p,(7) ~ X,(1)) + ¢, *rand, *(p, () = X,(7)) (30)
where ¢, and ¢, are acceleration constants and rand, and rand, are uniformly distributed random

numbers in [0, 1]. The term v, is limited to its bounds. If the velocity violates this limit, it is set to its

proper limit.
w is the inertia weight factor and in general, it is set according to the following equation:

w=w  ——ma___min o 3D

where w_ and w,, is maximum and minimum value of the weighting factor respectively. T is the

min

maximum number of iterations and 7 is the current iteration number.
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Based on the updated velocities, each particle changes its position according to the following:

X, (t+D)=x,(r)+h(z)*V,(r +1) (32)
where
hr)=h__ - Unax = 1o) 7 ; ho) (33)

where /___and A are positive constants.

According to (30) and (32), the computation of PSO is easy and adds only a slight computation load
when it is incorporated into RGA. So, the flexibility of PSO to control the balance between local and
global exploration of the problem space helps to overcome premature convergence of elite strategy in
genetic algorithm, and enhances searching ability. The global best individual can be achieved by the
RGA or by PSO, also it can avoid the premature convergence in PSO.

4.3 Hybrid of RGA and PSO (HRGAPSO)

The sequential steps of this algorithm (HRGAPSO) are given in Figure 6, which consists chiefly of
genetic algorithm, combined with PSO to maintaining the integration of RGA and PSO for the entire run
[15]. Briefly, the flow of key operations are illustrated in Figure 7.

Input system data

Generate initial population
of P individual

Calculate the fitness of
each individual

”l
+*

v '

The S individuals The top N individuals (P-N-8) individuals are
followed are evolved are selected as the elites evolved with RGA
with PSO

h A

| The next generation

v

| Calculate the fitness |

—
F Y

The best individual is
found

Output of the best
individual

Y
End

Figure 6. Flow chart of the proposed algorithm HRGAPSO
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Figure 7. Flow of key operations in HRGAPSO

5. Numerical results

In order to verify the presented model of UPFC, the effectiveness of the approach proposed and illustrate
the impacts of UPFC, we study two cases for a test system IEEE 14-bus. Data and results of system are
based on 100 MVA and bus 1 is the bus of reference.

Case 1: results without UPFC, with line limits ignored.

Case 2: results with UPFC installed.

The test system data can be found in [16]. The thermal limit of complex power flow for lines (1) to (20),
is given in Table 1. Table 2 gives the parameter values for RGA, PSO and HRGAPSO.

Table 1. Complex power line in IEEE-14 bus system

Line From To Line Line From To Line Line From To Line
No Bus Bus limit No Bus Bus limit No Bus Bus limit

1 1 2 1 8 10 11 1 15 9 14 1.2
2 1 5 0.6 9 12 13 1.5 16 7 8 1.2
3 2 3 1 10 13 14 0.4 17 7 9 0.8
4 2 4 1 11 6 11 1.2 18 4 7 1
5 2 5 0.6 12 6 12 1 19 4 9 0.5
6 3 4 1.2 13 6 13 0.8 20 5 6 0.5
7 4 5 0.4 14 9 10 1
Table 2. Parameter values for RGA, PSO and HRGAPSO
Parameter IEEE-14 bus
RGA PSO HRGAPSO

Population size 100 100 100

Generations 300 300 300

Cl - 2 2

C2 - 2 2

Wmax - 0.9 0.9

Wmin - 0.4 0.4

Probability of selection 0.1 - 0.1

Probability of crossover 0.8 - 0.8

Probability of mutation 0.02 - 0.02

Figure 8 represents a 14-bus test system that, applied to an optimal power flow with DC load flow model
[5]. We also use the voltage profile and the transmitted power through the transmission line as the
objective function for this test system to find optimal location of UPFC. There are two cases to be
discussed. The results are shown in Figure 9 and Figure 10.

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2011 International Energy & Environment Foundation. All rights reserved.



International Journal of Energy and Environment (IJEE), Volume 2, Issue 5, 2011, pp.813-828 823

The voltage profile of the system with and without UPFC devices are shown in Figure 9. As shown in the
figure, the voltage at bus 4 and bus 14 were out of acceptable limits (<0.9 pu) and improved significantly
with the UPFC devices installed.

-|-]3

Figure 8. IEEE-14 bus test system

1.1
51.054
R
14
S Ocase 1
$0.95-
3 B case 2
> 0.9
0.854
0.8+

12 3 45 6 7 8.9 11 12 13 14
Buslk?umlber

Figure 9.Voltage profile after and before employing UPFC

1.6 7
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1.2 — O Line limit
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0.2 A

Transmitted power [pu]

11 L2 13 14 L5 L6 L7 L8 19 L10 L11 L12 L13 L14 L15 L16 L17 L18 L19 L20
Line
Figure 10 .Transmitted power after and before employing UPFC

As can be observed in the Figure 10, when line limits are relaxed, the results of case 1 are the results of
the traditional economic dispatch. For this case, line 2-5 (L5) and line 4-5 (L7) would carry more than
limits. After installing an UPFC in line 4-5 near bus 4 (V4=0.88<0.9pu), the results of simulation carried
out have proved that the presence of an UPFC device in the transmission system can increase system
loadability and may help in reaching a more balanced distribution of line flow. The line flows tend to
distribute by approaching the thermal limits.

The performance index evolution of different methods without and with UPFC is shown in Figure 11 and
Figure 12 respectively. Results are presented in Table 3 and Table 4 respectively.

The results show the difference of the convergence speed between several representative approaches, and
reveal that HRGAPSO appeared to be the best amongst the three in two cases in term of convergence
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rate, CPU Time, and probability of attaining better solutions to improvement in security, reduction in
losses of power system, minimizing the installation cost of UPFC and increasing power transfer
capability of the existing power transmission lines.

900 T T T T T

300 1

700 ———RGA 1

——HRGAPSO
600 | -

500

Fitness J

4001
300}
200

100

0 50 100 150 200 250 300
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Figure 11. Performance index evolution of different approaches for case 1
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Figure 12. Performance index evolution of different approaches for case 2

Table 3. Simulation results of different approaches without UPFC

Approache J, J, J,

PSO 1.83 12.65 427.1
RGA 1.71 12.1 431.4
HRGAPSO 1.69 11.9 433.7

Table 4. Simulation results of different approaches with UPFC

Approache J, J, J,

PSO 1.63 8.55 469.3
RGA 1.59 7.85 473.6
HRGAPSO 1.56 6.15 476.1
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Table 5. System active losses after and before UPFC employing

Algorithm Active losses(MW) Case 1  Active losses (MW) Case 2
PSO 80.31 28.82
RGA 79.47 27.88
HRGAPSO 75.12 21.93

UPFC capital cost (installing and equipment) equals to 13.7 millions$ [17]. The reduced cost of losses
that is returned by using UPFC is given in Table 6.

Table 6. Impact of UPFC installing for different approaches

Algorithm Reduction losses  Cost of losses Economic
(MW) (million$) (million$)
PSO 51.49 80.68 66.98
RGA 51.59 80.84 67.14
HRGAPSO 53.19 83.34 69.64

As can be seen from Table 5 and Table 6, when the UPFC is installed, the comparison with RGA and
PSO, demonstrate the superiority of HRGAPSO in higher load economic dispatch accuracy and
reduction of system active losses (Table 7).

Table 7. Parameters of UPFC in IEEE-14 bus system

Control parameters of UPFC Series source Shunt source

E, (pw) o, (deg)  E, (pu) J, (deg)
PSO 0.041 -59.147 0.971 -11.474
RGA -0.068 -38.217 0.945 -8.731
HRGAPSO 0.047 -56.522 0.996 -12.081

6. Conclusion

This paper presents a new algorithm for optimally locating the UPFC in electrical power system. In order
to take advantage of the peculiarities of RGA and PSO, the proposed algorithm integrates the main
features of them into the optimization process. Simulation of IEEE-14 bus test system for tow cases with
and without FACTS shows that the placement of UPFC devices to improvement in security, reduction in
losses of power system, minimizing the installation cost of UPFC and increasing power transfer
capability of the existing power transmission lines. This proposed HRGAPSO methodology is also
effective for the optimal locating of the UPFC in the electrical power system.

Appendix

Table A1l. Line data

Line R (Q) X(Q) Line R (Q) X(Q)
10-11 8.205 19.207 4-5 1.335 4211
12-13 22.092 19.988 6-11 9.498 19.89
13-14 17.093 34.802 6-12 12.291  25.581
1-2 1.938 5917 6-13 6.615 13.027
1-5 5.403 22.304 7-8 0 17.615
2-3 4.699 19.797 7-9 0 11.001
2-4 5.811 17.632 9-10 3.181 8.45
2-5 5.695 17.388 9-14 12.711  27.038
3-4 6.701 17.103
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Table A2.Transformer data

Transformer She Volt. % u, Magnitude u, Magnitude
HV-Side (pu) LV-Side (pu)
Trf 4-9 20.912 0.9079347 0.9030717
Trf 5-6 55.618 0.9195941 0.9354145
Trf 4-7 25.202 0.9079347 0.9267493

Table A3. Load data

Load Active power MW Reactive power Mvar Power Factor
Ld 10 14.157 9.123 0.841
Ld 11 5.505 2.831 0.889
Ld 12 9.595 2.517 0.967
Ld 13 21.235 9.123 0.918
Ld 14 23.438 7.865 0.948
Ld2 34.134 19.977 0.863
Ld3 148.177 29.887 0.980
Ld4 75.189 -6.135 0.997
Ld5 11.955 2.517 0.978
Ld6 17.618 11.797 0.831
Ld9 46.403 26.112 0.871

Table A4. Generation data

Gi  N°Bus  p™pu)  Pr™(pu)  On"(pu)  On™ (pu)

Gl 1 0.3 2 -0.5 0.5
G2 2 0.2 2.7 -0.8 1

G3 3 0.2 2 -0.8 0.8
G4 6 0.4 2 -0.7 0.7
G5 8 0.2 2.5 -0.8 0.8

References

[1] Khodier, M.M.and C.G.Christodoulou, “Linear array geometry synthesis with minimum sidelobe
level and null control using particle swarm optimization,” IEEE Trans. Antennas Propagat, vol.53,
2674-2679,2005.

[2] A.Karami, M. Rashidinejad, A.A.Gharaveisi “Application of RGA to optimal choice and
allocation of UPFC for voltage security enhancement in deregulated power system” International
conference on energy & environmental systems, Greece, May 8-10,2006.pp139-144.

[3] Jin,N.and Y.Rahmat-Samii, “Advances in particle swarm optimization for antenna designs: Real-
number, binary, single objective and multi objective implementations,” IEEE trans. Antennas
Propagat”, vol.55, 556-567,2007.

[4] K. S. Pandya and S. K. Joshi, “A survey of optimal power flow methods”, Journal of Theoretical
and Applied Information Technology, pp. 450-458, 2008.

[5] Ghadir Radman and Reshma S Raje, “Power flow model/calculation for power systems with
multiple FACTS controllers”, Electric Power Research Vol. 77, pp. 1521-1531, 2007.

[6] Stephane GERBEX “ M¢étaheuristiques appliqués au placement optimal de dispositifs FACTS
dans un reseau électrique”. Thése n°2724 (2003). Lausanne, EPFL 2003.

[71 M. Noroozian, L. Angquist, M. Ghandhari and G. Andersson, “Use of UPFC for optimal power
flow control”, IEEE Transactions on Power Delivery, Vol. 12, No. 4, pp. 1629-1634, October
1997.

[8] K. S. Verma and H. O. Gupta, “Impact on real and reactive power pricing in open power market
using unified power flow controller”, IEEE Trans. on Power Systems, Vol. 21, No. 1, pp. 365-
371, February 2006.

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2011 International Energy & Environment Foundation. All rights reserved.



International Journal of Energy and Environment (IJEE), Volume 2, Issue 5, 2011, pp.813-828 827

[9] L..Cai and Erlich “Optimal choice and allocation of FACTS devices in deregulated electricity
market using genetic algorithm”, Power Systems Conference and Exposition, 2004 IEEE .PES10-
13 Oct.2004 pp 201-207.

[10] A.Shunmugalatha, S.Mary Raja Slochanal “ Optimum cost of generation for maximum
loadability limit of power system using hybrid particle swarm optimization” Electrical Power and
Energy Systems 30(2008) 486-490. ELSEVIER.

[11] H.R.Baghaee, M.Jannati, B.Vahidi, Senior Member IEEE, S.H.Hosseinian and S.Jazebi“optimal
Multi-type FACTS Allocation using Genetic Algorithm to improve power system security “ 978-
1-4244-1933-3/08/$25.00©2008 IEEE.

[12] L.Erlich, G.Stamtsis, Y.luo, “Optimal choice and allocation of FACTS devices in deregulated
electricity Market using Genetic Algorithms*. Bulk power system dynamics and contol- VI August
22-27,2004.

[13] Bhasaputra.P, Ongsaku w.L, 2002.optimal power flow with multi-type of FACTS Devices by
hybrid TS/SA Approach, IEEE Proc.on International Conference on Industrial Technology,
vol.1:285-290.

[14] Saravanan M, Slochana S.M.R.L, Venkatesh P, Braham P.S, 2005. Application of PSO Technique
for optimal location of FACTS devices Considering System loadability and cost of installation,
IEEE Power Engineering Conference, 29 Nov-2Dec, N°1:716-721.

[15] W.T.Li, X.W.Shi, and L.Xu “ Impoved GA and PSO culled hybrid algorithm for antenna arry
pattern synthesis” PIER 80, 461-476, 2008.

[16] IEEE 14 bus test system data [online]. Avalable: http://www.ee.Washington.edu/research/pstca/
pfl4/pgtca 14 bus.htm.

[17] J. Baskaran, V. Palanisamy, “Genetic Algorithm to optimal location of FACTS device in a Power
system network considering economic saving cost” academic journal, vol.15,2005,pp.2-10.

engineering from the Superior Normal School of Technical Teaching of Tunis-Tunisia in 1997. He is
currently a Ph.D.student and a Technologiste. His current research interests are in the multi objectives
s b o dispatch optimization of electrical networks. He is author and co-author of about 6 papers in international
journals and national and international conferences.
E-mail address: Ismail.Marouani@isetks.rnu.tn

i, Ismail Marouani was born in Kasserine (Tunisia) in 1971. he received his ‘maitrise’ in electrical
s -

Taoufik GUESMI was born in Elkef (Tunisia) in 1975. He received the electrical engineering degree
(1999) and the M.Sc (2002) and Ph.D. (2007) in electrical engineering from National Engineers School of
Sfax, Tunisia. He is currently an associate professor in the biomedical Institute of Tunis-Tunisia. His
current research interests include electrical power systems (EPS), the dispatching and the stability of EPS,
wind energy and intelligent techniques applications in EPS. He is author and co-author of about 18 papers
in international journals and national and international conferences.

E-mail address: tawfik.guesmi@istmt.rnu.tn

Hsan HADJ ABDALLAH was born in Sfax (Tunisia) in 1958. He received his 'Maitrise' in electrical
engineering from the Superior Normal school of Technical teaching of Tunis-Tunisia in 1982, the
'Diplome d’Etudes Aprofondies' in electrical engineering from the Superior Normal school of Technical
teaching of Tunis-Tunisia in 1984, the Doctorat in electrical engineering from the Superior Normal school
of Technical teaching of Tunis-Tunisia in 1991 and Habilitation Universitaire in electrical engineering
from the Diploma in electrical engineering from the National School of Engineers of Sfax-Tunisia in 2007.
He is currently an associate professor in the Department of Electrical Engineering of National School of
Engineers of Sfax-Tunisia. His current research interests include electrical power systems (EPS), the
dispatching and the stability of EPS, wind energy, and intelligent techniques applications in EPS. He is
author and co-author of about 30 papers in international journals and national and international
conferences.

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2011 International Energy & Environment Foundation. All rights reserved.



828 International Journal of Energy and Environment (IJEE), Volume 2, Issue 5, 2011, pp.813-828

E-mail address: hsan.haj@enis.rmu.tn

Abderrazak OUALI was born in Sfax (Tunisia) in 1950. He received his Engineering Diploma in Science
physics from Tunis University in 1974. The Doctorat in automatic and informatics from 7- Paris University
e = in 1977 and the State Doctorat in Science Physics from Tunis University in 1989. He is currently a
professor in the Department of Electrical Engineering of National School of Engineers of Sfax-Tunisia.
His current research interests control of wind renewable energy systems and the power systems computing
and multi objective dispatching. He is author and coauthor of several papers in international journals and
international conferences.
E-mail address: abderrazak.ouali@enis.rnu.tn

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2011 International Energy & Environment Foundation. All rights reserved.



