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 Flexible AC transmission system are widley used in power sytems to ensure 

voltage stability, in virtue of their high cost the choise of the best location in 

electrical network is essential. The porpose of this paper is to present a new 

method for finding the optimal location, size and number of Static Var 

Compensator in order to enhace the voltage stability of electrical network. 

The optimal solution has been found by using the evolutionary programming 

algorithm, particle swarm optimization, combined with voltage stability 

indexes used for the estimation of the voltage collapse in power systems.The 

proposed algorithm has been validated by application on both simulation 

network model IEEE 30-Buses under different load cases and the electric 

network model of Casablanca region in Morocco.The results of the 

application have been analysed and compared in each case in order to get the 

optimal number of Static Var Compensator to be used. 
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1. INTRODUCTION  

The electric systems are increasingly becoming more complex and heavily loaded. Along with 

economic and environmental constraints. One of the major concerns in power systems is voltage stability. 

The voltage must be maintained acceptable at all nodes of the system in normal function or after  

disturbance [1]. The instability of voltage is characterized by a progressive and uncontrollable decrease in 

voltage level caused by a disturbance, as the majority of systems operate close to their limits the control of 

such instability is impossible. 

Different approaches have been given for the study of voltage stability [2].  The optimal value and 

the voltage stability limits are important for the operation of power systems, thus the necessity of defining a 

voltage stability indexes capable of providing reliable knowledge of the voltage stability in a power system. 

The value of these indexes varies in general  between 0 (no load) and 1 (voltage collapse). 

The FACTS (Flexible AC Transmission Systems) have been widely used to ensure the stability of 

voltage in power systems, The SVC (Static Var Compensator) is a shunt FATCS used to regulate voltage. 

SVC has many possible configurations. In this paper we use TCR-FC type of SVC [3]. Due to the expensive 

investment cost it is important to choose the suitable location and parameter settings of SVC to increase 

stability of voltage and minimize system losses .The modern heuristics optimization techniques such as 

evolutionary programming genetic algorithm (GA), and particle swarm optimization (PSO) are successfully 

implemented to solve complex problems [4-8]. However, there are more advantageous performances of the 

PSO than those of GA, the PSO seems to converge to its final parameter values in fewer generations than 

GA.The PSO method gives a better balanced mechanism and better adaptation to the global and local 
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exploration abilities. Furthermore, it can be applied to solve various optimization problems in electrical 

systems such as stability of system and location of voltage regulator [9-12]. 

In the literature many researches have been done  in order to find the optimal location of SVC using 

PSO, and to obtain the optimal type, location and setting of FACTS, optimal  investment cost  and annual 

maximum benefits [13-16]. Unfortunately the optimal number of SVC has not been mentioned in literature, 

so in this paper we will describe the application of PSO to find the optimal number and location of SVC 

using voltage stability index.  

The application of the algorithm has been carried out on both the IEEE 30-bus system under 

different loading cases, and the electric network of Casablanca region in Morocco.  

The rest of the paper is structured as follow. In section 2 the PSO is presented in general followed 

by a description of voltage stability index and the formulation of objective function with the application of 

PSO for optimal location of SVC. Results of simulation are provided in section 3. 

 

 

2. PROPOSED SOLUTION 

2.1.  Particle Swarm Optimization 

PSO was introduced by Kennedy and Eberhart [17-18]. It was inspired from social behaviors of fish 

schooling and bird flocking. In PSO individuals (particles) change their position in time according to their 

own best experience and the best experience given by their neighbors. Let D be the dimension of the search 

space, each particle is represented by a D-dimensional vector for example the ith particle is 

 1 , 2 , , .,i i i i iX X X Xd XD     the particle with the smallest objective function value is denoted by the 

index Gbest (global best), each best position of particle is recorded as 
 1 , 2 , , .,i i i i iP P P Pd PD  

  while 

the position change, the velocity also change flowing equation (1). 

 

       1 1. 1. 2. 2.i i i i best iV t W t C R Pd Xd C R G Xd          (1) 

 

And the new position of the particle can be calculated by equation (2). 

 

     1 1i i iXd t Xd t Vd t           (2)  

 

Where W is the inertia weights. 

C1 and C2 are constants influencing the convergence speed of particles. 

R1 and R2 are random numbers between 0 and 1. 

Velocity updates are influenced by both the best global solution associated with the lowest cost ever 

found by a particle and the best local solution associated with the lowest cost in the present population. If the 

best local solution has a cost less than the cost of the current global solution, then the best local solution 

replaces the best global solution. The first part of equation (1) represents the inertia of the previous velocity, 

the second part is the “cognition” part which represents the private thinking by itself, and the third part is the 

“social” part which represents the cooperation among the particles. 

Using PSO offers the following advantages: it is easy to implement and there are few parameters to 

adjust. Hence , PSO will be a good optimization technique to use in our case for finding the optimal location 

and number of SVC. 

 

2.2. Voltage Stability Indexes 

Voltage stability indexes can provide an estimation of how a power system is close to voltage 

collapse, the voltage stability is described as follows: “The voltage stability is the ability of a power system 

to maintain steady acceptable voltages at all buses in the system at normal operating conditions and after 

being subjected to a disturbance.” [19]. There are many voltage indexes, some are based on power flow 

Jacobian matrix but they require large time due to the high computational requirements. Other indexes use 

the elements of the admittance matrix [20-21] and some system variables such as bus voltages and power 

flow through lines such Lmn [22], LQP [23], and FVSI [24], the calculation of these indexes require less 

computational effort and are adequate for a fast diagnosing of the voltage stability. As we are looking for the 

optimal location of SVC to ensure stability of the network these indexes will be suitable for our case. A short 

description voltage stability indexes is given next. 
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2.3. Optimal Location of SVC 

The three voltage stability indexes used in this paper are The line stability index FVSI [25], LPQ 

[26] [27] and Lmn .These indexes are based on the concept of power flow in a transmission line. The line 

with index close to 1 is a line approaching to its limits , and if the value of an index exceeds 1 then one of 

buses connected to this line experiences a sudden voltage drop leading to a voltage collapse , the calculation 

of these indexes is given by equations (3), (4 ) and (5): 
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where, 

Z = line impedance 

X = line reactance 

Qj = the reactive power at the receiving bus 

Vi= voltage at the sending bus 

Pi = active power at the sending bus. 

θ : is the line impedance angle 

δ : is the angle difference between the supply voltage and the receiving end voltage. 

Yjj : Admittance of the line 

 

The objective is to find the optimal location and number of SVC in order to enhance the voltage 

stability in an electrical network. Thus, the problem can be presented as an optimization problem. 

To benefit from the advantages of the three voltage indexes FVSI, LPQ and LMN, the objective 

function will contain the mean average of these indexes given by equation (6) . 

 

1
3

Lines
i i i

i

FVSI LPQ LMN
F



 
         (6) 

 

The model of SVC used is presented in Figure 1. The SVC will inject or absorb its reactive power 

(QSVC) at the selected bus , the operating range of SVC is between -100MVar and +100MVar. 

 

 

 
 

Figure 1. FC TCR Model 

 

Let Nsvc be the number of SVC to be located. The dimension of the population Ndim is given by 

equation 7: 

2*dim SVCN N
         (7) 

The vector of the population will be coded as follow [L1,L2,…LNdim,Q1,Q2…QNdim] 

where: 

Li: the number of PQ bus where SVC will be inserted 

Qi: the reactive power of the SVC 
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The objective function is calculated using equation 6 in which voltage stability index will be 

calculated according to equations (3), (4) and (5) ,using voltage, active power, reactive power and angles 

given by the calculation of Newton Raphson method [28]. The best solution using PSO gives the best 

location of SVC and its size. The flow chart of the algorithm is presented in figure 2. 

 

 

 
 

Figure 2. PSO Algorithm 

 

 

3. SIMULATIONS AND RESULTS 

3.1. IEEE 30 Bus System Network 

In order to test the efficiency of the proposed solution, the PSO algorithm was applied to the IEEE 

30bus power system for three different cases as illustrated in Table 1, in each case the load of PQ buses 

increased as shown in Figure 3, the program find the optimal solution of  1 SVC, 2 SVC and 3SVC. The 

results of simulation are presented for each case. 

 

 

 
 

Figure 3. Load case 
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The location of 2 SVC and 3 SVC in each case is given in Table 1, also the power loses and 

objective function of each case are given in Table 2. 

For the first case, the difference between power losses using 2 and 3 SVC is not important; 

moreover, the voltage profile is in stability zone, so the optimal number of SVC is 2 as illustrated in figure 4. 

In the second case, the power losses obtained with 2 SVC are bigger than those obtained with 3 SVC; also, 

we notice that the use of 3 SVC led to better stability of voltage, so the optimal number of SVC is 3 as shown 

in Figure 5. In the last case, the results obtained with 3 SVC are better than those obtained with 2 SVC, but 

are not sufficients because the voltage in several buses is under 0.95 pu as shown in figure 6; thus, the 

optimal number of SVC is 4 as shown in Figure 7. 

 

 

Table 1. Optimal Location and Size of SVC in Different Cases 
Cases SVC Bus Size (MVar) Bus Size (MVar) Bus Size (MVar) 

CASE 1 
2 SVC 30 27.3020 26 15  

3 SVC 30 19.9939 26 14.9995 29 14.9638 

CASE 2 
2 SVC 18 58.0782 4 100   

3 SVC 7 100 16 50.6301 18 51.6295 

CASE 3 
2 SVC 26 25.3292 18 58.7378   

3 SVC 4 100 26 25.4113 18 58.0387 

 

 

Table 2. Power Losses and Objective Function in Different Cases 

Cases SVC 
Power 

Losses(MVAR) 
F (pu) 

CASE 1 

Without SVC 27.6113 0.1273 

With 2 SVC 17.9402 0.0488 

With 3 SVC 17.4998 0.0414 

CASE 2 

Without SVC 28.0885 0.1301 

With 2 SVC 22.5850 0.0766 

With 3 SVC 19.7536 0.0572 

CASE 3 

Without SVC 36.3234 0.2033 

With 2 SVC 25.6416 0.1108 

With 3 SVC 23.7044 0.0957 

 

 

 

 

 

 

 

 

Figure 4. Voltage Profiles Case 1 

 

 

 

Figure 5. Voltage Profiles Case 2 

 

  

 

 

 

 

 

 

 

 

 

Figure 6. Voltage Profiles Case 3 

 

 

 

 

 

 

 

 

 

Figure 7. Voltage Profiles Case 3 Using 4 

SVC 
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3.2. Electric Network of Casablanca Region 

The electric network of the city Casablanca is constituted of 6 generators and 18 load buses. The 

network suffers from voltage instability and violation of voltage limits in several buses (9, 16, 18, 20,  

and 21). The results of using two, three and four SVC are given in Tables 11 and Table 12, and voltage 

profiles are presented in Figure 7. 

 

 

Table 3. Optimal location of SVC in Casablanca case 
 Bus Size (MVar) Bus Size (MVar) Bus Size (MVar) Bus Size (MVar) 

2 SVC 4 69.10 20 100    

3 SVC 4 69.10 20 100 9 100   

4 SVC 4 69.01 20 100 9 100 21 80.0191 

 

 

Table 4. Power Losses and Objective Function in Casablanca Case 
 Power Losses 

(MVAR) 

F(pu) 

Without SVC 63.3274 0.1057 
With 2 SVC 58.7489 0.0740 

With 3 SVC 56.8470 0.0647 

With 4 SVC 55.8382 0.0592 

 

 

 
 

Figure 8. Voltage Profiles of Casablanca Network 

 

 

From the results it’s obvious that the use of 2 SVC is insufficient. The use of 3 SVC gives better 

results than 2 SVC but voltage still drops in some buses. Therfore, the optimal number is 4 SVC. 

 

 

4. CONCLUSION 

The results described in this paper show the efficiency of the proposed solution in cases of IEEE30 

bus and the electric network of Casablanca region. The program has detected the optimal location and size of 

the SVC needed for voltage stability. Also the number of SVC can be determined by analyzing voltage 

stability index and voltage profiles. 
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