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Abstract  

The transmission subsystem in electrical power systems is very important, 

because it is in charge of bringing electrical energy from generation to the 

sub-transmission stage and subsequently to be distributed. The applications 

of the FACTS SVC in the buses of the electric power system are varied; 

These devices allow us to modify the power flow in the power system, in 

order to make the most of the capacity of the transmission lines; locating 

these reactive power compensating elements has a high cost, so it is 

necessary to locate them in an optimal and intelligent way, in order to make 

the investment feasible. In this research, a methodology is presented to 

minimize the deviation of the magnitudes of the voltage profiles, for which 

we analyse the behaviour before and after reactive compensation in 

transmission networks using bacterial foraging optimization (BFO), 

considering the optimal location of SVC in the IEEE-14, IEEE-30 and IEEE-

57 bus models. Finally, the location of reactive power compensators in buses 

of electrical power system improves the voltage profiles in each of its bus, 

minimizes investment costs and reduces active and reactive power losses in 

transmission lines. 
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1. Introduction 
 

Industrialization and population growth are the primary factors for which 

the consumption of electricity is steadily increasing. It becomes increasingly 

difficult to get traffic areas to build new transmission lines or distribution. 

For these reasons, the power companies are seeking to increase the power 

that can be transported existing lines without compromising reliability and 

stability. Ideally, we would load them to the limits of the thermal capacity of 

drivers and use all lines to support the electrical load.  

Transport networks and distribution of electric power have so far passive 

devices. Furthermore, the mesh lines requires more control of power flows. 

Network complexity also requires safety margins increased so that local 

disruptions do not cause any instability could spread throughout the transport 

network. The evolution of the electronic power topologies and their 

integration in electricity grids has resulted in major improvements on these, 

such as flexible compensation of reactive power, the continuous monitoring 

of the voltage bus, the improving power factor etc. 

The Static VAR Compensator (SVC), based on controlled power 

electronics, is a device used to maintain voltage transients and stable 

conditions within desired limits. The SVC supplies or receives reactive 

power to the mounted buses to meet the reactive power requirements of the 

load. This allows the bus voltage to be flexibly and continuously controlled. 

The correction of the displacement factor is achieved in part by batteries 

of fixed compensation whose power is limited by the vacuum maximum 

permissible voltage on the network. In order to adapt the level of 

compensation for consumption, the fixed part is supplemented by an 

adjustable device based on a controlled reactance by thyristors. Although 

simple in principle, this device requires a filtering of low-frequency 

harmonics with large LC circuits. 

 

2. Problem Statement 
 

The methods of calculating the Load-Flow are extremely important in 

assessing the state of a power system, are evaluating operation and control, 

and for future extensions studies [1]. 

Calculating Load Flow begins by specifying the loads at some nodes and 

produces power and the amplitudes of the voltages of the remaining nodes 

with both, the full depiction of the framework including its impedances. The 

goal is to decide the complex nodal voltage from which every other sum as 

the stream in the lines currents and losses can be determined.  

In numerical terms, the issue can be decreased to an arrangement of 

nonlinear conditions where the genuine and non-existent segments of the 

nodal voltages are variable. The quantity of equations is equivalent to double 

the quantity of nodes. Nonlinearities can be generally delegated quadratic 

nature. The gradient strategies and relaxation procedures are the main 

techniques accessible for settling these frameworks [2]. 

 

3. Proposed Method 
The Newton-Raphson method is used to determine the performance loss 

of the proposed system. Here we have used IEEE-14, IEEE-30 and IEEE-57 

bus systems. The SVC seems to be connected to a different bus. The 

increased load strongly influences the voltages of all buses. SVCs are 

randomly connected and the power flow losses for the various buses are 
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calculated to increase the voltage profile as well as to compensate for the 

reactive power of the entire system. The following analysis was performed 

using the Newton-Raphson method: 

 

 Determination of the load losses across all buses, as well as the total 

losses of IEEE-14, IEEE-30 and IEEE-57 bus systems. 

 Find all load losses and total losses for various load variations without 

SVC. 

 Use SVC to determine the load losses for all buses, as well as the total 

loss for various load fluctuations. 

 

3.1 Newton-Raphson Technique 
 

The Newton-Raphson method is the most advanced and important 

method for conducting load flow studies, especially for complex electrical 

networks. The Newton-Raphson method is based on partial derivatives and 

Taylor series (sequential linearization). The generalized formulation is 

represented as: 

 

Discover , knowing that,  

Each  estimation,  defines: 

 

                        (1) 

 

Iteration Index: 
 

The representation of  by Taylor series gives: 

 

 
 

 is approximated by neglecting all terms except the first two. 

 

                   (2) 

 

This linear approximation is used to solve  

 

                        (3) 

 

Solve the new estimate of  

 

 
 

                       (4) 
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3.1.1 Application of the Newton-Raphson Method in a Power 
Distribution Problem (Power Flow) 

 

The injected apparent power  in a node can be written as: 

 

                 (5) 

 

Here, admittance,  

 

                 (6) 

 

And nodal voltage 

                                            (7) 

 

                                                          (8) 

 

                                                 (9) 

 

       (10) 

 

               (11) 

 

              (12) 

 

                       (13) 

 

The first iteration;  

 

Choice of initial values: 

 

As long as:  gives,  

 

                                     (14) 

 

 
 

The most complex part of the Newton-Raphson algorithm is the 

determination of the matrix and the inverse matrix Jacobean . 

 

                                              (15) 
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The Jacobean elements are calculated by calculating the partial 

derivatives of each function with respect to each variable. 

 

        (16) 

 

                    (17) 

 

SVC is applied to reduce power loss. 

 

3.2 Static VAR Compensator 
 

The SVC is a shunt-connected device whose main function is to regulate 

the voltage on a selected bus by properly controlling its equivalent reactance. 

The basic topology consists of a series capacitor bank C parallel to a coil L 

with a controlled thyristor resistance, as shown in Figure 1. In practice, SVC 

can be thought of as a controlled reactance [3] that can perform inductive 

compensation and capacitive compensation. Details of SVC modeling can be 

found in [4, 5]. The SVC connected to node j is represented in Figure 2. 

 

 
Figure 1: Generalized topology for SVC 

 

 
Figure 2: Representation of an SVC 
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Figure 3: Representation of current injection model for SVC 

 

 

Figure 3 shows the SVC injection model, where Ijsvc is the complex 

SVC injection current at node j, Vi and Vj are the complex voltage at nodes i 

and j. Reactive power input at node j is determined by the expression: 

                                 (18) 

 

Where BSVC = BC − BL, BC and BL are the sensitivity of the fixed 

capacitor and the reactance of the thyristor, respectively. Reactive power can 

be transferred by the current applied to the bus j, which is defined as: 

                                     (19) 

 

The control block diagram is shown in figure 3, where Vt is the voltage 

at the SVC pin, Vref is the voltage that the SVC must support, K is the 

control gain, T is the time constant associated with the SVC control action, 

∆Bmin and ∆Bmax show the limiting change in susceptibility of SVC, and 

Cdamp is the damping control signal. 

In the proposed system, the position of the SVC in a particular bus 

system is determined by bacterial foraging optimization, explained in 

following subheading. 

 

3.3 Bacterial Foraging Optimization (BFO) 
 

The BFO algorithm was proposed by Kevin M. Passino [8] and is one of 

the most recent swarm intelligence (SI) techniques for optimizing robust 

problems. The algorithm mimics the feeding behavior of Escherichia coli (E. 

coli) bacteria in the human intestine. Artificial bacteria perform three main 

research activities: chemotaxis, reproduction, and elimination of diffusion. 

During the chemotactic movement, the swarm of bacteria tries to move and 

live in a nutrient-rich environment, quickly leaving nutrient-poor areas and 

away from dangerous places. 

The bacteria perform chemotactic movements in two stages: swimming 

and fainting. Bacteria can swim in one direction when the concentration of 

nutrients around them increases. Once the bacteria detects that nearby 

nutrients are depleted, a crushing action is required to quickly reverse the 

search direction. Swimming and fainting phases alternate, while floating 

bacteria live longer in nutrient-rich areas and can quickly leave unattractive 

areas due to collapse. Chemotaxis can be viewed as a local optimization 

strategy for bacteria, whose cellular behavior is described by the following 

formula: 

 

 

Ij 

 
Vj Vi 
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                     (20) 

 

Where  denotes the location of bacteria  at the stage of 

chemotaxis , at the stage of reproduction  and the stage of destruction-

dispersion l.  is a measure of the chemical stage of bacteria , the vector 

 is used to determine the random direction of the collapsed movement of 

the chemotactic passage . 

To create a new solution, bacteria undergo a series of chemotactic 

movements that increase and decrease the strain on the wallet (swimming 

and falling). Each new solution is evaluated by an algorithm. If the new 

solution is better than the current one, a swarm of bacteria will replace it. The 

chemotaxy equation is defined as follows: 

 

                                   (21) 

 

Where  is the new value for bacteria ,  is the number of 

chemotactic step iterations,  is a constant representing the chemotactic 

impulse (which controls the distance of movement), and  is a random 

number in the interval [-1,1] shows the degree of direction change in the 

shock phase. The float and thrust constants give the stride size,  gives 

the  value for the thrust, and  the float value. The chemotactic 

phase includes collapse and several sips. The algorithm includes a self-

checking mechanism used by each bacterium to check for these steps. 

After a series of chemotactic movements, the bacteria try to reproduce in 

order to increase their chances of survival. Each of the most powerful 

bacteria multiplies by asexual division into two bacteria. New bacteria 

become closer to their parents. At the same time, weaker bacteria are killed, 

and the number of bacteria in the population remains constant. 

Finally, due to sudden or gradual changes in the local environment, 

excretion events can occur, so that part of the bacterial herd is lost or forced 

to move to another location. When bacteria die, new bacteria are created and 

randomly placed in the research room. The breeding process is responsible 

for moving existing bacteria to a better place. Although the likelihood of a 

deletion propagation event is small, over time this process increases the 

variety of solutions and increases local searches. 

 

4. Simulation and Results 
 

On the IEEE-14, IEEE-30 and IEEE-57 bus models, the algorithm of 

BFO optimized location of SVC was applied with several restrictions and as 

a result, the most feasible locations were found at the time of locating SVC 

in the studied models, in figure 4, figure 5 and figure 6 it is presented 

graphically the place where the SVCs will be located. 
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Figure 4: Comparative graph of active & reactive power losses in IEEE-14 

bus system using BFO optimization 

 

 

 
Figure 5: Comparative graph of active & reactive power losses in IEEE-30 

bus system using BFO optimization 
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Figure 6: Comparative graph of active & reactive power losses in IEEE-57 

bus system using BFO optimization 

 

Table 1: Comparative analysis for active power loss and reactive power loss 

 

 

 

                

 

 

 

 

 

 

 

 

 

 

 

 

5. Conclusion 
 

At the end of the planned analysis, it is observed that the SVC location 

that was carried out using BFO optimization tool achieves the minimum 

implementation of devices, thus reducing the investment cost. It must be 

taken into account that, for each model of IEEE power electrical systems, the 

location of the compensators will be different. 

 

Bus Test System NRPF NRPF-SVC-BFO 

Active 

power 

(MW) 

Reactive 

power 

(MVar) 

Active 

power 

(MW) 

Reactive 

power 

(MVar) 

IEEE-14 bus test 

system  

13.7214  56.5404 13.7055 55.5770 

IEEE-30 bus test 

system 

17.8162    69.4087 17.7799 68.8303 

IEEE-57 bus test 

system 

19.0564    87.4032 19.0564 86.8447 
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The implementation of SVC devices help to improve the voltage profiles 

in the electrical power systems in certain buses in such a way that they take 

values close to 1 in (p.u.). The benefits produced by the implementation of 

these devices are: the reactive flows are redistributed in a way that reduces 

the demand on generators, maximizes the performance of the transmission 

lines and improves tension profiles in the system buses. 

The implementation of SVC devices in the different models helps to 

reduce losses in transmission lines, not only in reactive power losses, but also 

in reactive power losses due to the angular difference that exists between the 

buses. 
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