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ABSTRACT 

The intermediate step in the transport of electrical power from the central producing plant to the customers is 

the electric transmission system. One of the most important goals for any electric utility is to minimize active 

power losses since it is crucial for improving system characteristics in order to handle higher load requirements 

and minimize production costs. Because there is not enough reactive power in the network, the voltage at buses 

decreases and loss rises. The shunt capacitor banks provide the necessary reactive power. The best location for 

capacitors in the transmission system has long been researched. The goal of this optimization issue is to 

determine the best capacitor sizes and placements. In this paper, we have investigated the possibility of 

lowering the value of real power losses for global system transmission lines by employing a genetic algorithm 

to determine the optimal location and sizing of shunt capacitors while taking into account the value of real 

power losses with reactive power injection as a measure of the capacity to lower losses at load buses. The IEEE 

6-bus system is used to test the findings. 

KEYWORDS: IEEE 6-Bus System, Capacitor Banks, Genetic Algorithm, Loss Reduction, Ideal Capacitor 
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INTRODUCTION 

[12] In addition to maintaining the quality of power supplied to users through voltage control within allowable 

limits, the power generation utilities sought to increase operational efficiency to the greatest extent possible by 

minimizing losses in real power transmitted across the transmission lines [1]. In order to provide the best 

possible control over reactive power, shunt capacitors have become an increasingly important instrument. In 

large electric networks, shunt capacitors are placed in strategic areas to optimize the voltage profile and lower 

power losses in the distribution and transmission lines [2]. Shunt capacitors were originally used in 1914 to 

increase power factor, but their usage was restricted because of its massive size, weight, and expensive cost per 

MVAR [3]. Shunt capacitors have been utilized extensively in the power system since 1939 because of their 

lower cost in relation to their size [4]. The system power factor typically decreases as the load increases. 

Voltage control issues, higher system losses, power factor fines in power contracts, and decreased system 

capacity result from load increases and power factor decline [5]. The capacitors lower system line losses, 

increase power factor, and provide some voltage drop correction. Capacitors that are positioned and designed 

correctly may often lower system line losses to the point where their installation costs are justified [6]. Placing 

the capacitors as close to the inductive loads as feasible maximizes their advantages. Capacitors are often 

employed for reactive power adjustment in power system networks [7]. 

[13] Determining the quantity, location, type, size, and control setting of the capacitors to be fitted at various 

load levels constitutes the ideal capacitor placement. The goal is to reduce energy losses while taking into 
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[14] expenses associated with installing capacitors, improving voltage profiles, and boosting system stability. 

The best location for capacitors in electrical power systems has been the subject of several studies in the past. 

References [8]–[10] have used evolutionary algorithms to determine the best location for capacitors in power 

systems. For the best location of fixed and switched capacitors in radial distribution networks, J.C. Carlisle et 

al. [11] used a graph search technique. Eajal et al. [13] employed particle swarm optimization for the best 

placement and sizing of capacitors in an unbalanced distribution system while taking harmonics into account, 

while Om Prakash Mahela et al. [12] used a method for optimal capacitor banks placement in radial distribution 

feeders for loss reduction using MATLAB. The suggested power system model in this study uses a genetic 

algorithm to determine the best location for capacitors. The goal function is to reduce the overall yearly cost 

resulting from power loss and capacitor placement. Voltage limitations are the restriction. The suggested 

approach is evaluated for ideal capacitor locations and sizes on an IEEE 6-bus system. 

GENETIC ALGORITHM 

• John Holland [14] was the first to define the theoretical underpinnings of genetic algorithms, and David 

Goldberg [15] subsequently gave an instructional presentation. The principle of natural selection, which 

propels biological development, serves as the foundation for the genetic algorithm, a global search 

method for resolving optimization issues. Genetic methods explore many peaks in parallel using a 

population of binary strings [16]. Important terms related to the genetic algorithm are as follows [17]: 

• Any place to which an objective function may be applied is considered a person. In essence, it is the 

collection of values for every variable that the function will be optimized for. An individual's score is 

the value of the objective function. Genes are the vector entries of a person, which is frequently referred 

to as a genome. 

• A population is any group of people. For instance, the population may be represented as a 100-by-3 

matrix, where each row represents an individual, if the population size is 100 and the objective function 

has three variables. 

• Generation: In order to create a new population, the genetic algorithm applies genetic operators on the 

present population at each iteration. Every subsequent population is referred to as a "new generation." 

• Parents and children: The genetic algorithm employs certain people from the present population, 

referred to as parents, to generate persons in the following generation, referred to as children. 

• To create offspring for the future generation, parents are subjected to the following three genetic 

operators: 

• The process of reproduction involves choosing the most fit members of the present population to create 

the next one. The kids are referred to as Elite kids. 

• Crossover is the process by which two people share genetic information. We refer to these kids as 

crossover kids. 

• Individual genetic representations are altered by mutation in accordance with a probabilistic rule. In this 

instance, the offspring are referred to as "mutation children." 

• This research uses the evolutionary algorithm approach to determine the best location for capacitors in 

the electric transmission network in order to minimize overall yearly cost and reduce loss. The 

suggested algorithm's primary computing phases are as follows: 
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• Examine network and system data. Enter the minimum and maximum permissible operating voltages as 

well as the cost of capacitors. Population size, crossover, and mutation rates are examples of input 

algorithm parameters. 

• Prior to installing capacitors, compute the system power losses at each load level, the overall energy 

losses, and the bus voltages at each bus in the event of nonlinear loads. 

• Create a collection of first plausible solutions at random to constitute the beginning population. 

• Determine each solution's corresponding fitness value. 

• Determine the population's average fitness value. Additionally, determine each person's chance of 

selection. 

• All individuals whose fitness values fall below the computed average fitness value should be passed on 

to the next generation without alteration. 

• Choose one parent. Select the other parent at random. To create new offspring, use crossover and 

mutation operators. 

• Proceed to step 7 if the offspring is not conceivable; otherwise, proceed to step 9. 

• Determine the offspring's fitness value. 

• To replace a person whose fitness value exceeds the computed average fitness value, create a new 

member of the population. 

• To locate the remaining people, repeat steps (7) through (10). 

• If the halting requirement is not met, repeat steps (5) through (11). If not, go to step 

• Print the best solution that has been discovered so far. 

 

PROBLEM FORMULATION 

The bus voltage and line losses can be calculated by the Gauss-Seidel iterative method employing the following 

formula [18]: 

Where 

: Voltage of bus i at the kth iteration 

 ,  : Bus active and reactive power of bus i 

= yi,m for i  

and  for i = m 

 

The current in branch (i,k) connecting buses i and k is given by [19]: 
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Where   = Current through branch (i, k) 

 = Total real power flow in the branch (i, k) 

 = Total reactive power flow in the branch (i, k) 

 = Voltage at node (i) 

The total power loss in the transmission lines is: 

 

Where 

 = Current through branch (i, 

k)  = Resistance of branch (i, 

k) 

The branch current has two components active (  and reactive ( . The total loss associated with the active 

and reactive components of a branch current can be written as: 

 

 

 

and 

 

Where = reactive component of branch current obtained from load flow solution. 

The loss associated with active component of branch current cannot be minimized, however the loss associated 

with the reactive components of branch currents can be minimized. The capacitor installed at bus k draws a 

reactive current Ic and it changes only the reactive component of current of branch set α. Thus the new rective 

current of the branch (i, k) is given by 
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given by 

Where 

 = 1, if branch (i, k) belongs to α 

= 0 otherwise. 

The loss associated with the reactive component of branch current in the system compensated by the capacitors 

is 

 

The loss saving is the difference between equation (4) and (6) and is given by 

 

 

 
 

 

 

The capacitor current from loss saving is calculated by differentiating eqn (8) and equating it to 

zero. The capacitor current from loss saving is given by 

 

The corresponding capacitor size is 

 

Where 

Qc = Capacitor size in MVAR 

Vm= Voltage magnitude of bus „m‟ in 

volts Ic = Capacitor current in amps 

 

 

OBJECTIVE FUNCTION FORMULATION 

The objective function in the proposed algorithm aims at minimizing the total annual cost due to capacitor 

placement, and power loses with constraints that include limits on voltage and size of installed capacitors. The 

objective function is given by 
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Where 

Kp = Annual cost per unit of power 

losses n = Total nos. of buses 

 = Capacitor annual cost per KVAR, it is zero when no capacitor is installed on 

the bus.  =Shunt capacitor size placed at bus. 

Vmin =Minimum permissible bus 

voltage Vmax = Maximum permissible 

bus voltage 

OPTIMAL CAPACITOR PLACEMENT USING GA 

The evolutionary algorithm has been utilized in this work to determine the best location and size of capacitors 

in the electric transmission system. Improvement of the voltage profile and loss reduction are the intended 

functions. Equation (11) provides an objective function that seeks to minimize overall cost. The feasibility of 

the suggested technique is shown by testing the capacitor placement results on the IEEE 6-bus system depicted 

in Figure 1. There are four load buses and two voltage sources in this network. The swing bus is bus number 

one, the PV bus is bus number two, and the PQ load buses are bus numbers three through six. 

Table 1 [20] displays the line data for the IEEE 6-bus system. Table 2 displays the variable restrictions, while 

Table 3 displays the system's starting state prior to optimization using a 100MVA base. The objective function's 

coefficient for the yearly cost per unit of power losses is 25%, while the annual cost per KVAR for capacitors is 

20%. If a capacitor is not put on a certain bus, the yearly cost of the capacitor is $0. 

 

Figure 1: Line Diagram of IEEE 6-Bus System 
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Table 1: IEEE 6-Bus System Line Data 

 

S.No. Start Bus End Bus 
Branch 

Impedance 
(in p.u.) 

1 1 6 0.1230+j0.518 
2 1 4 0.0800+j0.370 
3 2 3 0.0723+j1.050 
4 2 5 0.2820+j0.064 
5 3 4 0.0000+j0.133 
6 4 6 0.0970+j0.407 
7 6 5 0.0000+j0.300 

 

Table 2: Variable Constraints 

 

 Generator 
Bus 
Voltage 

PQ 

Bus 

Voltag

e 
V1 V2 

Lower Limit 1.0 1.1 0.9 
Upper Limit 1.1 1.15 1.1 

Table 3: IEEE 6-Bus System Initial Status before Optimization (Base MVA SB=100MVA) 

 

Bu

s 

No. 

Voltage (p.u.) Load (p.u.) Power Supply (p.u.) 

V  (degree) PL QL PG QG 

1 1.0500 0 0 0 0.9662 0.3792 
2 1.1000 -06.1494 0 0 0.5000 0.3499 

3 0.8563 -13.8236 0.55 0.13 0 0 

4 0.9528 -09.9245 0 0 0 0 

5 0.8992 -13.4205 0.30 0.18 0 0 

6 0.9338 -12.6485 0.50 0.05 0 0 
System Total Loss =19.23MW 

The genetic algorithm has been coded for optimization using MATLAB. The Gauss Seidel method is used for 

power flow calculations. The simulation results of the proposed method tested on IEEE 6-bus system after 

optimization are shown in Table 4. 

Table 4: IEEE 6-Bus System Status after Optimization (Base MVA SB=100MVA) 

 

Bu

s 

No. 

Voltage (p.u.) Load (p.u.) Power Supply 
(p.u.) 

V  (degree) PL QL PG QG 

1 1.0200 0 0 0 0.9463 0.4865 
2 1.0160 -9.0341 0 0 0.4802 0.3207 

3 0.9267 -12.3289 0.55 0.13 0 0.0313 

4 0.9485 -7.5249 0 0 0 0.2106 

5 0.9836 6.9875 0.30 0.18 0 0.3423 
6 0.9713 -8.5346 0.50 0.05 0 0.2311 

System Total Loss =7.43MW 
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The fitness value of objective function, best individual, average distance between individuals and selection 

function of genetic algorithm are shown in Figure 2. 

 

Figure 2: Results of Genetic Algorithm 

CONCLUSIONS 

Optimizing reactive power is a challenging combinational optimization issue. The ideal location and size of 

capacitors in the electric transmission system are determined using a genetic algorithm. The objective function 

calculation provides the location and size of the capacitor. The goal function seeks to meet all power system 

operating criteria while minimizing the network's active power loss. The IEEE-6 bus system has successfully 

implemented the suggested method. The findings demonstrate that the network's power loss significantly 

decreases when capacitors are inserted using a genetic algorithm. 
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