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Abstract 

The optimum planning of power distribution networks is one of the most important research fields 

for electrical engineers. Normally in a distribution system, operational costs are high because of their 

losses. In this paper, the practical planning of the distribution system includes the selection of optimal 

conductor size and capacitor placement in the radial distribution network considering the increasing 

rate of loads. Technical operational constraints are available conductors and capacitors, voltage limit, 

maximum permissible carrying current of conductors, and maximum reactive power that could be 

injected, without overvoltage. The objective function includes the cost of power losses, capacitors, and 

conductors, also the above constraints are added as penalty functions to the objective function. In this 

paper, the minimization problem is solved using an effective hybrid method of GA and PSO, which is 

called HGAPSO. By applying the proposed method, the final cost of network planning, losses, and 

their cost are considerably reduced and the voltage profile of the network has improved to a semi-flat 

shape. In the minimization process, an efficient algorithm is used to solve the radial distribution 

power flow problem in complex mode, which makes it easier to get system data iteratively. Simulation 

results are investigated on a sample radial distribution network. Finally, the effectiveness of 

the proposed hybrid method is proved by comparing the results with the results obtained from PSO.  

Keywords: distribution system, conductor size, capacitor placement, hybrid evolutionary 

algorithm, loss reduction, optimization. 

1. Introduction 

Power distribution systems constitute the 

largest segment of power systems, 

delivering electrical energy to end-users via 

substations, distribution feeders, transformers, 

secondary conductors, and service mains. 

Typically designed in a radial configuration, 

these systems operate at lower voltage levels 

than transmission systems. Common 

challenges include technical losses and 

inadequate voltage regulation, which are 

addressed through planning techniques such 

as network reconfiguration, conductor 

selection, capacitor placement, and the 

inclusion of distributed generation. Many of 

these systems were established decades ago 

and have not been updated, resulting in 

undersized conductors that increase power 

losses and lead to significant voltage drops, 

especially at nodes far from the substation. 

Additionally, expanding the network can be 

costly due to environmental permit 

processes and geographic constraints. In this 

context, optimal conductor selection 

presents a viable alternative to network 
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upgrades. This approach aims to replace 

existing conductors with more suitable types 

to reduce energy losses, enhance current 

capacity, and improve voltage levels when 

they drop below acceptable standards[1-

4].The authors of [10] introduced a Mixed-

Integer Linear Programming Model along 

with a heuristic approach to determine the 

Pareto front for the conductor size selection 

problem. In [11], a Mixed-Integer Nonlinear 

Programming (MINLP) formulation for 

optimal conductor selection was 

demonstrated and solved using the General 

Algebraic Modeling System (GAMS) and 

the DICOPT solver. Additionally, the 

authors of [12] developed an exact nonlinear 

model, which was addressed using existing 

MINLP solvers to identify the optimal 

conductors. Furthermore, a MINLP model 

specifically for optimal conductor selection 

in DC radial distribution systems was 

proposed by the authors of [13].The optimal 

placement of capacitor banks in distribution 

systems is essential for minimizing voltage 

drops and reducing line losses. This 

essentially involves installing capacitors at 

strategic locations within the network to 

compensate for reactive power demands and 

enhance technical performance. Proper 

distribution of reactive power within the 

system not only helps decrease overall 

power consumption but may also lead to 

lower electricity costs due to reduced losses 

in the system.. In [17], a heuristic 

methodology based on graph search was 

proposed to optimally size and allocate 

reactive compensation in distribution 

networks. Deterministic methods and 

Genetic Algorithms (GAs) were employed 

in [18] to address the optimal placement of 

capacitors. In [19], the authors utilized a GA 

for reactive compensation in power systems 

with varying customer load patterns. A GA 

was also applied in [20] for optimal 

capacitor placement, where the authors 

limited the maximum number of operations 

for switched capacitive banks to account for 

equipment aging. In [21], Shannon’s 

Entropy was leveraged for the optimal 

allocation of capacitors in distribution 

networks, taking into consideration multiple 

criteria. The authors in [22] examined 

unbalanced networks and implemented a 

micro-GA to tackle the optimization 

challenges in radial distribution networks. 

Additionally, in [23], a Particle Swarm 

Optimization (PSO) approach was proposed 

for the optimal placement and sizing of 

capacitors, while factoring in the effects of 

harmonics in unbalanced networks. This 

technique was further applied in [24] for 

optimal capacitor allocation in microgrids 

and in [26], considering the impact of 

switchable capacitive banks. In [27], the 

authors introduced a multiverse optimizer 

approach that partially modifies 

conventional loss sensitivity factors. Multi-

stage methodologies have also been 

explored to address the optimal capacitor 

allocation problem. A two-stage method 

presented in [28] incorporates a loss 

sensitivity technique to identify potential 

locations for capacitor placement. Planning 

techniques such as optimal conductor 

selection, capacitor placement, reconfiguration, 

the installation of new substations, and the 

integration of distributed generation (DG) 

are often examined in isolation. However, in 

distribution systems with heavily loaded 

feeders and inadequate voltage profiles, 

relying on a single technique may not 

suffice to minimize power losses and 

enhance voltage levels. Thus, combining 

these techniques could lead to a more 
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effectively planned system. The optimal 

conductor selection problem has been 

integrated with optimal capacitor placement 

in numerous studies [1,5–16,19,20,23,25]. 

The main contribution of this paper is the 

simultaneous modeling of optimal conductor 

sizing along with the optimal placement of 

capacitors. In general, attention has focused 

on reducing cost through optimizing the 

conductor profile, capacitor cost, and in 

some cases cost of losses. But in these all, 

increasing rate of load for coming years is 

not considered. In addition in most articles 

available in the literature, there is not any 

special way to solve the power flow 

problem in the distribution system and they 

simultaneously have solved the power flow 

problem and minimized the objective 

function, but as it will be shown we have 

developed a software pack which is able to 

determine radial distribution system 

parameters just having line data matrix, and 

technical data for available capacitors and 

conductors .further more we have used 

HGAPSO method for solving 

the optimization problem, which uses both 

effective GA and PSO‘s benefits 

simultaneously. The proposed method is 

tested on a sample radial distribution 

network, with 5 types of available 

conductors and 11 different sizes of 

capacitors, considering 8 years for load 

growth. The results show that the proposed 

objective function minimizes the loss of the 

system by considering all of the constraints 

and incorporating capacitors and conductors 

selection. 

 The proposed method identifies better 

solutions than those reported in the reviewed 

literature. The rest of this document is 

organized as follows: Section 2 describes 

the proposed model, and Section 3 describes 

the method to solve the simultaneous 

optimization problem in the power 

distribution network that can be carried out 

either jointly or separately. Section 4 

presents the results of the proposed method 

applied to a test system. Finally, Section 5 

presents the research conclusions.  

2. Problem Formulation 

1.1. Power flow 

Load flow is very important and 

fundamental tool for analysis of any power 

system and is used in the operational as well 

as planning stages. Certain application, 

particularly in distribution automation and 

optimization of power system, requires 

repeated load flow solution. In these 

applications, it is very important to solve the 

load flow problem as efficiently as possible. 

The Newton-Raphson and the fast 

decoupled power flow solution techniques 

and a host of their derivatives have 

efficiently solved for “well behaved” power 

systems. Researchers however have been 

aware of the shortcomings of these 

algorithms when they are generally 

implemented and applied to ill conditioned 

power systems. 

Power flow in a distribution system obeys 

physical laws such as (Kirchhoff laws and 

Ohms law) which became part of the 

constraints in the capacitor placement 

problem. The distribution system power 

flow solution is to be used as a subroutine in 

each iteration. Therefore, it is essential to 

have a computationally efficient and 

numerically robust method for solving the 

distribution system power flow. By radial 

distribution system, we mean a system 

which has a single simultaneous path of 

power flow to the load. We have used a 

method, that exploits the radial structure of 



MOHAMMADIAN: Optimal Planning of Conductors and Capacitors in a Distribution Network … 

50 

 

the distribution network and the relationship 

between the bus powers and branch powers 

is expressed as a non-singular square matrix 

known as element incidence matrix.  

The power flow equations for a radial 

distribution system are derived as the 

relationship between the specified complex 

bus powers and the bus voltages. 

Let  Sijis the complex power flowing from 

bus ‘i’ to bus’j’: 

 

(1) 𝑆ij = Pij + jQij = Vi (Vi
∗ − Vj

∗)Yij
∗ 

 

The ‘i’th bus powers are expressed as: 

(2) 

Pi + Qi = ∑ Pij

iϵk(i)

+ Qij

= ∑ Vi (Vi
∗ − Vj

∗)Yij
∗

iϵk(i)

 

k(i) is the set of nodes connected to node i, 

and Pi /Qi denotes the real/reactive power at 

node i. The above complex nonlinear 

equations are to be solved to determine the 

bus voltages. The real and imaginary parts 

of the equations are separated and solved 

using numerical methods. 

 

1.2.Formulation of used method 

The basis for the method is that an N bus 

radial distribution network has only N-1 

lines (elements) and the branch currents 

(powers) can be expressed in terms of bus 

currents (powers). For an element ij 

connected between nodes ‘i’ and ‘j’ the bus 

current of node j can be expressed as a 

linear equation. 

(3) 𝐼𝑗 = 𝐼𝑖𝑗 − ∑ 𝐼𝑗𝑘(𝑗) 

 

k(j) is the set of nodes connected to node j. For the 

slack bus the power is not specified so it is excluded 

and the relationship between bus currents and branch 

currents are derived as a non-singular square matrix. 

(4) 
𝐼bus = kIbranch 

𝐼𝑏𝑢𝑠 = [𝐼𝑏2𝐼𝑏3 … 𝐼𝑏𝑛]𝑇 

The matrix K is element incidence matrix. It 

is a non singular square matrix of order N-

1.The elemental incidence matrix is 

constructed in a simple way same like bus 

incidence matrix. In this matrix K each row 

is describing the element incidences. The 

elements are numbered in conventional way 

i.e. the no of element ‘ij’ is j-1. 

1. The diagonal elements of matrix K are 

one. The variable j is denoting the element 

number.  

K(j, j) =1  

2. For each ‘j’th element let m (j) is the set 

of element numbers connected at its 

receiving end.  

K(j, m(j)) = -1  

3. All the remaining elements are zero. It 

can be observed that all the elements of 

matrix K below the main diagonal are zero. 

(5) 𝐼𝑏𝑟𝑎𝑛𝑐ℎ = 𝑘−1𝐼𝑏𝑢𝑠 
 

The relationship between the branch 

currents and bus currents can be extended to 

complex branch powers and bus powers. 

The sending end power and the receiving 

end powers are not same due to transmission 

loss. The transmission loss is included as the 

difference between the sending 

end/receiving end powers. The relationship 

between branch powers and bus powers is 

established in same way of bus/branch 

currents. Multiplying both sides by element 

incidence matrix K: 

(6) 

𝑆𝑏𝑢𝑠 = 𝐾[𝑆𝑏𝑟𝑎𝑛𝑐ℎ
𝑠𝑒𝑛𝑑𝑖𝑛𝑔

− 𝑇𝐿𝑏𝑟𝑎𝑛𝑐ℎ] 

𝑆𝑏𝑟𝑎𝑛𝑐ℎ = 𝐾−1. 𝑆𝑏𝑢𝑠

+ 𝑇𝐿𝑏𝑟𝑎𝑛𝑐ℎ 

 

 

The power flow equations are complex quadratic 

equations. These are solved as [2]and the 

results we can get are voltage magnitude, 

voltage angle, active and reactive losses, 

and complex current of branches. The 
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advantage of this method is that it does not 

require a flat start. The formulation can be 

extended to unbalanced three-phase 

networks. The reactive power injections at 

multiple ends can be effectively calculated 

to improve the voltage profile. 

 

1.3. Objective Function 

In each optimization problem, objective 

function should be defined. In the proposed 

approach, objective function can be 

formulated as following equation; The 

proposed objective function aims at 

minimizing the total annual cost due to 

capacitor placement, conductor selection 

and power losses considering load growth in 

period of instrument life, with constraints 

that include limits on voltage, maximum 

permissible carrying current of conductors, 

size of installed capacitors and type of 

selected conductors, and maximum 

permissible reactive current to be injected to 

avoid over voltage. 

(7) 

J = ∑ Ll × C(conl)

ns

l=0

+ ∑ Kj
c × Qj

c

J

j=1

+ 

+ ∑ Ploss,i 

N

i=1

× CE × PW
i × 8760 × LSFi + 

+ ∑{max (0, Vmin

m

k=1

− Vk)2

+ max(0, Vk − Vmax)2}

+ 

+ ∑(Il

ns

l=1

− Imax
l )2 + ∑(Qj

c − TQlossj)2

m

j=1

 

 

where: 

(8) 𝑃𝑊 = (
1 + 𝐼𝑛𝑡𝑟

1 + Inf 𝑟
) 

 

According to the mentioned constraints we 

should have:   

 

 

 

(9) 

𝐼𝑚𝑎𝑥
𝑙

= {
𝐼max(𝐶𝑜𝑛𝑇𝑦𝑝𝑒𝑙 −1)               𝑖𝑓     ,𝐶𝑜𝑛𝑇𝑦𝑝𝑒𝑙≠1

𝐼max(𝐶𝑜𝑛𝑇𝑦𝑝𝑒𝑙) ≤|𝐼𝑙|

𝐼max(𝐶𝑜𝑛𝑇𝑦𝑝𝑒𝑙 )                                                       𝑒𝑙𝑠𝑒

 

 

 

 

(10) 𝑉𝑚𝑖𝑛 ≤ |𝑉𝑖| ≤ 𝑉𝑚𝑎𝑥  
 

(11) 𝐼𝑙 ≤ 𝐼max (𝑙) 
 

While computing the cost by defined objective 

function, load growth is considered as (12): 

(12) 𝑙𝑜𝑎𝑑𝑖 = {
𝑙𝑜𝑎𝑑 × (1 + 𝑟)𝑖

𝑙𝑜𝑎𝑑 × (1 + 𝑟)𝑀

𝑖 = 1,2,3, … , 𝑀
𝑖 = 𝑀 + 1, … , 𝑁

 

 

Where, load i is the load in i’th year, r is the 

annual growth rate and M is a plan period up to 

which the feeder can take load growth. 

The peak load growth during the planning period 

is illustrated in figure 1. 

 

 

Fig1. Peak load growth during planning period 

 

Variation of load is considered with loss 

factor parameter in objective function. 

The objective function includes six 

statements which are described as followed: 

Statement1: The cost of power losses 

considering load growth, 

Statement2: the cost of the installed 

capacitors, 

Statement3: the cost of the installed 

conductors, 

Statement4: the constraint of voltage limit, 

Statement5: the constraint of maximum 

permissible carrying current of the 

conductors, 

Statement 6: the constraint to avoid over-

voltage, or having sufficient capacitor 

installation. 

1 2 3 M N

lo
ad

year
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3. Proposed Computational Algorithm 

3.1.HGAPSO algorithm 

In GA, a candidate solution for a specific 

problem is called an individual or a 

chromosome and consists of a linear list of 

genes. Each individual represents a point in 

the search space, and hence a possible 

solution to the problem. 

A population consists of a finite number 

of individuals. Each individual is decided by 

an evaluation mechanism to obtain its 

fitness value. Based on this fitness value and 

undergoing genetic operators, a new 

population is generated iteratively with each 

successive population referred to as a 

generation. The GAs use three basic 

operators (reproduction, crossover, and 

mutation) to manipulate the genetic 

composition of a population. 

The PSO conducts searches using a 

population of particles corresponding to GA 

individuals. A population of particles is 

randomly generated, initially. Each particle 

represents a potential solution and has a 

position represented by a position vector𝑥𝑖

−
 

,A swarm of particles moves through the 

problem space, with the moving velocity of 

each particle represented by a velocity 

vector 𝑣
−

𝑖 , At each time step, a function 

𝑓𝑖 representing a quality measure is 

calculated by using 𝑥𝑖as input. Each particle 

keeps track of its own best position, which 

is associated with the best fitness it has 

achieved so far in a vector𝑣𝑖 . Further, the 

best position among all the particles 

obtained so far in the population is kept 

track of as 𝑝𝑔. At each time step t, by using 

the individual best position𝑝𝑖(𝑡)and global 

best position 𝑝𝑔(𝑡) , a new velocity for 

particle i is updated as follows:  

(13) 

�̄�𝑖(𝑡 + 1) 

= 𝜒[(�̄�𝑖(𝑡) + 𝑐1𝜑1{�̄�𝑖(𝑡)

− �̄�𝑖(𝑡)} 

+𝑐2𝜑2{�̄�𝑔(𝑡) − �̄�𝑖(𝑡)}] 

Where c1 and c2 are positive constants, 

φ1 and φ2 are uniformly distributed random 

numbers in [0,1] interval, and𝜒controls the 

magnitude of 𝑣 . Changing velocity in this 

way enables the particle 𝑖  to search around 

its individual best position, pi , and global 

best position, 𝑝𝑔 . Based on the updated 

velocities, each particle changes its position 

according to the following equation: 

(14) �̄�𝑖(𝑡 + 1) = �̄�𝑖(𝑡) + �̄�𝑖(𝑡 + 1) 
The computation of PSO is easy and adds 

only a slight computation load when it is 

incorporated into GA. The detailed design 

algorithm of HGAPSO consists of three 

major operators: enhancement, crossover 

and mutation [4]. In HGAPSO, GA and 

PSO both work with the same population. 

Based on the encoding scheme, Ps 

individuals forming the population are 

randomly generated. These individuals may 

be regarded as chromosomes in terms of 

GA, or as particles in terms of PSO. Then, 

new individuals on the next generation are 

created by enhancement, crossover and 

mutation operations [4]. For clarity, the flow 

of these operations is illustrated in figure 2. 

 

 Fig2. Flowchart of the HGAPSO method 
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Enhancement, crossover, and mutation 

operators are described as follows: 

(a)Enhancement: In each generation, 

after the fitness values of all the individuals 

in the same population are calculated, the 

top-half best-performing ones are marked. 

These individuals are regarded as elites. 

Instead of reproducing the elites directly to 

the next generation as elite GAs do, we first 

enhance the elites by PSO. By using these 

enhanced elites as parents, the generated 

offspring will usually achieve better 

performance than those bred by original 

elites. The group constituted by the elites is 

regarded as a swarm, and each elite 

corresponds to a particle in it. By 

performing PSO on the elites, we may 

increase the search ability. Half of the 

population in the next generation is 

occupied by the enhanced individuals, the 

remainder by crossover operation. 

(b)Crossover: To produce well performing 

individuals, in the crossover operation 

parents are selected from the enhanced elites 

only. To select parents for the crossover 

operation, the tournament-selection scheme 

is used, in which two enhanced elites are 

selected at random, and their fitness values 

are compared to select the elite with better 

fitness value as one parent. Then the other 

parent is selected in the same way. Two off 

springs are created by performing crossover 

on the selected parents. Two-point crossover 

operation is used, where two crossover sites 

are selected randomly within the range of an 

individual and swapping occurs. These 

produced offspring occupy half of the 

population in the next generation. 

(c)Mutation: In HGAPSO, mutation occurs 

in conjunction with the crossover operation. 

Here, uniform mutation is adopted, that is, 

the mutated gene is drawn randomly, 

uniformly from the corresponding search 

interval. In the following simulations, a 

constant mutation-probability Pm=0.1 is 

used. 

 

 
 

Fig3. Flowchart of the whole proposed method 

 

4. Computational Test 

Based on the proposed algorithm, software 

was developed using MATLAB for proper 

conductor and capacitor selection considering 

load growth in distribution networks. The 

proposed method was tested on a sample 

distribution network by use of prepared software 

to evaluate its effectiveness. The test case is a 20 

kV   radial distribution network that has 13 
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nodes and 12 sections. Network and load data of 

radial test feeder are shown in tables 1 and 2. 

The technical and economical data of 

available conductors and capacitors are given in 

tables 3 and 4, respectively. Other input data 

needed for evaluating the objective function are 

as follows: 

N: 20, M: 5, Intr: 17%, Infr: 14%, r: 7%, 

 Vmax: 1.03 pu, Vmin: 0.95 pu, LSF: 0.63 for 

all loads, Cost of energy: 50 ($/kWh) 

 

Table1. Data for the test feeder 

Sending 

end(i) 

Receiving 

end(i) 
R(Ω) X(Ω) 

Section 

length(km) 

0 1 0.7822 0.2835 0.835 

1 2 0.7822 0.2835 0.415 

2 3 0.7822 0.2835 0.215 

3 4 0.7822 0.2835 0.420 

4 5 0.7822 0.2835 0.215 

4 6 0.7822 0.2835 0.580 

6 7 0.7822 0.2835 0.455 

7 8 0.7822 0.2835 0.350 

7 9 0.7822 0.2835 0.350 

6 10 0.7822 0.2835 0.300 

10 11 0.7822 0.2835 0.320 

6 12 0.7822 0.2835 0.415 

 

Table2. Load data of the feeder 

Bus no. P(kw) Q(Kvar) 

1 890 468 

2 628 470 

3 1112 764 

4 636 378 

5 474 344 

6 1342 1078 

7 920 292 

8 766 498 

9 662 480 

10 690 186 

11 1292 554 

12 1124 480 

 
 

Table3. Technical and economical data of 

available capacitors 

capacitor type size(kvar) price($/kvar) 

1 0 0 

2 150 0.5 

3 300 0.35 

4 450 0.253 

5 600 0.22 

6 750 0.276 

7 900 0.183 

8 1050 0.228 

9 1200 0.170 

10 1350 0.207 

11 1500 0.201 

 

Table4. Technical and economical data of 

available conductors 

conductor 

type 
R(Ω/km) X(Ω/km) price($/km) 

Max. 

current 

1 0.7822 0.2835 151 500 

2 0.0625 0.279 1155 1000 

3 0.0353 0.259 1733 1800 

4 0.0745 0.285 1026 900 

5 0.0429 0.267 1500 1500 
 

5. Results and Discussion 

The simulation results are clearly 

illustrated in following figures and tables. By 

solving the optimization problem, the size of 

the capacitor banks, the types of the 

conductors and the amplitude of the bus 

voltages are determined. The total cost, power 

losses, minimum and maximum of the 

voltages in each node are obtained. Figures4 

shows the system performance. Figure5 

compares voltage magnitudes before and 

optimization. Figure 6 compares voltage 

angles before optimization with them after 

performing optimization process: 

 

Fig4. The chosen distribution network for 

implementation of the proposedmethod 

 

Fig5.Comparison of voltage magnitude before 
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Fig6.Comparison of voltage angle before and 

after performing HGAPSO 
 

Table5. Comparison of voltage magnitudes 

before and after performing HGAPSO 

Voltage magnitude 

before optimization 

Voltage magnitude 

after optimization 

1.0000 1.0000 

0.9722 0.9983 

0.9466 0.9971 

0.9227 0.9963 

0.9017 0.9959 

0.9004 0.9956 

0.8837 0.9953 

0.8774 0.9949 

0.8753 0.9946 

0.8756 0.9945 

0.8787 0.9954 

0.8754 0.9948 

0.8808 0.9958 

 

Table6. Comparison of power losses before and 

after performing HGAPSO 

 Before optimization After optimization 

TPloss(kw) 1.3219 0.0383 

TQloss(kvar) 12.4630 2.0548 

 

Table7. Result of conductor selection and capacitor 

placement after performing HGAPSO 

Sending 

end(i) 

Receiving 

end(i) 

Conductor 

type 

Capacitor 

type 

0 1 3 1 

1 2 3 1 

2 3 3 1 

3 4 5 11 

4 5 4 1 

4 6 3 1 

6 7 3 5 

7 8 3 2 

7 9 2 2 

6 10 3 9 

10 11 2 1 

6 12 4 11 

 

Fig7. Fitness optimized using HGAPSO 
 

 

Fig8. Fitness optimized using PSO 

Optimization process in HGAPSO, PSO and 

comparing the two methods are clearly 

illustrated in figures 8,9. The PSO best cost 

is 4.52241871*10^8$, and HGAPSO best 

cost is 3.969713*10^8$. Results obtained 

from PSO are included in below tables. 

 

Table8. Result of conductor selection and 

capacitor placement after performing PSO 

Sending 

end(i) 

Receiving 

end(i) 

Conductor 

type 

Capacitor 

type 

0 1 3 1 

1 2 3 1 

2 3 5 6 

3 4 3 1 

4 5 1 4 

4 6 5 11 

6 7 3 1 

7 8 3 1 

7 9 2 10 

6 10 3 1 

10 11 3 4 

6 12 1 1 
 

0 2 4 6 8 10 12 14

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

number of  buses

v
o
lt
a
g
e
 a

n
g
le

 b
e
fo

re
 a

n
d
 a

ft
e
r 

o
p
ti
m

iz
a
ti
o
n

 

 
V angle after opt.

V angle before opt.

v oltage angle(rad)

0 20 40 60 80 100 120 140 160 180 200
0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2
x 10

9

generation number

fi
tn

e
s

s
 c

o
s

t 
($

)

 

 



MOHAMMADIAN: Optimal Planning of Conductors and Capacitors in a Distribution Network … 

56 

 

 

Table9. Comparison of voltage magnitudes after 

performing PSO and HGAPSO 

Voltage magnitude performing 

PSO 

Voltage magnitude performing 

HGAPSO 

1.0000 1.0000 

0.9979 0.9983 

0.9963 0.9971 

0.9949 0.9963 

0.9938 0.9959 

0.9929 0.9956 

0.9929 0.9953 

0.9928 0.9949 

0.9924 0.9946 

0.9932 0.9945 

0.9925 0.9954 

0.9924 0.9948 

0.9903 0.9958 

 

 

Table10. Comparison of power losses after 

performing PSO & HGAPSO 

 performing PSO 
performing 

HGAPSO 

TPloss(kw) 0.0428 0.0383 

TQloss(kvar) 3.2583 2.0548 

 

6. Conclusion 

In this paper, using HGAPSO the 

conductor selection has been incorporated in 

the conventional optimal capacitor placement, 

considering load growth in life period of 

instruments (like capacitors). By solving the 

optimization problem by the HGAPSO 

method, the optimal size and place of the 

capacitors and the conductors are defined. 

The method has been applied to a sample 

radial distribution network and the results 

show the reduction of total loss especially 

active power loss, in addition to 

the improvement of voltage profile. 

According to the results, the bus voltages of 

the ending buses are in the permissible 

limits. At last the proposed method is 

compared with PSO. The obtained results 

show the efficiency of the hybrid GA and 

PSO method. The proposed hybrid method 

has reduced power losses more than PSO, 

also the cost obtained from HGAPSO is a 

better answer. In conclusion, the hybrid 

method performs better than PSO. 
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