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1Abstract: 
 The aim of this paper is to provide the best locations and sizes of DGs to aim voltage and power loss improvement with 

consider costs. The objective function in this paper is a multi-objective function with weights. The main functions are 

minimization of the power loss, improvement of voltage profile and minimization of DG cost are transformed into a single 

objective function with utilization the weight of functions. A BAT algorithm is proposed for simultaneous optimization these 

functions. Hence, in the first stage in this paper introduces the multi-objective function. Next stage is introduced the 

optimization algorithm used and in the last stage simulation results are presented. The proposed method has been tested on a 

13-bus system. The results indicate that any change in the function’s weight in the objective function leads to a significant

change in the forecasting of the location and size of DG.
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1. Introduction

Distributed generation (DG) is small power generation

technology that provides electric power at a site near to load 

center. The association of DG in power distribution 

networks has become important in the last decades. 

These sources in power grid, compensated lack of power 

obtained from the original network by injected active and 

reactive power. So that by placed this equipment at 

network, the above problems can be better. 

These resources have been installed in low voltage busses 

and also can improve voltage profile which leads to reduce 

the network losses. This method can overcome the cost of 

installation and maintenance of DG resources, in addition 

will brought profitability and relief to the financial 

problems. Also before installing DG resources, the power 

system design points such as sizing, location, type and 

number of DG until should be considered to have the 

highest returns of technically and financially. 

Many paper in this issue have done so many different 

things and each of them have tried by using various 

optimization techniques, to examine various functions of 

the objective function and will be improved the network. 

Using the genetic algorithms to benefit from renewable 

energy sources to improve voltage profile and increase load 

ability rate [1-6]. The load flow analysis is done to specify 

the sensitive buses to voltage collapse, improved voltage 

profile and reduced power losses in the network [6-8]. 

Using Optimization Reactive Power Flow (ORPF) and 

immune algorithm in network have been improved the 

voltage stability [8]. Due to the different load models in 

distribution system and using placement and sizing of 

distribution generation sources, the power system losses 

should be minimized [9]. Using parallel Flexible AC 

Transmission System (FACTS) elements in the network and 

placement and sizing in distribution level, focused on 

improve load ability factor and improve voltage profile [10-

12]. Using voltage constraint, feeders capacity and DG 

sources level, based on placement and sizing has been 

improved the voltage stability in distribution system [10]. 

Using Particle Swarm Optimization (PSO) method and 

Genetic Algorithm (GA) method and comparison between 

results of theme, by focused on the optimal placement and 

sizing of distributed generation to reduce network losses 

and improved voltage profile has been presented in [14-17]. 

Increasing the injected amounts of DG power to the grid, 

focused on the network losses, system load ability factor 

and buses voltage constraints has been studied in [15]. 

Using DG and capacitor placement and sizing and 

comparisons between each of these components based on 

BPSO algorithm have been improved the voltage profile 

[16-25].  

The remains of this paper are organized as follows: 

Section II provides mathematical model of the system and 

problem definition. Section III provides case studies, and 

BAT optimization algorithm is represented in Section IV. 

Section V provides simulation results and section V outlines 

conclusions. 

2. Problem Formulation

In this paper, we use a multi-objective function with

weights to find optimal location of DG. The multi-objective 

function that is use in this paper has three main function 

including voltage profile, network losses and DG costs. It is 

important to determine the weight of each of these functions 

on the DG placement and capacity. In order to obtain this 

aim, we have: 

  
2

1 2 nom 3 DG

 

V V / 0.05 K COST

multi objective function

K P K

 

  
lOSS

   (1) 

Where, Ploss represent the amount of losses and COSTDG 

related to DG fuel cost and K1 is weight factor of the losses 

reduction function, K2 is weight factor of the voltage profile 

function and K3 is weight factor of the fuel cost function 

and the weight of all factors are: 

K1+K2+K3=1                                                                 (2) 

Also, the normal value of the voltage range in each bus is 

between 0.95pu to 1.05pu. Absolute value of the middle 

term represents the voltage deviation from the specified 

range. 

In this paper, using BAT optimization algorithm can 

determine the weight of changing in each function on the 

DG placement and capacity. 

3. Distribution Network Modeling

The studied distribution network is a distribution system 

with the total load of 10536kW and 5992kVAR, 13 bus and 

12 branches as it has been shown in Fig. 1. 

Bus and line information of 13-bus test system are listed in 

Tables (1) and (2), respectively. 

Table.1. Line Information 

From To R(ohm) X(ohm) 

1 2 0.176 0.138 

2 3 0.176 0.138 

3 4 0.045 0.035 

4 5 0.089 0.069 

5 6 0.045 0.035 

5 7 0.116 0.091 

7 8 0.073 0.073 

8 9 0.074 0.058 

8 10 0.093 0.093 

7 11 0.063 0.05 

11 12 0.068 0.053 

7 13 0.062 0.053 

Table.2. Bus information 

Bus Number P(KW) Q(KVAR) 

1 0 0 

2 890 468 

3 628 470 

4 1112 764 

5 1638 1378 

6 474 344 

7 1342 1078 

8 920 292 

9 766 498 
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11 690 186 

12 1292 554 

13 1124 1480 

 

This 13-bus test system 63/20kV has obtained from Khoda-

Bande-Loo Substation of Tehran distributed network [26]. 
1 2 3 64 5

7 8 9

10

11

12

13

Fig. 1. Single line diagram of the case study system 

4. Proposed Algorithm 

BAT optimization algorithm is one of the optimization 

algorithms which can solve the problems that need to 

optimization [21-25]. This optimization algorithm is 

inspired by the life of BAT. Bat algorithm is among 

Heuristic an algorithm which is inspired from echolocation 

behavior of bats. Bats use this technique which is based on 

sending and receiving pulses with fast rates to detect 

obstacles and find their way in the dark [21-25]. In this 

optimization algorithm it is supposed that virtual bats are 

located at position (solution) xi and they fly with random 

velocities Vi and send and receive variable wavelength, 

loudness and frequency f pulses to locate their objects. The 

position and velocity of these virtual micro bats is updated 

using following equations: 

 min min maxif f k f f  
                                           (3) 

 1

i i i i s

t t tV V f x x   
                                                (4) 

1

i i i

t t tx x V  
                                                                (5) 

Where, k in the first expression is a random vector with 

uniform distribution. x
S
 is the best available solution which 

is obtained with comparison between all the current 

positions of bats. When the best solution is selected among 

current solutions, each bat updates its position using 

following expression which is based on average loudness of 

all the bats (A
average

) and we have: 
new old averagex x A                                                        (6) 

Where, α is a random number between [-1, 1]. 

5. Simulation Results 

The optimization is performed with using BAT algorithm 

was written for simulation of optimal location and size of 

DG in distribution systems according to weight factor of 

each function. The main purpose of this algorithm is 

showing any change in the function’s weight in the multi-

objective function leads to a significant change in the 

location and size of DG. 

 For this proposes, five different scenarios have been 

considered as follows: 

A. First scenario  

At the first scenario, coefficients have equal weight factors. 

Namely three functions such as loss reduction, improve 

voltage profile and DG fuel cost are equally important and 

we have: 

1 2 3

1

3
K K K                                                                 (7) 

In this case, the voltages drop of the bus-reaches to 0.95pu 

in worse case. Fig. 2 shows the voltage profile of the 13 bus 

network for the first scenario. 
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Fig. 2. Voltage profile of proposed network for first scenario 

 

In the second scenario it is assumed that the weight factor of 

the DG fuel cost has a higher weight than losses and voltage 

profile. So, we have the following weight factors for the 

second scenario: 

1 2 30.2, 0.6K K K  
                                               (8) 

Fig. 3 shows the network voltage profile for the second 

scenario. As shown here, increasing the DG fuel cost factor 

increases the voltage drop as well. 
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Scenario (2)

 
Fig. 3. Voltage profile of proposed network for second scenario 

 

In the third scenario, it is assumed that the consumers 

distribution system has a high degree of importance, thereby 

improve function of voltage profile have a more importance 

and subsequently losses function is more important as well. 

In this case, the DG fuel costs have lower priority and we 

have the following weight factors: 

1 2 30.3, 0.6, 0.1K K K  
                                           (9) 
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Fig. 4. Voltage profile of proposed network for third scenario 
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Fig. 4 shows the customer voltage profile for this scenario. 

As shown in this figure, the voltage drop is improved 

considerable. In sever condition, the amplitude of the 

voltage profile reaches to 0.96pu which is acceptable 

voltage level for sensitive electrical loads. Fig. 5 shows 

fourth scenario where the DG fuel price factor has more 

value as compared with other two factors. The weight factor 

for this scenario is given as follows: 

1 2 3K 0.25 ,K 0.25 ,  K 0.5  
      (10) 

The result of this scenario is like the result of scenario (2) 

and voltage profile has a dipper voltage drop up to 0.95pu.  
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Fig. 5. Voltage profile of proposed network for fourth scenario 

For the last scenario we have the following weight factors: 

1 2 30.05, 0.45, 0.5K K K  
 (11) 

In this case, K3 is bigger than other two factors but the 

voltage drop has exceeded 0.95pu and its amplitude reaches 

to 0.94pu as shown in Fig. 6. 
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Fig. 6. Voltage profile of proposed network for fifth scenario 

The proposed method has been developed in MATLAB 

software. The optimization algorithm in the paper is a 

BAT Optimization Algorithm. As mentioned before, a 

13 busses distribution network is used to study the 

planning and placing capacity.  

Table.3. Output of  BAT algorithm 

Loss 

Reduction% 

Loss 

after 

DG 

Loss 

before 

DG 

DG 

Size.1 

Bus 

No.1 
Scenarios 

46 154 291 4.52 8 
Scenario 

1 

- - - 0 - 
Scenario 

2 

49 147 291 5 10 
Scenario 

3 

47 152 291 4 10 Scenario 

4 

30 202 291 2.58 10 
Scenario 

5 

Results of the BAT algorithm are listed in Table (3) for 

five set of scenarios. The results of the algorithm output 

show that increasing the weight factor of DG cost 

decreased the DG size. For example, row two of Table 

(3) shows that by increasing K3 to 0.6, DG size

decreased to zero. In rows 2, 4 and 5, weight factor of

the DG function is more important than other functions.
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Fig. 7. Voltage profile in 13-bus network for different 

scenarios 

For this purpose, DG generation is less than other rows. 

In Row 4, the coefficients K1 and K2 are equal to 0.25 

but in row 5 these coefficients are K1=0.05 and 

K2=0.45. As seen in these rows, because of the weight 

factor of the losses function, losses in row 4 is more 

than row 5.  

As shown in Fig. 7, because of voltage improvement 

function weight in row 5 is more than row 4, voltage profile 

has better condition. One of the results that determined in 

rows, by increased in function important (K3), voltage 

profile is placed in a worse situation. One of the other 

results is losses function weight and improvement voltage 

has a positive interaction on the other. 

6.Conclusion

In this paper, a proposed BAT algorithm is used to

optimum the DG location at 13 bus distribution network. 

We studied the effects of the variation weight functions for 

determining location and size of DG and it was shown well 

according to various results. It was found that weight of 

losses functions and weight of improve voltage profile have 

influence on each other. On the other hand, improvement in 

one of them caused relative improve to another. But, the 

weight of third functions, i.e., DG fuel cost, will have a 

devastating influence on two other functions. Increasing the 

weight factor of these functions has a considerable effect on 

the DG optimum location as compared with other factor 

influence. 
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