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4.6 Multi -objective Function in Different scenarios   

The multi-objective function (MOF) is implemented as problem formulating for an op-

timization algorithm with main objective to increase the total benefits for both reducing 

the power losses and enhancing the voltage profile in the distribution system. For the 

different scenarios the objective function and constraints should be modified according 

to the requirements for each scenario. Consider various objective function combine 

with different scenarios as follow in Table 4.3. In Section 4.3.3, the subjects of the list 

constraint are conducted with number of equation (4.61) up to (4.63).     

Base case: Considering the base case load flow, 

Scenarios 1: Considering optimal network reconfiguration only, 

Scenarios 2: Considering optimal capacitor placement and sizing only, 

Scenarios 3: Considering both an optimal capacitor placement, and the network recon-

figuration applying simultaneously.   

Table 4.3:The multi-objective functions and constraints of the different cases  

Sce-

narios  

Multi -objective function Subject of the con-

straint number 

1 2 3 4 5 

Base 

 case 

- Y N N Y N 

1 �•�‹�•�:�9�å �Û�2�Å
E�9�ë �Û�3�Å
E�9�é �Û�%�8�&) Y N Y Y Y 

2 
�•�‹�•�L�� �n �Û�6�Ü�Û���P
E�� �d�_�Û
Í �� �a�d�g

�l �Y�W�f

�g�@�5


E�� �G�_�Û
Í �� �a�_�g

�l �Y�W�f

�g�@�5

�M 
Y Y Y Y N 

3 
�•�‹�•�L�� �n �Û�6�Ü�Û���P
E�� �d�_�Û
Í �� �a�d�g

�l �Y�W�f

�g�@�5


E�� �G�_�Û
Í �� �a�_�g

�l �Y�W�f

�g�@�5

�M 
Y Y Y Y Y 

 

Where: Y: means constraint has been functional in this case. 

             N:  means constraint has not been functional in this case. 

4.7  IEEE Implementation of SPSO Parameters 

The SPSO parameters are determined to achieve the good result in the test system. Pro-

posed Algorithm are applied to IEEE 33-bus radial distribution test system. For an op-

timal capacitor placement/sitting and network reconfiguration are imp1emented in the 
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test system. The main objectives are to increase the network efficiency by increasing 

the annual benefits, reducing power losses, minimizing energy losses, improving the 

voltage profile, and improving power factor. 

The following main standard parameters and assumptions are considered to satisfy the 

proposed objective in the test system. 

a. The RDS is a three-phase balanced system. 

b. The base voltage is a 12.66 kV, whereas the substation voltage magnitudes are 

set 1.00 p.u. 

c. A sample three load levels are represented of load profile. The load percent-

ages are 25%-50%, 50%-100%, and 100%-150% as light, medium, and heavy 

load levels, respectively. 

d. The time period �µT�¶ represents the number of hours in one year (8760 hours) 

is divided into three intervals for a variation load level. These intervals are 

1000, 6760 and 1000 hours for light, normal and heavy load levels, respec-

tively. 

e. All the branches and buses data available in the IEEE distribution system. In 

the network branches contains five tie branches, thirty-three sectionalizing 

branches, and one substation in the test system.   

f. All the branches for any loop act as active candidate branch for optimal net-

work reconfiguration in the selected distribution system. 

g.  Smallest capacitor size unit is Qco=50 kVAr, the amount of capacitor size is 

QC= [Qco, 2*Qco, 3*Qco�«�����/i*Qco] kVAr. Therefore, the switched type ca-

pacitors are expected to be with 50 kVAr steps or taps. 
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CHAPTER 5: SIMULATION RESULT AND DISCUSSION  

In this chapter, the results obtained using SPSO method are discussed and demon-

strated. The simulation is conducted in MATLAB R2016b. The main MATLAB code 

program along with the implementation of the stated algorithm is given in Appendix C. 

The results are subdivided to a number of events such as light load, normal load and 

heavy load condition. Different scenarios have been considered so as to show the ef-

fectiveness of the algorithm to reduce the real and reactive power losses, and enhance 

the voltage profile. All in all, test system description, various scenarios of loading con-

dition and most importantly economic analysis of capacitor insertion to the existing 

distribution network are briefly discussed in detail.  

5.1 System Descriptions of 33-Bus RDS   

The IEEE-33 bus radial distribution network is selected and used as a test system. The 

single line diagram of this test system is shown in Appendix A-1, whereas its line data 

and bus data are given in Appendix B. This distribution system has thirty two section-

alizing branches, five tie-switches, 12.66 kV nominal voltage, 3.715 MW and 2.3 

MVA r total system load [62]. 

In this study, assumed that all the loads are supplied from the substation which is des-

ignated as node-1. This node is also taken as the slack or reference bus of the system. 

The minimum and maximum voltage level are set i.e. �w�¨�?
�>  of the nominal voltage mag-

nitude. The base impedance and the base current are calculated considering 100 MVA 

and 12.66 kV as system base values.  

���`�_�q�c
L
�Z�X�W�i�[

�.

�W�X�W�i�[

L

�5�6�ä�:�: �.

�5�4�4

L �s�ä�x�r�t�y�w�3 �:�w�ä�s�;                                                                           

���`�_�q�c
�?�5 
L �r�ä�x�t�u�����3�� 

���`�_�q�c
L
�W�X�W�i�[

�Z�X�W�i�[

L

�5�4�4�Û�5�4�2

�5�6�ä�:�:

L �y�ä�z�{�z�{���•�� �:�w�ä�t�;                                                                            

�’�‡�”���—�•�‹�–
L
�_�a�r�s�_�j���t�_�j�s�c���m�d���q�w�q�r�c�k

�`�_�q�c���t�_�j�s�c���m�d���q�w�q�r�c�k��
�:�w�ä�u�;                                                                             

A single line diagram of the test system along with a basic information are illustrated 

Figure 5.1. The applicable of the system description for both network reconfiguration 

and optimal capacitor placement is also demonstrated. 

The base case load flow results at normal loading condition are presented below. 

�¾ Active power loss is 202.40 kW. 
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�¾ Reactive power loss is 111.457 kVAr. 

�¾  Minimum voltage is 0.9130pu at node number 18. 

�¾ The simulation is done using MATLAB R2016b. 
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Figure 5.1: The IEEE  33-bus Radial distribution test system with basic loops 

5.2 Description of Optimization Algorithm Parameters  

The proposed algorithm is conducted for the minimization of power losses and en-

hancement of the voltage profile with the preferable objective functions. The PSO based 

algorithm is repeatedly executed with different optimal parameter settings and the pa-

rameters used to perform the simulation using this algorithm is shown in Table 5.1. 

Table 5.1: PSO algorithm parameters 

Population size Inertia weight Acceleration constant  Design variable  

50-particle and 

vary 

Wmax=0.9 

Wmin=0.2(vary) 

C1=2 

    C2=2.1 

Vary 

5.3 Choice of Weights Value for Multi-Objective Function 

As mentioned in chapter four, various weights factor in the given multi-objective func-

tion are varied until best output results in. The formulated objective function contains 

real power and reactive losses minimization and cumulative voltage deviation (CVD). 

Since, the real power loss minimization is the main real-world problem from other 


