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ABSTRACT  

 

This paper presents the optimal sizing and placement of DG by assuming practical load models. The 

particle swarm optimization technique is used to minimize the multi-objective fitness function (MOFF). 

This MOFF has considered the performance indices such as a voltage difference index, active power loss 

index and reactive power loss index. Most of the studies have considered the constant load for distribution 

system planning which may mislead the exact assessment of the system performance. Thus the voltage 

dependency of load models is found in a highly demanding issue in updating researches. Keeping in view 

the urgent need of precise and flawless distribution system planning the effect of different load models on 

the total load, voltage profile, active and reactive power loss has been evaluated and presented in this 

paper. The efficacy of the proposed method has been executed by implementing it on the 33-bus radial test 

system. 
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1. INTRODUCTION 

 
Distributed Generator (DG) units are broadly outlined as the generating plants serving a customer 

on-site or providing funding to a distribution network, connected to the power system at the 

distribution-level voltages. The primary causes for continued development in the insertion of DG 

are the environmental concerns, insufficiency of energy sources, constraints on building new 

transmission and distribution protocols, technological improvements in small generators, power 

electronics, and energy storage devices for transient backup. However, it was  discovered that the 

improper siting or sizing of DG can counter effect the organization. Power system liberation and 

therefore the shortage of transmission capacities have led to inflated interest in distributed 

generation sources [9]. Many researchers have worked on the index based multi-objective 

function to find the optimal location and size of DG such as [1-2]. The particle swarm 

optimization (PSO) technique has been described in [4,7-8]). Many approaches for optimal 

allocation and sizing of DG in distribution systems are introduced by [3, 5,6, 9]. The power flow 

in the system are described by [10].  
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This paper presents the optimal planning of distributed generation (DG) as an active power 

sources. Also, proposes the optimal location and sizing of DG based on multi-objective 

optimization with the different objective indices such as Active Power Loss Index (PLI), Reactive 

Power Loss Index (QLI), Voltage Deviation Index (VDI) with load models. The achieved results 

show the overall performance of the system has improved with-DG condition. 

 

2. THE PARTICLE SWARM OPTIMIZATION TECHNIQUE 

 
The Particle Swarm optimization comes under the class of Swarm Intelligence techniques. The 

particle swarm optimization was suggested in 1995, by Kennedy and Eberhart [7-8]. It’s a 

popular and more effective optimization technique based on the population search. The basic 

equations of PSO are given as [4-5]: 

 

( 1) 1 1 2 2* ( ) ( )
t t t t

v w v c r pbest currentposition c r gbest currentposition+ = + − + −   (1) 

( 1 ) 1t t tx x v+ += +                       (2) 

Where  

N: total size of swarms. 

t: the iteration number. 

w: is the inertia weight. 

 rl , r2 : two random numbers between (0, 1). 

Cl , C2 :  the cognitive and social scaling parameters. 

 

3. THE MULTI-OBJECTIVE FITNESS (MOFF) FUNCTION AND LOAD 

MODELS 

 
The Multi-objective Fitness function (MOFF) is defined by the several system performance index 

as: 

 

1 2 3MOFF w PLI w QLI w VDI= × + × + ×                                                          (3) 

And also, with weight factor value given as: 

 

MOFF =0.45*PLI+0.30*QLI+0.25*VDI 

Where, 
3
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The detail to select the weight factor of the indices is given in the references [1-2]. 

 

The active power loss index (PLI) is: 
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The reactive power loss index (QLI) is: 
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The voltage deviation index (VDI) is 
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The load models for the particular loads can be mathematically expressed as:  

 

i o i i

i o i i

P P V

Q Q V

= 


= 

α

β
                                                        (7) 

Where, Pi and Qi are real and reactive power at bus i, Poi and Qoi are the active and reactive 

operating points at bus i, Vi is the voltage at bus i, and α and β are active and reactive power 

exponents. The table-1 gives the load models exponent values [1-2]. 

 

Table-1: The exponent values for load models 

 

Load type α β 

Constant 0 0 

Industrial load 0.18 6 

Residential load 0.92 4.04 

Commercial load 1.51 3.4 

 

4. RESULTS AND DISCUSSIONS 

 
Table 2 presents the values of multi objective fitness function obtained for 33 bus system [6, 9] 

using various load models. According to the fitness function the values of optimal location for 

DG installation with corresponding optimal DG size has been evaluated. The requisite for optimal 

DG designing is the minimum active as well as reactive power losses evaluation after its 

installation at respective location. 
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4.1 Impact of Load Models on DG designing Parameters 

 
Table 2 portrays the influence of using load models on DG designing parameter evaluation. It can 

be observed that the designing parameters obtained for constant load model shows noticeable 

variation as compared to other practical load models for the same system data. The optimal 

location obtained for the system with constant load is bus 6 whereas if the practical load models 

are assumed the optimal location is bus 7. Thus the respective variation in other parameters can 

also be obtained. The optimal size of DG required to be installed at bus 6 is 2.7 MW whereas at 

bus 7 it is 2.2 MW for industrial load model, 1.4 MW for residential load and 1.1 MW for 

commercial load. The percentage of active loss reduction indicated for the system with constant 

load model is 46.92% and reactive power loss reduction is 39.9%. Whereas for the system with 

practical load models approximately 55 to 61% of active loss and 52 to 63% of reactive power 

loss reduction can be obtained. This indicates that constant load model assumption may mislead 

the correct DG designing parameters evaluation. 

 
Table 2. DG designing parameters evaluated for 33 bus system with various load models 

 

Load Type MOFF 
PDG 

(MW) 

Opti

mal  

bus 

Loc. 

Loss No-DG 

(MW) 

Loss With- DG 

(MVAR) 
% loss Reduction 

PL QL PL QL PL QL 

Constant load 0.3845 2.7123 6 0.211 0.1431 0.1112 0.082 46.92 39.90 

Industrial load 0.321925 2.201644 7 0.1155 0.0781 0.0457 0.0364 60.43 53.39 

Residential load 0.4194 1.4785 7 0.0649 0.0432 0.0251 0.0159 61.32 63.19 

Commercial load 0.4815 1.0997 7 0.0658 0.0502 0.0291 0.0205 55.78 59.16 

 

4.2 Impact of load model assumption on Voltage profile correction 

 
Figures 1 to 4 shows the voltage profile correction obtained after DG of optimal size installed at 

the evaluated optimal location. The pattern of voltage profile correction is approximately same. 

What varies is the magnitude of voltages at all buses. A remarkable difference of voltage 

magnitudes before and after DG installation in the system with constant load model can obtained.  

Table 3 indicates that the minimum voltage obtained for the system without DG for constant load 

model is 0.90 and the voltage gradation obtained is up to 0.94. Whereas for the practical load 

models the minimum voltage obtained without DG is in the range of 0.93 to 0.96 and the 

gradation in it obtained after DG installation is up to 0.97. Thus the voltage profile indication is 

also affected by respective load model assumption.  
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Figure 1. Voltage Profile Improvement of the System with Constant Load Model 

 

 
 

Figure 2. Voltage Profile Improvement of the System with Industrial Load Model 
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Figure 3. Voltage Profile Improvement of the System with Industrial Load Model 
 

 
 

Figure 4. Voltage Profile Improvement of the System with Commercial Load Model 
 

Table 3 Voltage Profile Correction 
 

Load Models Voltage Without DG Voltage With DG 

Max Min Max Min 

Constant 1 0.90 1 0.94 

Industrial 1 0.9377 1 0.963 

Residential 1 0.954 1 0.967 

Commercial 1 0.96 1 0.97 
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5. CONCLUSIONS 

 
In this paper the efficacy of load model's assumption of the appropriate distribution system 

designing is evaluated. It is shown that the assumption of the constant load model  may mislead 

the correct distribution system planning. Hence to investigate the accurate and reliable planning 

of DG insertion the effect of load models is mandatory. The evaluated results  depict that the size 

of DG, optimal location, voltage profile of the system and the active and reactive losses of the 

system vary according to load. It is also observed that the value of voltage profile of the system is 

improved and the losses are decreased for all load model with-DG as compared to with-out-DG 

condition of the system. 
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