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Abstract 

DG placement plays a major role due to the increase in application of distribution system. A Standalone DG can provide required 

power to the remote applications. Optimum locations and sizes of DG sources reduce power losses, and it also has impact on 

voltage profile and voltage stability of a distribution network. For optimal allocation and sizing of DGs in distribution systems 

MSO technique is adopted. A complete analysis is carried out on an IEEE 69 bus Radial Distribution System to prove the accuracy 

of proposed method. The results obtained by the proposed method are better than the other methods in terms of quality of the 

solution and efficiency.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Integrating small generating units in the power system grabs the attention in the last few decades. Distributed Generation is a 

developing concept and it is a useful way for providing electric power to the power system. For the simplified operation radial 

distribution system is considered. The location and capacities of DG sources reduces the system losses in a distribution network 

[1]. The main reasons for the usage of DG are as follows: Its capacities ranges from 10KW to 15 MW. It helps to find exact location 

for the small generators. DG unit are nearer to consumers so that the Transmission and Distribution (T&D) costs are minimized. 

DG plants installation requires short time and the investment is also less. The price of the natural gases is stable and hence they 

are used as fuel in DG. DG has great values because it provides a flexible way to choose wide ranges of combining the cost and 

reliability. Installation of DG in appropriate places has impact on voltage stability, power quality and reliability [2]. Krill herd 

algorithm was introduced to solve the optimal DG allocation problem [3]. To reduce the system real power loss of radial distribution 

system Krischonme proposed (PSO) [4]. It is difficult to estimate the optimal size of DG by manual method. In order to produce 

the best planning robust tools are required [5]. To modernize the operation many recent investments are introduced. This 

modernization technique is highly aimed to meet the several requirements such as efficiency, reliability and security of the system 

[6]. The supervised firefly method proposes formulas for tuning the parameters and it updates the equations to solve practically 

constrained optimization problems [7]. An effective distribution network is the only key to meet the ever increasing demand for 

domestic, industrial and commercial load. To solve the power supply problem in remote and isolated areas hybrid energy systems 

are considered [8].Remodeling is an important way to increase the efficiency of the distribution system. A discrete seaching- 

Learning based optimization was employed [9] to solve the DSR problem in order to minimize the loss. The reactive power flow 

becomes very significant due to heavy load which cause an increase in the real power loss. The main reason for this huge power 

loss is the resistive loss, as well as distribution system is operated at much lower voltages compared to transmission system. The 

losses in the distribution systems are high when compared to the transmission systems. The Distributed Generation can supply a 

part of real or reactive power in radial distribution system to minimize feeder current and also improves voltage profile. Power 

system studies indicate that improper location of DG would lead to power losses. Improved Harmony Algorithm [10] and Quasi- 

Oppositional Swine Influenza Model based optimization [11] is presented for the optimal placements of capacitors and DG but 
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this method does not give a complete solution for optimal cost. Various optimization algorithms and the load flow programs was 

developed to find the power flow. The load flow analysis is used to check the injected power and power flowing out of bus. 

II. PROBLEM FORMULATION 

Optimal sizing and placement of DG is the main objective which specially focuses on minimizing losses, improving voltage profile 

and maintaining voltage stability. For the effective power system operation real power loss reduction is mandatory. The objective 

function for the minimization of power loss may be described as: 

OF= Minimize (PLOSS) 

Where 

PLOSS is the real power loss of the distribution network and is given by: 

                    (1) 

Where 

                                                       (2) 

                                                   (3) 
To operate the radial distribution network in a safe and secure manner voltage stability must be maintained. Voltage stability 

index of radial distribution system is given by: 

 Maximize  

 (4) 
i=2,3,4……nb 
Subject to constraints 

 Voltage Constraints: 

 

 Current Constraints: 

 
Pi,Qi are the net active and reactive power at the ith bus Pj,Qj are the net active and reactive power at the jth bus rij is the resistance 
of the line connecting i and jth bus Vi,Vj are the bus voltages at the i and jth bus nb is the number of buses in the distribution 
network. 

III. MOTH SWARM OPTIMIZATION 

Moth Swarm Optimization (MSO), is inspired by the orientation of moths towards moonlight for presenting optimal location and 
sizing of DG on distribution systems. The fitness function of this solution is considered as luminescence intensity of the light 
source. The proposed moth swarm is considered to have three types of moth the are classified as follows: 
 Pathfinders: with the principle of First in last out the small group of moth are able to find the new areas over the optimization 

space. It mainly involves in guiding the main swarm by discriminating the best positions of light source. 
 Prospectors: These are the group of moth that wander in random spiral path which is indicated by pathfinders within the 

neighborhood light source area. t 
 Onlookers: These are the group of moth that directly moves towards the best global position (moonlight), that has been 

obtained by prospectors. 
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Fig. 1: Movement of Moth towards moonlight 

 Initialization 

   (5) 

The best moths are found and they are taken as pathfinders, the other best and worst group of moth is taken as prospectors and 

onlookers. Probability: 

              (6) 

The probability value is estimated proportional to luminescence intensity.  

 Luminescence Intensity 

           (7) 

 Transverse Orientation 

      (8) 

P ∈ {1, 2…np}; I ∈ {np+1, np+2…nf} 

Where,  ∈ [r, 1] is the random number which defines the spiral shape; r=-1-t/T. 

 Gaussian Walks 

 
i ∈ {1,2,….,nG      

 Best location of moth 

 
Where i ∈ {1, 2...…nA}, 2g /G is the social factor,1-g/G is the cognitive factor and r1 and r2 are random number within the interval 

[0,1]. bestp is the light source randomly chosen from the new pathfinders group based on the probability value of its corresponding 

solution. 

IV. RESULT 

The proposed method effectively solves the optimal sizing and locating problem of DG in a 69 bus radial distribution system to 

minimize the active power loss, cost and maximize the voltage stability index (VSI) and also improves voltage profile. This test 

system includes 73 branches, 5 and 68 tie and sectionalizing switches respectively. The nominal voltage of the system is 12.66 kV. 

The total active and reactive loads are 3801.89 kW and 2694.1 KVAR without installation of DG are 224.7 kW and 102.13 kVAR. 

Base MVA is 10 MVA for base case. 
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Fig. 1: IEEE 69 bus radial Distribution System 

 
Fig. 2: Voltage levels of 69 bus radial distribution system 

Fig.2. gives the voltage levels of the 69 bus radial distribution system. The optimal DG locations of three cases are considered 

here. The bus voltages vary according to the iterations performed. 

 
Fig. 3: Convergence curves of the proposed algorithm for the 69 bus radial distribution system.  

The graph shows the convergence characteristics during the pre and post installation of DG. 
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Table – 1 

Objective Function Values of the System after Installation of Dg 

Method fPL (p.u.) fVSI (p.u.) 

GA/PSO[1] 0.4795 0.9623 

MSA 0.3804 0.9794 

Table - 2 

Results of the Optimal Dgs for 69 Bus Rds using Mso Method 

No. of DG 

Unit 

DG 

Location 
Size of DGs 

Real Power 

loss (kW) 

VSI 

(p.u.) 

% Power loss 

Reduction 

Optimized 

value 

  
PDG 

(kW) 

QDG 

(kVAR) 
PF     

With no DG     224.950 0.6873   

Single DG 61 2017.0 1424.0 0.8169 25.9816 0.9092 88.45 5.863 

Two DGs 
61 1910.0 1320.4 0.8225 10.1468 0.9789 95.48 5.356 

17 628.63 283.39 0.9116     

Three DGs 

61 1813.5 1522.5 0.7658 9.1242 0.9794 95.94 3.8004 

18 380.2 270.5 0.8148     

11 503.0 294.9 0.8626     

Table – 3 

Comparison Result of the Proposed Method with Other Methods 

Method DG Size Location 
DG Size  

(kW) 

Power loss 

without DG (kW) 

Power loss with 

DG (kW) 

% Power loss 

reduction 

Power  

Factor 

GA/PSO[1] 

11 495.1    0.8140 

18 378.0 224.9 4.795 97.10 0.8250 

61 1674.0    0.8130 

MSO 

27 503    0.8626 

34 380.2 224.9 3.8004 98.31 0.8148 

63 1813.5    0.7658 

Table 1 gives the objective function values of the 69 bus radial distribution system for the GA/PSO and MSO optimization 

techniques. Here the comparison is carried out by considering the power loss and voltage stability. 

Table 2 result depicts the real power loss, reactive power loss, percentage power loss reduction and the voltage stability index 

by considering the cases such as (i) With no DG (ii) With Single DG (iii) With Three DG and it is found that the power loss got 

reduced and voltage stability is improved after the placement of the three DGs. 

Table 3 shows that by using MSO algorithm, the total power loss got reduced and the power factor is improved. 

V. CONCLUSION 

The investigation is carried out for solving complex problem of locating and sizing DG in an electric distribution network for 

minimization of power losses. The MSO algorithm is employed to determine the optimal location and size of DG. MSO algorithm 

is able to find the improved quality solutions for the large system with the superior computational efficiency. The numerical results 

and the convergence profiles of the objective function of the test system confirm the effectiveness and dominancy of the proposed 

approach over other established algorithms. MSO algorithm exhibits a higher capability in finding optimum size and location of 

DG in radial distribution system. 
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