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This paper proposes a hybrid method based on analytical expressions incorporating particle swarm 
optimization (PSO) to find the optimal location and optimal DG size with an objective of minimizing 
losses and improving voltage profile. DG optimization problem is also solved with an objective of 
minimizing power loss only. The proposed method is tested on 33 and 69 radial distribution systems. 
 
Keywords : Analytical expression; particle swarm optimization; multiple DG allocation; loss reduction; 
voltage profile improvement. 
 
INTRODUCTION 
 
Due to the increase in power demand, the need for generation of power is steadily increasing. To give uninterrupted 
service to consumers, it is necessary to increase the penetration of distributed generation into distribution systems. 
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Due to the problems of poor voltage regulation, shortage of transmission capacities and increased environmental 
concerns, the conventional methods of supplying power could not meet the whole demand. To overcome this, 
distributed generator  (DG) has become the alternative source for power supply. 
 
Apart from meeting the energy demand, the optimal location and size of DG units can reduce distribution losses; 
improve voltage stability and voltage profile. Loss minimization is an important factor in planning and operation of 
DG. Many techniques have been proposed in literature to find the optimal allocation and optimal size of DG. In ref 
[1], genetic algorithm has been implemented for placing distributed generator in power distribution system to reduce 
losses. But this method is computationally demanding and slow in convergence. Wang C and Nehrir proposed an 
analytical method for optimal placement in radial as well as meshed system. But in this paper, a fixed DG size was 
considered for analysis. A 2/3 rule which is traditionally applied for capacitor allocation has been applied for DG 
allocation in ref [3] but this technique cannot be applied to meshed distribution system. N. Acharya, P. Mahat, and 
N. Mithulananthan proposed a new method to find the optimal size and location of DG for minimizing the total 
power lossesin primary distribution systems. In this paper, DG capable of injecting real power was only considered. 
Loss sensitivity factor method which was used to solve the capacitor allocation problem when applied for DG 
allocation as in ref [5] needs a large number of load flow solution.  
 
In this paper, an improved analytical method is proposed for allocation of multiple DGs. Unlike the previous 
methods, DG is capable of injecting both real and reactive powers. As DG units can supply a portion of total power 
to loads, the feeder current reduces from the source to the DG location. 
 
LOAD FLOW SOLUTION 
The load flow solution is obtained by using two developed matrices – the bus injection to branch current 
(BIBC) and the branch current to bus voltage matrix (BCBV). A simple matrix multiplication gives the 
load flow solution. This method is proposed in ref [6]. 
Algorithm: 
1. Input line and load data of distribution network. 
2. Form the BIBC and BCBV matrices. 
3. Obtain DLF matrix by multiplying BIBC and BCBV matrices. 
4. Set iteration count t = 0. 
5. Obtain the values of current injection at the t-th iteration using 

 
6. Calculate the change in voltage using 

 
7. Update the voltage values using 

 
 
Repeat steps 5 to 7 until iteration t is equal to maximum iteration. 
 
9. If iteration = maximum iteration, calculate branch currents. Branch current (ibr) = BIBC*I 
10. For each branch calculate real loss and reactive loss. 
Real loss = |ibr|2* branch resistance 
Reactive loss = |ibr|2* branch reactance 
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MULTIPLE DG ALLOCATION AND DG SIZE 
An analytical method is proposed in this paper to allocate multiple DG units for achieving high loss reduction in 
a distribution system. 
 
DG size expression 
The expressions used to find the DG size at each bus [7,8] is given by (1) and (2) 
 

 

 
Types of DG 
There are four types of DG depending on the injection of real and reactive powers. 
 
Type 1: DG capable of injecting both P and Q 
The power factor of the DG is in between 0 and 1. By using equations (1) and (2), the optimal size of DG at each bus 
for the loss to be minimal is obtained. 
Type 2: DG capable of injecting P but consuming Q. 
Similar to the type 1 DG, the optimal size is obtained by using equations (1) and (2). 
Type 3: DG capable of injecting P only 
As the DG is injecting only real power, the power factor of the DG is one. The optimal size of DG at each bus 
[8] for minimum power loss is given by [8] 

 
Type 4: DG capable of injecting Q only 
DG is capable of injecting only reactive power and the power factor of the DG is zero. The optimal size of the 
DG at each bus [8] for minimum power loss is given by 

 
 
Calculation of combined power factor 
The power factor of the system is obtained by using the following equation 
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Algorithm to find optimal location and size 
Step 1: Input the number of DG units to be integrated. 
Step 2: Obtain losses for the case without DG using the load flow solution described above. 
Step 3: Calculate the power factor of DG using (8). 
Step 4: Obtain the values of PDG and QDG using (1) and (2). 
Step 5: calculate the loss by placing the DG at each bus one at a time using the BIBC and BCBV load flow method. 
Step 6: The bus with minimum loss gives the optimal location. 
Step 7: Optimize the PDG value at optimal location by varying it in small steps. 
Step 8: The optimal size of DG is the size which gives minimum loss. 
Step 9: To integrate the next DG, load data is updated by placing the DG with optimal size obtained in previous step. 
Step 10: Repeat steps 2 to 9 until all DG units have been integrated 
 
Flow chart 

 
 
PARTICLE SWARM OPTIMIZATION 
In this paper, Particle swarm optimization (PSO) algorithm is used to optimize the size of DG. PSO is a technique 
proposed by Kennedy and Eberhart [9] by observing the behaviour of bird flocking or fish schooling. In this 
technique, each individual adjusts its position depending on its own experience – known as pbest and on the 
experience of neighbouring particle-known as gbest. It generates random values of a given parameter such as DG 
size, location, velocity etc. 
 
Key terms 
particle/individual/agent: each individual in the swarm; swarm: the entire collection of particles; population size: 
number of random values considered in between maximum and minimum values of a particular parameter; fitness: 
value that gives best solution to the optimization problem; pbest (personal best): the position in parameter space of 
the best fitness returned for a specific particle; gbest (global best): the position in parameter space of the best fitness 
returned for the entire swarm; Vmax: the maximum velocity value allowed in a given direction; 
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Basic algorithm 
Step 1: Generate an initial population of velocities and DG sizes randomly. 
Step 2: Initialize the iteration with k = 1. 
Step 3: Calculate the objective function at each bus. 
Step 4: For first iteration, pbest will be equal to the values of the objective function obtained for each particle/bus and 
gbest is the value with minimum value in the values of pbest. 
Step 5: Increment the iteration count and update the values of velocities and DG sizes using (9) and (10) 
 

 
Step 6: Compare the objective value obtained at a particular bus with its previous iteration. If it is less than value 
obtained in previous iteration, set this value as current pbest. Gbest is the best value (i.e. with minimum objective 
value) among current pbest values. 
Step 7: If iteration = maximum iteration, go to step 8. Otherwise go to step 3. 
Step 8: gbest gives the optimal DG sizes. 
 
MULTI-OBJECTIVE FUNCTION 
Here, three objective functions viz. f1, f2 and f3 are combined into one for minimising loss and improving 
voltage stability and voltage profile. The three parameters f1, f2 and f3 are in p.u. 
 
A objective function 
The multi-objective function expression is given by 

 
f1 is the loss in the distribution system calculated using the load flow solution described above. 
f2 is the voltage profile given by 

 
f3 is the network voltage stability index is given by 

 
Where 

 

 
METHODOLOGY 
 
The objective of minimizing loss, improving voltage profile and increasing voltage stability is achieved by using 
analytical expressions incorporating PSO. To determine the optimal locations of DG units, the bus with minimum 

Suma Deepthi Veeraganti et al., 



Indian Journal of Natural Sciences                                                             www.tnsroindia.org.in ©IJONS 
 

Vol.14 / Issue 81 / Dec / 2023      International Bimonthly (Print) – Open Access      ISSN: 0976 – 0997 

67182 
 

   
 
 

functional value f is located. The DG location and size are determined similar to the method followed in obtaining 
optimal location and size of DG where the objective is to minimize only loss. But instead of changing the DG size in 
small steps, random sizing of DG is carried out by using PSO algorithm as described above. The optimal DG size is 
the size for which the objective function f is minimal. 
 
RESULT 
 
Table 1 and Table 2 presents the results of the optimal locations and sizes for loss minimization objective and 
multiple objective function for 33 and 69 distribution systems respectively. It is observed from tables 1 and 2 that the 
voltage profile is improved and DG size is reduced using multi-objective function. The DG size and location has been 
mentioned for single DG placement, two DG units placement and three DG units placement. It is observed from the 
table that there is a high loss reduction when three DG units are integrated in distribution system. 
 
CONCLUSION 
 
In this paper, the optimal locations are obtained using analytical expressions and the size of DG obtained from 
equations (1) and (2) is fine tuned using PSO algorithm considering the real power loss, voltage profile and voltage 
stability index. These values are compared with the optimal sizes of DG which are obtained considering only loss 
minimization. 
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Table I: 33 Bus System - PQ Injection 

 
 
Table II: 69 Bus System - PQ Injection. 
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