
IJSTE - International Journal of Science Technology & Engineering | Volume 2 | Issue 01 | July 2015 
ISSN (online): 2349-784X 

 All rights reserved by www.ijste.org 
 

124 

Optimal Sitting and Sizing of Distributed 

Generation (DG) units for Minimization of Losses 

using Imperialist Competitive Algorithm 

  

Prof. Anjali D. Rana Prof. Raj Kumari 

Assistant Professor Assistant Professor 

Department of Electrical Engineering Department of Electrical Engineering 

Vadodara Institute of Engineering, Vadodara Vadodara Institute of Engineering, Vadodara 

 

Abstract 

Integration of renewable energy based Distributed Generation (DG) units provides potential benefits to conventional distribution 

systems. However, if the location and size of DG unit is not proper, it may possible to increase in power losses and voltage 

profile degradation. In present paper, Imperialist Competitive Algorithm (ICA) is used to determine the location and capacity of 

DG. The objective is to minimize the total real power losses and improve the voltage profile. Here, power flow analysis is done 

using Forward-Backward sweep method. MATLAB programming is used to implement the proposed algorithm. Study has been 

carried out on 15 bus radial distribution system and results are discussed.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The main purpose of DGs is the integration of wind turbines, solar cells, fuel cells and other power resources in power systems. 

These units are connected to a distribution network or a consumer directly. Electric power systems have been originally designed 

based on the unidirectional power flow, but the concept of distributed generation (DG) has led to new considerations concerning 

the distribution networks. The penetration of DG may impact the operation of a distribution network in both beneficial and 

detrimental ways. Some of the positive impacts of DG are: power loss reduction, voltage profile improvement, reliability 

improvement, whereas negative are protection coordination, dynamic stability and islanding. In order to maximize benefits and 

minimize problems, it is necessary to find proper location and capacity of DG units. There are a number of approaches proposed 

for placement and sizing of DG units. Different objective functions for costs reduction, voltage profile improvement, power 

losses reduction, etc have been developed using various optimization techniques. A genetic algorithm based approach to 

minimize the real power loss in the system and found a significant reduction in the system loss. To minimize both cost and loss 

with proper weighing factors using Newton-Raphson (NR) load flow method. A discrete particle swarm optimization and genetic 

algorithm (GA) based approach to minimize loss and improve reliability has been developed. A multi-objective performance 

index based technique using GA for optimal location and sizing of DG resources in distribution systems has also been proposed. 

In this paper, the location and capacity of DGs are determined considering minimization of power losses using Imperialist 

Competitive Algorithm (ICA). For load flow calculations in distribution network, Backward/Forward sweep method is used. 

II. LOAD FLOW CALCULATIONS 

For load flow solution of transmission system, various efficient and reliable techniques such as, Gauss-Seidel, Newton-Raphson 

and Fast decoupled load flow have been developed and widely used for power system operation, control and planning. These 

methods may become inefficient for the distribution network because of its special features like radial structure, high R/X ratio, 

unbalanced load etc. Therefore, in this paper, Backward/Forward sweep method is used for load flow calculations.  
This method includes two steps: the Backward sweep and the Forward sweep. In backward sweep, voltage and currents are 

computed using KVL and KCL from the farthest node from the source node. In forward sweep, the downstream voltage is 

calculated starting from source node. This can be calculated using following equations:  

I(i,i+1) = Ii+1 + ∑
                    

                       
 

Vi = Vi+1  +  I(i,i+1) * Z(i,i+1) 

Vi+1  = Vi -  I(i,i+1) * Z(i,i+1) 

After calculating node voltages and line currents using standard BW/FW sweep algorithm, the line losses are calculated. The 

complex power, Sij from bus i to bus j and Sji from bus j to bus i is calculated using equations:  

Sij = ViIij* 
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Sji = VjIji* 

The complex power loss in branch i-j is obtained from the algebraic sum of above equations and given by,  

Sloss-ij=Sij+Sji 

 
Fig. 1: The model of part of network for load flow calculations 

The active power and reactive power losses of distribution system are computed by summing the real parts and imaginary 

parts of the complex power, as follows: 

Ploss = ∑ Re (Sloss-ij) 

Qloss = ∑ Img(Sloss-ij) 

III. IMPERIALIST COMPETITIVE ALGORITHM (ICA) 

ICA was proposed by Atashpaz and Lucas. In computer science, Imperialist Competitive Algorithm (ICA) is a computational 

method that is used to solve optimization problems of different types. Like evolutionary computation methods, ICA does not 

need the gradient of the function in its optimization process. ICA can be thought of as the social counterpart of genetic 

algorithms (GAs). ICA is the mathematical model and the computer simulation of human social evolution, while GAs is based 

on the biological evolution of species. 

Like other evolutionary algorithms, ICA commences with an initial population. Each individual of the population is called 

country P, which are generated randomly within specific search space. Each country is shown by countryi = [p1, p2, … , pNvar], 

where Nvar is the dimension of optimization problem. After evaluating a cost function at each country, some of the best 

countries (with least cost) are selected as imperialists and other countries are known as their colonies.  

To build initial empires, colonies are divided among imperialists based on each imperialist’s power. To divide the colonies 

among the imperialists proportionally, the normalized cost of an imperialist is given by 

Cn = cn – max (ci) 

Where cn is the cost of nth imperialist and Cn is the normalized cost.  

After forming initial empires, the colonies in each of the empire start moving towards their relevant imperialist country. This 

movement is a simple model of assimilation policy which was pursued by some of the imperialist states. Revolution is another 

operator of this algorithm. Revolution occurs in some of the colonies by making random changes to their position. The power of 

imperialist country plus a percentage of power of its colonies gives the total power of an empire.  

Imperialist competition is the last step of this algorithm. All empires try to take the possession of colonies of other empires and 

control them. The competition will result in an increase in the power of strong empires and decrease in the power of weak ones. 

After computations, weak empires will lose their power and collapse. At the end, one imperial will exist which is the answer of 

the optimization problem.  

In this paper, the used fitness function for ICA is the total power losses i.e. the aim of ICA is to reduce the active power losses 

of the system. 

IV. PROPOSED METHOD 

In the proposed method, only one DG unit is considered for which optimal capacity and location has been determined. To 

implement this algorithm, the location and capacity of DG are considered as the variables of a country, where location is an 

integer value whereas capacity of DG unit is a floating number within the search space. The algorithm is initialized with 100 

countries. For each of them cost is calculated. The countries with minimum result are considered as imperialist and other are 

their colonies. In this paper, initially eight countries are selected as imperialist and remaining countries (colonies) are divided 

proportionally among those imperialists and create initial empires. Afterwards, competition starts between them and continues 

until remaining of a unique imperialist, which is the answer of the optimization problem. 

V. SIMULATION RESULTS AND DISCUSSIONS 

In this paper, DG unit only with active power injection is considered. The simulations are carried out on 15 bus radial 

distribution system shown in Figure 2. Before using the proposed algorithm, active and reactive power losses of the system are 

calculated through load flow by BW/FW sweep method. Results are tabulated. Voltage profile of the network before installing a 

DG unit is shown in Figure 3.  
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Fig. 2: A single-line diagram of a 15-bus radial distribution system 

 
Fig. 3: Voltage profile of 15 bus system 

Ploss [kW] Qloss [kVAR] 

61.53 56.94 

The proposed method is applied to the system to determine the optimal location and capacity of DG unit. Based on simulation 

results, shown in Figure 4, a DG unit with capacity of 1076.93kW at bus 3 should be installed. The amount of active and reactive 

power losses after installing a single DG unit are represented in table below.  

 
Fig. 4:  Simulation results for ICA 

Ploss [kW] Qloss [kVAR] 

37.78 33.77 

The power losses for each bus for optimal size of DG is shown in Figure 4. After installing DG unit, the profile of voltage is also 

improved. This phenomena is depicted in Figure 5. 

 
Fig. 5: Active power losses of the network considering  optimal DG capacity on each bus-bar 
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Fig. 6: Voltage profile of 15 bus system 

 
From figure 5, we can determine that best bus for optimal DG location is at bus 3. After installing DG, real power losses are 

reduced from 61.53 kW to 37.78 kW which is about a 38.6 % reduction. 

VI. CONCLUSION 

In this paper, optimal size and placement of single DG unit in radial distribution system has been determined. Imperialist 

Competitive Algorithm (ICA) has been applied as the optimization method. The simulation results show that by using this 

algorithm the network losses are reduced and voltage profile is improved. If more than 1 DG unit is connected in system, higher 

reduction in losses is possible, which can be developed in future. 
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