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Abstract— In a radial distribution system, the voltages at buses 

decrease and losses increase with increasing distance from the 

substation. DG can be utilized to overcome these problems. DG 

can deliver a portion of real and/or reactive power for reducing 

feeder current and thus improving both voltage profile and 

transmission efficiency. However, studies also shows incorrect 

placement of DG would lead to higher losses than the losses 

without DGs. This paper focuses on maximizing the net saving by 

minimizing the energy loss cost while considering installation and 

running cost of the Distributed generators. Both GA and PSO 

algorithms are used to find the optimal locations and sizes of DG. 

The obtained results are discussed and compared to each other. 

The proposed method is programmed and tested in a 33 bus 

distribution system using MATLAB software. For load flow 

analysis of the distribution network, forward backward sweep 

algorithm is used. 
 

Index Terms— Voltage Profile Improvement, Genetic 

Algorithm, Particle Swarm Optimization, Distribution Generators, 

Forward/Backward Sweep Algorithm.  

I. INTRODUCTION 

  Energy deficiency is the major issue faced by developing 

countries due to financial problems. It occurs when the 

available supply is less than the load demand. Power cut and 

load shedding are the only solutions we have in order to 

balance both supply and demand. Around 15-20% of the total 

generated power generation is lost between source and load 

due to transmission and distribution losses. Unleashing the 

energy loss occurring during transmission can help to reduce 

the energy deficiency to some extent. It has been established 

that 70% of the total losses occur in the distribution system 

due to its low X/R ratio and low voltage operation. There are 

several techniques for minimizing the distribution losses such 

as Feeder reconfiguration, Reinforcement of the feeder, 

Grading of conductor, Construction of new substation, 

Reactive power compensation, Optimal placement of DG etc. 

Because of the increasing popularity of DG, it is utilized in 

this paper for minimizing losses. Studies show that up to 70% 

of the losses can be minimized by the proper placement DGs 

of optimal size at the right locations. 

DG is a small generating unit based on the non-renewable or 

renewable energy connected to the distribution side of the 
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power system with capacity ranging from a few kilowatts to 

up to several megawatts.  

In a radial network due to line drop, voltage decreases with 

increasing distance from the substation. Placing DG can 

compensate this voltage drop and thus improve the power 

quality which in turns improves efficiency and performance 

of equipments connected to the system.  

The high R/X ratios of branches in a distribution system 

compared to a transmission system makes the distribution 

system ill conditioned. Therefore using conventional 

methods like Newton Raphson (NR) and fast decoupling 

cannot be effectively used in radial distribution system for 

load flow analysis. So for the load flow analysis of the given 

distribution network, backward and forward sweep algorithm 

is used. It can exploit the radial nature of the distribution 

system and it is computationally more efficient. Another 

advantage of the proposed method is that all the necessary 

data can be stored in vector form, thus saving a lot of 

computer memory. Convergence is always guaranteed for 

any type of practical radial distribution network with realistic 

R/X ratios while using the sweep technique.  

The objective of this work is to find out the location and sizes 

of the DG so as to maximize the net saving by minimizing the 

energy loss cost for a given period of time with single DG, 

double DGs, and 3 DGs. The installation cost and unit energy 

generation cost of DG also taken into account. The following 

assumptions are considered for DG placement. 

1)  The sizing and location of DG is considered at the peak 

load only. 

2)  Maximum active power limit of DG for different test 

systems is assumed to be equal to the total active load of 

the system. 

3)  The lower and upper voltage thresholds for DG with the 

optimal size, location and power factor are set at 0.95– 

1.05 pu.  

Both PSO and GA are used for finding the optimal places of 

DGs and the results are compared and discussed. 

II. PROBLEM FORMULATION 

The objective is to maximize the net saving considering the 

costs of distribution generation at the same time minimize 

losses and improve voltage profile for a period of one year.  

A. Objective Function 

The objective function consists of two main terms: energy 

loss cost and distributed generation cost. 

• Energy loss Cost (ELC): 

 ELC = (EC * GE)                                                (1) 

Where, 
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    EL= [ PLi ]*t                                                        (2) 

          t = number of hours in the given time period 

          PL
= power loss in KW 

          GE=energy loss rate in $/KWhr 

• DG Cost (DGC): 

It consists of 

1) Installation cost 

2) Variable cost 

 

          (3) 

 

Where, 

       PDG = power generated from DG in KW 

       DGR = Rate of DG/KW   

       GIC= DG installation cost 

• Total Cost  

Totalcost = ELs + DGC                                                (4) 

% Net saving = (Energy loss cost without DG – (Energy loss 

cost with DG +  DGC ))/ (energy loss cost with DG) 

B. Operational Constraints: 

Constraint I: Bus voltages 

From the point of view of system stability, power quality etc., 

each bus voltage (Vi) must be maintained around its nominal 

value (Vi nom) within a permissible voltage band, specified as 

[Vi min, Vi max]. 

Where, 

Vi min is the minimum permissible value of voltage at bus i  

Vi max is the maximum permissible voltage at bus i.  

This can be mathematically described as: 

Vi min ≤ Vi  ≤ Vi max                                                       (5) 

Constraint II: The DG capacities 

 The capacity of each DG (PDG i) should also be varied around 

its nominal value. Hence each PDG must also be maintained 

within a permissible band, specified as  

[PDG min, PDG max], where PDG min  is the minimum permissible 

value of each DG capacity and PDG max is the maximum 

permissible value of each DG capacity. This should be a 

mandatory requirement because e.g. if a DG capacity is less 

than the specified minimum value, then the type and cost of 

the corresponding DG should also be varied. The DG 

capacity limit is given as,  

 

PDG min ≤ PDG ≤  PDG max                                              (6) 

III. BACKWARD AND FORWARD SWEEP 

ALGORITHM 

 

Fig. 1: Backward and Forward Sweep Algorithm 

This method is a simple and efficient method. The node 

voltages and branch currents are evaluated directly from 

KVL and KCL respectively. The method converges fast and 

the results are highly accurate. Backward sweep calculates 

the branch currents. As an initial step, flat voltage profile has 

been assumed. At the end of each backward sweep updated 

list of branch currents are saved. The forward sweep 

calculates the node voltages. Backward and forward sweeps 

are repeatedly done with the updated values as initial values 

till the convergence limit reached. At the end of each 

backward sweep updated list of branch currents are saved. 

With that the forward sweep calculates the node voltages as 

follows 

Vj = Vi + Iij Zij                                                            (7) 

Backward and forward sweeps are repeatedly done with the 

updated values as initial values till the convergence limit 

reached. This has been shown in the figure 1 as flow chart. 

The total real power loss in power systems is represented by 

PLoss = (( Vi- V j) / Rij) 2* Rij                                               (8) 

 The total reactive power loss in power systems is represented 

by 

 QLOSS = (( Vi -Vj) / Rij) 2* Xij                                             (9) 

IV. GENETIC ALGORITHM 

Genetic algorithm mimics Darwin’s theory of survival of the 

fittest and process of natural evolution to find the optimal 

solution for a problem. It was first introduced by John 

Holland of University of Michigan in 1970. The genetic 

algorithm starts with no knowledge of the correct solution 

and depends entirely on responses from its environment and 

evolution operators such as reproduction, crossover and 

mutation to arrive at the best solution. The steps for 

optimization using genetic algorithm is shown below. 

Step 1: Randomly generate initial population strings. 

Step 2: Calculate the fitness value for each string in the 

population and select the fittest members of the population. 

Step 3: Reproduce using a probabilistic method (e.g. roulette 

wheel). 

Step 4: Create the pool after selection. 

Step 5: Create offspring through crossover and mutation 

operation. 

Step 6:`Evaluate the offsprings and calculate the fitness 

value for each solution. 

Step 7: If the search goal is achieved, or an allowable 

generation is attained, return the best chromosome as the 

solution; otherwise go to step 4.  

 The probabilistic method chosen here is roulette wheel due 

to its simplicity and the crossover technique used is 

arithmetic crossover mechanism with crossover probability 

from 0.8 to 1. The mutation probability is set between 0.5 to 

1. The maximum iteration is set at 100 while population size 

is 20. 

V. PARTICLE SWARM OPTIMIZATION (PSO) 

In 1987 a biologist named Craig Reynolds derived a formula 

by observing the social behavior of animals like flock of birds 

or school of fishes. Based on this theory J. Kennedy and R. C. 

Eberhart introduced an optimization technique called particle 

swarm optimization. 

 

 

 

http://www.ijeat.org/


International Journal of Engineering and Advanced Technology (IJEAT) 

ISSN: 2249-8958 (Online), Volume-2 Issue-5, June 2013 

   161 

Published By: 
Blue Eyes Intelligence Engineering  

and Sciences Publication (BEIESP)  

© Copyright: All rights reserved. 

Retrieval Number E1734062513/13©BEIESP 
Journal Website: www.ijeat.org 

 Like GA, PSO also begins with random initialization of 

solutions called particles. These particles move around the 

search space with a constant velocity based on the social 

psychological tendency of individuals to emulate the success 

of other individuals. The change to a particle within the 

swarm is therefore influenced by the experience, or 

knowledge, of its neighbours. In order to find the optimal 

place of DG using PSO, initial populations are generated 

randomly with random position and size of DG in the search 

space (or given distribution network). 

Each particle (or DG position) is then checked with different 

operational constraints before evaluating the net cost using 

equation (4). If the particle is not satisfying the constraints, it 

is considered as in feasible. After that each particle is 

compared with previous individual best and the better one is 

stored as Pbest along with corresponding particle position. 

Then from Pbest of all particles, overall best is stored as 

Gbest. Then the velocity and position of particle is updated 

and particles are compared to get the current Pbest and Gbest. 

This procedure is continued until the maximum iteration limit 

is reached. 

VI. CASE STUDY  

In this work, the optimal location and size of the DGs are 

studied using IEEE 33-bus radial distribution system shown 

in Fig.2. In all calculations the following test parameters are 

used. The base values are taken as 100kva and 23kv. The 

installation cost per DG is 5000$ with a total running cost of 

0.01$/ kwh.  

 

Fig. 2: 33-bus IEEE distribution network 

Fig.3 & 4 show the voltage profile (in p.u.) of the IEEE 

33-bus radial distribution system without and with DGs 

connected to it. We can see an improvement in voltage profile 

with increasing number of DGs. 

 
 

 

 

 

 

 

 
 

Fig. 4: Voltage profile of the 33-bus system with DG units 

 

Table I: Comparison of Simulation Results: GA vs. PSO 

 

No No. of 

DG 

Power Loss 

KW 
DG Location 

Size of  DG 

KW 

Total Energy Cost 

$/year 

Net Saving 

% 

GA PSO GA PSO GA PSO GA PSO GA PSO 

1 0 181.968 - - 159400 - 

2 1       89.95 89.95 31 31 1100 1100 111301 111301 30.17 30.17 

3 2 43.33 41.58 
14 

31 

14 

31 

1050 

850 

1100 

850 
95457 95178 40.11 40.29 

4 3 35.35   35.47 

14 

30 

32 

14 

30 

32 

750 

700 

650 

750 

600 

750 

98481 98578 38.22 38.15 

 

 

Table I shows the results (best location, DG sizes, loss, DG 

cost and net profit) with both GA and PSO. Also shows the 

power loss of the system (without DG and with DG). The 

execution time for both GA and PSO is shown in fig 5. 

 

Fig. 3: Voltage profile of the 33-bus system without DG units 

Bus Number 
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I. CONCLUSION  

The DG placement has been studied in an IEEE 33-bus radial 

distribution system. Load flow analysis of the radial 

distribution system is carried out using forward and 

backward load flow method. The buses for placement of DG 

are determined by considering the energy loss cost. 

Optimization improves voltage profile and transmission 

efficiency by mitigating total power loss and total energy cost 

in the radial distribution system. The overall cost of the 

system with DG considering installation cost and energy rate 

is found to be less than the distribution system without DG.  

The best saving using PSO optimisation technique is found to 

be 40.29% compared to the 40.11% of GA. PSO also showed 

a better 1.75kW reduction in power loss compared to GA. 

The execution times of GA show a lag of 02. to 0.8 second in 

comparison with PSO. From all these results we can conclude 

PSO is a better algorithm technique than GA in every way for 

the overall cost reduction of the power system containing 

DGs. 
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Fig. 5: Execution time 
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