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Abstract— In recent times distributed generators resources 

have achieved a lot of attention because of their positive impact 

on various distribution systems. Distributed generator is an 

approach towards small scale technologies to produce 

electricity to the close end of consumers. Distributed 

generators comprise of different types of renewable energy 

sources that generate electricity. Optimal planning of 

distributed generators do not only concern with their sizing but 

also includes weightage to the employment of generators as 

well. The installation of distributed generators increases the 

performance of distribution system as well as shows a cost 

effective solution. This results in improved distribution system 

reliability, low reduction losses, and improvement in voltage 

profile at the consumer end. This paper deals with the 

overview of different methodologies which have been adopted 

to find out optimal location of distributed generators to 

maximize benefits of distribution systems. 

Keywords— Distributed generators, Heuristic technique, 

Genetic Algorithm Technique. Particle Swarm Optimization. 

I. INTRODUCTION  

In recent times electricity generation has relied on large 

power stations like coal stations, nuclear stations and gas 

stations in 1960s. Since 1970s, there has been growing 

interest small and medium size power generation units. 

These distributed generators are connected to the 

distribution networks and then finally to the end users. So 

distributed generation and energy sources are important 

ingradient for smart grid paradigm. These resources are 

referred as distributed energy resources. They are small and 

highly flexible as compared to the conventional large scale 

power grid. So distributed energy resources helps to 

facilitate transition to a future smart grid. Distributed 

generators by definition are small source of energy typically 

ranging from less than a KW to tens of MW (roughly 

10MW or less) located at the substation, distribution feeder 

or at near point of use. Distributed generators technologies 

include renewable energy sources like solar power, wind 

power and reciprocating internal combustion engines that 

help to produce electricity. These technologies have more 

widely used mainly due to better reliability, more flexibility, 

more power quality and less cost. This penetration of 

distributed generators into the grid environment will bring 

new challenges for efficient system operation. These issues 

are can be addressed by micro-grids which consist of 

various distributed generators, storage devices and 

controllable loads that can operate either interconnected or 

isolated from the main distribution grid [27]. So with the 

introduction of distributed generators conventional 

distribution network gradually converted into more 

complicated power network. The distribution networks are 

comprised with feeder terminal units and supervisory 

control and data acquisition systems [2]. Complexity is 

introduced by the presence of different types of distributed 

generators in terms of their fault current response play a 

major role in system response in case of fault condition. 

Although all of them their voltage profile, there are variation 

in fault responses which should be considered in examining 

the effects of DG units on the network [29].  

The primary objective of power system is to provide 

electricity to their customers. The main change in power 

grid is the introduction of distributed generators which 

proved power from grid to the end users. Photovoltaic 

systems are one of the renewable energy sources which is 

employing nowadays due to fast growing DG industry and 

their integration [4].  

There are a lot of advantages of distributed generators on 

distribution system performance [16]. 

I. Technical Advantages: 

 Low line losses. 

 Improved voltage profile. 

 Improvement in power quality. 

 More system reliability and security. 

 

II. Environmental Advantages: 

 Low pollutants emissions. 

 Employment and encouragement of 

renewable energy sources. 

 

III. Economic Advantages: 

 Reduced operational and management 

cost. 

 Low health care cost due to improved 

environment. 

 Low fuel cost. 

 Improved efficiency. 
So Distribution generators have both positive and negative 

impact depending on their size and location. With the 

occurrence of restructuring and performance it is critical for 

utilities to increase positive impacts and reduce negative 

impacts [9]. To obtain the maximum benefit from 

distributed generator units in power system distribution 

networks, the sizing and location of DG units need to be 

done correctly. The location of distributed generator 

installation is chosen by investor keeping consideration of 

climate conditions, location and availability of resources 
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[28]. Acharya N. et al. [18] have proposed that inclusion of 

distribution generator beyond a particular capacity and at 

improper location can cause reverse impact on losses. 

Hence it becomes necessary for investigation of distributed 

generator where its capability could be used to achieve 

distribution network operation. This paper deals with the 

review of different optimization techniques used for 

tracking the optimal location of distributed generator. 

II. ANALYTICAL TECHNIQUE 

An analytical technique represents the distribution system 

by a mathematical model and calculates using direct 

numerical solution [25]. This method aims to determine the 

optimal location of distribution generator with minimum 

loss finding at the network. Analytical technique offers the 

benefit of less computing time. However when the problem 

becomes difficult, the assumptions used in order to 

overcome the problem may override the solution. Further 

Wang C. and Nehir M.H. [14] have proposed an analytical 

approach to find the optimal location of distributed 

generator in both radial and networked systems for 

minimization of power losses.  

M. A. Kashem et al. [19] have analyzed technique for 

minimization of power losses in distribution system by 

optimizing distributed generator in terms of size, location 

and operating point. Also sensitivity analysis for power 

losses has been performed in terms of DG size and DG 

operating point. Thus the developed analytical technique is 

suitable for radial distribution network with linearly 

increasing and decreasing load patterns. 

 

 
Fig. 1.  Flow Chart of Analytical Technique 

 

III. HEURISTIC TECHNIQUE 

A number of researches have been performed on heuristic 

technique over the years to obtain optimal location of 

distributed generator. The most commonly used of this 

technique are: harmony search, tabu search, simulated 

annealing. It is a technique that finds an optimal location of 

DG unit without concern for whether the solution is correct. 

Griffin T. et al. [6] have analyzed a simple heuristic 

technique for distributed generator placement with 

minimization of losses using B loss coefficient. The 

advantage of this technique is its simplicity and is easy to 

implement. 

 

a) Harmony search: 

With the enlargement of human living environment as 

transformation toward the nature expansion some realistic 

problems have been developed. The conventional methods 

are unable to meet needs of complex optimization problems. 

Therefore various efficient methods are developed for 

solving optimization problems. Harmony search is one of 

them. This technique is simple in concept, uses less 

parameter and has easy implementation. The optimal 

location of distributed generator is determined on the basis 

of loss sensitivity factor while the optimal DG size is 

determined using harmonic search algorithm. 

 

 
Fig. 2.  Flowchart of Harmony Search 

 

b) Tabu search:  

It is a global optimization algorithm for controlling an 

embedded heuristic algorithm. It is a higher level heuristic 

method for solving optimization problems. It is also called 

gradient-decent search with memory that recalls number of 

previously approached states together with the number of 

states that may be considered undesirable. This information 

is stored with help of memory. Few parameters are like 

definition of states, area around the states, aspiration and 

diversification [17]. Tabu search technique is useful when 

the loads are uniformly distributed [10].  

 

 
Fig. 3.  Flowchart of Tabu Search 
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c) Simulated annealing 

It is a method for solving unconstrained and bound-

constrained optimization problems. This method designs the 

physical process of heating a material and then slowly 

decreasing the temperature to decrease defects. It is a 

generic probabilistic meta-heuristic for the global 

optimization problem. It is one of the strongest general 

purpose optimization techniques which can ideally converge 

asymptotically to a global optimum solution but it is time 

consuming method [23]. This method was developed by C. 

Daniel, Gelatt and Mario P. Vecchi in 1983 and by Vlado 

Cerny in 1985. The below figure 4 shows the flowchart of 

simulated annealing technique. In this method a new point is 

randomly generated at each iteration of this algorithm. The 

distance of the new point from the current point depends 

upon the probabilistic distribution with a scale proportional 

to temperature.  

 

 
                 Fig. 4.   Flowchart of Simulated Annealing  

 

IV. GENETIC ALGORITHM 

Genetic algorithm is used as an optimization technique and 

this has become increasingly popular in the recent times. 

This algorithm belongs to the larger class of evolutionary 

algorithm which generates solution to the optimization 

problems. It uses population of strings which encode 

individuals to an optimization problem towards the better 

solution. It is used to solve problems with optimal 

distributed generators for networks with variable power 

concentrated and constant power concentrated loads [1]. 

 

 
                   Fig. 5.  Flowchart of Genetic Algorithm 

 

V. PARTICLE SWARM OPTIMIZATION TECHNIQUE 

This algorithm is a population based stochastic optimization 

algorithm which is developed by Dr. Eberhart and Dr. 

Kennedy in 1995. Particle swarm optimization shares many 

similarities with genetic algorithm. Unlike genetic algorithm 

have no evolution operators. Particle swarm optimization 

technique is a computational method which optimizes the 

problem by iteratively tries to improve a candidate solution 

in respect of a given measure of quality. PSO algorithm is 

quiet simple as compared to genetic algorithm. Y. Alinejad-

Beromi et al. [21] have proposed PSO algorithm for finding 

out suitable DG size and location with aim to improve 

voltage profile, low losses, reduction THD at the same time.  

There are many conclusions as compared to genetic 

algorithm: 

 An execution time is very short as compared to 

genetic algorithm. 

 It can be applied to wide variety of optimization 

problems. 

 Active power losses as compared to genetic 

algorithm.  

This technique is inspired by the fundamental disciplines of 

computer science and social science which adopts swarm 

intelligence principle. PSO is metaheuristic method as it 

makes few assumptions of the problem being optimized and 

can search large spaces of candidate solutions. However this 

method does not take any guarantee as optimal solution is 

ever found.  
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                       Fig. 6.  Flowchart of PSO Technique 

 

TABLE I.  COMPARISON OF VARIOUS TECHNIQUE 

Optimization 

Techniques 

Advantages Limitations 

Analytical 

Technique 

It has less computing 

time. 

It is easy to implement. 
It is non-iterative in 

nature. 

It has less robustness. 

Genetic Algorithm It can rapidly locate 
solutions. 

It is useful for complex 

and loosely defines 
problems. 

It has less accuracy. It 
is not suitable when a 

high quality solution is 

required. 

Tabu Search It has explicit memory.  

It allows non-improving 

solution. 

It has large number of 

iterations. 

It may be to determine 
too many parameters. 

Simulated 

Annealing 

It is easy to implement. 

It has god robustness. 

It has large computing 

time. 

Particle Swarm 
Optimization 

It has simplified 
calculation. 

It has no overlapping 
and mutation. 

It can’t solve the 
problems of scattering 

and optimization. 

Ant Colony 

Algorithm 

It has inherent 

parallelism. 

It has positive feedback 
due to rapid discovery of 

good solutions. 

It has tough theoretical 

analysis. It has 

sequence of random 
decisions. 
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VII. CONCLUSION 

This paper has reviewed of various optimization techniques 

which have been employed to address the issues of 

distributed generator location and sizing with respect to 

different objectives. So these optimization techniques help 

to determine the optimal location of distributed generators. 

Various Heuristic optimization techniques such as harmony 

search, tabu search, stimulated annealing are discussed in 

this paper. The most frequently used is genetic algorithm 

and other techniques like particle swarm optimization have 

been presented. So based on above comparison it is 

concluded that analytical technique might not be suitable for 

complex problems. Heuristic technique offers more feasible 

and simplified solution. This may results in solution quality 

and computational time. However this review provides 

comprehensive guide for the power system distribution 

network to locate distributed generator in a best possible 

location. 
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