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Abstract— This paper incorporates a more recent 

method for helping system planner to figure out the best 

position on a scale and stance of distributed generators in 

an already existing distribution system, taking into 

account effective, applicable material object and 

restrictions over a period of formulating years. The tool 

uses already existing methods in approaching the 

restrictions set up by the system. Considerably employing 

Genetic algorithm to give the best of choice forming 

process. The working of the method was showed on the 

IEEE 14 transport system proposing the progressing 

means in pliable and operative in locating problems 

incorporated by engineers. 

  Index terms: Distribution system, Genetic algorithm, 

Transport system. 

 

1. INTRODUCTION 

 

Smaller distributed generation using non-conventional 

sources of energy gives an effective way to already 

existing conventional generation for useful to limit the 

release of pollutants in atmosphere. The extra advantage 

from these systems is the currently unrealized ability in 

lowering of losses in power conveying process as they 

are used to produce the power closer to the load center 

or end users. 

 

For this reason of the innate characteristics of distribute 

generation, their trade building structures times are 

quite short and their insertion in the network become 

larger. Distributed generation is naturally consisting of 

separate module, this permit the immediate response to 

the group of potential consumers and enhance in 

pinnacle desire to purchase services [1],[2]. 

 

As a subject of Kyoto diplomatic meeting, each of the two 

European Union and United Kingdom have consent to 

considerably lower the carbon issuance to aid struggle in 

atmosphere changes. The United Kingdom management 

has obligated itself to provide about 20% of whole 

power generation from non-conventional sources of 

energy by 2020. As a prolonged reality the management 

has a highly aspiring objective of lower carbon release by 

60% by 2050 [4] as a part to reduce and make stable 

climate change. 

 

Regrettably, many distribution systems have become 

planned to move the power from one or other of the two 

power grids or sometimes larger generators to the 

desired end. These systems were not often conceived to 

help directly connected little and intermediate size 

distributed generations. These modifies to the use of 

system combined with powerfully higher insertion of 

distributed generation lead to the requirement for an 

efficient and easy method to improve the positioning on 

a scale and stance of distributed generation within the 

already existing system. 

 

The problem that requires to be taken into account is the 

decision of position on a scale and stance of distributed 

generators to incorporate both commercial and technical 

representation. The technical problem takes into account 

the ability of the systems and linked plants thermal 

positioning on a scale fault levels and adequate voltage 

help to guarantee protection and power quality. The 

commercial problems take into account the cost of 

installation and operation of the distributed generation 

and lower losses on the system. The issue therefore 

diverse with lots of targets, of those will certainly oppose 

with one another. Also, the issue is that the network is 

not stable in lieu it’s regularly changing only one 
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effective answer is difficult. At the last of the process, 

consent has to be obtained which fulfill most of groups 

related and to receive that the ideal situation will hardly 

be the same as that is studied. The changing of the issues 

and not exact nature of the data readily to the planners 

have lead to alternative strong decision making process 

which can regulate these characteristics i,e genetic 

algorithm. 

 

The paper represents a software system that has been 

reduced to give important help for decision making 

related to the positioning and stance of distributed 

generation in an already existing distribution system.  It 

takes into account conventional methods to obtain some 

the restrictions employed by the structure and genetic 

algorithms to give an effective way for decision making. 

The working of the method is showed employing IEEE 

14 transport system. The output implies that progressed 

system is manageable and efficient in locating affects 

faced by the formulating engineers. 

 

2. PROBLEM FORMULATION 
 

This method was progressed to manage large number of 

observed facts and difficult problem formulations by 

taking into account real restrictions in the decision 

positioning of scale and stance of distributed generation. 

The targets taken into account were: 

• The reduction of losses in system, 

• The reduction of interruption to the existent system 

• The reduction of amount of money.  

• The increase of the positioning of scale of the 

distributed generator 

This has arisen in the below mentioned target procedure 

formulation:- 

 

          ∑    (   )  
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       ∑
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(  ) 

      Min F(X) =C/E............................................ ...........(iii)  

Where:- C and E are the net reduced costs  and energy 

(kWh) over the complete formulating time respectively, 

X is the solution vector, Ci is the entire cost occur in year 

i, r is the reduction rate, Ei is the anticipated energy 

exchange for money (kWh) in year i and Y is the 

formulation times in years. The system burden was 

supposed to become bigger at a fixed rate and 

thoroughly within the system. The whole cost takes into 

account the alterations in system technical losses for 

each site solution in every year at the time of formulating 

to the below mentioned formula:- 
 

C = Cci  +  Coi+ ELi * CEi ......................................... (iv) 
 

Where:-Cci and Coi are capital cost and  cost of operation 

in year i respectively, ELi is the lowering  in losses in 

year i (kWh) and CEi is the  cost to acquire a unit of 

energy from the distribution system possessor. 

 

These targets were likely to be effected by the below 

mentioned restrictions:- 

 

• The system voltage levels should be kept within 

particular limitation, 

• The short circuit restrictions of system plant required 

to be esteemed, 

• The thermal range restrictions of the system plant 

required to be esteemed 

• Generator actual and imaginary component of power 

abilities required to be esteemed. 

These are presented by the below mentioned equations:- 

 
               .... n= 1,2....N ............... ...(v) 

                    ...... k= 1,2....K .....(vi) 

                      k = 1,2......K ..(vii) 

                ... b = 1,2.....B ...... .........(viii) 

         ....... n= 1,2......N....................................(ix) 

 
Where:- N is the number of points in the system, K is the 

number of machines and B is the number of  dividers , vi 

is the point voltage in year i, Pk gi and Qk gi are actual 

and imaginary power produced by generator k in year i 

respectively and Sbi is the visible power movement in 

divider b in year i and finally fn is the  level of fault at 

point n in the foundation year of the planned endeavor. 

 

The most important benefit of this method was its 

capability to help the planner to make an imparted 

decision in a very less time. This was for the reason the 

system naturally executes burden flow and short circuit 

estimates for each selected site answer to a problem and 

straightforward managed voltage and capacity 

restrictions over the complete formulating time. 

Furthermore, the system executes the little cost concept 

as the foundation for differentiating the miscellaneous 

selected site solutions. This takes into account the 
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lowering in system losses, and naturally, the potential 

use of the distributed generator.  

 

The answer to the problem is in the form of connection 

arguments, which gives best quality solutions for the 

positioning on a scale and stance problem. The system 

also acknowledges that as with any decision making 

process, the last decision for execution lies with the 

planner of the system. 

 

3. BUILDING PROCESS OF GENETIC 

ALGORITHMS 

 

A. Genetic Algorithms 

Genetic algorithms are a group of calculation design and 

operation models that are beghast by the gradual 

process. Goldberg (1989) [6] and Hopgood (2001) [7] 

cover the field of study of genetic algorithms. They are 

possessing larger passion in power systems formulation 

[2], [8] since they are vigorous and have natural 

capability to effectively enhance separate multi-model, 

multi-target and restriction issues. They are resistant to 

the restrictions set up by the older means as they 

perform task with an encoding and decoding of the input 

variables set in lieu of the real input variables, examine 

the search area in an equally distant manner and do not 

employ offshoot or other accessory awareness but use 

target function reward worth and likelihood guidelines 

[6]. 

 

B. Genetic Algorithm Implementation. 

The most important stages in the building process of GAs 

takes into account reduction of the capability function 

for the issue, option of representation and encoding and 

decoding methods for the answer to the problem, review 

the fitness of each site solution and software program of 

the genetic operators, specifically reproduction, 

crossover and mutation frequently to develop the 

answer to problem up to a suitable answer is acquired. 

 

C. Selection and encoding and decoding of Control 

Variables 

Four manageable variables were established for each 

solution vector. These were the location, size, power and 

the voltage variables. A point selected for set up of a 

generator was considered as a PV bus, thus the point real 

power and voltage values had to be explained within 

their defined boundaries. Not every sites and sizes were 

used every time, so selected sites and sizes of generators 

were also defined. Thus the solution vector X was 

planned as mentioned below:- 

 
X = [x, s, ps ,v] 

x€{selected sites}, s€{selected sizes}, 

                            

              ( ) 

 

where:- Psmin and  Psmax are the minimum and maximum 

power output values for generator size s in pu and vmin 

and vmax are the minimum and maximum voltage 

boundaries in pu.  

 

Binary coding was employed for all the four variables so 

that each coded solution vector composed of a binary 

string, whose length changes depending on the number 

of selected sites and generators. 

 

D. Fitness Assessment 

The fitness procedure was obtained from the target 

function by changing it so that the smallest issue became 

a rising issue. The below mentioned replacement was 

employed:- 

 

Max Z(X ) = K − F(X ) .........................(xi) 

 

Where:- Z(X) is the fitness function and K is a fixed such 

that K – F(X) ≥ 0. 

 

The capability of each site was assessed with respect to 

the fitness function. Following workout all the fitness 

worth for each population generation, the worth were 

ordered numerical sequence and stocked with their 

corresponding sites.  

 

E. Applying the Genetic Operators 

Reproduction, exchange of genetic material and 

alterations are the three starting operators that give the 

direction of decision making process. Reproduction is 

focused on choice of healthier group of people to 

substitute those weaker ones. Single point and 

consistent exchange of genetic material were put into 

practice, during which site solutions were roughly paired 

and made to incompletely exchange their bits. Single 

point exchange of genetic material was established to 

give better results as compared to consistent exchange of 

genetic material. Both the reproduction and exchange of 

genetic material rates were checked to give worthy 

execution of the genetic algorithm. Alterations were put 

into practice with a small likelihood (closed to 1% to 
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2%) to add diversity to the population and to protect 

against earlier loss of significant concept. This change in 

the genetic composition of a population over a 

successive generation is indicated in Figure 1. 

 

 
 

Fig.1. Processing of Design and Operational Algorithm 

 

F. Restriction Management 

At the time of generation and timely removal of 

impurities of the self standing solutions, levels of voltage, 

fault and capacity restrictions represented by equations 

(V-IX) were subjected to each solution in order to justify 

it. Those that did not justify any of the restriction were 

eliminated. One more solution was created and 

examined until one was establish which fulfill the 

restrictions. Figure 2 demonstrate the method for 

restrictions management. 

 

Short circuit computations were launched using the Z 

transport and the point voltages acquired from the load 

flow solution of the system. For each generator setup, a Z 

transport for the apparatus was constructed. The fault 

level computation was founded on laying a three-phase 

short circuit at each point in the network structure. It 

was supposed that only one like this defect take place at 

a time, thus presenting again the N-1 restrictions. The 

three-phase short circuit situation was selected because 

it provides the most intense fault level and consequently, 

it is employed in bringing out switchgear breaking 

strength. It is also the comfortable fault to compute. The 

model simulation was fulfill at pinnacle power 

conditions. 

 

 
 

Fig.2. Restrictions Handling 

 
 

4. TEST SYSTEM AND TEST RESULTS 
 

A. Test system 

The choice making equipment was displayed employing 

the IEEE 14 transport system [5], the block schematic of 

which is displayed in Figure 3. 

 

 
 

Fig.3.The IEEE14 transport test system [5] 

 

 All the deep-rooted generators employed were 

synchronous generators. The reactance worth employed 

for each site generator was capture as the whole 

reactance resolute by adding the temporary reactance of 

the generator and the undesirable reactance of the 

transformer, where a transformer was employed to join 

the deep-rooted generator to the system. The 

formulating time employed in the simulating model was 

20 years. An interest rate of 10% was employed. 
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B. Test results 

Before running the genetic algorithm, the specified input 

variables were put in the sequence: the place of selected 

sites, information of selected generators, taking into 

account their technical and financial input variables, 

interest rate and duration of the formulating time in 

years. The following were also defined; larger short 

circuit strength permitted for the existing switchgear, 

lower and higher voltage permitted, and the research 

base in MVA. At this point of time, it was also determined 

whether flow of power in backward direction would be 

permitted at the slack transport bar or not. At the end, 

for the genetic algorithm, the reproduction and rates of 

genetic material exchange were changed atween 30% 

and 70% and the variations rate was changed atween 

1% and 2%. 

 

The tests are performed by taking into account three 

wide spread situations when formulating distributed 

generators in an already existing system. They are: the 

site of given distributed generators; the capacity of the 

distributed generators on given location; the stance and 

capacity rating of distributed generators in the lack of 

favoured position and rating. In the case of the IEEE 14 

transport system, the usable generator ratings were 

selected to be 25MVA, 50MVA, 100MVA, 250MVA and 

300MVA. Different researches were executed for the 

high voltage and low voltage side of the system. 

 

 
Case 1: Most Favourable Site for a 25MVA Generator: 

This design and operation of a system was first subjected 

down into two studies; the first takes into account the 

high voltage network and the later the low voltage 

network. 

 

The feasible places in the high voltage network were at 

sites 1, 2, 3, 4 and 5. The studies rapidly establish site 3 

as the most favourable place for connecting the 25MVA 

generator. All power produced is used locally as a result 

there are lesser technical losses. Installation of the 

generator at this place results in lesser rise in fault levels 

consequently switchgear upgrades could be abstain as a 

result there is cost saving. 

 

In the low voltage network, the possible sites were 6, 9, 

10, 11, 12, 13 and 14. Of these, two places were selected 

as giving better solutions. On the basis of fault level rise 

coming next the inclusion of the generator, place 12 was 

the most favourable. However, when cost of operation 

was taken into account the more important, place the 

generator at site 14 resulted in the low losses. Here the 

system planer has to take into account the benefits and 

drawbacks of each alternative and make a decision as 

which is a better answer to the problem. 

 
 Case 2: Most Favourable Location for a 100MVA 

Generator: 

As with case 1, this study was also divided into two 

parts, one for the high voltage system and the other one 

for the low voltage system. In both parts, the studies 

illuminated the corresponding fault levels as being the 

major drawback and uncovered that there was a 

requirement to increment the ratings of the switchgear. 

 

Coming next switchgear improvement, site 3 was 

established as providing the most favourable place in the 

high voltage system and place 14 gives the most 

favourable site in the low voltage system. 

 

 Case 3: Most Favourable Capacity for a New Generator to 

be inserted to the Network: 

In this study, it was supposed that the switchgear ratings 

would be increment as demanded and thus this 

restriction was taken away and the target of the design 

and operation of the system was to establish the greater 

size of generator which the system could receive and 

where this could be connected. 

 

Taking into account high voltage network, the studies 

showed that the most favourable size of generator was 

250MVA and that this could be inserted at site 3. 

 

The study of the low voltage network shows that the 

biggest generator it could receive was 100MVA and that 

this would be inserted at site 14. Bigger generators were 

limited amply by line thermal capacity drawbacks. 

 

5. CONCLUSIONS 
 
It has been displayed that the suggested software tool 

stipulate necessary help for decision making in siting 

and sizing deep-rooted generators in an already existing 

distribution system. Given a larger selection of 

generators and acceptable sites, the fully formed 

software tool has efficiently reduced down the number 

of choices that the planner can focus on. The last 

decision, as to the original location and position on a 

scale, as always lies with the planner of the system. 
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This method has only taken into account synchronous 

generators. Induction generators would execute in the 

same way apart from that their ability to give into faults 

is lesser than that of synchronous generators. Generators 

with power electronic interconnections to the grid are 

not efficient of giving fault currents consequently they 

would not increase the fault levels. Their limitation is 

that they costly. They are also a greater wellspring of 

harmonics if not appropriately checked. 

 

Looking into the time ahead, the advanced equipment 

could be raise up by getting better the short circuit 

course of action to takes into account the other types of 

faults separately from the currently putted into practice 

three-phase symmetrical fault. 
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