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Abstract: This paper presents a method for the optimal allocation of Distributed generation in distribution systems 

for voltage profile improvement and loss reduction in distribution network. Genetic Algorithm (GA) has been used 

as the solving tool, which referring two determined aim; the problem is defined and objective function is 

introduced. Considering to fitness values as sensitivity in genetic algorithm process, there is needed to apply load 

flow for decision-making. Load flow algorithm is combined appropriately with GA, till access to acceptable results 

of this operation. The suggested method is programmed under MATLAB software and applied MIPOWER 

software for evaluating of results correctness. Developed methodology has been  implemented on two IEEE 69 and 

52 node systems. The resulting operation of this method on some testing system is demonstrated improvement of 

voltage profile and loss reduction indexes. 
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1. INTRODUCTION 

Distributed generation (DG) technologies under smart grid concept forms the backbone of our world Electric distribution 

networks [5]. These DG technologies are classified into two categories: (i) renewable energy sources (RES) and (ii) fossil 

fuel-based sources. Renewable energy source (RES) based DGs are wind turbines, photovoltaic, biomass, geothermal, 

small hydro, etc. Fossil fuel based DGs are the internal combustion engines (IC), combustion turbines and fuel cells. 

Environmental, economic and technical factors have a huge role in DG development [1-2]. Presence of Distributed 

generation in distribution networks is a momentous challenge in terms of technical and safety issues [3]. Thus, it is critical 

to evaluate the technical impacts of DG in power networks. Thus, the generators are needed to be connected in distributed 

systems in such a manner that it avoids degradation of power quality and reliability. Evaluation of the technical impacts of 

DG in the power networks is very critical and laborious. Inadequate allocation of DG in terms of its location and capacity 

may lead to increase in fault currents, causes voltage variations, interfere in voltage-control processes, diminish or 

increase losses, increase system capital and operating costs, etc.[4]. The placement of the DG units mainly the Renewable 

energy sources placement, is affected by several factors such as wind speed, solar irradiation, environmental factors, 

geographical topography, political factors, etc. For example, wind generators or turbines cannot be installed near 

residential areas, because of the interference in the form of public reactions and legislations from environmental 

organisations. Another issue is application of the plug-in electric vehicle (PEV) which is being paid more attention to [5-

6]. However, there are several factors or uncertainties that can possibly lead to probable risks in determining the optimal 

siting and sizing of DGs in distribution system planning [6]. The optimal placement and sizing of generation units on the 

distribution network has been continuously studied in order to achieve different aims. The objective can be the 

minimization of the active losses of the feeder [7-8]; or the minimization of the total network supply costs, which includes 

generators operation and losses compensation [9-13], or even the best utilization of the available generation capacity [14].  

In this paper, an analytical expression to calculate optimum size and an effective methodology to identify the optimum 
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location for DG placement are proposed. The methodology is computationally less demanding. The DG is considered to 

be located in the primary distribution system and the objective of DG placement is to reduce the losses. The cost of DG 

and the other associated benefits have not been considered while solving the location and sizing problem [15]. The sizing 

and placement of DG is based on single instantaneous demand at peak, where the losses are maximum. The proposed 

methodology is suitable for allocation of single DG in a given distribution network. As a contribution to the methodology 

for DG economical analysis, in this paper it is presented an algorithm for the allocation of generators in distribution 

networks, in order to voltage profile improvement and loss reduction in distribution network. In Section 2 it is presented a 

brief discussion about distributed generation issues and Section 3 is an introduction to the Genetic Algorithm. The 

problem formulation and solution methodology   is also presented in Section 3 and case study is discussed in Section 4. 

The conclusions is presented in section 5. 

2. DISTRIBUTED GENERATION 

Distributed generation is an electric power source connected directly to the distribution network or customer side of the 

meter [16]. It may be understood in simple term as small-scale electricity generation. The definition of distributed 

generation takes different forms in different markets and countries and is defined differently by different agencies. 

International Energy Agency (IEA) defines Distributed generation as generating plant serving a customer on-site or 

providing support to a distribution network, connected to the grid at distribution-level voltages [17]. CIGRE defines DG 

as the generation, which has the following characteristics: It is not centrally planned; It is not centrally dispatched at 

present; It is usually connected to the distribution network; It is smaller than 50–100 MW. Other organization like Electric 

Power Research Institute defines distributed generation as generation from a few kilowatts up to 50 MW [18]. In general, 

DG means small scale generation. There are a number of DG technologies available in the market today and few are still 

in research and development stage. Some currently available technologies are reciprocating engines, micro turbines, 

combustion gas turbines, fuel cells, photovoltaic, and wind turbines. Each one of these technologies has its own benefits 

and characteristics. Among all the DG, diesel or gas reciprocating engines and gas turbines make up most of the capacity 

installed so far. Simultaneously, new DG technology like micro turbine is being introduced and an older technology like 

reciprocating engine is being improved [19]. Fuel cells are technology of the future. However, there are some prototype 

demonstration projects. The costs of photovoltaic systems are expected to falling continuously over the next decade. This 

all underlines the statement that the future of power generation is DG. Supplying peaking power to reduce the cost of 

electricity, reduce environmental emissions through clean and renewable technologies (Green Power), combined heat and 

power (CHP), high level of reliability and quality of supplied power and deferral of the transmission and distribution 

line investment through improved loadability are the major applications of the DG [20]. Other than these applications, the 

major application of DG in the deregulated environment lies in the form of ancillary services. These ancillary services 

include spinning and non-spinning  reserves, reactive power supply and voltage control etc. 

[21-24]. DG also has several benefits like reducing energy costs through combined heat and power generation, avoiding 

electricity transmission costs and less exposure to price volatility. Though the DG is considered as a viable solution to 

most of the problems that today‟s utility are facing, there are many problems (e.g. DG integration into grid, pricing, 

change in protection scheme, nuisance tripping etc.) that need to be addressed. Furthermore, the type of DG technology 

adopted will have significant bearing on the solution approach. In this study, DGs capable of supplying real power only 

are considered. 

3. GENETIC ALGORITHM 

Genetic Algorithms (GAs) are versatile exploratory hunt processes focused around the evolutionary ideas of characteristic 

choice and genetics. A genetic algorithm is a heuristically guided random search technique that concurrently evaluates 

thousands of postulated solutions. Biased random selection and mixing of the evaluated searches is then carried out in 

order to progress towards better solutions. The coding and manipulation of search data is based upon the operation of 

genetic DNA and the selection process is derived from Darwin‟s survival of the fittest‟. Search data are usually coded as 

binary strings called chromosomes, which collectively form populations. Evaluation is carried out over the whole 

population and involves the application of, often complex „fitness‟ functions to the string of values (genes) within each 

chromosome. Typically, mixing involves recombining the data that are held in two chromosomes that are selected from 

the whole population. 
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Genetic Algorithms (GAs) were invented by John Holland at the University of Michigan. This lead to Holland's book 

"Adaptation in Natural and Artificial Networks" published in 1975. The goals of their research have been twofold: (1) to 

abstract and rigorously explain the adaptive processes of natural networks and (2) to design artificial networks software 

that retains the important mechanisms of natural networks. The central theme of research on genetic algorithms has been 

ronodetness, the balance between efficiency and efficacy necessary for survival in many different environments. The 

basic elements of natural genetics: reproduction, crossover, mutation are used in the genetic search procedure. Genetic 

Algorithms differ from the traditional methods of optimization in the following respect: 

1.) A population of points (trial design vectors) is used for starting the procedure instead of a single design point. If the 

number of design variables is n, usually the size of the population is taken as 2n to 4n. Since several points are used as 

candidate solutions, Genetic Algorithms are less likely to get trapped at a local optimum. 

2.) Genetic Algorithms use only the values of objective function. The derivatives are not used in search procedures. 

3.) In GAs the design variables are represented as strings of binary variables that correspond to the chromosomes in 

natural genetics. Thus the search method is naturally applicable for solving discrete and integer programming problems. 

For continuous design variables, the string length can be varied to achieve any desired resolution. 

4.) The objective function value corresponding to design vector plays the role of fitness in natural genetics. 

5.) In every new generation, a new set of strings is produced by using randomized parents selection and crossover from 

the old generation (old set of strings). Although randomized, GAs are not simple random search techniques. They 

efficiently explore the new combination with the available knowledge to find the new generation with better fitness or 

objective function value. 

3.1 Objective Function: 

A multi-objective optimization problem is consider in this distribution networks planning problem with continuous 

planning decision variables. The main objective is to determine an economical yet reliable network with better technical 

features, such as lower power loss, better node voltage profile, and better branch current/thermal limit ratio. Thus, two 

objective functions are formulated: minimization of (i) the total power loss (     ) of the distribution network and (ii) 

maximum node voltage deviation (    ) ratio. Optimization of (i) yields an economical and high efficient network and 

optimization of (ii) results in a reliable network with better technical features. 

3.2 DG Allocation with GA strategy: 

A feeder brings power from substation to load points/nodes in radial distribution networks (RDN). Single or multiple 

radial feeders are used in this planning approach. Basically, the RDN total power losses can be minimized by minimizing 

the branch power flow or transported electrical power from transmission networks (i.e. some percentage of load are 

locally meeting by local DG). To determine the total power loss of the network or each feeder branch and the maximum 

voltage deviation are determined by performing load flow. The forward/backward sweep load flow technique is used in 

this case. 

Forward/Backward sweep load flow with DG: 

To study the impact of the DG allocation in distribution networks, the DG model is  incorporated in the forward-backward 

sweep load flow algorithm, which consists of two steps:  

Backward sweep: In this step, the load current of each node of a transmission network having N number of nodes is 

determined as: 

  ̅(m) = 
  ( )     ( )

  ̅̅ ̅̅ ( )
               (m=1,2,3.........N)                                                       (1) 

where,   ( ) and   (m) represent the active and reactive power demand at node m and the over bar notation( ̅) indicates 

the phasor quantities, such as   ̅       
 ̅̅ ̅   Then, the current in each branch of the network is computed as:   

    (̅mn) =   ̅(n) + ∑   ̅( )                                                                                                     (2) 

To incorporate the DG model, the active and reactive power demand at the node at which a DG unit is placed, say, at node 

i, is modified by: 

    
             

                
                                                                                                   (3) 
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                 (4) 

Forward sweep: This step is used after the backward sweep so as to determine the voltage at each node of a distribution 

network as follows:         

 ̅(n) =  ̅(m) -  (̅  ) (  )                                                                                                      (5) 

where, nodes n and m represent the receiving and sending end nodes, respectively for the branch mn and Z(mn) is the 

impedance of the branch. 

GA Optimization for DG allocation: 

In this analysis proposed adaptive GA is used for optimization of DG location and size. The flowchart for the uncertainty 

in load and generation approach is presented below. 

 

Fig.1 Flow chart for uncertainty in load and generation with GA optimization 



  ISSN 2394-9678 

International Journal of Novel Research in Electrical and Mechanical Engineering 
Vol. 2, Issue 3, pp: (20-30), Month: September-December 2015, Available at: www.noveltyjournals.com 

 

Page | 24 
Novelty Journals 

 

4.      CASE STUDY FOR UNCERTAINTY IN LOAD AND GENERATION 

4.1 Deterministic Load and Generation Analysis: 

Table 1 Study for deterministic load of 0.6 p.u. on test system with GA#6 optimization 

 

System # 1 and system # 2 with a deterministic load of 0.6 p. u. base load; case#1 (a), unity  p. f. DG; case # 1(b), DG 

operating at 0.8 p. f. leading; case#1(c), DG operating at 0.8 p. f. lagging; case#2(a), unity p. f. DG with OLTC; 

case#2(b), DG operating at 0.8 p. f. leading with OLTC; case#2(c), DG operating at 0.8 p. f. lagging with OLTC; case #3, 

capacitor bank; case#4, capacitor bank with OLTC; case#5, only OLTC.    

Table 2 Study for deterministic load of 0.6 p.u. on test system with GA#6 optimization 
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System # 1 and system # 2 with a deterministic load of 1.0 p. u. load; case#1 (a), unity p. f. DG; case # 1(b), DG operating 

at 0.8 p. f. leading; case#1(c), DG operating at 0.8 p. f. lagging; case#2(a), unity p. f. DG with OLTC; case#2(b), DG 

operating at 0.8 p. f. leading with OLTC; case#2(c), DG operating at 0.8 p. f. lagging with OLTC; case #3, capacitor 

bank; case#4, capacitor bank with OLTC; case#5, only OLTC.    

4.2 Probabilistic load and Generation analysis: 

Table 3 Study for probabilistic load of 0.4 p. u.  to 1.4 p. u. On test system with GA#6 optimization 

 

System # 1 and system # 2 with a deterministic load of 0.4 p. u. to 1.4 p. u. load; case#1 (a), unity p. f. DG; case # 1(b), 

DG operating at 0.8 p. f. leading; case#1(c), DG operating at 0.8 p. f. lagging; case#2(a), unity p. f. DG with OLTC; 

case#2(b), DG operating at 0.8 p. f. leading with OLTC; case#2(c), DG operating at 0.8 p. f. lagging with OLTC; case #3, 

capacitor bank; case#4, capacitor bank with OLTC; case#5, only OLTC.    

4.3 Multiple run for probabilistic and deterministic load and generation: 

 

Fig. 2 System #1 DG location repetition probability for multiple run for the case#1(b); case#1(b), DG operating at 0.8 p. f. 

leading 
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Fig.3 system#1 DG location repetition probability multiple run for the case#1(c); case#1(c), DG operating at 0.8 p. f. lagging 

 

Fig.4 system#2, DG location repetition probability multiple run for the case#1(b); case#1(b), DG operating at 0.8 p. f. leading 

 

Fig.5 system#2 DG power rating variation for candidate notes in multiple runs for the case#1(c); case#1(c), DG operating at 0.8 

p. f. lagging 
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Table 4 Effective nodes DG rating median values for various cases 

 

Case#1(b), DG operating at 0.8 p.f. leading; case#1(c), DG operating at 0.8 p.f. lagging and #AA; Deterministic load and 

Generation; #BB; Possibilistic Load; #CC; Possibilistic Generation; #DD; Possibilistic Load and Generation. 

Multiple run and uncertainty analysis with different system and GA parameters: 

With a new system and GA parameter the optimization is carried out for three different cases (i.e. case#1(a),case#1(b) and 

case#1(c)). This system and GA parameters are also taken for the analysis of uncertainty with different DG rating. 

Table 5 GA and network parameters considered for the optimization process 
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Table 6  Effective nodes DG rating median value for various cases 

 

Case#1(b), DG operating at 0.8 p.f. leading; case#1(c), DG operating at 0.8 p.f. lagging and #AA; Deterministic load and 

Generation; #BB; Possibilistic Load; #CC; Possibilistic Generation; #DD; Possibilistic Load and Generation. 

5. CONCLUSIONS 

In this paper the results of application of GA algorithm to the optimal allocation of DGs in distribution network is 

presented. developed algorithm  calculate the optimum size of DG at various buses and proposes a fast methodology to 

identify the best location corresponding to the optimum size for reducing total power losses in primary distribution 

network. The benefit of the proposed algorithm for size calculation is that a look up table can be created with only one 

power  flow calculation and the table can be used to restrict the size of DG at different buses, with the view of minimizing 

total losses. However, if a DG is installed in the system, the look up table needs to be updated with new calculation. The 

proposed methodology for location selection correctly identifies the best location for single DG placement in order to 

minimize the total power losses. In practice, the choice of the best site may not be always possible due to any constraints. 

However, the analysis here suggests that the losses arising from different placement varies greatly and hence this factor 

must be taken into consideration while determining appropriate location. The paper also shows that the loss sensitivity 

factor approach for location selection may not lead to the best choice. 
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