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A B S T R A C T

Distributed generation unlike centralized electrical generation aims to generate electrical energy on small scale as near as possible to load centers, 

interchanging electric power with the network. This work presents a probabilistic methodology conceived to assist the electric system planning 

engineers in the selection of the distributed generation location, taking into account the hourly load changes or the daily load cycle. The hourly load 

centers, for each of the different hourly load scenarios, are calculated deter- ministically. These location points, properly weighted according to their 

load magnitude, are used to calculate the best fit probability distribution. This distribution is used to determine the maximum likeli- hood perimeter of 

the area where each source distributed generation point should preferably be located by the planning engineers. This takes into account, for example, the 

availability and the cost of the land lots, which are factors of special relevance in urban areas, as well as several obstacles important for  the final selection 

of the candidates of the distributed generation points. The proposed methodology has been applied to a real case, assuming three different bivariate 

probability distributions: the Gaussian distribu- tion, a bivariate version of Freund’s exponential distribution and the Weibull probability distribution. The 

methodology algorithm has been programmed in MATLAB. Results are presented and discussed for the application of the methodology to a realistic case 

and demonstrate the ability of the proposed methodol- ogy for efficiently handling the determination of the best location of the distributed generation 

and their corresponding distribution networks. 

 

K e y w o r d s  
Distributed generation, Probabilistic methodology, Source location 

 

 
 

  

 
1. Introduction 

 
Distributed generation (DG) represents a change in the 

paradigm of electrical energy generation. The emergence of new 

technological alternatives (photovoltaic systems, wind power, 

cogeneration, etc.) allows to generate part of the required energy 

closer to the places of consumption, improving quality levels and 

minimizing the investments costs associated with of transmission 

and distribution systems [1]. In general terms, the development of 

DG plants aims at improving environmental aspects and quality 

of energy (uninterrupted provision of electrical energy with suit- 

able voltage level, current, frequency, amongst others) [1–3]. These 

generation types can benefit from a decision-support tool able to 

assist decision making in the scope of a project of installation of DG 

plants. In a first stage, a programming tool determines the location 

of the DG point’s candidates. After this, we can proceed to optimize 

the capacities, number of units and technology to be implemented. 

 
 
 

 

The objective of this research work is determining the region of 

higher probability for location of DG plants that will feed the loads 

under study. These loads have been previously estimated [4–6]. 

In order to determine the region of greater probability for loca- 

tion of DG plants, a probabilistic methodology, previously used for 

the optimal location of electric substations, will be adapted [7,8]. 

To achieve this objective, three distribution probability functions 

are used: normal, Freund’s bivariate exponential distribution and 

Weibull. The obtained solution must fulfil the parameters of relia- 

bility and electrical power quality for the study developed in this 

work. It should be noticed that this methodology considers the fact 

that the load center for a group of consumers varies with time 

[7]. 

The decision of the location of DG plants is a crucial aspect in 

the model, with a strong impact on the operation and investment 

costs. 

In [9] an algorithm using primal-dual interior point method for 

solving non-linear optimal power flow problems was proposed. The 

main purpose is to optimize location and sizing of DG on distributed 

systems for solving the problem of line loss reduction. Most of the 

benefits of employing DG in existing distribution networks have 

both economic and technical implications and they are interrelated. 
 





 

 
In [10], a general approach is presented to quantify the technical 

benefits of DG. A set of indices is proposed to quantify some of the 

technical benefits of DG. They are: 

 

• voltage profile improvement index; 
• line loss reduction index; 
• environment impact reduction index; 
• DG benefit index. 

 

The basic idea behind the above proposed indexes’ is to com- 

pare the voltage profile, the total line losses, and the emission of a 

particular pollutant with and without the employment of DG. 

In [11], a multi-objective formulation for the sitting and siz- 

ing of DG resources into existing distribution networks has been 

proposed. This method permits the planner engineers to decide 

the best compromise between costs of network upgrading, power 

losses and energy not supplied. A genetic algorithm and ε- 

constraint method have been proposed that allows obtaining a set 

of non-dominated solutions. 

In [12] a multi-objective performance index-based size and loca- 

tion of DG in distribution systems with different load models has 

been presented. A constant real and reactive power load model is 

assumed. In this reference, it is shown that the load models can 

significantly affect the optimal location and sizing of DG resources 

in distribution systems. 

In [13] an analytical method has been presented to determine 

the optimal location to place DG in radial as well as networked 

systems to minimize the power loss of the system. In [14] the ana- 

lytical method is only proposed for sizing and location of DG in 

radial distribution systems. In this study, a loss sensitivity factor, 

based on the equivalent current injection, is formulated for dis- 

tribution systems. The formulated sensitivity factor is employed 

for the determination of the optimum size and location of DG so 

as to minimize total losses by the analytical method without use 

of admittance matrix, inverse of admittance matrix or Jacobian 

matrix. It is shown that, the proposed method is in close agree- 

ment with the classical grid search algorithm based in successive 

load flows. 

Ref. [15] presents a genetic algorithm-based method to deter- 

mine optimal location and size of the DG to be placed in radial, 

as well as networked, systems with an objective to minimize the 

power losses. Several simulation studies have been conducted 

on radial feeders, as well as networked systems, considering 

single-distributed generation and multiple-distributed genera- 

tions separately to minimize the power loss of the system subjected 

to no voltage violation at any of the distribution network buses. 

The location of the DG site depends upon several factors, such as 

the voltage level, voltage regulation, DG cost and power losses level. 

In general, some considerations should be taken into account for 

the selection of the candidate points where the DG will be located, 

such as [4,16]: 

 

• The DG system must be as close as possible to the load center of 

its service area, in order to reduce the voltage drop, power losses 

and the product of the load and the distance from the DG source. 

 

 

 
Fig. 1.  Geographical locations on the X–Y plane of the  loads. 

 
 

• Other considerations, such as adaptability, emergency, etc., 

should also be taken into account. 

 
This paper proposes a new probabilistic methodology conceived 

to assist the electric system planning engineers in the selection of 

the DG location, taking into account the hourly load changes or the 

daily load cycle. These location points, properly weighted according 

to their load magnitude, are used to calculate the best fit probability 

distribution. This distribution is used to determine the maximum 

likelihood perimeter of the area where each DG source point should 

preferably be located by the planning engineers. When all the load 

centers are determinate, then the planning engineers can better 

calculate the load nodes that can be feed by each source or DG by 

the simple calculation of the product (kVA × distance) minimum. 

The algorithm is stopped when the sum of the load nodes is lower 

or equal than the capacity of the source or DG, taking into account 

a certain reserve for the future grows of the load. 

This paper is organized in the following way. Section 2 expands 

the probabilistic methodology used to locate the DG and the pro- 

posed statistical distributions. After that, Section 3 presents the 

test system, the application of the three distributions probabili- 

ties to a realistic case and the main results of the best location of 

the DG and their distribution networks. Finally, Section 4 states the 

conclusions. 

 
2. Proposed statistical distribution 

 
The proposed calculation procedure starts with the application 

of a deterministic methodology to a given set of load curves given in 

1 h periods, associated to a set of points in the plane (as presented 

in Fig. 1). 

The set of hourly load centers is calculated using expressions (1) 

and (2) where Xi and Yi are the coordinates of the load center; Sij is 

the apparent power of the load curve j for hour i; nh is the number 

of hours for the discretization of the load curves; nc is the number 

of load curves. 

For hour i, we have: 
 

• Proper voltage regulation should be obtainable without taking 
extensive measures. 

• Proper access for the future interconnection with the distribution 

or transmission electrical networks should be provided, consid- 

ering future growth. 
• The DG fixing project must comply with land regulations, local 

 

 
  

ordinances and neighbors. 
• The DG installation project should reduce the number of cus- 

tomers affected by any unavailability of electricity supply. 

Any other methodology may be applied at this stage to define the 

best candidate of source location point for each hourly load, without 

loss of generality. In order to apply the proposed methodology, the 



 

  

 

 

 

Fig. 2.  Representation of the load groups. 

 
vectors (X1, Y1), (X2, Y2), .. ., (Xn, Yn) corresponding to the coordi- 

nates of the hourly load centers of the area to be served are initially 

assumed as independent, identically distributed observations from 

a bivariate probability distribution having a density fe0 in a para- 

metric family F = {fe : e ∈ 8}; (8 ∈ Rk , or some integer k) [17]. It will 

be assumed that the densities in F are unimodal, i.e. they have a 

global maximum which is the only local   maximum. 

For some relevant families of distributions, the densities are 

symmetric around the  mode  in  the  sense  that  if  the  mode  of 

the density occurs at (x0, y0), then for every vector v = (v1, v2), 

the function t → fe ((x0, x0) + tv), t ∈ R, is an even function of t. 

When this symmetry condition holds, the mode coincides with the 

expected value E(Xi, Yi). Such is the case for the Gaussian family of 

distributions and the bivariate version of Freund’s exponential  dis- 
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Fig. 3.  Daily load curve of each load point–daily load cycle. 

tribution described below. It is also assumed that the k-dimensional 

parameter e0 is unknown and must be estimated from the sample. 
    

  
Once an estimate ee  of e0 has been found, the estimate for the 

  

optimal location of the sources candidate points is the mode of (Xi, 
Yi) with respect to the density fee. For the estimated density fee, the 

high probability region at level c > 0 is the subset of the X–Y plane 
defined by 

where µ is the mean or expected value and the covariance matrix; 

˙ is a real symmetric 2 × 2 positive definite matrix. This family of 

distributions has been widely studied in the literature [17]. 

The estimates X̂                                                              and Ŝ are calculated using (6) or (7) and (8): 

  

Due to the unimodality assumption, the high probability regions 

will be connected sets, having the estimated mode (x0, y0), of   fee 

 
 

in their interior. The methodological proposal consists in locating 
the sources candidate points within the smallest high-probability 

region (which corresponds to the largest value of c) where its con- 

struction is feasible. 
Three different alternatives were studied for the    parametric 

for µ if the total apparent power is not considered for the hour i 
 

family F. For each alternative, the form of the high-probability 

regions as well as their estimation, when applied to the same real 

 

 
  

case presented in Fig. 1, are discussed, illustrating the flexibility of 
=
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the proposed methodology. For easier application of the methodol-     

ogy, the loads have been grouped taking into account the similarity 

and distance from their possible load center, forming four groups. 

These groups are presented in Fig. 2. The daily load curves of each 

load point, numbered from 1 to 20, are shown in Fig. 3. 

for  µ  if thetotal apparent power is considered for the hour  i   (7) 

if the total apparent powers are considered,   and 
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2.1. Gaussian distribution 
    

Let us consider first the Gaussian bivariate family, for which the 

densities are given by 
 

for a given probability value P, the probability  regions: 

  
 

 

   



 

 

 

 

Fig. 5. First quadrant of the high-probability region of the exponential distribution. 
 

Fig. 4.  Rotated ellipse in the new coordinate  system.   
 describe rotated ellipses in the X–Y plane. If 
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the following expression is found for the ellipse: 
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A new coordinate system, described by Fig. 4, is  defined: 

  

 

The mean X̂                                                             = (ĉ , d̂             ) is calculated using (6) or (7). 
Expressions (19)–(22) result after maximizing the natural log- 

arithm of the product 
n 

fe (Xi ) for all the loads. Regions R1 and R2 

 
 

are described by 

The modified equation that describes the high probability region is   

  
 

  
  

 

 

The part of the high-probability region corresponding to the first 

quadrant (X, Y > 0) is determined by two straight lines, as shown in 

Fig. 5. 

After integrating, the following probability function is obtained: 

 (

 

,

  
 − ln 

and the parameter p depends upon the chosen value for the prob- 

ability P: 

The value of the parameter that corresponds to a given probability 
value, has been obtained numerically. 

Finally, to calculate the area of the polygon, it is necessary to cal- 

 
 

culate the area corresponding to the first quadrant and multiplies 

by 4, we obtain: 

  
For the region R1 of the Fig. 5 the area is 

 
  

2.2. Freund’s generalized exponential distribution 

 
Another option for the parametric family F is a generalization 

 
 

 

·
 

of Freund’s bivariate exponential distribution [18], with densities 

given by 

 

For the region R2 of the Fig. 5 the area is 
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where  e is  a  five-dimensional  parameter,  since  the restriction 
Assuming continuity of the probability distribution function can be 
written as 

˛ˇ, = ˛,ˇ is applied to guarantee continuity of the density; c and d 

are real numbers; and ˛, ̌ , ̨ ,, ̌ , are positive constants. All of the 
parameters can be estimated using the following expressions: 

    

 



 

 

Finally the total area of the polygon described in the X–Y plane by 

this distribution function is 

The estimates for (µya2) are 
 

 

 

  

 

2.3. Weibull distribution 

 
for µ if the total apparent power is not considered for the hour i 

The use of the Weibull distribution offers more flexibility    in or 

terms of the shape of the high probability region, since the distri-  
ij i 

bution is not symmetrical in the sense described before. However, 
its application is limited to the identification of a natural zero in the 

           1     1   

  

 

X–Y plane, so that all of the coordinates X, Y of the hourly load cen- 
  

ters are positive. Also, the perimeter of the high-probability region 

can only be determined numerically and not algebraically, as in 

cases A and B. 

for µ if the total apparent power is considered for the hour i(42) 

if the total apparent power is considered, and 

In this case, if X, Y are modelled as independent Weibull vari- 

ables, their joint density is given by 

  

 

 

  

and the parameter e = (a, b, c, d) for positive a, b, c, d. 
a and ̌  are related via: 

If both c, d are greater than zero, the density will have a unique 
mode with both coordinates greater than zero. 

 

By independence, we have from where we get the following estimate for ̌ : 
  

 

 

  

  

 

Moment estimation equations for the estimation of the four param- 

eters can be numerically solved, two parameters at a time, solving 

while m depends on µ and ̌  through 

  

where ̨  is Euler’s constant: 0.57721566. This gives the following 

estimate for m: 

0.  6â  
for a and c using X1, .. ., Xnh and for b and d using Y1, .. ., Ynh. In order 
to calculate the parameters, a transformation is performed: 

 
˙ 

 

 
The parameters of the Weibull distribution are evaluated using (39) 

and (40), using the X coordinates for mx and ˇx and the Y coordi- 

nates for my and ˇy. 

The high-probability regions can be found numerically from the 

inequality: 

  

 
3. Results 

The probability densities for ωX and ωY are 

  

   

Introducing  a  new  set  of  parameters by 

 
The optimal location and sizing of DG and their distribution 

networks is a complex mathematical combinatorial optimization 

problem [19]. This optimization problem is a non-linear one, it con- 

tains binary variables (0, 1) that are the decision to install lines and 

generators and continuous positive variables that represents  the 

 
 

ˇ 
  

  
 

power circulating on the lines [20]. This problem can be solved by 

deterministic or meta-heuristic mathematical optimization tech- 

nique. Moreover, if the number of decision binary variables is high, 

then the execution time is an exponential function during computer 

calculation process. 
The meta-heuristic technique can solve this problem with a 

we have that the vector (mx, my) is the center or location of the 
probability distribution of (ωx, ωy), while ˇx and ˇy are scale 

parameters. 
The expectation or mean of ωx (or ωy) is given by 

  

rational execution time, but its difficulties consist in the tuning of 

the parameters of the algorithm, and each case is different from 

the other one and therefore, the treatment and adjustment of 

the parameters is also different. For this reason, the authors have 

thought in developing a new methodology that can solve this prob- 
  lem taking into account the hourly load changes or the daily load 

cycle. In this methodology the hourly load centers, for each of the 
and the variance or squared deviation is 

  
different hourly load scenarios, are calculated deterministically. 

These location points, properly weighted according to their load 

  magnitude, are used to calculate the best fit probability distribu- 

tion. This distribution is used to determine the maximum likelihood 



 

 

Table 1 

Load curve of each load point in kVA/hour. 
 

Hour Group 

1 

Load 1 

 
 
 

 
Load 2 

 
 
 

 
Load 3 

 
 
 

 
Load 12 

 
 
 

 
Load 13 

 

 
2 

 

Load 14 

 
 
 

 
Load 15 

 
 
 

 
Load 16 

 
 
 

 
Load 17 

 
 
 

 
Load 20 

1 3815 2364 1673 3724 1370 465 833 256 129 747 

2 3040 1884 1333 2967 1092 371 663 204 102 595 

3 3040 1884 1333 2967 1092 371 663 204 102 595 

4 3040 1884 1333 2967 1092 371 663 204 102 595 

5 3040 1884 1333 2967 1092 371 663 204 102 595 

6 3279 2031 1437 3200 1177 400 716 220 111 642 

7 4054 2511 1777 3957 1456 494 885 272 137 794 

8 3815 2364 1673 3724 1370 465 833 256 129 747 

9 3815 2364 1673 3724 1370 465 833 256 129 747 

10 4054 2511 1777 3957 1456 494 885 272 137 794 

11 4054 2511 1777 3957 1456 494 885 272 137 794 

12 4054 2511 1777 3957 1456 494 885 272 137 794 

13 4232 2622 1856 4131 1520 516 924 284 143 829 

14 4054 2511 1777 3957 1456 494 885 272 137 794 

15 4054 2511 1777 3957 1456 494 885 272 137 794 

16 4054 2511 1777 3957 1456 494 885 272 137 794 

17 4054 2511 1777 3957 1456 494 885 272 137 794 

18 4054 2511 1777 3957 1456 494 885 272 137 794 

19 3987 2807 1986 4422 1627 553 989 304 153 887 

20 4100 3804 2692 4119 2205 749 1340 412 207 1202 

21 4100 3804 2692 4119 2205 749 1340 412 207 1202 

22 4125 3509 2483 3984 2034 691 1236 380 191 1109 

23 4125 3509 2483 3984 2034 604 1080 332 167 969 

24 417 259 183 407 150 51 91 28 14 82 

Hour Group          

 3     4     

 Load 9 Load 10 Load 11 Load 18 Load 19 Load 4 Load 5 Load 6 Load 7 Load 8 

1 334 421 1013 1366 2209 55 124 510 681 1127 

2 266 336 1013 1088 1760 44 99 407 543 898 

3 266 336 908 1088 1760 44 99 407 543 898 

4 266 336 908 1088 1760 44 99 407 543 898 

5 266 336 908 1088 1760 44 99 407 543 898 

6 287 362 1013 1174 1898 48 106 438 585 968 

7 355 448 1176 1451 2347 59 131 542 724 1197 

8 334 421 2554 1366 2209 55 124 510 681 1127 

9 334 421 4100 1366 2209 55 124 510 681 1127 

10 355 448 4100 1451 2347 59 131 542 724 1197 

11 355 448 4100 1451 2347 59 131 542 724 1197 

12 355 448 4100 1451 2347 59 131 542 724 1197 

13 371 467 4100 1515 2451 61 137 566 755 1250 

14 355 448 4100 1451 2347 59 131 542 724 1197 

15 355 448 4100 1451 2347 59 131 542 724 1197 

16 355 448 4100 1451 2347 59 131 542 724 1197 

17 355 448 4100 1451 2347 59 131 542 724 1197 

18 355 448 4123 1451 2347 59 131 542 724 1197 

19 397 500 4123 1622 2623 66 147 606 809 1338 

20 538 678 4158 2198 3555 89 199 821 1096 1813 

21 538 678 4158 2198 3555 89 199 821 1096 1813 

22 496 625 1378 2027 3279 82 184 757 1011 1672 

23 434 546 1176 1771 2865 72 160 662 883 1461 

24 37 46 1013 149 242 6 14 56 74 123 

 
 

perimeter of the area where each DG source point should prefer- 
ably be located by the planning engineers. When all the load centers 
are computed, then the planning engineers can better calculate the 
load nodes that can be fed by each DG source by the simple calcula- 

tion of the minimal of the function (kVA × distance). The algorithm 

is stopped when the sum of the load nodes is lower or equal than 
the capacity of DG source, taking into account a certain reserve for 
the future load growth. 

The proposed methodology has been applied to a realistic case 

that has been extracted from reference [21]. This real case study 

is a region in development that belongs to the Oil of Venezuela 

Company. The concentrated charges placement on the X–Y plane 

of the area and their values has been provided by the company. 

 
The geographical locations on the X–Y plane as well as the hourly 

load cycles of each of the 20 loads and their coordinates are pre- 

sented in Figs. 1 and 3, Table 1 and Table 2, respectively. 

The service area of each DG source point could be any geomet- 

rical form (see Fig. 2); in this work, each service area has been 

represented by different geometrical form, but the ideal geomet- 

rical form is the circle because all the load points are equidistant 

from the DG source. 

The criterion used for load grouping is by similitude of their 

load curve and by distance (see Fig. 2). The size of DG generators to 

be used for feeding the isolated electrical service area is normally 

conditioned by the load of the area, the power losses and the reserve 

that have to be to take into account. Then, if the choice of load group 



 

 

Table 2 

Coordinates X and Y of each load point. 
 

Group Load number Coordinate  

  X (m) Y (m) 

 Load 1 500 1500 

 Load 2 1000 2500 

1 Load 3 1000 3000 

 Load 12 2000 500 

 Load 13 1500 2500 

 Load 14 2500 2500 

 Load 15 2500 2000 

2 Load 16 3000 2500 

 Load 17 3000 2000 

 Load 20 3000 1500 

 Load 9 5000 500 

 Load 10 4500 500 

3 Load 11 2500 500 

 Load 18 4000 2500 

 Load 19 4000 2000 

 Load 4 3500 3500 

 Load 5 4000 3500 

4 Load 6 4500 3500 

 Load 7 5500 3000 

 Load 8 5500 2500 

 
 
 

 
is different, the size of the generator that should feed these nodes 

could be different. 

In general terms, the generators capacity choice might be 

greater or smaller depending on its service area, but the sum of 

the capacity should not exceed the sum of load nodes taking into 

account the power losses and a determined reserve. 

The main core of the proposed methodology is the fact of 
the source points’ determination. These points are the candidates 
where the DG will be installed. Once these points are determined, 
we can decide each corresponding circuits resulting by the applica- 

tion of the minimal function (kVA × distance) taking into account 
the DG capacities and their reserve. 

The determination of the source candidates points by the appli- 

cation of the methodology are presented for the three different 

probability distributions that were selected. 

Fig. 6 depicts the results when the Gaussian bivariate distribu- 

tion was assumed. The rotated ellipses indicate the perimeter of 

the 90% and 95% probability areas for the load groups 1, 2, 3 and 4, 

respectively. 

Fig. 7 presents the resultant perimeter for the 90% and 95% 

probability areas, assuming the generalization of Freund’s expo- 

nential distribution for the load groups 1, 2, 3 and 4, respectively. 

In this case, the particular characteristics of the problem due to the 

absence of (X, Y) pairs in the R1 region in the four quadrants of the 

X–Y plane, lead to mathematical inconsistencies in the calculation 

of the parameters of the estimated distribution. 

The capacity of Freund’s distribution to adapt the probability 

region to the pairs (X, Y) of hourly load centers may be observed in 

the shape of the resultant polygon. 

Finally, Fig. 8 presents the results for the Weibull distribution 

when the probability was fixed in 90% and 95%. The asymmetry 

of the resultant perimeters of the high-probability areas may be 

observed. 

This particular distribution requires the definition by the plan- 

ning engineers of a natural zero in the X–Y plane. The selected 

position for the natural zero modifies the final shape of the proba- 

bility distribution, especially if the zero is located in the vicinity of 

the hourly load centers. 

This characteristic of the Weibull distribution may be applied to 

handle natural constraints, such as a sea shoreline, amongst others. 

 

 

 
Fig. 6. Resultant perimeters for the 90% and 95% probability areas assuming the 

Gaussian bivariate distribution for the load groups 1, 2, 3 and 4, respectively. 



 

 

 

 

Fig. 7. Resultant perimeters for the 90% and 95% probability areas assuming the 

generalization of Freund’s exponential distribution for the load groups 1, 2, 3 and 4, 

respectively. 

 
 
 

In order to determine the recommended perimeter for selection 

of the best location of the DG associated to the high-probability 

area for a 90% and 95% probability level, three different probability 

distribution types were successfully tested on a realistic case. The 

results are presented in Fig. 9, and the exact best point’s coordi- 

nates LC1, LC2, LC3 and LC4 are presented in Table 3. These points 

represent valuable information for supporting decision   making 

 
Fig. 8. Resultant perimeters for the 90% and 95% probability areas assuming the 

Weibull distribution for the load groups 1, 2, 3 and 4, respectively. 
 

Table 3 

Best location of the possible points of distributed generation. 

Candidate point Coordinate  

 X (m) Y (m) 

LC1 1193 1694 

LC2 2732 1995 

LC3 3531 1385 

LC4 5177 2912 

 



 

 

 

 

 

Fig. 9.  Determination of load center of each group. 
 

 

concerning the possible location of DG points, allowing the choice 

of the capacity and the design of distribution networks that feed all 

the consumers with high power quality and minimal cost. 

The representation of the raised problem is realized on the base 

of an initial network that must be introduced by the planning engi- 

neer. This initial network is presented in Fig. 10. 

The distribution network is composed by a set of lines and 

another set of DG, whose function is to supply energy to a given load 

zone. These points have a geographical location and their magni- 

tude demands are known. The number of connection lines between 

the loads and the DG sources can be high. Theoretically, there can 

be a line between two nodes and in every node a DG source; never- 

theless, in the practice, there exist technical norms, obstacles of the 

area and other factors that limit the quantity of lines connection, 

the points of DG source and the capacities that have to be evalu- 

ated. Fig. 10 shows the network connection scheme that contains 

20 load nodes, four DG sources nodes and 52 lines that represent 

the initial network. To build it, it is necessary to take into account 

the following: 
 

• The DGs are located on the source nodes that could have demand. 

The connection lines are represented with only one direction (for 

obvious reason) from the DG source up to the load nodes that 

must be supplied. 
• There are several defined DG capacities that correspond to norms 

of the local Electric Company or equivalent entity. In all the points, 

the proposed capacities are evaluated. The DG can be one-phase, 

 

 

 

 
Fig. 10. Initial network introduced by the planning engineers. 

 
Fig. 11. Resultant networks obtained by proposed methodology. 

 
 

 

two-phases or three-phases in accordance with the load require- 

ments. 
• The feasibility connection lines of the load nodes are stud- 

ied. These connection lines must be logical trajectories from 

technical–economical point of view. The power flow is repre- 

sented in a single direction only if this circulates exclusively 

from the source towards the load nodes. If there is a doubt about 

feeding the load nodes from any existing DG source, a line with 

two-way direction is used to represent the power flow, so that 

each node can be supplied from any DG source. 

 

To obtain the  distribution  network,  the  minimal  function 

(kVA × distance) has been applied taking into account the best loca- 

tion of the DG source; we can assure that the resulting distribution 
network is a low cost one because the cost is proportional to the 
length of the network. Consequently, the active power losses are 
lower, and therefore, the power quality is good due to the same 

fact. 

Fig. 11 shows the distribution networks resulting from the appli- 

cation of the proposed  methodology. 

Note that the resultants distribution networks are radial due 

to its economical operation costs. The methodology also allows 

to obtain a meshed distribution networks under the discretion of 

planning engineers. 

The authors are presently working in the formulation of the opti- 

mization problem to determine the optimal capacity of the DG that 

can be installed in these location points and their corresponding 

distribution networks. The mathematical model will allow to obtain 

a solution for the optimal capacity of the DG, where these can be 

installed (in this realistic case study, these points are LC1, LC2, LC3 

and LC4), and the distribution networks topology. It is important to 

note that the mathematical model can eliminate some points that 

do not result in the minimization of the total cost subject to all the 

technical constraints. The results will be reported for publication 

in the near future. 

 
 

4. Conclusions 

 
This paper proposes a probabilistic methodology to assist plan- 

ning engineers in the selection of the best location of the candidate 

points of distributed generation. The methodology considers the 

hourly load changes and calculates an estimate probability distri- 

bution. This allows to determine a recommended perimeter for the 

selection of the distributed generation location, associated to the 

high-probability area for a given probability level. 



 

 

Three different probability distribution types were successfully 

tested on a realistic case, and results are presented showing the 

potential of the proposed approach. The resultant perimeter rep- 

resents valuable information for the location of the distributed 

generation points, where the availability and the cost of the land 

lots as well as other relevant constraints that may be present in 

the selection of the distributed generation site must be considered, 

especially in urban areas. The application of the methodology to a 

real case demonstrates the effectiveness of the method to solve a 

combinatorial complex problem of the location and sizing of DG and 

their corresponding distribution networks in an isolated electrical 

service area. 
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