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ABSTRACT 

The aim of this study is to present a method for solving the 
planning and expansion problems in the distribution 
systems in order to determine the location and size of new 
substations and the development of the existing 
transformers and to find the optimal structure for feeders 
and selecting the suitable cross-section for feeders in the 
presence of wind turbines. The objective function of the 
problem has been mathematically formulated considering 
uncertainty conditions in the presence of wind turbines and 
a pseudo-dynamic method for multi-stage design. Also the 
genetic algorithm has been used as an optimization tool for 
solving the problem. In addition, the performance of the 
above mentioned method on a distribution network has 
been discussed as well.   

INTRODUCTION  
Natural growth of loads and also installing new electrical 
equipment, as the new consumers, is an important issue in 
planning and expanding distribution systems. Since the 
Electric Distribution Companies try to increase their benefits 
and minimize their investment costs; the designers utilize the 
new design strategies for their networks in order to focus on 
demand response economically and provide an energy 
source with high reliability and also maintain competitive in 
the market.  
Finding a radius network with minimum total cost is a very 
important issue in designing a medium voltage distribution 
network. In this case, considering some factors such as size 
and location of substations, optimal route for feeders, cross-
section of feeders, the lines status and transformers capacity, 
reliability restrictions, and appropriate voltage levels in the 
load points must be taken into account.   
Planning and expansion of a distribution system is a 
complicated process so that complex mathematical methods 
and lots of numerical analysis are needed for finding an 
optimal solution. The aforesaid process contains many local 
optimal solutions as well. In general, for solving the 
problems relating to the distribution system designs, two 
following methods are utilized: 

1. Static method: This method considers only a 
design horizon and specifies the location, type, and 
the capacity of new equipment required for 

expansion. In other words, all the design 
requirements for a specific period are determined. 

2. Multi-stage (Dynamic) method: In this method, not 
only the location, type, and the capacity of the 
equipment are specified for development; but also 
the most appropriate time for installing new 
capacities and expanding the existing capacities 
are determined so that the demand response needs 
are met optimally. In fact, by this method, the 
system design is performed in some continuous 
steps.   

Nowadays, the growth trend in DG units such as wind 
turbines, photovoltaic systems, etc. and also the increasing 
need in utilizing this kind of units have caused a complexity 
for analyzing distribution network design in the presence of 
these units. DG units are one of the new alternatives for 
distribution network designers. Using these units in 
distribution networks will decrease the fixed investment 
costs by postponing the need for new required facilities. 
These units also play a key role in decreasing current, 
power, and losses in the system, and also act as an auxiliary 
source for high load feeders. They improve the voltage 
profile and increase the life time of the equipment as well.  
Installing wind turbines as one of the DG sources in the 
power systems can change the operation conditions and they 
have important technical and economical advantages too. 
Thus, applying traditional design methods in the presence of 
these units is not a modern approach.    
Although there are many methods for designing traditional 
distribution systems based on the evolutionary algorithms 
[1], [4]; minor studies relating to the DG units are available 
[2] in which no specific solution for wind turbines has been 
studied. Since wind has a probability (uncertainty) nature, 
the output power of wind turbines will have a probability 
and uncertainty nature too. Hence, probability methods must 
be considered for the desired problem analysis due to the 
uncertainty in the system. One of the famous methods for 
analyzing the uncertainty systems is the Monte-Carlo 
method. The main idea of Monte-Carlo simulation is to 
create a series of empirical samples or utilizing random 
sequence of numbers. In the aforesaid simulation, a provider 
of random numbers for probability modelling of events is 
used. When the number of samples is big enough, sample 
average can be utilized for estimation via mathematical 
expectation.  
In this research, the impact of wind turbines in designing 
distribution networks in a probability environment has been 
modelled and then the genetic algorithm has been utilized as 
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a tool for optimization and also the pseudo-dynamic method 
has been used for multi-stage development. Subsequently, 
the importance of practical application of these methods has 
been addressed by implementing the aforesaid methods. 

MATHEMATICAL FORMULATION  
The objective function of the above problem contains fixed 
costs relating to investment and installation, and variable 
costs related to the operation costs. These costs must be 
minimized considering the problem constraints. The 
objective function is stated by the following formula where 
T is the period of the problem: 

( ) TOCICF ×+=  
IC is the total investment costs for transformers, feeders, and 
wind turbines.  
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Where ss, fd, and w are the existing and new substations, the 
existing and new feeders, and wind turbines respectively. 
OC is the total operation cost and it depends on the 
generation amount of the wind turbines and the amount of 
power delivered by the substations.  
Since the operation cost for wind turbines is negligible, thus 
the operation cost of substations has only been considered: 
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Where EC ss

i  is the price of energy in the power market at 

the ith substation. P ss
i is the power delivered by the ith 

substation.  
The problem contains the following constraints: 

1. The substations loading capacity must not exceed 
the maximum amount: 

SS i
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2. The feeders capacity shall not exceed the 
maximum withstanding capacity: 
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3. The capacity of wind turbines must not exceed the 
maximum capacity of the generation: 
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w
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4. The voltage amount in the load points must be 
between the minimum and maximum of the 
allowed operation voltage:  

VVV load maxmin
≤〈  

 

OPTIMIZATION METHOD  
The objective function for the above mentioned problem is a 
non-linear function that is optimized by an evolutionary 

method based upon the genetic algorithm. In this method, 
first the decision variables including the location and size of 
the new substations, expansion of the existing substations, 
feeders' structures, and cross-sections of the feeders are 
determined in the presence of the wind turbines. The first 
issue that must be defined for solving the problem is the 
coding type (chromosome's formation) for the desired 
problem so that each chromosome is a candidate for solving 
the problem or a solution for decision variables and it 
contains the two following parts: 

1. The first part includes the decision information 
about the location and size of substations that 
contains the genes that are equal to the numbers of 
candidates and existing substations. Each gene 
shows the required capacity for installing 
substation at the desired candidate location. The 
zero number relating to each gene shows that no 
substation must be installed at the candidate 
location. As an example, the following 
chromosome shows that a 30 KVA substation 
must be installed at the first candidate location or if 
there's an existing substation there, it must be 
expanded meanwhile there's no need any new 
substation in the second candidate location.  

 
Number of existing and candidate substations  

 
30 0 …   

 
 

2. The second part shows the status of the network 
(feeders' structure) and the type of feeder for each 
section that contains genes that are equal to the 
existing and new feeders. In fact, each gene 
relating to the chromosomes of this section shows 
which feeder must be installed and it can 
determine the feeder type as well. As another 
example, the following chromosomes shows that 
feeder 1 must be installed at the first candidate 
location and feeder 2 must be installed at the 
second candidate location.  

 
Number of existing and candidate feeders  

 
1 2 …   

 
The uncertainty issue must be taken into account in 
generating electric energy via wind turbines because it 
assures a proper and fair analysis for the system. In 
addition, we may have results against the actual behaviour 
of the system if the system analysis is considered as a real 
system and analytic simulation is used. Thus, considering 
uncertainties that enables us to model the actual behaviour 
of a system is fully obvious.  
Monte-Carlo Simulation is one of the popular methods for 
probability analysis at the power systems and we have 
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utilized this method for modelling the uncertainty here. 
The Monte-Carlo Simulation trend contains the following 
steps: 

1. Determining the inputs and their probability 
distributions, 

2. Sampling the inputs via random numbers and 
also evaluating the system for each input, 

3. Compiling the results and assessing the objective 
function. 

In the problem solving by Monte-Carlo method and due to 
the uncertainty in the output powers of the wind turbines 
that is because of the wind nature; the power delivered by 
the substations and also the operation costs will have 
probability nature. Here, we have considered a normal 
distribution with a specified mean and variance for the 
output power of the wind turbines as the inputs for the 
Monte-Carlo method meanwhile the normal distribution is 
utilized as probability variations at the aforesaid method. 
In the next step, a sampling from the output power of the 
wind turbines using the production process of uniformed 
number and operation costs are assessed for each sample. 
Hence, the desired operation costs will have a probability 
distribution. Therefore, following formulas can be used 
for calculating the mean and variance of the operation 
costs in each step and finally, the mean of operation costs 
may be used for calculating the objective function: 
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Where N is the number of the iterations at the Monte-Carlo 
Method.  
Algorithm is begun by producing a random population and 
then the objective function is calculated for this population. 
The genetic algorithm utilizes three rules named elite 
selection, mutation, and cross-over for creating child for the 
next generation. Hence, the population is evolved toward an 
optimal solution.   

MULTI-STAGE DEVELOPMENT 
In this paper, the pseudo-dynamic method has been firstly 
used for multi-stage design so that the period of case study is 
divided to some intervals. Then the design issue is solved for 
the whole period using the genetic algorithm and finally all 
the new equipment that must be installed and also the 
existing equipment that must be expanded to meet the 
requirements of load growth are obtained for the whole 
design period. After that, for the intervals that are located 
between the aforesaid intervals of the selected equipment 
(relating to the whole period), genetic algorithm is used for 
solving the optimization issue. This trend is started from the 
end of interval and come back to the beginning of the 

interval.   

A numerical example 
The stated design method has been applied to a 20 KV 
distribution system. This system has a 30 KVA substation 
that is expandable to 60 KVA. It contains two wind turbines 
with the capacity of 4 MVA as well. The design of the 
network has been studied for a six-year period and this 
period is divided to three equal intervals as shown in figure1 
below:  
 

Figure 1 – the design of the network 

 
 
The information for the load points has been presented in 
Table1:  

Table 1 – information of the load points 
Load  point Stage1 Stage2 Stage3 

2 5.2 6.3 7.6 
3 4.1 4.4 5.1 
4 5.1 5.5 6.5 
5 3.2 3.4 4.1 
6 4.6 5 6.5 
7 - - 3.1 
8 - 2.3 3.8 

 
The technical and economical information of the feeders has 
been presented in Table2: 
 

Table2 – Technical and economical information of the 
feeders 

 
The design and development of the system is studied for the 
two following status: 
 

1. Without considering wind turbines: in this case, 
the feeders a, b, c, d, and e must be upgraded and 
feeders h and i must be installed. In addition, the 
substation must be upgraded too.  

2. By considering wind turbines: In this case, only the 
feeder a must be upgraded and the feeders g and j 
must be installed and there's no need to upgrade 
the substation. 

 

TYPE R(ohm/km) X(ohm/km) Capacity(MVA) Cost(M$/km) 
1 0.16 0.25 12 0.1 
2 0.06 0.21 18 0.15 



CIRED Workshop   - Lisbon 29-30 May 2012 

Paper 0058 
  
  

Paper No  0058     Page 4 / 4 

The network structure in the two aforesaid cases is different 
meanwhile the need for upgrading the substation in the 
presence of the wind turbines has been postponed. This 
advantage is more attractive when expanding the existing 
substation is not possible for the practical and geographical 
reasons. 
Figure2 exhibits the design cost for the two above cases in 
the different intervals: 
 

Figure2- design cost for two statuses 

 

 
The system expansion costs in the presence of wind turbines 
are less than the status that there's no wind turbine as shown 
in the figure. 

CONCLUSION 
In this paper, a model for designing distribution system in 
the presence of wind turbines has been stated so that the 
genetic algorithm for optimizing objective function and a 
pseudo-dynamic method for multi-stage expansion have 
been utilized. As described in the paper, the presence of 
wind turbines in planning and expansion of the distribution 
systems can be led to an expansion plan with less costs and 
more reliability.  
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