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Abstract. The position of the PV generator and the electrical 
cables sections influence the whole cost of installation during the 
operation life of a network. The aim of our work is to find the 
number of the solar generators, and the optimal location for 
installing them in order to optimize the total investment cost of a 
distribution network. In this paper, we will discuss the methods 
that we have developed to optimize this cost, and study the 
influence of cables cross sections, the number and the locations 
of the generators on the optimization. We have proposed three 
methods: 
-The gravity center method to optimize the volume of copper 
taking into account only the voltage drop sections. 
-The method of the minimum copper volume center, to optimize 
the same cost but taking into account all the technical sections 
and the economic sections. 
-The method of the minimum cost center to optimize the overall 
investment cost using the optimal sections. After that, we have 
studied the influence of the number of the generators on the 
optimization using the method of minimum cost center. The use 
of MATLAB software has helped us to verify and confirm our 
results. 
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1. Introduction 
 
The distribution networks may be susceptible to 
transmission losses by virtue of their low voltages even 
over distances of a few hundred feet. If cables are not 
sized properly, distribution losses can tax limited 
generation capacities and create voltage drops at the end 
user level that will prevent equipment from operating. [1] 
So, we need to optimize the technical cables sections 
which satisfy the three conditions: [2] 
- Drop voltage 
- Normal heating 
- Overload due to a short-circuit 

On the other hand, these sections must allow minimizing 
the electric losses in the cables. And in order to make a 
PV power generation system survive as an economically 
viable option against other renewable energy sources, 
drastic reduction of energy cost is inevitable. [3] 
The objective of this work is to optimize the total 
investment cost of a distribution network supplied by a 
solar source. It is therefore very important to determine 
the sections and lengths of cables, the number of 
generators and their positions; and study the influence of 
them on the optimization of investment cost. We have 
proposed three methods of calculation to find the position 
of the generator; the first method which is the gravity 
center method is widely used in the optimization of 
distribution network [4,5], but it does not take into 
account several parameters that have an important 
influence on the choice of the generator position. For this, 
we have developed two other methods to find the optimal 
position of the generator. These two methods can be used 
not only in the optimization of network supplied by a solar 
source but also to optimize the conventional networks. 
The three methods are: 
- The gravity center method for optimizing the volume of 
copper, and therefore the investment cost of cables, using 
only the voltage drop sections. 
 - The center of the minimum volume of copper, this 
method optimizes the volume of copper used in the cables 
taking into account all the technical sections and the 
economic sections. 
- The method of the minimum cost center, it is based on 
the optimization of the total investment cost of network 
using the optimal sections. 
To take all the possible positions of the solar generator, a 
variation of its position starting from a point O (x0=0, 
y0=0) by making a sweeping on the entire surface where 
are the loads, is required; in order to study its influence on 
the calculation and find the optimal position. 
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2.  The optimal section  
 
The optimal section is the greatest between the economic 
section and the technical section.  
 
A. The economic section 
 
The economic section of the cables on a line is that which 
carries out the best compromise between the cost of these 
cables and the cost of the losses that will generator over 
all their operation life. [6]  
 

The calculation method 
The economic section is a section for which the total 
investment cost is minimum. 
The total cost of a distribution network is the sum of the 

total cost of the annual amortization of the purchase price 

of the cables and the amount of the annual losses of 

energy, it has as an expression: [2] 
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Ct. the total cost. (DA) 
e. Electrical energy price. (DA/kWh) 
Si. Section of ith cable. (mm2) 
G. f. constant.  
A. Annual amortization of the purchase price of the cable. 
I i. Intensity to be transported in the ith cable. (A) 
li. Length of the ith cable. (km) 
H. Number of service hours of connection per day.  
n. Active conductors number of the connection  
ρ. Resistivity of the conductive metal at the service 
temperature, Ωmm²/Km. 
For a solar distribution network, the total cost is different 
than the conventional network, because the amount of the 
annual losses of energy is not the same; and it is given by 
the following formula: 
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In this case the total cost of a solar distribution network is 
calculated by the following equation: 
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It is minimum for the economic section (Sei) such as: 
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Where: 
Clos. The amount of the annual losses of energy of salar 
source. (DA) 
Sei. Economic section of the ith cable. (mm2) 
B. constant.  
Pg. The fixed price of a solar generator. 
Pr. Power required by the generator according to the 
losses. (kW). 
Ag. Annual amortization of the purchase price of the solar 
generator. 
he. Represent the daily number of sunshine hours. 
 

B. The technical section 
 
To find the technical section of each cable, we must retain 
the greatest section between the three following sections:  
- Drop voltage section. 
- Normal heating section. 
- Section of overload due to a short-circuit. 
And we seek the corresponding standardized section. [2] 
 

1) Drop voltage section  
For a maximum voltage drop authorized, the cross section 
of each cable connected to the solar generator is given by 
the following equation: [7] 
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∆u. authorized voltage drop. 
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(xi, yi). Cartesian coordinates of the ith load. 
(xG, yG). Cartesian coordinates of the solar generator. 
 

2) Normal heating section: [2] 
The temperature of the cable heart under normal 
functioning and permanent should not exceed the 
acceptable maximum temperature by the constituting 
materials of the cable selected. This condition determines 
the permanent section Sp.  
We must calculate the reference current to find the Sp 
section: 
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k. the product of various correction factors. 
 

3) Section of overload due to a short-circuit [8] 
The heating corresponding to the intensities of overload 
carries, during a very short time, the insulator of the cable 
to a higher temperature than which allowed under normal 
functioning. 
For the calculation of short-circuit section Sc, we can use 
the following equations: 
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Sci. Section of overload due to a short-circuit of the ith 
cable.(mm2) 

Ici. Short courant circuit on the ith cable. (A) 

δi. Admissible current density. (A/mm2) 

δ0.Current density allowable short circuit during 1 second. 
(A/mm2). 

t. the short-circuit duration. (s) 

 
3. Optimal location 
 
To find the optimal location to install the solar generator, 
in order to optimize the investment cost, we propose three 
methods. 
 

A. gravity center method [9] 
 
The method used is comparable to the determination of 
the gravity center of a system made up of points weighted 
with the power ratings of a various electrical loads.  
The Cartesian coordinates of gravity center are calculated 
by the following formulas: 
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pi. Pwer of the ith load. (W). 
(xi,yi). The cartesian coordinates of the ith load. (km,km) 
Using Matlab programming, for each position of the 
generator, we have calculated the length of each cable, its 
drop voltage section and the volume of copper using the 
following formula: 
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We have found that the smallest volume is at the gravity 
center. 
So, in order to optimize the cost of investment of cable  
for a  mínimum volume of copper and taking into account 
an authorized voltage drop, the gravity center is the 
optimal  location to install the solar generator. 
 

B. The center of the minimum volume of copper [10] 
 
For each position of the generator, we have calculated the 
technical section of each cable and its length to be able to 
recalculate the volume of copper and the investment cost 
of cables; using the formula (10) and the following 
formulas: 
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Ct: the total cost of the annual amortization of the 
purchase price of the cable. (DA) 
 The obtained results showed that the optimal center does 
not correspond to the gravity center. 
Therefore, the optimal generator location that allows 
minimizing the cost of investment of cables taking into 
account the technical sections is in the minimum volume 
center. 
 

C. The method of the minimum cost center 
 
The previous method optimizes the investment cost of 
cables, and our objective is to optimize the overall 
investment cost of the network. For this, we proposed the 
method of the minimum cost center. This method 
generalizes the other methods. 
In each position of the generator, we calculated all the 
technical sections, the economic sections and the optimal 
sections. Using these sections, we calculated the volume 
of copper, the investment cost of the cables and the total 
network investment cost (using the formula (1)). And we 
have looked for the positions of the minimum of these 
three values. We found that the positions are different. 
The optimal location of the solar generator is in the 
position that allows us to optimize the overall investment 
cost of the network; we call it the minimum cost center. 
From the examples that we have treated, we found that 
sometimes, the center of the minimum volume of copper 
and the minimum cost center have the same coordinates 
(same position gives us the minimum of investment cost 
of cables and the minimum of the total network 
investment cost). 
 

Examples 
Among the examples treated, we propose two examples: 
The first one, a site of six loads, where we have found that 
the center of the minimum volume of copper and the 
minimum cost center do not have the same coordinates.  
 

Table I. – Example of 6 Loads 
 

 
Loads 
p (W) 

 
X 

(km) 

 
Y 

(km) 

Minimum 
volume 
center 

X(km),Y(km) 

 Minimum 
cost center 

X(km),Y(km) 

 
30000 

 

0.69 0.147 
 
 

 
 
 
 

X=0.47 
 
 

Y=0.50 

 
 

 
 
 
 

X=0.50 
 
 

Y=0.39 

 
35000 

 

0.465 0.36 

 
15000 

 

0.85 0.05 

 
20000 

 

0.36 0.721 

 
19500 

 

0.047 0.84 

 
16500 

 

0.521 0.96 
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The second example, a site of five loads, where the center 
of the minimum volume of copper and the minimum cost 
center have the same coordinates.  
 

Table II. – Example of 5 Loads 
 

 
Loads 
p (W) 

 
X 

(km) 

 
Y 

(km) 

Minimum 
volume center 
X(km),Y(km) 

Minimum cost 
center 

X(km),Y(km) 

 
32000 

 

0.055 0.55 
 

 
 
 

X=0.32 
 
 

Y=0.30 

 
 

 
 

X=0.32 
 
 

Y=0.30 

 
37000 

 

0.505 0.055 

 
18000 

 

0.505 0.505 

 
24000 

 

0.305 0.285 

 
25000 

 

0.255 0.195 

 
 

4. Optimization of the solar generator 
number  
 

For a generator placed in the minimum cost center, the 
total cost of investment is optimized. How can we 
minimize this cost, using several generators? 
For a group of (n) loads, Using Matlab programming, we 
seek all possible combinations of loads. 
We must find the minimum total investment cost of each 
group of the combination using the method of the 
minimum cost center; after having determined the 
minimum cost of each one, we calculate the sum to find 
the total cost of the combination. And we seek the 
combination that gives us a minimum total investment 
cost.  
The number of groups in the optimal combination 
corresponds to the number of the generators used. (For 
each group, we use a generator). 
For one combination, the total cost is calculated with the 
following formula: 
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Where: 
Ctcb: the total investment cost of a combination. (DA) 
Ctg: the total investment of group. (DA) 
ke:  simultaneity coefficient. 
Pi: power loads (kW) 
 

Example 
Among the examples treated, we propose an example of 
eleven loads, where we have found that the use of two 
generators is more economic than the use of one 
generator.  

Table III. - Example of 11 loads using 1 generator. 
 

 
Loads p 

(W) 

 
X 

(km) 

 
Y 

(km) 

 
The total 

investment cost 
(DA) 

 
Minimum 
cost center 

X(km), 
Y(km) 

C1 
(42400) 

0.05 0.05 
 
 
 
 
 
 
 
 

9679988.40933
3915 

 
 
 
 
 
 
 

X=0.38 
 

 
 
 

Y=0.475 

C2 
(44000) 

0.2 0.1 

C3 
(40000) 

0.01 0.2 

C4 
(33000) 

0.6 0.7 

C5 
(37500) 

0.75 0.9 

C6 
(35000) 

0.75 0.7 

C7 
(45000) 

0.62 0.89 

C8 
(53000) 

0.67 0.5 

C9 
(18000) 

0.19 0.31 

C10 
(26000) 

0.05 0.4 

C11          
( 34000) 

0.15 0.5 

 
Using the method of the minimum cost center and Matlab 
programming, we have found the optimal combination of 
loads that has allowed us to minimize the total cost of 
investment. This combination is composed of two groups. 
Therefore, the solar generator number is determined.  
 

Table IV. – Example of 11 loads using 2 generators. 
 

 
Groups 

 
The total investment 

cost (DA) 

Minimum 
cost center 

X(km),Y(km) 

The 1st group 
(C1, C2, C3, C9, 

C10, C11), 

Ctg1 = 
2924752.567275511 

X=0.12 
Y=0.225 

The 2nd group 
(C4, C5, C6, C7, 

C8) 

Ctg2 = 
2861413.115911210 

X= 0.685 
Y=0.73 

 
Ctcb = 

5786165.683186721 
 

 
It could be seen that a reduction of 40.22% on the cost can 
be gained if we use two generators. 
 
5. Conclusion  
 
• The gravity center method allowed us to optimize the 
volume of copper used in the cables and thus the 
investment cost of cables, taking into account an 
authorized voltage drop but several parameters are not 
considered in this method. For this we have developed 
two others methods. The first one is the center of the 
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minimum volume of copper, it takes into account all the 
technical sections and allowed optimizing the investment 
cost of cables. This method is reliable in the case where 
the minimum cost center is the same as the center of the 
minimum volume. (The position of the minimum volume 
of copper allows minimizing the total investment cost of 
network). But this case is not always true. 
• The second method which is the method of the 
minimum cost center is the best method to find the 
location of the solar generator that allows optimizing the 
total investment cost of a solar distribution network taking 
into account the optimal sections.  
• The optimization of the number of the solar generators is 
very important in the optimization of the total cost of 
investment. If the loads are spaced from long distances, 
the use of several generators is required. If the loads are 
not remote from each other, one generator is sufficient. 
The reduction in the cost of PV system allows to the solar 
energy to be an economically viable option compared to 
other energy sources. 
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