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Abstract
The configuration of a wind farm depends mainly on the wind potential and the disposition of the wind turbines in this 
park. The windiest site is the most favorable for a future installation of wind turbines for the production of electricity, also, 
in this same site, a too dense arrangement would lead to considerable of power losses under the effect of wake. In this 
context, it is presented a research work that consists of determining the installation conditions of a wind farm; evaluat-
ing the wind farm through measurements of wind speed and the location of wind turbines in the park to minimize the 
effect of wind turbine interference. In order to do this, an evaluation study of the wind potential for the implementation 
of a wind farm based on the quantification of the wind in speed and directions firstly proposed. Secondly, a method for 
optimizing the positioning of wind turbines in a wind power farm is used based on the introduction of the Jensen wake 
model and the application of the iterative pseudo-random distribution approach of the turbines in the site. Simulation 
results are presented and discussed using data from the Kaberten site in Algeria and the characteristics of the GAMESA 
G52 wind turbine.

Keywords  Renewable energy · Wind farm · Wind turbine · Wake model · Pseudo-random numbers · Optimization

List of symbols
A	� Scale factor (m/s)
AR	� Wind farm area (m2)
a	� Integer called the germ
b	� Random integer
Cost	� Cost of wind installation
CT	� Thrust coefficient
D	� Rotor diameter (m)
fcap	� Capacity factor
fop	� Optimal capacity factor
f(V)	� Wind speed frequency
k	� Form factor
m	� Divisor
mod	� Modulo operator
Nwt	� Number of turbines in wind farm
N	� Number of cells

P	� Turbine power (W)
Pmax	� Maximum power (W)
Ptot	� Total power (W)
r0	� Rotor radius (m)
r	� Wake radius at x position (m)
x	� Wake downstream position (m)
X(n)	� Elements of pseudo-random sequence
U	� Upstream wind speed (m/s)
Um	� Average wind speed (m/s)
Ux	� Wind seep in the wake (m/s)
Z	� Hub height (m)
Z0	� Ground roughness (m)
α	� Entrainement coefficient
σV	� Standard deviation
�	� Air density (kg/m3)
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1  Introduction

In the last decades, the need for fossil energy resources, 
such as coal, oil and natural gas have been steadily ris-
ing, so that, their over exploitation has increased the 
challenges and dangers of climate changes. Global 
warming and air pollution are the consequences of the 
observed massive release of carbon dioxide linked to the 
consumption of these substances. To this end, today’s 
society has a global tendency to use increasingly renew-
able energies. Among these, the wind energy is usually 
the less expensive than the other renewable energy 
resources in the world [1].

Wind energy is an alternative clean energy source, 
environmental friendly system, sustainable and does not 
produce greenhouse gases, compared to fossil fuel [2]. In 
terms of sustainable development, wind energy has seen 
a strong evolution through the installation of wind farms 
for the production of electrical energy. However, their 
returns depend primarily on the assessment of the wind 
farm and the proper location of turbines in the farm.

Under the wake’s effect, a speed deficit leads to a 
reduction in power could be noted, this phenomenon 
is much more accentuated in the dense gathering of 
turbines in wind farms. To this end, a number of experi-
mental and numerical studies have been carried out to 
evaluate the effects of the wake interference on the per-
formance of the wind turbine [3–5].

Understanding of power losses and turbine wake 
interactions of a wind turbine alone is a crucial study 
to optimizing wind farm design. Using an experimen-
tal investigation, Adaramola et al. [3] have studied the 
wake interference effect on the performance of the wind 
turbine. They found that by applying an optimized yaw 
angle to the upstream turbine, an overall improvement 
in the power output by 12% could be observed. In the 
other hand, several analysis models and methods have 
been employed to identify the optimal location of wind 
turbines in the farms [6–8]. In the case of a wind farm, 
a reduction of energy production in all turbines can be 
mentioned because of a wind speed deficit at the down-
stream wind turbines (WTs). This reduction is due to the 
wake effect. Hence, it is necessary to minimize the wake 
losses by optimizing a wind farm layout design. One of 
the widely used analytical models is the model which is 
introduced by Jensen [9].

The first research study on Wind Farm Layout Optimi-
zation Problem (WFLOP) was developed by Mosetti et al. 
[6]. They used genetic algorithms to determine the posi-
tions of wind turbines that provide the maximum energy 
extraction with the minimum installation costs. Based on 
Mosetti’s approach, Grady et al. [7] predicted the optimal 

wind farm placement of turbines. In other work, better 
optimizing results were obtained by Marmidis et al. [8] 
with introducing Monte Carlo simulation for wind tur-
bines system. As a result of more demand for wind tur-
bine installation, the WFLOP always remains among the 
most addressed topics for scientists and engineers in this 
area. Thanks to the wind farm layout optimization which 
can mitigate the power losses due to the wake interac-
tion between turbines.

More recently, a framework for designing wind farm lay-
outs, using surrogate wake models combined with hybrid 
optimization, which has been presented by Mahulja et al. 
[10]. The optimal number of turbines as well as their opti-
mal locations were successfully found. Zergane et al. [11] 
proposed a new pseudo-random numbers generation 
method along with the Jensen linear wake model. They 
conclude that the proposed optimization method appears 
to be more suitable and noticeable enhancements on total 
power production, and which can be obtained in compari-
son with previous studies. Various optimizing algorithms 
have been applied to the wind farm layout optimization 
problem. Pérez et al. [12] have adopted a mathematical 
programming method for the offshore wind farm optimi-
zation. To maximize the electric power production from 
offshore wind farms, authors have used combined heuris-
tic and nonlinear mathematical programming techniques. 
For prediction the wind farm power production, Wang 
et al. [13] adopted three different analytical wake models 
(PARK model, Larsen model and B-P model).

The efficiency of analytical methods is also studied 
to increase the performance of energy production with 
several hub heights. Benmbarek et al. [14] have used the 
GH Wind Farmer and Wind Atlas Analysis and Applica-
tion Program (WAsP) software in order to optimize the 
location of ten turbines in the site of Kaberten. Authors 
explain the increasing significance of net energy in every 
wind generator by the decrease of the trail effect in the 
park. Gharbia et al. [15] have also applied the WAsP soft-
ware for predicting the feasibility of erecting a wind farm 
with installed capacity of 120 MW in a suitable location in 
Kuwait. Wind Farmer, WAsP and Matlab still represent the 
most popular tools for some simulation stages to gener-
ate input data such as wind park conditions or farm layout 
configurations.

In this article, we present a work that deals with the 
configuration of a proposed wind farm at Kaberten. This 
work is based on two important points; at first, evaluation 
of the wind potential in the region to study, then, looking 
for the optimal capacity in number of turbines that must be 
installed in the proposed park. This last point is ensured by 
an optimal distribution of the wind turbines to reduce the 
effect of the wake and a number of wind turbines. In order 
to do this process, the WAsP software and the average speed 
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data for the last 5 years in Kaberten are used. The simulation 
results of this work are obtained by introducing the charac-
teristics of the GAMESA G2 wind turbine. The Jensen wake 
model and the mathematical approach that use the pseudo-
random numbers [16] in a computer program developed in 
the Matlab environment.

2 � Wind resource assessments

It is known that the distribution of the wind on the earth’s 
surface is uneven, mean while, the landforms, the obsta-
cles and the uneven warming by the sun’s rays significantly 
modify the speed and direction of the wind on the sites. The 
wind potential of a site is defined as the extractable energy 
during a given period (typically 1 year) of operation for a 
given wind turbine on this site [17], since it is on it that the 
economic viability of a wind project is based. In order to 
quantify the wind park of such a region, it is necessary to 
have the distribution of the wind speed and direction on the 
site. In the southwest of Algeria, the Kaberten region of the 
Wilaya in Adrar has significant wind potential that allows to 
install a wind farm for electricity generation [14]. The hourly 
wind data (speed and direction) for each day, every month 
for 5 years are measured by the weather station at Adrar Air-
port [18]. These data are used in this study to estimate the 
efficiency, cost and cost per power unit as well as power pro-
duction in the wind farm in relation to number of turbines 
in the wind farm.

The Weibull distribution is most suitable for the study of 
wind speed distribution. It is known that, the Weibull dis-
tribution is based on two important parameters, the form 
factor and the scale factor. The form factor k which describes 
the fluctuations around the average speed is a dimension-
less number, it accepts a value of 1 to 3. A lower value would 
imply a very variable wind whereas a constant wind would 
imply a higher value k. While the scale factor expressed in 
m/s is associated with the average wind speed, it can be 
used to determine the characteristic wind quality.

The frequency distribution of the wind speed is given by 
the following relation:

where k (non-dimensional) is a parameter related to the 
shape function and A is the scale parameter very close to 
the average speed Um. The calculation of these two param-
eters is in accordance with the following relations:
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At first point, the data used in this study, are based on 
WAsP and measurements of wind speed at 10 m from the 
ground by Adrar Airport weather station over a period of 
5 years, i.e. from 2006 to 2010. The geographical coordi-
nates of this station belonging to the ONM (National Office 
of Meteorology) are 27.82° N and − 0.18° E.

The wind frequency distribution of the Kaberten region 
is presented by Fig. 1

The wind frequency distribution of the Kaberten region 
is presented by Fig. 1. As shown in this Figure, the Weibull 
curve of the Kaberten site reaches a maximum of 16%, 17.5% 
and 15% respectively for velocities, 5, 6 and 7 m/s, then 
decreases as and when until it vanishes, so a total of 48% 
for this class of speeds. The average wind speed measured is 
5.5 m/s, and since most wind turbines start at a wind speed 
of more than 3 m/s, the Kaberten site is favorable to the set-
ting up of a park wind power for electricity generation.

In the wind rose shown in Fig. 2, the predominant direc-
tions are:

•	 North Direction—North East with a percentage of 15%.
•	 North East—East direction with a percentage of 19%.
•	 East direction with a percentage of 18%.

As indicated in these results, it is advisable to install the 
wind farm in the middle of the predominant directions of 
wind speed which totals frequency of 52%, and which is 
located in the direction North East—East.

Thus, the wind energy available at the Kaberten site can 
be calculated according to the relationship:

(3)A =
2Um√

�

Fig. 1   Wind frequency distribution of the Kaberten region
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where U is the wind speed, AR is the surface of the turbine 
and ρ is the density of the air.

3 � Wake model

In 1983, Jansen [9] developed a simpler and more efficient 
wake model. This one is an analytical model that predicts the 
characteristics of the wake that evolves linearly. Its simplic-
ity and ease of design with the programming tools (Matlab, 
C++, Delphi). Jansen model is the subject of several uses in 
the optimal micro-location of the configuration of a wind 
farm by the codes such as WindPRO. Figure 3 illustrates the 
expansion of the wake on a horizontal plane through the 
hub of a turbine. The wake radius is given by the following 
relation as a function of the turbine radius r0 and the position 
x downstream of the wind turbine:

where α so-called drive constant, depending on the height 
Z of the wind turbine and the roughness of the ground ZO 
is given by the relation [7]:

The wind speed in the wake is described by the relation-
ship for a single turbine:
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In the case of a wind turbine affected by wakes of dif-
ferent turbines upstream, the resulting wake at a position 
x, is described by the principle of superposition. Thus, the 
speed at a distance downstream from a wind turbine can 
be written as follows according to Jensen’s model [9]:

4 � Wind farm configuration

In the second configuration point of the wind farm, two 
procedures are developed and used. The first is based 
on the optimal positioning of wind turbines using the 
pseudo-random number generation approach to maxi-
mize energy production, and the second, on the minimal 
cost associated with a wind turbine installation.

4.1 � Pseudo‑random numbers generation method

Pseudo-Random Number Generation (PRN) is a math-
ematical approach that uses a mechanism to generate a 
sequence of pseudo-random numbers. Pseudo-random 
numbers (PRNs) can be found using in many fields; such 
as simulation process, cryptography and in several proto-
cols requiring generation of random data [19]. The PRNs 
should, however, closely approximate the ideal properties 
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Fig. 2   Directional distribution of wind speeds of the Kaberten site

Fig. 3   Schematic of physical wake model
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of uniformity and independence in order to assure the ran-
domness [20]. Based on our knowledge, this mathematical 
approach was introduced and used in a wind turbine opti-
mization code by Zergane et al. [11], and was the subject 
of an international publication in 2018. The sequences 
generated by this method, are based upon the generators 
of pseudo-random numbers that often use recurrences in 
the form [21]:

4.2 � Optimization procedure

The wind farm used for the optimization procedure is 
square-shaped terrain, subdivided into 100 identical cells. 
The center of each cell (5D × 5D size with D is the diameter 
of the turbine) may be the possible location for a single 
turbine. The total park size is 50D × 50D as shown in Fig. 4.

The characteristics and the power curve of the GAMESA 
G52 turbine used in the simulation are shown in Table 1 
and Fig. 5 respectively.

To determine the optimal result, the program devel-
oped in the Matlab environment (Fig. 6) is designed to 
compute and compare the recently obtained simulation 
results with previously saved optimal results. If the results 
of the last iteration are more optimal than those recorded, 
the program automatically saves the new results; other-
wise, it deletes them. Then moves on to the next itera-
tion. After passing through all the possible cases, the pro-
gram gives us three results, the optimal capacity factor 

(9)X (N + 1) = (aX (N) + b) mod [m]
(minimum value of the capacity factor), the appropriate 
number of turbines and the corresponding maximum 
power.

In order to calculate the optimal number of Nwt wind 
turbines can be installed in the proposed park at Kaberten, 
the program illustrated in Fig. 6 is initialized by entering 
the required data, then Eq. (8) is introduced to generate 
the sequences (suites) of PRNs over several iterations. 
Each PRN of the generated suite is associated with a wind 
turbine for a single iteration that corresponds to a single 
arrangement. So the wind turbines are arranged in the 
park according to the PRNs that have been granted. After 
evaluating the wind speed for each turbine in the wake, 
the corresponding power P (n), could be easily calculated, 
thus, the total power P(m) of the GAMESA G52 turbines at 
each arrangement is only the sum of powers (n). For such a 
number of wind turbines, the optimal location is obtained 
by the provision which gives a maximum power P(m)max. 
By varying the number of turbines, the optimal turbine 
capacity (fop) to be installed in Kaberten Park, which repre-
sents the ratio the dimensionless cost of the wind turbine 
installation per unit of power, defined by Mosetti et al. [6] 
could be easily determined, it corresponds to the mini-
mum value of the factor fcap, this factor could be modeled 
as following:

(10)fcap = Min

(
Cost

Ptot,max

)

Fig. 4   Proposed wind farm at Kaberten

Table 1   Characteristics of the GAMESA G52 turbine

Designation Value

Length of the blade (r0) 26 m
Rotor height (Z) 55 m
Rated power(P) 850 kW

Fig. 5   Power curve of the GAMESA G52
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5 � Optimal capacity factor

Under the conditions where the assumed ground 
roughness is ZO = 0.3 m and the uniform and unidirec-
tional wind velocity on the proposed Kaberten park, the 
optimal results obtained by the numerical simulation 
of several iterations offer a minimum capacity factor of 
0.00889048 and a maximum power of 3.2277 MW, also, 
the appropriate number of turbines could be calculate, 
it corresponds to 42 wind turbines

The program developed under Matlab, also allowed 
us to obtain optimal positioning of these 42 turbines 
in the wind farm as shown in Fig. 7. The symbol X rep-
resents the positions of the turbines in the proposed 
Kaberten site according to the wind farm in the pre-
dominant direction of the wind.

In this same figure, could be seen that a more exten-
sive and more regular distribution between the wind 
turbines is obtained in the site, therefore, the interac-
tion of the turbines is less important in the park.

6 � Conclusion

This research work focuses on a configuration study of 
a proposed wind farm at Kaberten. Analysis based on 
WAsP software data and average 5-year wind speed 
show that the Adrar region has a significant wind poten-
tial, and may be the appropriate location for installation 
of a wind farm. For a given dimension of the proposed 
park, estimated that the optimal capacity in installed 
turbines reaches the number 42 in an optimal distribu-
tion. In order to achieve these optimal results, the Jensen 

Fig. 6   Flowchart of the optimi-
zation method
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wake model and the characteristics of the GAMESA G52 
turbine are introduced in an optimization program 
developed in the Matlab environment. The optimization 
method used in this work is based on the mathematical 
approach of generating pseudo-random numbers (PRNs) 
to predict the maximum power, the minimum capacity 
factor, and finally, the optimal matching arrangement. 
As a perspective of this work, planning in future studies 
to properly take into account the more complex terrain 
parks, all the components of the turbine and the turbu-
lence of the flow.
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