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Abstract
With increasing demand for energy usage and decreasing fossil fuel resources, more attention has been
made to the renewable energy resources such as wind energy. Wind map of Iran has indicated a good
potential to use this resource. In this paper, the wind energy potential for four cities: Abadeh, Joyum,
Eqleed, and Marvdasht are assessed in the province of Fars in the south of Iran. Wind speed at 10 m, 30 m
and 40 m heights and wind direction at 30m and 37.5m have been recorded in ten minutes intervals for
one year period from 20 June 2006 to 20 June 2007. Since data from this period was complete and also
available to authors, so data for last year was not used in this research because were not complete. Wind
energy characteristics has been statistically analyzed to determine the potential of wind power generation.
It is found that Abadeh has better potential for using wind energy among other cities studied in the
province of Fars. Statistical analyses for the 40m height at Abadeh indicate the nominal wind speed of
7.47 m/s which produces maximum energy and the annual power density of 220 W/m2 with dominant
wind direction towards south west. It is concluded that the Fars province has an average wind farming
potential for installing grid connected wind turbines.
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1. Introduction
With the dramatically increase of industrial application in all over the world, demand of energy is increasing
sharply. Generally, using of energy plays bare bone essential in our lives and with fast growth of population and
industrials. On the other hand, none renewable resources of energy are decreasing on earth. More than 80 percentage
of energy in the world are provided by fossil fuel which was consumed increasingly in recent years. Moreover,
problems related to lack of resources, environmental considerations, melting glaciers and consequently, raising the
level of seas as the result of heating earth up, and air pollution are reasons that cause researchers to look for other
resources of energy. One of the solutions to overcome these problems is to use the wind energy as one of the
renewable resources (Haas et al, 2011).
Iran is located in south-western Asia and its boundaries are limited to the Republic of Armenia, the Republic of
Azerbaijan, and the Republic of Turkmenistan, and the Caspian Sea to the north, the Persian Gulf and the Gulf of
Oman to the south, Pakistan and Afghanistan to the east and Turkey and Iraq to the west (Mostafaeipour, 2005). In
2008 the production of 85 MW electricity using wind energy in Iran has ranked Iran as the 30 th place among all
other countries in this field (Alijani et al, 2008). In recent years, tendency of using wind energy to produce
electricity in Iran has been significantly increased and the Government has placed appropriate reimbursements for
renewable production of electricity. Among the Middle East countries, Iran is one of the countries that has generated
wind power. The potential of generation electricity by wind energy in Iran is about 10,000 (MW).The main power
stations in Manjil and in Binalood have capacities 70(MW) and 28(MW) to generate electricity, respectively
(Mostafaeipour and Abarghooei, 2007).
Many researchers have recently studied wind power generation in Iran (Mostafaeipour and Sadeghian, 2005;
Mostafaeipour, 2005; Emami, 2008; Saghafi, 1995). Mostafaeipour (2005) has assessed the wind energy potential
for installing the wind turbine among 11 sites in Yazd (one of provinces of Iran) with using wind data measured
during 13 years. Harat city has been suggested by him as the best place for setting up wind turbines. Furthermore,
because of high potential of Manjil city, probability of increasing of production power and the number of turbines
has been considered by Mostafaeipour and Abarghooei (2008). An assessment of wind energy potential as a power
generation source in the capital of Iran, Tehran, has been studied by Keyhani et al (2010). However, they have found
that Tehran is not appropriate for setting up large wind turbines. Mirhosseini et al and Saeidi et al (2011) have
studied two provinces of Semnan and Khorasan in Iran, respectively. New energy organization in Iran has also
implemented considerable work in this field; one of them is Suna which has produced wind map of Iran.
In this study, the wind energy potential locations in province of Fars are assessed for four cities, Abadeh, Joyum,
Eqleed and Marvdasht. Authors studied and evaluated different renewable energy sources (Alavi et al, 2016a; Alavi
et al, 2016b; Shamshirband et al, 2015a; Mohammadi et al, 2016; Mostafaeipour and Sadeghian, 2005;
Shamshirband et al, 2015b; Mostafaeipour et al, 2016b; Qolipour et al, 2016; Erratum to: shamshirband et al., 2016;
Hosseini-Ezzabadi et al., 2015; Sajjadi et al., 2016; Shamshirband et al., 2015c).
There have been many studies related to implementing renewables. Mohammadi et al (2013a) studies wind potential
for Aligoodarz, Iran. They concluded that there was a reasonable energy for this purpose in the region,.
Mostafaeipour et al. (2013b) investigated the wind potential for Binalood region in Iran. Mostafaeipour (2013b), and
Mohammadi et al. (2013b) investigated wind potential for other regions of Iran. Mohammadi et al. (2014a)
investigated the hybrid wind-solar for three zones of Iran; Chabahar, Kish and Salafchegan. It was concluded that all
regions had good potentials for utilizing different solar energy systems. Khorasanizadeh et al. (2014) studied solar
potential for city of Tabas in Iran. They established a diffuse solar radiation model for determining the optimum tilt
angle of solar surfaces.
Many other researches have been done on designing and building different kinds of renewables in the world
(Mostafaeipour and Abesi, 2010; Mostafaeipour, 2010; Dinpashoh et al, 2013; Mostafaeipour, 2011; Shamshirband
et al, 2015a; Shamshirband et al, 2015b; Mostafaeipour et al, 2014a; Mohammadi et al. (2014a).
The purpose of this work is to evaluate wind energy potentials for four cities of Fars province in Iran. It is postulated
that all four cities have adequate potential for harnessing wind energy. Outcome of this work is to identify the best
city for wind turbine installation.
The rest of this paper is structured as follows: in sections 2, the wind characteristics is extensively explained. In
section 3, statistical analysis is presented. Finally conclusions are drawn in section 4.
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2. Wind characteristics in the province of Fars
2.1. Wind speed distribution
It is a matter of common observation that the wind is not steady and in order to calculate the mean power delivered
by a wind turbine from its power curve, it is necessary to know the probability density distribution of the wind
speed. This is simply the distribution of the proportion of time spent by the wind within narrow bands of wind
speed. The basic measure of the unsteadiness of the wind is the standard deviation (or root mean square) of the
speed variations and this almost certainly representative of the unsteadiness of the wind everywhere in order to
calculate the mean power from a wind turbine over a range of mean wind speeds. A generalized expression is
needed for the probability density distribution. An expression which gives a good fit to wind data is known as the
Weibull distribution (Seyit and Dinler, 2009). Accordingly, Weibull distribution usually used as the function
distribution, is applied for analyzing wind data. This function depends on two parameters, k, shape factor and c,
scale factor. With using this function, the wind energy potential of a given site can be estimated as is given by the
Eq. 1 (Manwell et al, 2005; Lun and Lam, 2000).
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2.2. Wind power and energy density
A quantitative measure of the wind energy available at any location is called the wind power density (Manwell et al,
2005; Aslan, 1994). It is a calculation of the mean annual power available per square meter of swept area of a
turbine, and is tabulated for different heights above ground. Calculation of wind power density includes the effect of
wind velocity and air density. Therefore, one of the significant parameters which must be computed to indicate how
much energy is available at the site is wind power distribution(P/A). This amount is proportional to air density (ρ)
and the cubic of average speed
(Ahmed and Hanitsch, 2006)
3
P 1
  Ke U
A 2
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Or wind energy density is,

E P
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Where N is the number of measurement period, and t is the time interval. The energy pattern factor, Ke, is defined
as the total amount of power available in the wind divided by the power calculated from cubing the average wind
speed and given by:
Ke  U

3

U 

3

(6)

3
In Eq. 7, U is the average speed cubed.
The following criterion using power density per area is useful measure to evaluate suitability of the sites:
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As it is indicated in Eq. 6, if the power density per area is smaller than 100(w/m 2), it cannot be suitable to setting up
wind turbines and if it is equal to 400(w/m2), the condition is appropriate and finally if power density per area is
more than 700(w/m2), the great performance may be expected from wind turbines (Manwell et al, 2005).
2.3. Turbulence intensity
The most important considerations in planning the tower height for a wind turbine are avoidance of turbulent air
flow produced near ground level by the 'roughness' of the terrain over which the wind flows. A wind turbine must
never be located such that it is subject to excessively turbulent air flow. Light turbulence will decrease performance
since a turbine cannot react to rapid changes in wind direction, while heavy turbulence may reduce expected
equipment life time or result in wind turbine failure and causes the fatigue stress in the wind turbine as well.
Turbulence intensity is one of the main parameters of turbulence and is defined as the ratio of the standard deviation
of the wind speed to the mean (Manwell et al, 2005; Frost and Long, 1978)

TI 

U

(8)

U

The length of this time period is approximated about an hour. The mean wind speed, the surface roughness, the
atmospheric stability are some parameters which can change turbulence intensity
2.4. Nominal and most probable wind speeds
The nominal wind speed is another substantial character and can be defined as a speed that produces maximum
energy along the year. With using nominal wind speed, maximum energy can be captured throughout of a year
(Manwell et al, 2005).
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And the most probable wind speed for the area is given by (Manwell et al, 2005):
1
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This is a good measure in power capture of a wind turbine.
2.5. Cumulative distribution function
the cumulative distribution function F(u) is a function than can be used to represent the time fraction or probability
that the wind speed is smaller than or equal to a given wind speed and is given by (Manwell et al, 2005):

U
F (u )  1  exp( ( ) k )
c

(11)

2.6. Wind speed duration curve
Wind speed duration curve is defined as a graph that indicates the distribution of wind speeds as a function of the
cumulative number of hours that the wind speed exceeds a given wind speed in a year. When comparing the energy
potential of candidate wind sites, velocity duration curves can be beneficial. As, the velocity duration curve is a
graph with wind speed on the y-axis and the number of hours in the minute for which the speed equals or exceeds
each particular value on the x-axis.
2.7. Wind continuity factor
This factor, which is called wind stability factor as well, plays fundamental impact on assessing of wind energy in
sites. In meteorology, the positive directions in equations are eastward and northward so that X-axis and Y-axis are
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located in the eastward and northward directions on the axis, prospectively. According to these directions, velocity
directions
ux 
uy 

u x and u y are defined with the Eq. 12.
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N
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Where Nt is the amount of wind monitor and NW, W, SW, S, SE, E, NE and N are defined as velocity in
correspondent directions. The number 0.707 is the cosine of angle between SE, SW, NE, NW directions and X-axis,
Y-axis. The magnitude of velocity is:

R  ux  u y

(13)

Where R is mean direction of wind speed and u is the mean magnitude of wind speed. The dominant direction of
wind flow in the site studied is calculated by Eq. 14.
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(14)

ux

Wind stability characteristics can be acquired with regard to

u x , u y , R and β.

2.8. Wind direction and rose diagram
Another characteristic which should be considered is wind direction. The more the wind direction is smoothly, the
less design of wind turbine needs expense. For having better simulation, wind rose is used to indicate wind direction.
In fact, a wind rose is a graphic tool used by meteorologists to give a succinct view of how wind speed and direction
are typically distributed at a particular location. Using a polar coordinate system of gridding, the frequency of winds
over a long time period are plotted by wind direction, with color bands showing wind ranges. The directions of the
rose with the longest spoke show the wind direction with the greatest frequency. Each concentric circle represents a
different frequency, emanating from zero at the center to increasing frequencies at the outer circles. A wind rose plot
may contain additional information, in that each spoke is broken down into color-coded bands that show wind speed
ranges. Wind roses typically use 16 cardinal directions, such as north (N), NNE, NE, etc., although they may be
subdivided into as many as 32 directions. In terms of angle measurement in degrees, North corresponds to 0°/360°,
East to 90°, South to 180° and West to 270°.

3. Statistical analyses
The main criteria are considered in feasibility study is the mean annual wind speed. Table 1 summaries the mean
wind speeds at three heights 40m, 30m, and 10m for four areas in the province of Fars from 20 June 2006 to 20 June
2007 based on 10 minutes wind monitoring intervals. Among these sites, Abadeh has the highest mean wind speed
and then has better potential for considering setting up wind turbines.

Table 1. Annual mean wind speed (m/s) in 2006-2007 at three heights for
four areas in the province of Fars
Sites/heights
40m
30m
10m
Abadeh
5.38
5.17
4.52
Joyum
2.58
2.42
1.85
Eqleed
4.39
4.20
3.84
Marvdasht
3.41
3.28
2.88
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Monthly mean wind speeds for three heights of Abadeh are shown in the Figure 1 The mean wind ranges are 4.417.67 for 40m, 4.21-7.35 for 30m and 3.58-6.44 for 10m. The maximum and minimum wind speeds occur in March
and August, respectively.

Figure 1. Monthly mean wind speed for three heights of Abadeh from 20 June 2006 to 20 June2007
For assessing the potential of having access for a month, power densities for 3 heights at different months during a
year are shown in the Figure 2.

Figure 2. Power densities for 3 heights at different months of Abadeh from 20 June 2006 to 20
June2007

Wind characteristic including Weibull parameters, k and c for four areas of Fars province at 40m are given in the
Table 2. There other methods to calculate k and c parameters of Weibull distribution function. Six common methods
of graphical method (GP), empirical method of Jestus (EMJ), empirical method of Lysen (EML), energy pattern
factor method (EPF), maximum likelihood method (ML) and modiﬁed maximum likelihood method (MML) are
frequently used in different research works to calculate the k and c (Mohammadi et al., 2016).
Table 2. Wind characteristics for four cities in Fars province
Sites/parameters k
c
Ke
P/A
E/A
TI
Abadeh
1.732 4.795 2.36 225.2 1972.7 0.603
Joyum
1.246 2.412 3.83 40.7
356.6
0.817
Eqleed
1.105 4.239 1.69 87.9
770.3
0.912
Marvdasht
1.657 3.051 2.46 60.0
525.7
0.628
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According to Table 2, Abadeh has the highest condition compared to other cities. Thus, Abadeh site is considered
and analyzed in detail to show capacity of this site. Wind characteristics of Abadeh at three heights are shown in
Table 3.
Table 3. Wind characteristics of Abadeh city in Fars province
Parameters/heights 40
30
10
k

1.732

1.734

1.734

c

4.795

4.606

4.031

Ke

2.36

2.36

2.37

TI

0.603

0.602

0.602

P/A

225.2

200.4

134.6

E/A

1972.7

1754.9

1179.1

Ume

7.47

7.16

6.27

Ump

2.24

2.24

2.20

Probability density distribution of the wind speed and best fits to a two-parameter Weibull distribution at heights of
10 m, 30 m and 40 m for Abadeh are shown in Figures 3-5.

Figure 3. Abadeh probability density distribution of the wind speed at 10 m height

Figure 4. Abadeh probability density distribution of the wind speed at 30 m height
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Figure 5. Abadeh probability density distribution of the wind speed at 40 m height
Annual power and energy densities at 10m, 30, 40m are demonstrated in the Figures 6 and 7 in order to assess the
potential of exploiting of this energy and determine height of turbine. According to the criterion (Eq. 5), the site is
fairly good and acceptable to install wind turbines. The winds are giving power densities of between (169–
173)W/m2 at 10m,(200–205)W/m2 at 30mand(220–225)W/m2 at 40m height.

Figure 6. Annual power density at 40 m, 30 m and 10 m

Figure 7. Annual energy density at 40 m, 30 m and 10 m
The cumulative distribution functions at three heights for Abadeh are illustrated in Figure 8 It is seen that the wind
speed at 10 m, 30 m and 40 m heights is greater than 4 m/s for 49%, 57% and 60% of the time in the year,
respectively. The 4 m/s limit is crucial because the cut-in speed of many commercial turbines is this speed. The cutout speed is generally 20–25 m/s and such speeds are rare at this site.
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Figure 8. Cumulative distribution function at three height for Abadeh

Monthly mean wind direction at 30 m is depicted in Figure 9. The annual mean wind direction is 197.653 at 30m.

Figure 9. Monthly mean wind direction at 30 m height from June 2006 to June 2007
As it is shown in the Figure 10, the majority of windward directions (18% of the total available energy) and the
directions where the wind is strongest are southwest. This figure ascertains the suitability of this site for grid
connection and stand-alone applications.

Figure 10. Wind rose diagrams at 40m height
In the table 4, mean wind speed for eight directions are shown and also mean directional wind and continuity factors
are given in the table 5.

directions

u

Table 4. Mean wind speed for eight directions
N
NW
W
WS
S
SE
E
4.222 4.788 4.261 3.932 6.212 5.932 5.221

NE
3.454

Table 5. Mean directional wind and continuity factors
parameters ux
uy
R
β
values
-0.17 -0.39 0.430 204
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Velocity duration curve at 10 m is illustrated in Figure 11.

Figure 11. Velocity duration curve at 10m

4. Conclusion
Some statistical analyses are applied for four city of Fars provinces in Iran, namely Abade, Eghlid, Marvdasht and
Joyum. After the analysis of wind for 10m, 30m and 40m heights, Abade is found to be the best site in Fars province
among four cities studied. With using Weibull probability density function, wind speeds are modeled. Weibull
parameters k and c are presented for four different cities in Fars province. Data for mean wind speeds and Weibull
distributions are given in the Tables 2 and 3 that show Abadeh as the potential site for installing wind turbines in
Fars province. Other characteristics are given to assess Abadeh site in detail. Power densities for different height are
given between (169–173) W/m2 at 10m, (200–205) W/m2 at 30m and (220–225) W/m2 at 40 m. The majority of
wind directions are about (200–260) degrees and it is shown in the wind rose diagrams for 30 m height. It is evident
that the major wind direction is towards southwest for most of the months in Abadeh. Researchers in the future
could select suitable wind turbines using these data for mentioned cities. Also there is another way to select the best
city and prioritize them for wind turbine installation like Multi Criteria Decision Making (MCDM) like Data
Envelopment Analysis (DEA) which is the most common. Therefore other inputs like population of cities, amount
of pollutions like dust and CO2, distance to the grid, and so on could be implemented for decision making.
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