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Abstract

In this paper, the 10-minutes period measured wind speed data at different heights (10 m, 30 m, and 40 m) are presented
for Khvaf, which is one of the major counties with high wind potential in Khorasan provinces in Iran. To the author’s
knowledge, there hasn’t been any assessment works in the mentioned site. From the primary evaluation and by
determining mean wind speed and also the Weibull function, the results show that the measurement site falls under
class 7 of the International System Wind Classification, which means that the station has very suitable conditions for
installing and operating wind farms. On the other hand, a new approach is utilized for evaluating potential power of a
region based on comparison between maximum power generation pattern and daily and monthly energy consumption
patterns. Furthermore, by using wind roses of speed and turbulence simultaneously, the best direction for installing
wind turbines is determined. On the other hand, the situation of topography and surface conditions of Khvaf station
has been analyzed; because of its smooth surface, it is appropriate for installing wind turbines. Besides, several types
of Vestas Company turbines have been compared by their capacity factors and three of them with highest capacity
factor are selected for economic evaluations. One of the important issues in the assessment of wind energy potential is
the economic evaluation. This is a major gap that many researches do not have sufficient attention to it. Hence, an
economic analysis was performed based on NPV, IRR, and Normal Payback methods in order to select the best wind
turbine for this site.
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1. Introduction Wind power is classified as the most popular
renewable energy source. Historically, wind power has
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been used for centuries in the form of windmills for
various functions; such as water pumping and grinding
grain. New wind turbines generate electricity by using
rotational energy to run a generator. They are made up
of a blade or rotor and a precinct called nacelle that
possesses a drive train atop the high tower. There are
different size classes of wind turbines. The smallest
wind turbine which have a power production less than
10 kW are used in homes, farms and remote
applications; whereas intermediate wind turbines (10-
250 kW) are useful for village power, hybrid systems
and distributed power. The largest wind turbines (660
kW — +3 MW) are used in central station wind farms,
distributed power and community wind [1]. A wind
farm or wind park is a group of wind turbines in a same
site used to generate electricity.

Many of the largest operational onshore wind
farms are located in the United States and China. In

Rest of the world
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United Kingdom
3%

terms of illustration, the Gansu Wind Farm in China
has a capacity of over 5,000 MW of power with a
prospective goal of 20,000 MW by 2020. The Alta
Wind Energy Center in California, United States is the
largest onshore wind farm outside of China, with a
capacity of 1,020 MW [2]. As of April 2013, the 630
MW London Array in the UK is the largest offshore
wind farm in the world, followed by the 504 MW
Greater Gabbard wind farm in the UK.

By the early 21% century, wind was contributing
slightly more than 1 percent of the word’s total
electricity share, and electricity generation by wind has
been increasing drastically because of concerns over
the cost of petroleum and the effects of fossil fuel
combustion remnants on climate and environment. By
the end of 2014, total wind power in world is about 318
GW. Share of wind energy capacity for top ten country
by the end of 2014 is illustrated in Fig. 1.

Figure 1. Top ten share installed wind capacity [3]

As shown in this figure, China owns the most
installed wind capacity (114.6 GW). The wind power
industry estimates that the world could practically
generate 12 percent of its total electricity from wind
power by 2020. Depending on the locality, various
factors put the estimated cost of wind energy between
3and 12 cent per kilowatt-hour. Wind power increased
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over 20 percent annually since 1990s, and renewable
energy technologies continue to develop. By 2007
more than 60 countries adopted a policy to increase the
proportion of energy derived from renewable sources.
The European Union (EU), which produced an
estimated 6.38 percent of its energy from renewable
sources in 2005, adapted a goal in 2007 to raise that
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figure to 20 percent by 2020. Wind energy's share of
electricity production in Europe by the end of 2013
was 11.2%. In the United States, numerous states have
responded to concerns over climate change and
reliance on imported fossil fuels by setting goals to
increase renewable energy over time [4].

During the past years, there have been several
research studies on the availability of wind energy
sources in different countries, such as Wind Energy
Resource Atlas of the United States [5], Europe’s
energy portal [6], etc. Moreover, a wind map of China,
Spain, Peru, Egypt, Jordan, Somalia, Ethiopia and a
wind map of the world have been broadcasted [7].

Wind power in Iran has experienced a growth in
generation in recent years, and there is a plan to
substantially increase wind generation each year. Iran
is the sole in Middle East which produces wind
turbines [8]. Here is a graph which conceives the
situation of wind power in Iran. In Fig. 2, the capacities
of wind power in Iran from 2000 to 2014 are depicted.
The graph shows that the capacities of wind power
from 2000 to 2003 had not changed. The increase of
the wind power capacity starts from 2004. In 2014, the
capacity of wind power has increased about 28% in
comparison with 2013, and is reached to 151 MW. [9]
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Figure 2. Growth of wind energy in Iran [10]

The first experience in installing and handling
modern wind turbines in Iranian dates back to 1994,
when two sets of wind turbines were installed in Manjil
and Rudbar. These wind farms are located in Gilan,
one of Iranian provinces at the north of the country.
This wind farm by 2009 used 171 NEG Micon and
Vestas turbines with capacities ranging from 300 to
660 kW. Initially in 2007, twenty one turbines were
installed in Manjil city while four were operational in
the neighboring city of Rudbar. By 2009, electricity
generation capacity of Manjil and Rudbar had been
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expanded to the total of 100.8 MW [10].

In the area of wind energy, much work has been
conducted so far, such as creating Atlas of Iran wind
energy resources by Renewable Energy Organization
of Iran (SUNA) [10]. Also, wind energy potential of
Manjil was considered by Mostafaipoor and
Abarghooi and this area was designated as one of the
most suitable areas for wind power plants [11]. In
another research by Mirhosseini et al the potential of
wind energy in the south and north Khorasan provinces
was evaluated and finally these provinces were
determined as suitable areas for installing wind power
plants [12]. Also, Mostafai poor et al evaluated the
potential of wind energy in Shahrebabak city and
finally concluded that it is not appropriate to install
wind power plants but suggested for utilization for out
of network applications [13].

One of the important issues in the assessment of
wind energy potential is the economic evaluation. This
is a major gap that many researches do not have
sufficient attention to it. This paper analysis the
potential of wind energy in one of the sites of Iran.
Khvaf County in Razavi Khorasan was selected for
wind resource assessment because of its high potential
of wind energy power. Results of this project can be
used in wind atlas of Iran or even world.

Major parts of this paper, are as follows:

e By determining mean wind speed and also the
Weibull probability distribution function, power
density of the Khvaf County is calculated and
class of this region is obtained by the International
System Wind Classification.

e By using wind roses of speed and turbulence the
best direction of installing wind turbines for this
station is specified.

e Several types of Vestas company turbines are
compared by their capacity factor (Cg) and three
of them that have the highest Cr are chosen for
economic evaluation.

e Economic parameters of this project such as NPV
and IRR for three selected wind turbines are
considered and the best wind turbine is selected.

1.1. site explanation

Khvaf is a county in Razavi Khorasan Province in Iran.
It is a small border town about 250 km away Mashhad.
The population of this county is about 110 thousand
people according to the last census conducted in Iran
[14]. The city is surrounded with Rashtkhvar from
north, Gonbad from west, Ghayenat from south, and
Taybad and Afghanistan from east. The city has dry
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climate with warm and dry summers, and also almost

N

dry and cold winters.

W .

Figure 3. Map of Iran, Khvaf is the site studied in the
current study

2. Wind data analysis

The utilized data in this study are developed during a
period of one year, from 8/07/2007 to 8/07/2008. Data
are measured and recorded in the time intervals of 10
minutes. The meteorological poles with 40 m height
were set in suitable coordinates by SUNA:' [10]. The
measurement mast used in the mentioned site has 3
velocity sensors at 10, 30, and 40 m heights, and two
direction sensors at 30 and 37.5 m heights.

2.1. Mean wind speed

In the incipient step of this study, annual mean wind
speed in the time intervals of 10 min for mentioned

site, Khvaf, is investigated. The annual mediocre wind
speeds for 10 m, 30 m, and 40 m are calculated from
data and shown for this station in Table 1. On the basis
of this table this region has high mean wind speed.

Table 1. Annual mean wind speed at 3 heights for Khvaf
station [10]

Height (m) Mean wind speed (m/s)
10 8.984

30 10.231

40 10.645

2.1.1. Daily and monthly mean wind speed

In Figs. 4 and 5 the mean wind speed at different times
and months of the year at three heights for this station
are shown respectively. As shown in Fig. 4 wind speed
is appropriate for generating electricity at all hours of
day. As shown in this figure, power generation reaches
its maximum in the interval of 16 to 22 o’clock, which
almost covers time when power utilization reaches its
maximum (17 to 22 o’clock). On the other hand, Fig.
5 represents that mean wind speed between April and
Aug is greater than other months. On the other hand,
June to Sep period are the pick months of power
consumption in Iran. It demonstrates that maximum
power of wind turbines almost contains the peak power
utilization. This information is vital for installing wind
farms since it provides a reasonable estimation of how
much power a wind farm can deliver to Power Grid at
a specified month. So the diagrams show that exerting
wind turbines in this station is appropriate since power
generation pattern is similar to both daily and monthly
electricity utilization patterns in Iran.
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Figure 4. Mean wind speed at different times of the year for Khvaf station
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Figure 5. Mean wind speed at different months of the year for Khvaf station

When the variables are the values of experimental
measurements, they have uncertainties due to
measurement limitations. For present research, the
uncertainties mean wind speed was computed based on
Brower [15] work. According to this reference,
uncertainty in the derived historical mean wind speed
at the target site is calculated by the following
equation:

)

where ¢ is uncertainty in the derived historical mean
wind speed at the target site, g, is the standard
deviation of the annual mean wind speeds as a
percentage of the mean, which we assume is the same
for the reference and target sites, N and Ny are the
number of years of reference and overlapping
reference-target data, respectively, and r is the Pearson
correlation coefficient based on a suitable averaging
period.

a, and r in the present research are 1.457%
and 0.7 based on data gathered from SUNA [10]. Ng
and Ny are equal to one because the period of data and
investigation period of uncertainty are one year. Based
on mentioned assumptions, average uncertainty in the
target area is equal to 1.457%.

2.2. Wind direction

Wind direction is a significant factor for siting the
wind energy conversion systems. It is important to
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avoid any blockages to the wind flow from the side
which has major share of energy available.

Information of velocity and direction of wind, in a
combined form, can be presented in wind roses. The
wind rose is a chart which indicates the distribution of
wind in different directions. The chart is divided into
8, 12 or even 16 equally spaced sectors representing
different directions. [16]

Figures 6 and 7 show the rose diagrams
representing the frequency of wind speed and direction
in 16 equally spaced radial lines. The comparison of
the polar and rose diagrams shows that in direction
which wind has highest frequency, it has highest
speed. With this information, the most appropriate
direction for installation of wind turbines for this
station was identified. As shown in these figures, in
Khvaf station the best direction to install wind turbines
is 22.5° North east.

2925 /
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Figure 6. Wind rose of mean wind speed at 40m, 30m and
10m for Khvaf station
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Figure 7. Wind rose of wind direction at 30m and 37.5m for
Khvaf stationWeibull probability density function

In order to determine the wind energy potential and
outputs assessment at this site, statistical analysis can
be used. To illustrate the statistical distribution of wind
speed, different probability functions can be used for
regimes of wind. According to Burton [17] the Weibull
distribution has been found to give a good
representation of the variation in hourly mean wind
speed over a year at many common sites. For
determining desired parameters by means of the
Weibull probability density function cognizing two
parameters are required; k, the shape factor, and c, the
scale factor. The Weibull probability density function
is given by [18]:

k-1 U k

w-bQ Wl e

There are a number of approximations that can lead
to reasonable results to determine k and c factors. Here
Weibull shape and scale parameters are computed
employing the maximum likelihood method which is

given by [19]:

Zl 117 ln(vl) Z:l:

lll

©)

In@)|”
n

Where v; and n are the wind speed in time step i
and the number of data points respectively. Then scale
parameter can be obtained by [20]:

-y

By the probability density function, P(U), the
frequency of incidence of wind speeds may be
described. This mathematical function was mentioned
as a means of characterizing turbulence. This function
may be used to declare the probability of wind speeds
occurring between U, and Uy and is calculated by [18]:

P(U,<U<U,) = jUbP(U)dU (5)

Ua

Also the total area under the probability density
curve is calculated by [18]:

fwP(U)dU =1 (6)
0

In Figs. 7 to 9 wind speed distribution and best-
fitted curve for Weibull distribution at heights of 10 m,
30m, and 40 m are shown respectively. In addition, in
Table 2 respective parameters of Weibull distribution
function for each height are given.
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Figure 8. Wind speed distribution and best-fit Weibull distribution at 10m height for Khvaf station
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Figure 9. Wind speed distribution and best-fit Weibull distribution at 30m height for Khvaf station
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Figure 10. Wind speed distribution and best-fit Weibull distribution at 40m height for Khvaf station

Table 2. Parameters of Weibull distribution function in different heights for Khvaf station

K C (m/s)

Height (m) Height (m)

10 30 40 10 30 40
1.83 1.79 181 10.53 11.97 12.47

2.3. Most probable wind speed

In order to achieve the most frequent wind speed for a Vip = c(1 — l)% (m/s) @)
given probability distribution, the most probable wind k

speed is employed. By employing shape and scale

parameters of Weibull distribution function (k,c), It

can be easily obtained from the following equation 2.4. Wind speed conveying maximum energy
[21]: With the aim of achieving the most frequent wind
speed for a given probability distribution, the most
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feasible wind speed is utilized. From shape and scale
parameters of Weibull distribution function (k,c), it can
be easily inferred from the following equation [21]:

Vaze = c(1+ D (m/s) ®

Table 3. Amounts of Vmp and Vmax.e parameters

for 3 heights of Khvaf city
Vmp (m/ S) Vmax.E (m/ S)
Height (m) Height (m)
10 30 40 10 30 40
6.836  7.580  7.997 15.765 18.201 18.813

2.5. Wind speed extrapolation at different hub
heights

The available wind data are usually measured at
heights that are different from wind turbine hub height;
whereas the wind speed at the hub height is required
for wind power application, the available wind speeds
are adjusted to the wind turbine hub height by applying
the following power law expression [22]:

2y

Vo hy

where parameter v is the wind speed at height of
required wind speed, v is the wind speed at main
height ho, and « is the surface roughness coefficient
that commonly lies in the range of 0.05-0.5. o can be
calculated by the following equation [23]:

_0.37 —0.088In(U,)
"~ 1-10.088In(hy/10)

a (10)

The results of wind speed extrapolation for higher
heights are shown in Table 4. For these calculations,
30m height was considered as the reference height.

2.6. Air humidity and temperature

In this station the average air temperature and
relative humidity are 20.5 °C and 27.28% respectively.
These amounts affect the air density which is a major
parameter for calculating wind power density.
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2.7. Wind power density

Calculating the wind power density is the best way
to evaluate the wind potential which is available at a

Table 4. Estimated wind speed at different heights using
wind speed extrapolation

Height (m) Average wind speed (m/s)
100 12.754
90 12.510
80 12.243
70 11.948
60 11.615
50 11.234

specified plant. It shows how much energy for
conversion to electricity by a wind turbine is available
at the site. The wind power per unit area, P/A or wind
power density is calculated by the following equation
[18]:

P 1 @ 1 3
-= —pf URP(U)AU = =pc3T' (14 -)
A 27 ), , 2 k (11)
~ E,)(73
The gamma (/) function of x (standard formula) is
calculated by:

[oe]

I'(x) =f e “u*"tdu (12)
0

From Eq. 11, it is explicit that the major important
factor in the available wind power in a specified site is
the velocity of the wind. For instance, increasing the
wind velocity by only 20%, from 5 to 6 m/s increases
the available wind power by 73% [24].

2.7.1. Monthly power density

Figure 11 demonstrates the monthly wind power
density at heights 10 m, 30 m, and 40 m. There are two
major methods to calculate the power density: the first
one from measured data and the second one is to
employing probability distribution functions such as
Weibull probability density function. Surely the first
method is more accurate and is used generally. As
shown in Fig. 11, in April, Khvaf station has the
highest power density.
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Figure 11. Monthly power density of Khvaf at 10m, 30m, and 40m

2.7.2. Annual power density

The yearly power density for this station by using
measured data and Weibull distribution function by
applying Eq. (11) and Eq. (2) was calculated. The
result is shown in Fig. 12.

As seen in Fig. 12 utilizing powers which are
computed from Weibull distribution function have

2000

acceptable accordance with measurement data. As
demonstrated in this figure, most error occurs in 40 (m)
height which is about 12.7% that is an acceptable error
for wind resource assessment applications. On the
other hand, the results show that the measurement site
falls under class 7 of the International System Wind
Classification, which means that the station has very
suitable conditions for installing and operating wind
farms.
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Figure 12. Annual power density at 10 m, 30 m, 40 m for Khvaf

2.8. Choosing most appropriate wind turbines

The capacity factor (Cg) of a wind turbine is equal to
its mean power output divided by its rated power. It is
an important parameter for choosing wind turbines.
Since the higher the capacity factor, the more
appropriate for installing on the specific station. The
mean power output is often calculated over one year or
one month, but it could be calculated over any periods.
It shows how much percent of time a wind turbine can
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generate power.

Since just wind turbines of Vestas Company are
available in Iran (except domestic wind turbines of
MPANA Company), here wind turbines of this
company are analyzed. In Fig. 13, Cg of different types
of Vestas wind turbines are calculated for Khvaf
station. As shown in this figure Vestas V90- 1.8 MW,
Vestas V112 - 3.0 MW, and Vestas V90 - 2.0 MW
have most Cr and so are chosen for economic
evaluation.
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In Table 5 technical Specifications of these wind
turbines according to Vestas company website [25] can
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be seen.
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Figure 13. Comparison of different wind turbines of Vestas Company based on CF

Table 5. Technical specification of selected Vestas wind turbines [25]

Parameter Vestas V90- 1.8 MW Vestas V112 - 3.0 MW Vestas V90 - 2.0 MW
Cut-in wind speed 4 m/s 3m/s 4 mls

Rated wind speed 12 m/s 12 m/s 12 m/s

Cut-out wind speed 25 m/s 25 m/s 25 m/s

Ope_ratmg temperature range standard 20°C t0 40°C -20°C to 40°C 20°C t0 40°C

turbine

Operating temperature range low g0 1 400c -30°C to 40°C -30°C to 40°C
temperature turbine

Rotor diameter 90 m 112 m 90 m

Hub heights 80 m, 95 m, and 105 m

80 m, 95 m, and 105 m and

84 m,94 m,and 119 m 125m

Length of blade 44 m

546 m 44 m

As seen in this table, the tower height of these wind
turbines are upper than 80m. This table shows that the
rated wind speeds (where the power output reaches the
limit that the electrical generator is capable of) of all
these wind turbines are 12 m/s and according to Table
4 estimated mean wind speed at this height is 12.243
m/s. This shows that mean wind speed of Khvaf station
is proportional with power curve of these types of
Vestas wind turbines.

Also in Fig. 14, the power curves of selected wind
turbines are shown. Cut-in wind speed, rated wind
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speed and cut-out wind speed for each wind turbine
can be seen in this figure.
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2.9. Surface topography data

Surface conditions and topography are important
factors in assessing wind farms since they affect wind
characteristics near ground surface. The wind behavior
is very complicated in complex terrains (thus
increasing errors in calculating energy production) and
its turbulence increases over these lands (therefore the
fatigue loads increase); moreover, site accessibility
and installing turbines are very difficult in complex
terrains.

Figure 15 shows the topography map around the
measurement mast. This topographic map is created in
Global Mapper, GIS application, which uses
geographical maps to determine the height of the
surface on earth. Inputs of the application is
geographical coordinates and the required area of the
region. As shown in Fig. 15, the selected region for site
is almost flat with low slope, so it’s suitable for
construction of site from mentioned aspects.

3. Economic evaluation

Economic-evaluation methods simplify analogies
among energy technology investments. Commonly,
the identical methods can be used to compare
investments in energy supply or energy efficiency. All
segments of the energy community need guidelines for
making economically efficacious energy-related
decisions.

Economic-evaluation methods can be employed in
a number of ways to increase the economic efficiency
of energy-related decisions. There are methods that
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Figure 15. Topography map around the measurement mast

can be used to obtain the largest possible savings in
energy costs for a given energy budget; also there are
methods that can be used to accede an aimed reduction
in energy costs for the lowest possible
efficiency/renewable energy investment; and there are
methods that can be used to determine how much it
pays to spend on renewable energy or energy
efficiency and to lower total lifetime costs; containing
both investment costs and energy cost savings.

In this research three commonly methods are used:
net present value (NPV) or net benefits method,
Internal Rate-of-Return Method and discounted
payback Method.

3.1. Breakdown of the installed capital cost for
wind

The mounted cost of a wind power project is
dominated by the upfront capital cost (often referred to
as CAPEX) for the wind turbines (including towers
and installation) and this can be as much as 84% of the
total installed cost. The high upfront costs of wind
power can be an obstacle to their attractions, in
contrary to the fact that there is no risk of fuel price
once the wind farm is built. The details of capital costs
of a wind power project can be seen in Fig 15.

3.2. Capital cost of wind turbines

According to the manufactures, the cost of wind
turbines may be uncertain. Based on IRENA report
[27], wind turbine prices are in the range of 1127
USD/KW to 1376 USD /kW. So in this research, 1250
USD/kw is considered as an average cost of wind
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Figure 16. Capital cost breakdown for a typical onshore
wind power system and turbine [26]

turbines; by considering the capital cost of a wind
turbine is 0.64 of total capital cost (Fig. 15), the total
installed cost for economic evaluation considered 1950
USD/kw.

3.3. Running cost of wind turbines

Total time of operation of the wind farms are usually
considered to be 20 years. Running cost of wind power
plants since no fuel is consumed is only the cost of the
repairs and maintenance. According to GEF
recommendation [28], fixed annual cost of
maintenance is considered 2.17% of capital cost for
first 2 years, 2.75% for next 8 years, and 3.04% for 10
year-ends. Also residual value of this project is
considered 25% of capital cost.

3.4. Electricity sales revenue

Rates of buying electricity from renewable power in
Iran is 0.15 $/kWh [10]. This is an appropriate value to
encourage private sector for investment in the wind
energy.

3.5. Results of economic evaluation
A summary of the assumptions made to project for

each wind turbine are shown in Table 7.

Table 6. Summary of the assumptions made to project for each wind turbine

Parameter Vestas V90- 1.8 MW Vestas V112 - 3.0 MW Vestas V90 - 2.0 MW
Residual value ($) 877500 1462500 975000

Cr 64.3 63.9 63.8

Construction time 1 year 1 year 1 year

Life time 20 year 20 year 20 year

Capital cost ($) 3510000 5850000 3900000

Running cost ($)

First 2 years: 76167

First 2 years: 126945

First 2 years: 84630

Next 8 years: 96525

Next 8 years: 160875

Next 8 years: 107250

Next 10 years: 106704

Next 10 years: 177840

Next 10 years: 118560

By assuming Inflation and discount rate equal to 3%

and 8% respectively,

results of economic

evaluation of three selected wind turbines were

obtained. The economic parameters for Khvaf station,
considering above consumptions are shown in Table 8.

Table 7. Results of economic evaluation of three selected wind turbines for Khvaf station

Wind turbine type

Economic parameter

Vestas V90- 1.8 MW

Vestas V112 - 3.0 MW Vestas V90 - 2.0 MW

NPV ($) 6,011,469 9,894,800 6,574,347
IRR (%) 38.10 37.83 37.76
Normal payback (year) 3.50 3.52 3.52
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As shown in Table 8, Vestas V90- 1.8 MW has the
best condition due to IRR Normal Payback period, but
has the lowest NPV. Since IRR and Normal Payback
are more important that NPV, this turbine is selected
as the best turbine for Khvaf station.

4. Conclusion

With careful planning for the future, a sharp decline in
fossil fuel consumption can be achieved with proper
implementation technology. Wind turbine technology
has proven itself as a promising candidate for energy
policy makers to mitigate global warming and reduce
the oil dependency. Iran has appropriate potential for
the utilization of wind energy in many places. The
most important results of this study can be summarized
as follows:

e Wind speeds using the Weibull probability
function are modeled.

e  Weibull distribution parameters and results of
wind power density show that the station analyzed
in Khorasan province has favorable conditions.

e  Power density and Weibull distribution diagrams,
monthly and daily mean wind speed, and monthly
and annual wind power density were shown for
Khvaf station.

e Assessment of the wind resource shows that
Khvaf is classified under class 7 due to wind
power density classes published by the U.S.
Department of Energy. It represents that this
station has an appropriate condition for network
connections and any other individual applications.

e Analyzing the situation of topography map of
Khvaf station shows that it has smooth surface,
therefore it is appropriate for installing wind
turbines due to the fact that low turbulence and
also it has suitable conditions for connecting to
Power Grid.

e Three kinds of wind turbines of VVestas Company
were selected for economic analysis due to their
high capacity factor. In addition, their power
curves were shown for determining their situation
versus different wind speeds.

e Finally, by economic evaluation and IRR and
NPV parameters, Vestas V112 - 3.0 MW was
selected as the best wind turbine.
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