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Abstract

Purpose — The purpose of this paper is to find out a new potential site for energy generation to maximize the
energy generation via installing utility wind turbines.

Design/methodology/approach — In this paper, Weibull two-parameter methodologies are used to
determine the effectiveness of the wind speed at three different heights including 80, 60 and 30 m. Standard
deviation and wind power density (WPD) are also calculated for the site. After analyzing the wind resource,
the wind turbine selection is materialized to maximize the energy production, considering the best
configuration of the wind turbines that is suitable for the site. In the end, economic aspect is also calculated.
Findings — The mean Weibull dimensionless parameter % is found to be 2.91, 2.845 and 2.617, respectively.
The mean Weibull scale parameter c is found to be 6.736, 6.524 and 6.087 at the heights of 80, 60 and 30 m,
respectively. The mean standard deviation is found to be 2.297, 2.249 and 2.157 at the heights of 80, 60 and
30 m at the heights of 80, 60 and 30 m, respectively. Wind power densities are calculated to be 265, 204 and
157.9 W/m? at the heights of 80, 60 and 30 m, respectively (highest in the month of July when the mean wind
speed is 7.707 m/s and WPD is 519 W/m?). Finally, site-specific economic analysis of wind turbines is
carried out, which shows $0.0230 per kWh at the height of 80 m.

Originality/value — The results show that the site is beneficial for the installation of small and large
wind turbines.

Keywords Energy production, Economic analysis, Capacity factor, Weibull parameters % and c,
Wind analysis, Wind power density
Paper type Research paper

1. Introduction

Pakistan is an energy deficit country whose energy needs are solely fulfilled by oil and
gas (Figure 1). The oil imports rose 3.8 percent per year after 1991 up to 2014. Similarly,
the demand rose again in the year 2015 by 4.4 percent. The average price of oil in 2001
was $23 barrel, and within the same year, the price of oil increased rapidly to reach a
value of $50.05 barrel. This was an almost 115 percent rise in the price in a short span
of time. Energy availability of any country has a direct relation with its
socio-economic growth. According to the national economic review, the country
witnessed a decrease of 4.5 percent in the GDP in the last few years due to energy
shortages. It resulted in closing of factories, thus paralyzing the industrial production
and exacerbating unemployment.

The other important reason behind the energy crisis is the worst financial position
of the country. In simple words, the liquidity ratio of the country is very low.
The current demand for electricity is 19,000 MW, whereas the supply is 10,500 MW.
The supply and demand gap is 8,500 MW. This gap can be overcome by the renewable
energy resources, including solar energy and wind energy. According to National
Renewable Energy Laboratories (NREL), Pakistan has a total of 61,650m? land
appropriate for the installation of wind turbines. It accounts for 8 percent of the total land,
ie. 770,875 m? The coastal belt of Sindh and Baluchistan has been termed as the wind
corridor of the country (Shami ef al, 2016).
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Figure 1.
Comparative
statement of usage
of energy resources
in Pakistan
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2. Literature review

Kaldellis described the past perspectives of fossil fuels and discussed the importance of
wind energy to overcome the need of electricity (Kaldellis and Zafirakis, 2011).
Mostafaeipour et al (2011) conducted a feasibility study of the wind energy potential of
Shahrbabak city of Kaman province of Iran. The authors used a two-parameter Weibull
distribution function for wind analysis. Mostafaeipour (2010) in his another feasibility study
of Yazd province of Iran used the extrapolation method for the wind analysis at the height of
10m. Keyhani et al (2010) investigated the influence of wind climate on the energy
production of Tehran, the capital city of Iran, and analyzed metrological wind records at the
altitude of 10 m. Kwon (2010) investigated the wind uncertainty of the Kwangyang bay and
calculated it to be 11 percent.

Mohammadi and Mostafaeipour (2013) estimated the wind power potential of
Zarinah and used standard deviation and wind power density (WPD) methods to find the
accurate WPD of the site. Mostafaeipour et al. (2013) investigated the wind potential of
Binalood of Iran and concluded that the site has a potential for installation of wind
turbines at the heights of 10, 30 and 40 m. Mirhosseini ef al. (2011) conducted a feasibility
study of five towns of Saman province of Iran. The study was based on the collection of
wind data at the heights of 10, 30 and 40 m. Baseer ef al (2017) analyzed the wind
resources of seven locations in Jubail, Saudi Arabia. The authors estimated Weibull
parameters by using the maximum likelihood, least-squares regression method and
WASsP algorithm.

Dahmouni et al (2011) investigated wind variation at the heights of 10, 20 and 30 m for
energy production, considering 1.5 MW wind turbine for Borj-Cedria of Tunisia.
Li and Li (2005) assessed the wind energy potential for Waterloo, Canada. Lashin and
Shata (2012) analyzed the wind resources for energy generation at Port Said of Egypt.
Himri et al. (2012) conducted the feasibility study based on eight years record of the wind
speed at Tindouf of Algeria. Puri§ié¢ and Mikulovi¢ (2012) conducted the study of wind
energy potential for the South Banat region of Serbia and developed a mathematical
model based on the least-squares method and concluded that the site is suitable for
setting up the wind farm. Rehman et al. (2012) studied the wind power potential of seven
sites in Saudi Arabia and used Weibull parameters to study the wind speed
characteristics at three heights.

Ouarda et al (2015) evaluated the wind speed with reference to probability density
function and used suitable PDF to minimize the wind power estimation error.
Al-Abbadi (2005) assessed the wind power potential of Yanbu, Saudi Arabia. The wind
data analyzed on annual, seasonal and diurnal basis suggested that the site has a potential
for installation of small wind turbines. Bassyouni et al (2015) analyzed the wind



characteristics based on 1l-year wind data record of Jeddah city of Saudi Arabia.
The characteristics include the daily, monthly and annual wind speed, wind probability
density distribution, and shape % and scale ¢ parameters at 10 m height.

This paper provides a detailed analysis of wind speeds at the heights of 80, 60 and 30 m.
The two-parameter Weibull distribution function is used for the wind data analysis. The WPD
is also analyzed and the energy production is estimated at the heights of 80, 60 and 30 m.
To achieve the maximum output, three different wind turbines are compared at each height
and predicted the energy output according to the wind data available at each height. The wind
data are collected for a period of one year, ie. from January 2009 to December 2009.
The capacity factor is also calculated for each considered height. The economic analysis is
carried out to choose the best wind turbine for the site, based on the configuration and
extraction of maximum energy from the wind with minimum cost/kWh.

3. Site-specific features

Karachi is a major economic activity-generating city of Pakistan. Karachi also falls on the
coastline of Arabian Sea that is 1,060km long and connects two provinces, namely,
Baluchistan and Sindh. The topographic features of Karachi coastal area are given in Table 1.

4. Methodology

4.1 Weibull probability distribution

Wind speed is a random variable. Probability density function and cumulative functions are
used to calculate the speed of wind variation over a period of time. The wind energy
potential of a site depends on the speed and time duration of wind. The Weibull distribution
function of two parameters (k and ¢, commonly known as shape and scale parameters) is the
most appropriate distribution function for the wind data analysis. The Weibull fAv)
probability distribution function is written as (Akpinar and Akpinar, 2005):

o= () =[5

Site-specific features of coastal area of Karachi

Station parameters Unit Features
Latitude deg N 24° 52/ 02.025"
Longitude deg E 66° 51'41.983”
Wind frequency m/s 785/285m
Mean wind speed at 30 m m/s 5199
Mean wind speed at 50 m m/s 5.64
Mean wind speed at 60 m m/s 5.79
Mean wind speed at 80 m m/s 6.0
Wind direction m/s 0-360°
Average temperature °C 24°
Surface roughness Sa 0.0024
Surface roughness class Sa 0.50
Pressure mbar 900-1,100
Terrain - Flat land
Obstacles - Nil
Relative humidity % 0-100

Air density kg/m® 1.188
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where V refers to the wind speed, % refers to a shapeless parameter, and C refers to a scale
parameter having a similar dimension of V.
The cumulative distribution function fv) is given below:

k
1) = 1-e K—%) } ®

Mean wind speed is a commonly used measure to determine the potential of wind energy
production and can be termed as Vinean potential. It can be used as follows:

5>
Vmean = X7 Vl' (3)
N i=1
The wind speed variance can be used as follows:
=1 i (Vi—Vavg)’ 4
N-1 - i avg
The standard deviation can be calculated as follows:

1
o’ = \/]HZZI (Vz _Vavg)2 ©)

The average wind speed and variance are calculated by using the Weibull parameters as
follows (Keyhani et al, 2010):

Vavg = I <1 4%) ©)

o> =C° {r (14%) —1? (14%)] @)

where I' is the gamma function and it can be calculated by the following formula:

Iy = / e M du ©®)
0

4.2 WPD and energy generation
The wind power can be calculated as follows:

P % pA )

where P (W) refers to the wind power, V refers to the wind speed, p refers to the air density,
and A refers to the swept area of the wind turbine blades.

According to the Betz theorem, 59 percent (16/27) or less of the kinetic energy can be
converted into mechanical energy. Betz limit is denoted by C, and can be expressed as follows:

P = %pCpAT'US (10)



The WPD can be expressed by the following equation:

P 1 3
The WPD can be calculated with the Weibull distribution function as follows:
P 1 3
WPD = P EpCﬁgl"(l +E> 12)

The extraction of wind energy is calculated by the following equation:
E=T / PV (V)aV 13)
0

where E refers to the energy achieved, T refers to the time period, and P (V) refers to the wind
turbine power curve. Substituting the values of Equation (1) into Equation (13), we can get the

following equation:
B\ (V< 7\*
E=T / (E) <E> exp (‘E) POVYV (14)

The above equation represents the Weibull distribution function that is useful in estimating
the wind energy.

4.3 Capacity factor
Capacity factor can be calculated as follows:

_ Apower by wind turbine
" Rpower of wind turbine

of 15)

5. Economic analysis of wind turbine

Let I denote the initial investment and C,,, denote the operation and maintenance cost,
which is known to be # percent of the primary investment. 7" is termed as the lifetime of the
wind turbine. The discounted costs of operation and maintenance for the lifetime ¢ of wind
turbine for the initial year can be calculated as:

. Ja +i,)'—1
PCyy, = 1{ e (16)
The net present worth can be calculated as follows:
A—i)' -1 H
PWi_, =1|l4+n{—"—FF 17
- { {z;(1+z;>f 1
So, cost is calculated as:
J— / t_
NPW=%=1{I+;4{%H a8)
t t lr(l + ll’)
The total cost of the wind energy is calculated by the following equation:
T, = PW 19

E
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Figure 2.
Average wind speeds
at three heights

where E refers to the energy generated by the wind turbines annually. The annual energy is
computed with the help of the following equation:

E= TAh X Rp X CF (20)

171 (1—i,)'—1
E= T an (RpCF) [I—Ha{ i,(1+1,) H D

where E refers to energy, T4, refers to total time in year (hours), Rp refers to the rated power
of the wind turbine and Cg refers to the capacity factor of the wind turbine.

6. Results and discussion

6.1 Wind speed variation at different heights

The wind data are considered for a period of one year that starts from January 2009 to
December 2009 (Figure 2). Wind speed data are recorded at the heights of 30, 60, and 80 m.
Wind speed at south coastal land mass is recorded by using a data logger manufactured
by Wilmers. The Loggers is connected with wind vanes and anemometers placed at 80, 60
and 30 m heights. The mean wind speed for a year is 5.199, 5.64, 5.79 and 6 m/s at the
heights of 30, 50, 60 and 80 m, respectively. The mean wind speed is more than 5.5 m/s at
the height of 80 m. The monthly observed wind speed is higher at three heights during
June and August 2009. The month July has the maximum wind speed value than
other months. The seasonal analysis of the site showed that the summer season, from June
to August, has higher frequency of wind speed at the three considered heights.
The average wind speed at the height of 80m is 6.0m/s. For the year 2009,
the average wind speed from April to September is found to be 6.89, 6.67 and 6.18 m/s at




the heights of 80, 60 and 30 m, respectively. In fact, seasons have a pivotal impact on wind
speed. There are four seasons in Pakistan, including winter that starts from December and
lasts up to February. Spring starts from March and ends in May, summer is from June to
August and autumn is from September to November. The average seasonal wind speed
during the months from December to February, March to May and June to August and
September to November is 5.213, 6.154, 7.261 and 5.337m/s at the height of 80m,
respectively. The maximum wind speed 7.261 m/s falls in the summer season of 2009 at
the height of 80 m.

The mean wind speed at the height of 60 m is 5.79 m/s for the year 2009. The seasonal
analysis of average wind speeds shows the following results: 5.015 m/s (December to
February) 5.956 m/s (March to May) 7.056 m/s (June to August) and 5.13 m/s (September to
November), which showed the influence of season on wind at the height of 60 m.
The maximum wind 7.056 m/s falls in the summer season of 2009. Similarly, the average
wind speed at the height of 30m is found to be 5199 m/s for a period of year 2009.
The seasonal average wind speed from December to February, March to May, June to
August and September to November is found to be 4.339, 5.265, 6.59 and 4.601 m/s at the
height of 30 m, respectively. The maximum wind speed 6.59 m/s falls in the summer season
2009 at the height of 30 m.

The wind speed is also analyzed by the concept of the most probable point and
maximum energy produced from the wind. The most probable wind speeds are 7.707
and 7.285 m/s in the months of July and August of the year 2009. The maximum energy
extracted during July and August is 7.87 and 6.91 GWh at the height of 80 m, respectively,
taking the parameters of the wind turbine into account. The most probable point at the
height of 60m is 7452 and 7.104 m/s in July and August, respectively. The maximum
energy that can be produced is 4.02 and 3.61 GWh in July and August, respectively. At the
height of 30m, the most probable point is 6.883 and 6.703m/s in July and August,
respectively. Similarly, the maximum energy produced is 0.88 and 0.82 GWh in July and
August, respectively. The average wind speed during the months from April to September
remains high but, more specifically, in July and August, it is comparatively much higher.

6.2 Weibull probability distribution function

In this paper, the two-parameter Weibull functions are used to determine the effectiveness of
the wind. The % parameter is termed as the dimensionless parameter, whereas the
¢ parameter is termed as the scale parameter. The higher value of the scale ¢ parameter
shows the higher tendency of average wind speeds. Similarly, the value of % factor is
dimensionless; if it remains in between 1 and 2, the wind speed can be termed as the
low-level wind. If the value of % factor shows the increasing tendency, the distribution can be
considered as skewed to high level of winds.

The mean Weibull dimensionless parameter % at the heights of 80, 60, and 30 m is 291,
2.845 and 2.617, respectively (Figure 3(a)). At the height of 80 m, the value of the dimensionless
parameter % is minimum, ie., 1.868, in the month of November and maximum, ie., 4.091, in
September. Similarly, the dimensionless factor % at the height of 60 m is found to have a
minimum value of 1.926 in the month of November and a maximum value of 3.891 in July.
At the height of 30 m, the minimum value is 1.846 in October and maximum value is 3.761 in
July. The % parameter results show the increasing tendency throughout the year 2009, except
for November 2009 at the heights of 80 and 60m and October at the height of 30 m.
The results can be termed as skewed to high levels of winds at three heights, 80, 60 and 30 m.

The monthly mean Weibull scale parameter ¢ at the heights of 80, 60 and 30 m is 6.736,
6.524 and 6.087, respectively (Figure 3(b)). According to the computed data, the Weibull scale
parameter ¢ is minimum in the month of October and maximum in July at the three heights.
At 80 m height, the minimum value of 4.92 is found in the month of October and maximum
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Figure 3.

Results of (a) monthly
Weibull % parameter,
(b) ¢ parameter

and (c) standard
deviation at 80, 60
and 30 m heights
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value of 8.65 in the month of July whereas at the height of 60 m, the minimum scale parameter
is 4.74 and maximum is 8.39 in the months of October and July, respectively. At the height of
30 m, the scale parameter remains minimum in the month of October with a value of 4.278 and
maximum with a value of 7.76 in the month of July. The maximum seasonal value is found to
be 815, 7.95 and 7.43 during summer season (June to August) at the heights of 80, 60 and 30 m,
respectively. The standard deviation is known as the moderate form of the average deviation.
The average standard deviation is 2.297, 2.249 and 2.157 at the heights of 80, 60 and 30,
respectively (Table II and Figure 3(c)).

6.3 Wind power calculation and annual energy density

The WPD at different heights, including 80, 60 and 30 m, is calculated. The mean WPD for the
year 2009 is found to be 265, 2049 and 158 W/m? at the heights of 80, 60 and 30m,
respectively. The maximum WPD for the month of July is found to be 519, 392 and 314 W/m®
at the heights of 80, 60 and 30 m, respectively (Figure 4).
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Figure 4.

Wind power
density at 80, 60
and 30 m heights

Figure 5.
Average annual
energy at 80, 60
and 30 m heights
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The mean annual energies of three wind turbines are compared at the height of 80 m are
found to be 747.2, 756 and 791.2kWh/m? for wind turbines 1, 2 and 3, respectively.
The mean annual energies of three wind turbines are compared at the height of 60 m and
found to be 653.9, 637.9 and 641.5 kWh/m? for wind turbines 1, 2 and 3, respectively. Similarly,
the calculated mean annual energies of three wind turbines compared at the height of 30 m
are found to be 555.9, 526.8 and 504.1 kWh/m? for wind turbines 1, 2 and 3, respectively.
The mean annual energy is affected by seasonal wind variation. The mean annual
energy is calculated on a seasonal basis to compare three wind turbines at the heights of
80, 60 and 30m (Figure 5). In this paper, the season is divided into winter, spring,
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summer, and autumn. At the height of 80 m, the mean annual energy from December to
February is 528.6, 525.6 and 546.6 kWh/m? for wind turbines 1, 2 and 3, respectively.
The mean energy output from March to May is 791.6, 797.6 and 835 kWh/m? for wind
turbines 1, 2 and 3, respectively. The mean annual energy from June to August is 1,098.6,
1,069.6 and 1,186.3 kWh/m? for wind turbines 1, 2 and 3, respectively. The mean annual
energy from September to November is 569.6, 572.6 and 596 kWh/m? for wind turbines 1,
2 and 3, respectively.

The mean seasonal annual energy at the height of 60m is computed for the site.
The mean energy calculated from December to February is 441.3, 435.6 and 432.6 kWh/m®
for wind turbines 1, 2 and 3, respectively. From March to May, it is 675, 657.6 and
660.3 kWh/m? for wind turbines 1, 2 and 3, respectively. From June to August, it is 1,051,
1,014 and 1,034.6 kWh/m? for wind turbines 1, 2 and 3, respectively. The mean energy
output for September to November is 447.3, 444 and 438.3 kWh/m? for wind turbines 1, 2
and 3, respectively.

At the height of 30 m, the mean energy attained from December to February is 327.3, 298.3
and 2983 kWh/m? for wind turbines 1, 2 and 3, respectively. During the months from
March to May, it is 604.6, 569.6 and 508.3 kWh/m? for wind turbines 1, 2 and 3, respectively.
From June to August, it is 906, 882.6 and 859 kWh/m? for wind turbines 1, 2 and 3,
respectively. Similarly, from September to November, it is 385.6, 356.3, and 350.6 kWh/m? for
wind turbines 1, 2 and 3, respectively.

6.4 Selected wind turbines configuration and power curve

Wind energy is environment friendly. It is not a potential threat to environment as
compared to the thermal and coal-fired power plants. The potential of wind can become the
basis for the generation of energy. The power curve is the most important measure of
the wind turbine which elaborates the power curve density of the site. The IEC 61400-12 also
describes the power curve as an important measure of the wind turbine. Moreover,
the selection of the wind turbine and its features are necessary for the maximum output.
The features of the wind turbine include hub height, rotor diameter and swept area, cut in
and out speed, rated power and gear ratio, etc. In this paper, the analysis of wind turbines is
carried out to get the maximum energy output at different hub heights, including 80 m, 60 m
and 30m. In this regard, three different wind turbines are considered at each height.
The features of wind turbines are given in Table III.

6.5 Energy generation

It is one of the most important steps to examine wind farm and calculate the energy
produced by a wind turbine. A wind turbine can produce maximum energy if its technical
composition, including cut in and cut out, hub height, swept area, rated power and ratio of
the gearbox, is chosen according to wind characteristics. Currently, higher height wind
turbines are available to extract maximum energy from the wind. The maximum power

Hub height 80 m Hub height 60 m Hub height 30 m

Features WT1 WT 2 WT 3 WT1 WT 2 WT 3 WT1 WT 2 WT 3
Ar 6,362 5,027 4537 3,217 3,020 3,422 876 692.7 572
R, (kW/h) 2,300 2,000 2,000 1,500 1,300 1,650 300 250 150
Blades 3 3 3 3 3 3 3 3 3
G, (m/s) 3 4 4 5 3 4 3 3 3
Cout (m/s) 25 25 25 25 225 25 25 25 25
Gearbox 1:77.44 1:89 1:89 1:80 1:79 1:98 1:48 1:25 1:25
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Table III.

Salient features

of three wind
turbines compared
at each height
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generated by the wind turbine at each hub height and their monthly mean capacity factor
are listed in Tables IV-VL

Wind turbine 1 has a maximum annual energy output of 57.04 GWh as compared to
wind turbines 2 and 3, which have 45.6 and 43.01 GWh annual energy output at the height
of 80 m, respectively, for the year 2009. Wind turbine 1 performs better than wind turbines
2 and 3 in terms of generation of maximum energy. The seasonal trend is visible in the
annual energy output. The mean seasonal energy output from December to February,
March to May, June to August, September to November is 3.36, 5.04, 6.99 and 3.62 GWh by
the wind turbine 1, respectively. The maximum annual energy output is found to be
7.75 GWh in the month of July and the minimum energy output is found to be 2 GWh in
the month of October for the year 2009.

Similarly, wind turbine 3 has a maximum annual energy output of 26.34 GWh as
compared to wind turbines 1 and 2, which have 25.2 and 23.08 GWh annual energy output at
the height of 60 m for the 2009, respectively. The mean seasonal energy output from
December to February, March to May, June to August and September to November is 1.48,
2.25, 3.54 and 1.50 GWh by wind turbine 3, respectively. The maximum energy output is
found to be 4.02 GWh in the month of July and minimum energy output is found to be 0.66
GWh in the month of October for the year 2009. The detailed results of the wind energy
output of three wind turbines are described in Table V.

Wind turbine 1 has a maximum annual energy output of 5.87 GWh as compared to wind
turbines 2 and 3, which have 4.124 and 4.29 GWh at the height of 30 m for the year 2009,
respectively. The mean seasonal energy output from December to February, March to May,
June to August, and September to November is 0.29, 0.52, 0.80 and 0.37 GWh by wind
turbine 1, respectively. Similarly, the maximum minimum energy output is found to be 0.88
GWh and minimum energy output is found to be 0.18 in October for the year 2009.
The detailed results are described in Table VL

6.6 Capacity factor

Capacity factor is another measure to state the energy output from a wind turbine. It is also
an important measure of performance of wind turbines. The calculated mean annual
capacity factor at the height of 80 m is 23.6, 21.83 and 21.2 for wind turbines 1, 2 and 3,
respectively. The calculated mean annual capacity factor at the height of 60 m is 16, 16.9 and
15.9 for wind turbines 1, 2 and 3, respectively. Similarly, the capacity factor at the height of
30m is 18.6, 15.8 and 23.2 for wind turbines 1, 2 and 3, respectively. The capacity factor is
found in the month of July and minimum in October at three heights of 80, 60 and 30 m.
The details are given in Tables IV-VI. The maximum seasonal capacity factor is maximum
found to be 34.3, 24.6 and 30 during summer season at the heights of 80, 60 and 30 m,
respectively. The monthly calculated capacity factor of all wind turbines at different heights
is shown in Tables IV-VI (Figures 6-8).

7. Economic analysis of wind turbines
The economic analysis is essential while investing large amounts in the installation of
large utility wind turbine plants. The first part of the analysis has been carried out which
is based on the wind climate of the specific location. The second is about the selection of
wind turbines, considering the mechanical configuration of the turbine suited to the
location and produce maximum energy output. The maximum output is based on the wind
climate of the region and selection of the turbine, considering the best mechanical features
available in the market.

The estimated cost of a utility wind turbine, according to the thumb rule of US$1,000 kWh,
is US$450,000. The installation cost is taken as 20 percent of the wind turbine cost, and
operation and maintenance cost as 2 percent of the wind turbine cost per year. The estimated
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Figure 6.

Monthly wind turbine
capacity factor

at 80 m height

Figure 7.

Monthly wind turbine
capacity factor

at 60 m height
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wind turbine life is 20 years with a real interest rate of 5 percent (Ullah and Chipperfield, 2010;
Danish Wind Industry Association, 1999). The calculated results of the economic analysis of
compared wind turbines at the heights of 80, 60 and 30 m are presented in Table VIL

According to their mechanical configuration, the wind turbines have been selected and
analyzed, for three heights of 80, 60, and 30 m. According to the results, wind turbine 1 has
the lowest energy value of US$(cents) 0.023 /kWh.

The assessment of wind energy potential at the south coastal land of Karachi shows that
it is one of the potential sites for the installation of wind turbines at the considered heights.
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Figure 8.

Monthly wind turbine
capacity factor at

30 m height

Table VIIL
Economic analysis
of wind turbines

Another advantage of this site is fall in the major economic hub of Pakistan where already a
grid network is available, unlike far away destination. The assessment showed that a strong
wind is available during the summer especially from April to September. The summer is a
peak load time when demand surges in an upward direction.

8. Conclusion

In this paper, the wind speed and energy generation of south coastal land of Karachi is studied
by using measurements at the heights of 80, 60 and 30 m. The mean wind speed is found to be
6, 5.79 and 5.199 m/s at the heights of 80, 60 and 30 m, respectively. The mean k parameter is
found to be 2.91, 2.845 and 2.617 at the heights of 80, 60 and 30 m, respectively. The mean
¢ parameter is found to be 6.736, 6.524 and 6.087 at the heights of 80, 60 and 30 m, respectively.
The mean standard deviation is found to be 2.297, 2.249 and 2.157 at the heights of 80, 60 and
30 m, respectively. The average WPD is found to be 265, 204.9 and 158 W/m? at the heights of
80, 60 and 30 m, respectively. Wind turbine 1 at the height of 80 m has the highest energy
output of 57.04 GWh. Similarly, wind turbine 3 at the height of 60 m and wind turbine 1 at the
height 30m have a maximum energy output of 26.34 and 5.87 GWh, respectively.
The energy economic assessment has been carried out which shows that wind turbine
1 at the height of 80 m has the lowest energy generation cost of US$(Cents) 0.023 kWh.
The overall assessment showed that the site is beneficial for installing the utility wind
turbines. The south coastal land of Karachi has another advantage, that is, it is centrally
connected to the national grid and is also a major economic industrial hub of Pakistan.
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