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ABSTRACT

The wind resource is sustainable and will be available as long as there is uneven heating from the sun on
the surface of the Earth. The wind speed is extremely important for the amount of energy, a turbine can
convert wind energy to electricity and is directly proportional to the cubic power of the wind speed. Wind
speeds are affected by the friction against the surface of the earth. The objective of this paper is to assess
statistically the wind speed distribution and to determine the wind power density (WPD) at Gadanki region
using Weibull, Rayleigh and Gamma parameters. To determine the suitability of this site for wind energy
generation, the mean wind speed, the shape and scale parameters of the site are estimated at 50 m height.
The predicted wind values are tested with the actual wind distribution for the lowest values of x? Root
Mean Square Error (RMSE) and Power density error. Based on Weibull distribution parameters, the most
probable and the maximum wind speeds are calculated to select the preferable wind turbine to the site.

Key words: Gamma Distribution, Power Density, Rayleigh Distribution, Weibull Distribution, Wind Energy, Wind
Turbines.
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INTRODUCTION

Winds are caused by the uneven heating of the
atmosphere by sun, irregularities of the earth's surface,
and rotation of the earth. Wind flow patterns are modified
by the earth's terrain, water bodies, and vegetative cover.
Wind speed is the most important parameter to calculate
the wind energy (Yilmaz and Celik, 2008). Wind energy
when harvested by wind turbines, can be used to
generate electricity. Wind turbines are used to convert
the kinetic energy in the wind into mechanical power.
This mechanical power can be used for grinding grains,
pumping water and electricity generation to households,
industries etc. In terms of wind power installed capacity,
India is ranked 5" in the World. Today India is a major

player in the global wind energy market. Wind speed
characteristics and distribution of a particular site is
important for sitting the wind farm. Selection of suitable
site for assessment of the wind resources such as the
wind speed and its prevailing direction, turbulence
intensity, the shape and scale parameters, the wind
distribution, WPD and classes etc are important in
evaluation of wind energy potential at that site (Olaofe
and Folly, 2012).

Based on probability density function a number of studies
have been conducted for modeling the wind speed.

Wind speed varies with vertical height from ground and to
predict the wind speed at particular height, the most
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common expression used is the power law. Wind shear
‘a’ at a particular height is given by the surface roughness
coefficient, which is the necessary factor to express the
atmospheric instability. The wind shear value varies with
increasing heights, time and season, nature of the terrain,
weather effect, etc. In most cases it is assumed to be
0.143 (or 1/7) (Olaofe and Folly, 2012; Ayodele et al.,
2012). The statistical probability density functions for the
analysis are Weibull, Rayleigh, Gamma, Lognormal,
Exponential, Inv. Gaussian, etc. The Weibull function is
widely used in the wind farms as the preferable model for
energy assessment due to its wide range of versatility,
flexibility, and usefulness for describing the wind speed
variation (Olaofe and Folly, 2012; Yilmaz et al., 2005).
There are many statistical tests for validating the
accuracy of the predicted wind speed. Some of the tests
commonly performed are RMSE, Chi-Square Test (xz),
Coefficient of Determination (COD), and Percentage of
Error for wind power (Olaofe and Folly, 2012; Yilmaz et
al.,, 2005). After estimating wind distributions and
parameters from the statistical density distributions, the
evaluation of wind resources is conducted on the known
distribution for accurate sizing of the wind energy
systems. Power curve for a particular site is developed
from the obtained wind distribution, the power curve of
the wind generator (WG) and the site parameters.

This basic data information enables the turbine designers
to optimise the output of their turbines at the lowest
generating cost. Wind power investors utilize the
information to estimate possible income from their
investment, and it also serves as a control tool to reduce
threats to the security of the power system as a result of
variation in wind speed. Wind energy is one of the most
alternative renewable energy technologies at present.
From the recent years, the amount of energy produced
by wind-driven turbines has increased rapidly due to its
significant turbine technologies and making wind power
economically compatible with conventional sources of
energy (Poongavanam and Ramalingam, 2013).

The power-generating efficiency of a wind turbine can be
significantly raised if the turbine’s operation is controlled
based on the collected data of wind speed and wind
direction at the turbine location.

The wind speed data for the study in hourly mean time
series data format are collected for the period 2007 to
2012 at station name: ISRO 01, station Id: AF800874
located in Gadanki, India. The data is obtained from the
ISRO AWS data from NARL, Gadanki. Wind speeds are
recorded using an anemometer at height of 4.5 m above
the ground level for Automatic weather station (AWS).
This time series wind data are continuously measured by
the wind acquisition systems sampled at every second
(1s) and stored as hourly mean wind data. The wind data
collected includes the mean wind speed and direction,
temperature, atmospheric pressure and air humidity.
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THEORETICAL ANALYSIS

Wind Speed Variation with Height

The wind speed varies continuously as a function of time
and height, and requires an equation that predicts the
wind speed at a height in terms of the measured speed at
another. The most common expression for the variation
of wind speed with height is the power law.

2= () &

V1
UV, =1 (Z_j)a (2)

Where ‘v;”and ‘v, are the mean wind speeds at heights
‘h;” and ‘h,’ respectively. The exponent ‘a’ depends on
the factors such as surface roughness and atmospheric
stability. Numerically, it lies in the range 0.05 to 0.5, most
frequently ‘a’ value being 0.143 (or 1/7) and applicable for
low surfaces and well exposed sites (Olaofe and Folly,
2012; Ayodele et al., 2012; AlBuhairi, 2006; Oyedepo et
al, 2012; Argungu et al, 2013; Ahmeda and
Mahammeda, 2012; Karthick et al., 2014). The surface
roughness coefficient ‘a’ for various sites can be
determined from the following expression (Oyedepo et al,
2012).

a = [0.37 — 0.88In(V,)] /[1 — 0.088ln (’11—8)] ©)

Where V,, hy are the initial wind speed and height at
surface level, respectively. The wind shear value varies
with increasing heights, time and season, nature of the
terrain, weather effect, etc.

Air Density Variation with Altitude

The air density is an important parameter for estimating
both the wind power and density. The wind power
production is proportional to the air density at a height
(h), as a function of the atmospheric pressure and air
temperature, and is given by

p(h) = ;;Te_(%) (4)

where ‘p(h)’ is the varied air density as a function of
height (kg/m3), ‘P’ is the atmospheric pressure (hPa), ‘R’
is the molar gas constant (287.05 J/kg/K), ‘T’ is the
temperature (K), ‘g’ is the gravitational constant

(9.81m/s?), and ‘h’is the height above ground level.
Modeling of the Wind Speed

The wind speed variation at a site is usually described



using the wind distribution. The suitable statistical
distributions for describing the wind speed variation are
the Weibull, Rayleigh, Gamma, Lognormal, Inverse
Gaussian etc. However, the Weibull, Rayleigh and
Gamma functions are the widely accepted and
extensively used statistical models for wind energy
application. In this study, three distribution functions are
considered and they are the Weibull function, the
Rayleigh function, and the Gamma function.

Weibull Function

Wind speed is a stochastic process and its descriptive
parameters mean and standard deviation can be
obtained as (2).

(5)

(6)

The probability density function of the Weibull distribution
is given by (Olaofe and Folly, 2012; AlBuhairi, 2006;
Oyedepo et al, 2012; Argungu et al., 2013; Ahmeda and
Mahammeda, 2012; Karthick et al., 2014; Youm et al.,
2005).

F© = () () e |- (2)] @

where, ‘f (v) is the probability of observing wind speed ‘v’
‘c’ is the Weibull scaling parameter and ‘k’ is the
dimensionless  Weibull shape  parameter. The
corresponding cumulative probability function of the
Weibull distribution is given by (Olaofe and Folly, 2012;
AlBuhairi, 2006; Oyedepo et al, 2012; Argungu et al.,
2013; Ahmeda and Mahammeda, 2012; Karthick et al.,

2014; Youm et al., 2005; Odo et al, 2012).

F(v)=1-—exp [— (%)k] (8)

The monthly and annual values of Weibull parameters
are calculated using standard deviation method. This
method is useful where only the mean wind speed and
standard deviation are available and it gives better results
than graphical method. The shape and scale factors for
weibull distribution are computed as (Ayodele et al.,
2012; Oyedepo et al, 2012; Argungu et al., 2013; Karthick
et al., 2014; Youm et al., 2005; Odo et al, 2012; Pradhan
and Kundu, 2011).
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Where () is the gamma function. The shape parameter
is denoted by ‘k’, represents the nature of the wind
(variability or stability of the wind). For most fairly wind
site, the value of ‘k’ ranges between 1.51 to 1.99. Smaller
values of k correspond to highly variable or gust wind,
whereas k=2 corresponds to moderate wind and
indicates regular, steady wind.

Rayleigh Function

The next accepted distribution function, which is
extensively used in modeling the wind speed is the
Rayleigh function. The Rayleigh distribution is a special
case of the Weibull distribution in which the shape
parameter ‘k’ takes the value 2. From Weibull equation
the probability density function for the Rayleigh
distribution can be simplified as (Olaofe and Folly, 2012;
Ahmeda and Mahammeda, 2012).

)= (&) esn |- (2] )

The corresponding cumulative probability function of the
Rayleigh distribution is given by

Vi 2
F(v) =1—exp [— (:) ] (12)
The mean of Rayleigh distribution function is defined as

V= C\E (13)

V,, = 0.8862 ¢ (14)

The scale parameter for Rayleigh distribution function is
given by

(15)

Gamma Function

The probability density function of a Gamma distribution
is defined as (Olaofe and Folly, 2012; Pradhan and
Kundu, 2011).
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Where ‘¢, ‘k’and ‘fy’ are the scale, shape parameters and
probability density function of a Gamma distribution,
respectively and are defined as

k=7 (17)
c=2 (18)

The cumulative distribution function is defined as

vk=1 t
F, = prs Jo t* texp (— (;)) dt (19)

Where Fg4, (k) are the Gamma cumulative distribution
and Gamma function of (k), respectively. The gamma
distribution function can be found applicable in the
modeling of low wind speed data and modeling errors in
multi-level Poisson regression models.

Goodness of Fit

There are several tests used for validating the predicted
wind distribution from various statistical functions. The
tests are performed for the wind distributions to indicate
whether they are fitted for wind speed or failed to model
the data for a given site. For the accuracy test, an
independent wind speed datasets are chosen for the
statistical distribution functions in modeling the wind
speed at the particular site. Some of the tests for
validating the goodness-of-fit to the statistical distribution
functions are explained below.

Chi-Square Test (x?)

The Chi-Square method is used for testing the predicted
wind distribution with respect to the actual wind
distribution. The mathematical expression for the Chi-
square test “¢*’ is defined as (Yilmaz and Celik, 2008;
Olaofe and Folly, 2012; AlBuhairi, 2006; Argungu et al.,
2013):

N 1
Xt = (Z(yi —xJZ) —— 20)

Where ‘% is the iy actual wind distribution, ‘y;’ is the iy
predicted wind distribution, ‘N’ is the number of the wind
speed dataset and ‘n’ is the number of constant wind
data.
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Root Mean Square Error (RMSE)

The RMSE has been used for comparison of the
deviation between the predicted and the measured
values. The root mean square error value is defined by
equation (Olaofe and Folly, 2012; AlBuhairi, 2006;
Argungu et al., 2013).

1
2

> 1
(Z(M‘ - xi)2>ﬁ (21)

i=1

RMSE =

Where ‘% is the iy, actual wind distribution, ‘y; is the iy,
predicted wind distribution from anyone of the Weibull,
Rayleigh, and Gamma functions etc. and ‘N’ is the
number of the wind speed dataset.

Estimation of WPD
Weibull power density Py

The power of the wind at speed V' through a blade
sweep area ‘A’ increases as the cube of its velocity and is
given by (Olaofe and Folly, 2012; AlBuhairi, 2006;
Oyedepo et al, 2012; Argungu et al., 2013; Karthick et al.,
2014).

P(v) = ; pAV3 (22)
The mean WPD is defined as

P 1
Py =" =2 p1p,? (23)

Where ‘p’ is the mean air density (1.225 kg/m3 at 15°C),
which depends on altitude, air pressure, and
temperature. The expected monthly or annual WPD per
unit area of a site based on a Weibull probability density
function can be expressed as follows (Olaofe and Folly,
2012; Ayodele et al., 2012; Oyedepo et al, 2012; Argungu
et al., 2013; Ahmeda and Mahammeda, 2012; Karthick et
al., 2014).

Py = %pc31" (1 + %) (24)

Where ‘k’ and ‘c’ are shape and scale parameters of the
Weibull distribution and ‘Py,’ is the Weibull power density.

Rayleigh Power Density Pr

The Rayleigh WPD ‘PR’ is estimated (Olaofe and Folly,



2012; Ahmeda and Mahammeda, 2012) as

Pr==p (c\/g)3 (25)

Where ‘¢’ is scale parameter of the Rayleigh distribution.
Gamma Power Density Pg

The WPD using the Gamma distribution is estimated
(Olaofe and Folly, 2012; Pradhan and Kundu, 2011) as

P, = %pc3[k(k +1)(k + 2)] (26)

Where ‘k’and ‘c’ are the shape and scale parameters,
respectively. The wind power potential for a region is
usually classified according to its wind power class. The
wind power range lies in between 1 to 7 depending on
the prevailing wind resources. Each wind power class
represents a range of mean WPD and its equivalent
mean wind speed (m/s) at different heights (Olaofe and
Folly, 2012). The percentage error (%) of the WPD is
expressed as

Error(%) = % «100% (27)

Where ‘Pwgrc, are the wind power densities of the
Weibull, Rayleigh, Gamma distributions, respectively, and
‘P,’ is the actual wind power density (Olaofe and Folly,
2012; AlBuhairi, 2006; Argungu et al., 2013; Ahmeda and
Mahammeda, 2012; Karthick et al., 2014; Youm et al.,
2005). In addition to the mean wind speed, the two
significant wind speeds for wind energy estimation are
the most probable wind speed, ‘V¢' (m/s), and the wind
speed carrying the maximum energy, ‘Vg' (m/s). The most
probable wind speed is the most frequent wind speed for
a given wind probability distribution using Weibull ‘k’ and
‘c’ parameters. These wind speeds are expressed
(Ayodele et al., 2012; Oyedepo et al, 2012; Argungu et
al., 2013) as

k-1

Vp=c (—)1/ , (28)
Vp=c (—)1/ « (29)

The most probable wind speed corresponds to the peak
of the probability density function, and the wind speed
carrying maximum energy can be used to estimate the
wind turbine design or rated wind speed. Wind turbine
system operates most efficiently at its rated wind speed
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and is closer to the wind speed carrying maximum
energy.

Wind Turbine Selection

The wind turbine choice is made on the basis of the wind
profile of the site. If the most probable and the maximum
wind speeds are known then the wind turbine operating
range can be estimated (Ayodele et al., 2012) as

Vg < Voo < (210 4)Vg; (1.5t0 3)Vp < Vigreq < (210 4)Ve; 0.3 Vg <

V. < 0.8 Vi (30)

where V., is the wind speed at which the wind turbine
shuts down (cut out wind), V. is the wind speed at
which the wind turbine starts to produce power known as
cut in wind speed and ‘V 44 is the wind speed at which
the wind turbine operates at full rating. The power output
performance curve of a wind turbine varies from one wind
turbine to another. The equation for simulating the power
output of a wind turbine can be expressed (Ayodele et al.,
2012) as

Vk‘”fi
Prated W (vci <v< 1]T'ated)
PD(V) — rate co 31
Prated (vrated sv < 1]co) ( )
0 v < v, and v > v,

The mean energy density (ED) over a period of time T is
the product of the mean power density and the time T,
and is expressed as

E, = ipV3T (32)

Weibull mean energy density
_1 3 3
Ew =3pc r(1 +;)T (33)

Rayleigh mean energy density

Er = %p(Cﬁ)BT (34)

Gamma mean energy density
Eg = >pc3lk(k + 1)(k + 2)IT (35)

RESULTS AND DISCUSSION

The wind resource at Gadanki region has been
statistically analysed at ground level (4.5 m) and 50 m
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Table 1. Wind speed mean and standard deviation
at ground (4.5 m) and 50 m height levels.

At4.5m At50 m

Vm o Vm o
2007 3.1 0.87 5.6 1.59
2008 2.9 0.85 5.5 1.60
2009 3.2 1.05 6.0 1.93
2010 3.1 1.00 5.8 1.84
2011 3.1 0.96 5.8 1.77
2012 3.0 0.85 5.6 1.59

Wind spaed monthly mean dala from 2007-212 over Gadankd at 4.5m Helght

Feb

ar gr

Figure 1. Monthly mean wind speeds from 2007 to 2012.

Table 2. Annual surface roughness coefficient ‘a’ and

air density ‘p’ kg/m?.

a P
2007 0.256 1127
2008 0.258 1.127
2009 0.251 1.120
2010 0.253 1.124
2011 0.253 1.124
2012 0.257 1.123

heights for the wind energy assessment, evaluation and
production. The annual mean wind speed and standard
deviation for 2007 to 2012 years at ground and estimated
at 50 m heights are shown in Table 1. where V., is the
annual mean wind speed in m/s and ‘o’ is the annual
mean standard deviation. The mean wind speed and the
standard deviation are the important parameters for
determining the wind turbulence at different hub heights.
The monthly mean wind speeds at ground and 50 m
height levels are shown in the Figure 1. The mean wind
speed and standard deviation at ground level for six
years is ranging from 2.9 to 3.1 m/s and 0.85 to 1.05,

respectively. Wind speeds are extrapolated for 50 m
height level by using the power law and estimating the
surface roughness coefficient factor ‘a’ for the Gadanki
region. The annual roughness coefficient and air
densities are shown in Table 2. From the table the
surface roughness coefficient is almost same for 2007 to
2012. The small change in the coefficient is seen as the
seasonal variation and the value indicates the area to be
forestry with bush and scrubs and it is alike.

The shape and scale parameters of the Weibull, Rayleigh
and Gamma distribution functions are estimated. The
parameters are used to obtain the wind distributions at
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Table 3. Statistical distribution parameters at ground (4. m) level.

Weibull Rayleigh Gamma

k c Kk c Kk c
2007 4.3 3.4 2 35 15.5 0.24
2008 4.1 3.3 2 3.3 14.7 0.25
2009 4.0 3.6 2 3.7 14.4 0.35
2010 35 35 2 35 10.5 0.32
2011 3.7 35 2 35 11.9 0.30
2012 4.1 3.3 2 3.4 14.4 0.24

Table 4. Statistical distribution parameters at 50 m height level.

Weibull Rayleigh Gamma
k c k c k [
2007 4.1 6.2 2 6.3 14.2 0.46
2008 4.1 6.1 2 6.2 14.7 0.47
2009 4.0 6.7 2 6.8 14.4 0.65
2010 3.5 6.4 2 6.5 10.5 0.59
2011 3.7 6.4 2 6.5 11.9 0.55
2012 4.1 6.2 2 6.3 14.2 0.46
Table 5. x* and RMSE values.
Weibull Rayleigh Gamma
RMSE x° RMSE x° RMSE X
2007 0.19 0.03 0.20 0.04 0.19 0.03
2008 0.17 0.03 0.18 0.03 0.17 0.03
2009 0.20 0.04 0.21 0.04 0.20 0.04
2010 0.17 0.03 0.18 0.03 0.17 0.03
2011 0.17 0.03 0.18 0.03 0.17 0.03
2012 0.17 0.03 0.18 0.03 0.17 0.02

ground and 50 m heights and are shown in Tables 3 and
4. For Weibull distribution, k<2 means deviation is greater
from the mean wind speed and k>2 means small
variation from the mean wind speed; in case of Rayleigh
distribution the shape parameter ‘k’ is 2. As the value of k
increases, the probability curve becomes peaked
indicating small variation from the mean wind speed. Chi-
square (xz) test is used for goodness of fit, whereas
RMSE is chosen to ascertain which model is better
among Weibull, Rayleigh and Gamma distributions. The
distribution which possess least RMSE values among
Weibull, Rayleigh and Gamma distributions is the best
model for a given data. Weibull, Rayleigh and Gamma
distributions are good fit for data because all X
calculated p-values are greater than 0.01 that is, X’ at 1%
level of significance. Calculated p-values of x° lies
between 0.02 to 0.04 and RMSE values lies between
0.17 to 0.21 for three distributions. Both Weibull and
Gamma distributions are equally good fits for the years
2007 to 2012 than Rayleigh distribution and are given in
Table 5. At the 50 m height, the Weibull and Gamma

function prove to be good for modeling of the wind speed
data and prediction of the wind power density.

Power density errors are calculated using the statistical
distribution functions and compared with the actual
distribution. They are shown in the Table 6. The power
density for Weibull distribution varies from 20 to 30%, for
Rayleigh distribution it varies from 90 to 91% and for
Gamma distribution it varies from 21 to 32%. From these
distributions we conclude that Weibull distribution
function is the best suitable distribution to estimate the
power for the specified location.

Wind Energy Estimation for Specified Location Using
Weibull Distribution

The monthly variation of the mean wind speed
characteristics (Vg and Vg), mean power density and
mean energy density as well as the annual values of
these parameters at ground and 50 m height level are
presented in Tables 7 and 8. The annual mean wind



Table 7. Most probable (Vg) and maximum wind speed (Vg), Power density (Pp), wind energy (Ep) at 4.5 m.

Table 6. Power density errors for statistical
distribution functions.
Weibull Rayleigh Gamma

2007 0.24 0.90 0.25
2008 0.20 0.91 0.21
2009 0.30 0.91 0.32
2010 0.30 0.91 0.32
2011 0.28 0.91 0.29
2012 0.23 0.91 0.24

Reddy e.al.

Year Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Ve 276 346 394 407 512 439 435 385 380 446 284 2.77 3.82
2007 VE 260 302 332 328 388 343 351 329 316 332 258 257 3.16
Ppb 8.78 140 189 189 334 223 231 181 164 21.7 8.64 8.47 17.76
Eb 0.81 282 6.30 647 872 6.30 7.84 505 327 248 0.29 043 50.76
Ve 2,76 300 356 313 559 385 410 369 370 347 3.88 3.60 3.70
2008 Ve 260 273 297 279 382 316 320 312 310 286 3.06 3.10 3.04
Po 882 10.1 136 10.7 36.7 165 18.1 156 154 124 159 155 15.81
Eb 081 177 267 186 119 558 656 4.11 342 137 434 3.86 48.26
VE 395 392 423 480 546 579 481 343 311 250 0.00 0.00 4.20
2009 VE 331 314 336 333 378 414 358 301 273 240 0.00 0.00 3.28
Po 19.2 17.0 208 237 345 437 269 135 101 6.85 0.00 0.00 21.66
Eb 553 391 598 7.86 128 16.0 213 0.83 0.85 0.16 0.00 0.00 56.18
VE 359 371 411 447 466 471 385 418 399 384 388 3.25 4.02
2010 Ve 311 312 331 339 350 349 316 327 3.07 310 291 283 3.19
Po 155 158 195 221 246 249 16.7 194 164 161 145 116 18.13
Eb 3.00 446 6.55 799 925 897 441 500 320 297 237 2.10 60.27
Ve 345 383 397 418 479 501 445 395 417 321 336 3.44 3.99
2011 VE 3.03 323 325 332 342 362 342 317 334 282 289 3.04 3.21
Po 143 17.7 182 199 246 288 222 171 20.2 112 125 144 18.46
Eb 355 459 516 763 858 104 735 519 212 148 248 234 60.96
VE 312 328 3.77 403 468 460 385 396 371 3.69 3.27 288 3.74
2012 Ve 278 294 321 329 356 359 321 322 306 297 289 269 3.12
Po 108 12.7 16.8 18.7 255 254 171 17.7 150 142 122 09.71 16.36
Ep 263 285 535 597 681 989 530 545 3.05 223 152 1.37 52.42

37

speed varies between 2.9 m/s in 2008 to 3.2 m/s in 2009
at ground level and 5.5 m/s in 2008 to 6.0 m/s in 2009 for
Gadanki location. The annual mean power density varies
between 15.81 W/m® in 2008 to 18.46 W/m’ in 2011 at
ground level and varies between 102.26 W/m?®in 2008 to
135.51 W/m? in 2009 at 50 m height. Therefore, based on
Pacific Northwest Laboratory (PNL) wind power
classification scheme, the annual mean power density at
ground level mostly falls into class | (PD < 100), whereas
for 50 m height it falls into class 1l (100< PD < 150). The
annual Weibull shape factors ‘k’ for Gadanki region from
2007 to 2012 are 4.1, 4.1, 4.0, 3.5, 3.7 and 4.1,
respectively.

The annual Weibull scale parameters ‘c’ from 2007 to
2012 are 6.2, 6.1, 6.7, 6.4, 6.4 and 6.2, respectively. The
most probable wind speed, ‘V¢' (m/s), and the wind speed

carrying the maximum energy, Vg’ (m/s) are calculated
from the shape and scale parameters of the Weibull
function and the values are shown in Table 7 and 8 at
ground and 50 m heights, respectively. The wind speeds
cut-in, cut-out and rated will enhance the capacity factor
of the wind turbine and are estimated as 2.0, 28.0 and
9.0m/s, respectively. The probability density function
curves give the information on how much time the wind
speed prevails at a location and peak of the curve
indicates the most frequent velocity. The cumulative
density function curves are used for estimating the time
for which wind speed is within a certain speed limit. Cut-
in wind speeds greater or equal to 2.5 m/s have
frequencies greater than 95.0% for all years from 2007 to
2012. The monthly probability density frequency and
cumulative density curves of wind speed at ground and
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Table 8. Most probable (Vg) and maximum wind speed (Vg), power density (Pp), wind energy (Ep) at 50 m.

Year Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Ve 510 6.40 7.30 752 947 812 805 7.13 7.04 825 526 5.13 7.06
2007 Ve 481 558 6.14 6.07 7.18 6.35 649 6.08 584 6.14 478 475 5.85
Po 55,6 88.7 120 119 211 141 146 115 104 137 54.7 537 112.54
Ep 512 17.8 399 409 552 399 496 320 207 157 181 274 321.70
Ve 514 560 6.64 584 104 7.17 7.63 6.88 6.90 647 7.22 6.71 6.88
2008 Ve 484 508 552 520 7.12 588 595 581 577 533 569 578 5.67
Po 57.0 653 882 695 237 106 117 101 999 80.7 103 100 102.26
Ep 525 114 173 120 77.0 36.1 424 265 221 889 281 249 312.13
Ve 727 722 7.80 884 101 106 8.87 6.32 573 460 0.00 0.00 7.74
2009 Ve 6.09 579 6.20 6.14 6.96 7.64 6.60 554 503 442 0.00 0.00 6.04
Po 120 106 130 148 216 273 168 849 63.6 428 0.00 0.00 135,51
Ep 347 245 375 493 806 100 134 527 535 1.03 0.00 0.00 352.85
Ve 6.61 683 756 822 858 867 708 768 7.35 7.07 7.13 5.98 7.40
2010 VE 572 573 6.09 6.23 6.44 642 582 6.01 566 571 535 521 5.87
Po 96.7 989 121 138 153 155 104 120 102 100 90.7 72.6 113.04
Eb 186 27.8 408 49.7 576 559 274 312 199 185 147 131 375.69
Ve 635 705 730 7.69 881 922 819 7.27 7.66 591 6.19 6.33 7.33
2011 Ve 558 594 597 6.10 6.30 666 6.30 582 6.15 519 532 5.60 5.91
Po 89.0 110 113 124 153 179 138 106 125 70.3 781 8938 114.94
Ep 221 285 321 474 534 653 457 323 132 921 154 145 379.54
Ve 579 6.08 699 747 868 854 7.15 734 6.88 6.84 6.12 535 6.94
2012 VE 515 546 595 6.10 6.60 6.66 595 597 567 551 529 499 5.78
Po 69.4 817 107 119 162 162 109 113 958 90.7 76.0 62.0 104.34
Ep 16.8 18.2 341 38.1 435 631 338 348 194 142 951 8.74 334.56
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Figure 2. Weibull Probability Density Function curves for wind speed at ground level height.

50 m height levels for the Weibull density function are
shown in Figures 2, 3, 4 and 5, respectively.

The Annual Wind Energy densities from 2007 to 2012 are
321.70, 312.13, 352.85, 375.69, 379.54 and 334.56
Wh/m? respectively at 50 m height. The wind turbines are
selected which are suitable and preferred on the
estimated wind speeds at 50 m height. M/S Aeolos wind
turbine is a manufacturer of small wind turbines, and
some of the specifications which are suitable for the
analysed site are given in Table 9. M/S C and F Green
Energy is another manufacturer of small and medium

sized wind turbines with a mission to make wind energy
affordable and accessible to everyone. C and F Green
Energy manufacturer provides and installs high yield,
efficient and low noise wind turbines.

CONCLUSION

The annual mean wind speeds estimated at Gadanki
region for six years at 50 m height are 5.6, 5.5, 6.0, 5.8,
5.8 and 5.6 m/s, respectively. The mean  surface
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Figure 3. Weibull cumulative density function curves for wind speed at ground level height.
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Figure 5. Weibull cumulative density function curves foe wind speed at 50m level
height.
roughness coefficient ‘a’ for the Gadanki region for six surface roughness coefficient ‘a’ is 0.25 and from the

years is 0.255 and Air density ‘p’ is 1.125 kg/ms_ The roughness table, it indicates that the site is agricultural



Table 9. Specifications of wind turbines.
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CF75-25 CF 51-21 CF 100 Aeolos-V  Aeolos-H
Rotor diameter 25.4m 20.8m 254 m 3.0m 8m
Max. power 75k W 51 kW 100 kW 10 kw 10 kw
An.yield @ ~ 7m/s 309,000 kWh 220,000 kWh 356,000 kWh - --
Rated wind speed 9.5 m/s 9.5 m/s 9.5 m/s 10 m/s 10 m/s
Cut-in wind speed 2.2 m/s 2.8m/s 2.2m/s 1.5m/s 3.0m/s
Cut-out wind speed 35 mis 35 m/s 35 m/s 50 m/s 45 m/s

land with many houses, shrubs and plants, or 8 metre tall
sheltering hedgerows, forests and very rough and uneven
terrain. The Gadanki region is surrounded by hills, forest
and so the roughness coefficient is considerable from
estimation. The annual mean power densities at 50 m
height fall in the class Il (100<PD<150) category. So,
these wind energies can preferably be produced by small
and moderate wind turbines. Statistical test for three wind
distributions show that they are good fit to data and the
power density error test shows that Weibull distribution is
good among three of the functions to estimate closer to
the actual data.

Based on Weibull distribution parameters the most
probable and the maximum wind speeds are calculated
to select the preferable wind turbine to the site. The
annual most probable and the maximum wind speeds for
2007 to 2012 at 50 m level are 5.85, 6.88, 6.04, 5.87,
5.91 and 5.78 m/s and 7.06, 6.88, 7.74, 7.40, 7.33 and
6.94 m/s, respectively. From the most probable wind
speed ‘V¢' (m/s), and the wind speed carrying the
maximum energy ‘Vg’' (m/s), we can estimate cut-in, rated
and cut-off wind speeds. The wind speeds cut-in, cut-out
and rated will enhance the capacity factor of the wind
turbine; the estimated values from Weibull distribution are
2.0, 28.0 and 9.0m/s, respectively. The wind speed at
hub height is based on the surface roughness factor
assumption, and actual measurement at hub height is
necessary to estimate the exact power density of the site.
From the predicted wind distribution, the results show
that the wind site is suitable for small to utility scale
energy applications.
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