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ABSTRACT. This study aims to find out the wind characteristics and wind energy potential of Port Blair. Besides
it also testifies whether most famous Weibull distribution function is suitable or not to determine the wind characteristics
and wind energy potential in a region where probability of calm wind is significant. Here Weibull distribution function is
modified with adding Dirac Delta function to incorporate the calm winds. Here mean wind speed, wind power and energy
densities have been calculated from the data, Weibull distribution and Weibull Dirac distribution. It is found that annual
mean wind speeds obtained from data, Weibull and Weibull dirac functions are 2.40 m/s, 3.011 m/s and 2.406 m/s
respectively. Similarly annual wind power densities obtained are 30.82 W/m?, 33.30 W/m? and 28.41 W/m? respectively.
And annual wind energy densities obtained to be 270.79 kWh/m?/year, 291.71 kWh/m%year and 248.87 kWh/m?/year
respectively. This study also finds the monthly and diurnal variations of wind speed and wind speed at different heights at
this location.

Key words — Weibull Dirac distribution, Wind energy density, Wind power density, Mean wind speed, Wind
rose diagram, Port Blair.

other renewable energies. This energy can be used for the

Wind speed and directions are very important
meteorological parameters. Detail knowledge about wind
speed and direction of a place is very useful in many
ways. The knowledge of wind speed and direction are
required for runway orientation of an airport,
establishment of new township, slender structures,
establishment of high rise buildings, establishment of
large telescopes, indoor ventilation etc.

It is also very essential to determine the wind energy
density of a particular region and hence wind energy
potential. Wind energy is very popular now-a-days due to
the shifting focus from non fossil fuel based energy to the
renewable energy. It is very clean and cheap compared to

regions where no or little gridded electricity have been
reached. Port Blair is the capital of Andaman and Nicobar
Islands, remotely located Union Territory of India. In
these Islands there are many remote locations where there
is no grid connectivity and the main source of energy is
the diesel generated electricity. Therefore an attempt has
been made to find the wind characteristics and the wind
energy potential of Port Blair. A few studies (Chand et al.,
1985; Sarkar et al., 2017) of this kind have been done
earlier in India but with an all India perspective and not
particularly for this region. They have differed in their
results, one showing moderate and other showing poor
wind energy potential for Port Blair. Moreover the data
used were very old and from different wind instruments.
Here this study has been carried out with recent data.
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Fig. 1. Position of Port Blair in India

Such kind of studies on wind characteristics and
wind energy potential have been undertaken previously by
many scholars all over the world (Weisser, 2003; Akpinar
et al., 2009; Genc et al., 2005; Gokcek et al., 2007;
Merzouk, 2000; Eskin et al., 2008; Fadare, 2008). They
have mostly used Weibull distribution function to assess
wind energy potential due to its flexibility, simplicity and
suitability to fit a wide collection of recorded wind data
(Ulgen et al., 2002; Dorvlo, 2002; Karsli, 2003; Sulaiman
et al., 2002; Celik, 2004). (Chaurasia et al., 2018) have
studied different parameters estimation methods of
Weibull distribution to determine wind power density
using ground based Doppler SODAR instruments and
found maximum likelihood method as a more efficient
Weibull parameter assessment method for calculating the
wind power density. (Mahmood et al., 2019) have done
wind characteristic analysis of Al-Salman site, Iraq based
on Weibull distribution  and found that Weibull
probability density function and actual data closely
matching. (Hassane et al., 2018) have also calculated the
wind power and energy density using Weibull
distribution. (Keyhani et al., 2010) have also calculated
wind energy and wind power density using Weibull
distribution function. Their results show that Weibull
predicted mean wind speed and the mean wind speed
calculated from the data closely matching.

The same have been tried with the wind data of Port
Blair but the result obtained is quite different than the
actual. The main problem with the Weibull distribution

function is that it does not account the zero values.
According to Weibull distribution function probability of
calm wind is zero. But in reality there are calm winds and
the mean wind speed varies if we exclude these zero
values. Therefore in this study an attempt has been made
to modify the Weibull function by combining it with Dirac
delta function to find the mean wind speed and energy
density. This kind of attempt has been made earlier (Takle
et al.,, 1978; Merzouk, 2000). Now using modified
Weibull distribution function the result obtained is in good
agreement as that obtained from the raw data.

2. Study area and data

The present study area is Port Blair which is the
capital of Andaman and Nicobar islands, union territory of
India. The place has been shown in Fig. 1. Port Blair is the
only place in this union territory where a W.M.O. class |
observatory of India Meteorological Department is
situated. The latitude, longitude and elevation of this
observatory are 11°41' N, 92°43' E and 79 (m as.l.)
respectively. Daily eight synoptic hours wind speed and
direction data for the period 2012-2019 have been
collected from this observatory. The wind speed measured
continuously by a cup anemometer placed at a height 6m
above the ground level.

3. Analysis procedure

In this section the analysis procedures those are used
in this study have been discussed:

3.1. Weibull and
function

Weibulldirac  distribution

There are diverse distribution functions to model the
wind speed namely Gamma, Gumble, Fretchet, inverse-
Weibull etc. but the Weibull is the mostly accepted
distribution due its capacity to fit a broad range of data
(Fazelpour et al., 2017). The Weibull probability function
is expressed as (Chang et al., 2003; Jager et al., 2016;
Soltani et al., 2016):

0-(£)[2)"" 0|2 v

)

where, f(v) represents Weibull  probability
distribution function, k is the dimensionless shape
parameter, c is the Weibull scale parameter and v is the
wind speed.

The cumulative distribution function represents the
fraction of time when the wind speed is equal or less than
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speed v. Cumulative distribution function of Weibull can
be expressed as (Bilbao et al., 2008):

F(v)=1-exp H%ﬂ @

The main drawback of Weibull distribution is
that the distribution shows zero probability for calm
winds. But calm winds exist and they influence
mean wind speed as well as wind energy density
calculation. Weibull function is combined with Dirac
delta function to incorporate the calm winds. The
Weibull-Dirac distribution function is expressed as (Takle
etal., 1978):

g(v)=as(v)+@1- a)(%j GJH exp {— ij }

for all real v 3)

where, g(v) is the Weibull Dirac distribution
function, a is the probability of calm winds and c, k, v are
same parameters as expressed in equation 1.

The cumulative distribution function for Weibull
Dirac distribution function is expressed as (Takle et al.,
1978):

G(v)=a+(1-a)F(v) (4)

where, G(v) is the Weibull Dirac Cumulative
distribution function and F(v) is the Weibull Cumulative
distribution function.

There are many methods to estimate Weibull
parameters (Arslan et al., 2014) such as graphical method,
moment method, power density method, empirical
method, energy pattern factor method, maximum
likelihood method etc but according to studies
(Chaurasiya et al., 2018; Gugliani et al., 2018) the
maximum likelihood method is the most efficient Weibull
parameters estimation method for calculating wind power
density.

The Weibull k and ¢ parameters can be evaluated
from the following equations (Chaurasiya et al., 2018) as:

k= Zin:l (Vik Inv; /zin:l VFJ_M

-1

®)

(6)

where, n is the total number of observations of
nonzero wind speed and v; is the wind speed.

Average wind speed and the variance of wind speed
can be calculated for Weibull distribution in terms of
Weibull parameters as (Fazelpour et al., 2017):

7 (Weibull) = cr(1+a %

aZ(Weibuu):c{r(uéj_rz(uéﬂ ®)

where, T'(x) represents the Gamma function which is
defined as:

I(x)= J:) " ey tdy ©)

For Weibull Dirac distribution the average wind
speed and variance of the wind speed in terms of ¢ and k
as (Takle et al., 1978):

v (Weibull Dirac)=c(1— a)l“(1+ %j (10)

o? (Weibull Dirac)=c?(1- a){r[u%] _

(1-a)r? (1+%ﬂ

3.2. Wind power density

(11)

The wind power density at speed v is given as
(Tizpar et al., 2014):

pv)=1 pvs(ﬂzj (12)

2 m

where, p is the standard air density with the value of
1.225 kg/m® which is measured at mean sea level, pressure
of 1 atm and mean temperature 15 °C.

The wind power density is considered to be a better
indicator as it considers the frequency distribution of the
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wind speed, the air density and cube of wind speed. The
wind power density is expressed as (Mostafaeipour et al.,
2011):

N1
WPD = Z:l > o2 (13)

where, v; is the measured wind speed in three hour
intervals and N is the total number of sample data for
which the power density is being calculated.

The wind power density from Weibull (Ouammi
et al., 2010) and Weibull Dirac distribution are given as :

%(Weibull) = J’: % V3 (v)dv = % pcsr[1+gj (14)

P . . [ 1 3
K(WelbuIIDlrac)_J.O > g(v)dv

= % pl- a)csl“(lJr Ej

(15)

3.3. Wind energy density

The energy density at a site is calculated from
Weibull and Weibull Dirac as:

E, 1, 3
—(Weibull)== ri+— T 1
A( eibull) Y (+k] (16)

%(Weibull Dirac):%p(l—a)csl"[lJr%)T (7)

where, T is the desired duration for which the wind
energy density is being calculated.

3.4. Most probable wind speed and wind speed
having maximum energy

The most probable wind speed and the wind speed
carrying maximum energy obtained from Weibull
function (Fazelpour et al., 2015) and Weibull Dirac
function as :

12
Vi (Weibull) = c(l—Ej k (18)
e
Vo (Weibull Dirac)=c(1—a)(1—E) k (19)
o)L
Vimaxe (Weibull)= c(1+ﬂ k (20)

1
Vinaxe (Weibull Dirac)=c(1- a)(1+§j k (21)

3.5. Wind speed at different heights

The raw wind speed data obtained from an
anemometer placed at a height 6 m above the ground
which were converted to the standards anemometer height
10 m from the ground using (Mahmood et al., 2019) as:

C, =C (Z_zj (22)

7
P4
1-0.0881n| 2
k=202 (23)
1-0.088In| 22
10
~_037-0088Ing, o

1-0.088In (22)
10

where, ¢, and k, is the Weibull parameters at the
desired height z, and n is the power law exponent.

3.6. Error analysis

To verify the accuracy of the Weibull and Weibull
Dirac distribution in determining mean wind speed, mean
power and energy densities absolute error, relative error
and percent error have been calculated using:

e= |v —vappmx| (25)
|V - Vapprox|
B B ekt 2
7= mod(v) ()
8 =nx100% (27)

3.7 Goodness of fit

To verify the accuracy of the fitted Weibull Dirac
distribution two-sample Kolmogorov-Smirnov test and
Chi square test were performed.

The two sample Kolmogorov-Smirnov test is used to
test where the two probability distributions differ. It is
given as  (https://en.wikipedia.org/wiki/Kolmogorov
%E2%80%93Smirnov_test):


https://en.wikipedia.org/wiki/Kolmogorov%E2%80%93Smirnov_test
https://en.wikipedia.org/wiki/Kolmogorov%E2%80%93Smirnov_test
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Figs. 2(a&b). (a) 0000-0900 UTC and (b) 1200-2100 UTC wind rose diagram
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Dnm :Supx|Fl,n(X)_ Fam (XX (28)

where, F;, and F,, are the empirical distribution
functions of the first and second sample respectively and
sup is the supremum function.

The Chi square test of goodness of fit is used to see
whether the number of observation in each category fits
the theoretical expectations. It is expressed as:

2
=y O-Er (29)

E

where, O and E are observed and expected
frequencies respectively.

4. Results and discussion

In this study, wind speed data of Port Blair obtained
from a cup anemometer placed at a height 6 m above the
ground over the period 2012-2019 were analyzed. The
results obtained are summarized below:

4.1.  Wind pattern
4.1.1. Monthly mean wind speeds

The monthly mean wind speed ¥ and standard
deviations obtained from the data are presented in
Table 1. The mean wind speed and standard deviation
varies from month to month. The mean wind speed is
minimum in April and maximum in July with values
1.24 m/s and 3.73 m/s respectively. The standard
deviation is maximum in June and minimum in March
with values 2.39 and 1.19 respectively. The average wind
speed and standard deviation for whole year are 2.39 m/s
and 1.73 respectively.

4.1.2. Diurnal variations wind speed and directions

In Port Blair wind speed and directions varies
throughout the day and night. Wind rose diagram for each
synoptic hours have been shown in Figs. 2(a&b). It is
clear from wind rose diagrams that most of the calm
winds are observed in 0000 UTC and 2100 UTC and wind
speed reaches maximum values during 0600 UTC and
0900 UTC. The wind blows mostly N-E and S-W
directions. In Fig. 3 wind speed profile of Port Blair where
monthly as well as synoptic hour wind speed variation has
been shown. From this figure also it is clear that highest
and lowest wind speeds are observed in the months of July
and April respectively and minimum wind speed is at
0000 UTC and 2100 UTC and maximum wind speed at
0600 UTC and 0900 UTC.

TABLE1

Monthly mean wind speed and standard deviation obtained
from the data

Month Mean wind speed (m/s) Standard deviation
January 2.32 1.44
February 1.88 1.35

March 1.33 1.19

April 1.24 1.30

May 2.15 2.06
June 3.72 2.39
July 3.73 1.99
August 351 2.00
September 2.54 213
October 1.66 1.63
November 1.99 1.55
December 2.62 1.68
Annual 2.40 1.96

4.2. Weibull and Weibull Dirac distributions

In Fig. 4 the probability distribution obtained from
the data have been plotted and fitted with Weibull and
Weibull Dirac distributions. It is clearly seen that Weibull
distribution is close to the distribution of the raw data
except the zero wind speeds. The Weibull Dirac
distribution accounts the zero values.

In Fig. 5 cumulative frequency obtained from the
data and cumulative frequency of the Weibull Dirac
distribution function have been plotted. It is clear from the
figure that both agree well.

Weibull parameters ¢ and k have been calculated for
each month and for the entire data set and predicted
standard deviation, mean wind speed, most probable speed
and wind speed carrying maximum energy using these
parameters. These are shown in Table 2. The standard
deviation, probability of calm winds, mean wind speed,
most probable speed and wind speed carrying maximum
energy predicted from Weibull Dirac distribution is
shown in Table 3. From Tables 2 and 3, it is seen that
mean wind speed, most probable wind speed and wind
speed carrying maximum energy is higher than that
obtained from data as predicted by Weibull distribution
whereas the same is almost closely predicted by Weibull
Dirac distribution.

The variations of monthly mean wind speed obtained
from data, Weibull distribution and Weibull Dirac
distribution is shown in Fig. 6. It is seen that mean wind
speed obtained from Weibull Dirac and the data exactly
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WIND SPEED PROFILE OF PORT ELAIR
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Fig. 3. Wind speed profile of Port Blair
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matches. The two curves are overlapping whereas the
mean speed curve obtained from Weibull distribution
lying apart from actual mean curve.

The monthly variations of most probable wind speed
obtained from Weibull distribution and Weibull Dirac
distribution is shown in Fig. 7. It is seen that there is clear

Fig. 5. Cumulative frequency of data and cumulative frequency of
Weibull Dirac function

difference between the most probable wind speeds
obtained from two distributions. The difference arises due
to the calm winds. It is seen that when the probability of
calm wind becomes smaller the difference also becomes
smaller. That is why difference is larger during January to
April, October to December and Smaller during June to
September.
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TABLE 2

Monthly and annual Weibull parameters, standard deviation, characteristic speeds obtained from Weibull Distribution in Port Blair

Month k ¢ (m/s) Vimp (M/S) Vimax,e (M/S) v (predicted) o (predicted)
January 2.40 3.04 243 3.91 2.695 1.20
February 243 2.70 217 3.46 2.394 1.05
March 2.38 2.25 1.79 291 1.994 0.89
April 1.99 2.29 161 3.25 1.240 1.07
May 1.69 3.33 1.96 5.29 2.030 1.81
June 1.99 4.64 3.27 6.58 2.972 2.16
July 2.27 4.45 3.45 5.88 4112 1.84
August 2.20 4.27 3.24 5.73 3.942 181
September 1.78 3.56 2.24 5.43 3.782 1.84
October 1.85 2.76 181 4.10 3.168 1.37
November 1.98 2.81 197 4.00 2451 131
December 221 341 2.60 4.56 3.020 1.44
Annual 1.85 3.39 2.23 5.04 3.011 1.69

TABLE 3

Monthly and annual standard deviation, characteristic speeds obtained from Weibull Dirac Distribution in Port Blair

Month Vmp (M/S) Vimax,e (M/S) U (predicted) o (predicted) Calm wind prob
January 2.10 3.38 2.326 1.58 0.137
February 1.70 271 1.879 1.33 0.215

March 1.20 1.95 1.336 1.03 0.330
April 0.99 1.98 1.240 1.10 0.389
May 142 3.84 2.161 1.92 0.273
June 2.96 5.96 3.726 2.70 0.094
July 3.27 5.57 3.737 248 0.052

August 3.01 5.33 3,517 2.39 0.070

September 1.80 4.37 2.547 2.08 0.196
October 1.24 2.80 1.672 1.45 0.318
November 157 3.19 1.988 154 0.202
December 2.25 3.96 2.618 1.84 0.133
Annual 1.78 4.03 2.406 1.93 0.201

The monthly variations of wind speed carrying
maximum energy obtained from Weibull distribution
and Weibull Dirac distribution is shown in Fig. 8. It is
seen that there is a clear difference between the two
results.

4.3. Wind speed at different heights

The wind speed data obtained is of 6 m height but to
transform this data to 10 m, 30 m height equations 22-24
have been used. The mean wind speed predicted at
different heights obtained from Weibull and Weibull
Dirac distributions are shown in Table 4.

From Table 4 it is seen that at 10 m and 30 m heights
Weibull Dirac predicted wind speed is lower than Weibull
predicted wind speed. Weibull Dirac wind speeds at these
heights have been calculated assuming that probability of
calm winds remains same at these heights as at 6 m
height. But this is not true. Probability of calm wind
decreases with increase in heights. Therefore we can get
little higher values than those shown in the table.

4.4. Wind power density and energy density

Wind power and energy density is calculated from
the raw data, Weibull and Weibull Dirac distribution
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Variation of mean monthly wind speed
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Monthly variation of Wind speed carrying maximum energy
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Fig. 10. Variation of monthly energy density obtained from raw data,
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function are shown in Table 5. It is seen that energy and
power density as estimated by Weibulland Weibull Dirac
have a difference. But Weibull Dirac estimated values
closely match with that obtained from data. The maximum
and minimum power densities and energy densities
obtained from raw data are 75.34 W/m? 5.34 W/m? in
June and March respectively. And 54.25 kWh/m?/month,
3.98 kWh/m?month respectively in the month of June and
March. The maximum and minimum wind power
densities estimated from Weibull distributionare 81.772
and 7.593 W/m? in the month June and March
respectively. The maximum and minimum wind energy
densities estimated from Weibull distribution are
58.88 kWh/m?*month and 5.92 kWh/m*month in the
month June and March respectively. But maximum power
density, minimum power density estimated from Weibull
Dirac distribution are 74.085 W/m? and 5.328 W/m? for



452

MAUSAM, 72, 2 (April 2021)

TABLE 4

Mean wind speed at different heights predicted by Weibull and Weibull Dirac functions

Weibull predicted wind speed (m/s) at

Weibull Dirac predicted wind speed (m/s) at

Month
10 meter 30 meter 10 meter 30 meter
January 3.08 3.98 2.66 343
February 2.75 3.60 2.16 2.83
March 2.32 3.04 1.55 2.04
April 2.34 3.08 143 1.88
May 3.36 4.27 244 3.10
June 4.60 5.77 4.17 5.23
July 443 5.54 4.20 5.25
August 425 5.32 3.95 4.95
September 3.59 4.56 2.89 3.67
October 281 3.66 1.92 2.50
November 2.86 3.66 2.28 2.92
December 3.43 4.39 297 3.81
Annual 341 4.35 2.72 3.48
TABLES

Monthly averaged power and energy densities obtained from data, Weibull and Weibull Dirac functions

Power density Power density Power density  Energy density Energy density Energy density
Month fromdata  from Weibull from Weibull from data from Weibull ~ from Weibull Dirac

(Wim?) (Wim?) Dirac (W/m?)  (kWh/m?month)  (kWh/m%month)  (kWh/m%month)
January 16.94 19.497 16.826 12.60 1451 12.52
February 10.75 13.540 10.629 07.23 09.10 07.14
March 05.34 07.593 05.328 03.98 05.92 03.96
April 06.55 09.830 06.006 04.72 07.08 04.32
May 29.14 37.139 27.000 21.68 27.63 20.09
June 75.34 81.772 74.085 54.25 58.88 53.34
July 61.12 63.801 60.484 45.47 47.47 45.00
August 54.14 57.864 53.814 40.28 43.05 40.04
September 51.49 42.195 33.925 37.07 30.38 24.43
October 14.37 18.714 12.763 10.69 13.92 09.50
November 17.96 18.260 14.572 12.93 13.15 10.49
December 26.73 29.356 25.451 19.89 21.84 18.94
Annual 30.82 33.30 28.41 270.79 291.71 248.87

the month of June and March respectively and Maximum, different height is also calculated from Weibull

minimum  energy  densities are 53.34  and
3.96 kWh/m?month in the month of June and March
respectively. The wind energy density for entire
year obtained from the data is 270.79 kWh/m?/year.
The variation of power and energy densities calculated
from raw data, estimated from Weibull and Weibull
Dirac distribution are shown in Figs. 9 and 10
respectively. The wind power and energy density for

and Weibull Dirac distribution functions and shown in
Tables 6&7.

It is seen that annual energy density at 10 m and 30
m heights estimated by Weibull are 423.21 kWh/m?/year
and 789.89 kWh/m?year respectively. The same
estimated by Weibull Dirac are 338.40 kWh/m?/year and
631.12 kWh/m?*/year respectively.
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TABLE 6
Wind power density at different heights
Month Weibullpower density (W/m?) at Weibull Dirac power density (W/m?) at
10 meter 30 meter 10 meter 30 meter
January 28.12 56.68 24.27 48.91
February 19.90 41.62 15.62 32.67
March 12.03 25.53 08.06 17.10
April 14.40 30.20 08.80 18.45
May 50.89 93.71 37.00 68.13
June 109.39 197.67 99.11 179.09
July 87.54 158.92 82.99 150.66
August 79.24 143.57 73.69 133.52
September 58.30 107.90 46.88 86.75
October 26.97 53.66 18.39 36.60
November 26.49 50.65 21.14 40.42
December 41.39 80.14 35.88 69.48
Annual 48.31 90.17 38.60 72.05
TABLE 7
Wind energy density at different heights
Month Weibullenergy density (kWh/m%month) at  Weibull Dirac energy density (kWh/m?/month) at
10 meter 30 meter 10 meter 30 meter
January 20.92 42.17 18.06 36.39
February 13.37 27.97 10.50 21.96
March 08.95 18.99 06.00 12.73
April 10.37 21.74 06.33 13.28
May 37.86 69.72 27.53 50.69
June 78.76 142.32 71.36 128.95
July 65.13 118.24 61.74 112.09
August 58.95 106.82 54.83 99.34
September 41.98 77.69 33.75 62.46
October 20.06 39.92 13.68 27.23
November 19.08 36.47 15.22 29.10
December 30.79 59.62 26.70 51.69
Annual 423.21 789.89 338.40 631.12
4.5. Error calculation 4.6. Goodness of fit
In order to find out the error in estimating the In order to find out whether the Weibull Dirac

mean wind speed, power density and energy density by
using Weibull and Weibull Dirac distribution
equations 25-27 have been used. The result is shown in
Tables 8-10. Where, it is seen that Weibull Dirac
distribution function is having less error in estimating the
aforementioned parameters compared to Weibull
distribution function.

distribution fits the actual data the two sample Kolmogorov-
Smirnov test and Chi square test has been performed using
python scipy module (scipy.stats.ks 2samp, scipy.stats.
chisquare). The results obtained are summarized in Table 11.

From Table 11 it is seen that for Kolmogorov-
Smirnov test p value is higher than test statistics and
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TABLE 8

Error in calculating mean wind

Absolute Error

Relative Error

Percentage Error

Month Weibull Weibull Dirac Weibull Weibull Dirac Weibull Weibull Dirac
January 0.375 0.006 0.1616 0.0025 16.16 0.25
February 0.514 0.001 0.2734 0.0005 27.34 0.05
March 0.664 0.006 0.4992 0.0045 49.92 0.45
April 0 0 0 0 0 0
May 0.120 0.011 0.0558 0.0051 05.58 0.51
June 0.748 0.006 0.2010 0.0016 20.10 0.16
July 0.382 0.007 0.1024 0.0018 10.24 0.18
August 0.432 0.007 0.1230 0.0019 12.30 0.19
September 1.242 0.007 0.4489 0.0027 44.89 0.27
October 1.508 0.012 0.9084 0.0072 90.84 0.72
November 0.461 0.002 0.2316 0.0010 23.16 0.10
December 0.400 0.002 0.1526 0.0007 15.26 0.07
TABLE 9
Error in calculating power density
Absolute Error Relative Error Percentage Error
Month Weibull Weibull Dirac Weibull Weibull Dirac Weibull Weibull Dirac
January 2.557 0.114 0.1509 0.0067 15.09 00.67
February 2.790 0.121 0.2595 0.0112 25.95 01.12
March 2.613 0.012 0.4893 0.0022 48.93 00.22
April 3.280 0.544 0.5007 0.0830 50.07 08.30
May 7.999 2.140 0.2745 0.0734 27.45 07.34
June 6.432 1.255 0.0853 0.0166 08.53 01.66
July 2.681 0.636 0.0438 0.0104 04.38 01.04
August 3.724 0.326 0.0687 0.0060 06.87 00.60
September 9.929 17.565 0.1805 0.3411 18.05 34.11
October 4.374 1.607 0.3043 0.1118 30.43 11.18
November 0.300 3.388 0.0167 0.1886 01.67 18.86
December 2.626 1.279 0.0982 0.0478 09.82 04.78

hence null hypothesis cannot be rejected at 10% or lower
confidence level. For chisquare test p value is 1 and test
statistics is 0.473 that means p value is higher. Hence it is
evident that data closely follows Weibull Dirac
distribution.

5. Conclusions

In the present study synoptic hour wind speeds of
Port Blair during 2012-2019 have been analyzed. The

frequency distribution of the data is plotted and it is fitted
with Weibull and Weibull Dirac frequencies. The main
outcomes of the study can be summarized as follows:

(i) The wind energy potential of Port Blair is moderate
at 10 m standard height. Maximum and minimum energy
and power density obtained in the month of June and
March respectively. Mean annual power density at 10 m
obtained from Weibull is 48.31 W/m?® and Weibull Dirac
is 38.60 W/m?2. The wind energy density at 10 m obtained
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TABLE 10

Error in calculating energy density

Absolute Error

Relative Error

Percentage Error

Month Weibull Weibull Dirac Weibull Weibull Dirac Weibull Weibull Dirac
January 1.91 0.08 0.1515 0.0063 15.15 00.63
February 1.87 0.09 0.2586 0.0124 25.86 01.24

March 1.94 0.02 0.4874 0.0050 48.74 00.50

April 2.36 0.40 0.5000 0.0847 50.00 08.47

May 5.95 1.59 0.2749 0.0733 27.49 07.33
June 4.63 0.91 0.0853 0.0167 08.53 01.67
July 3.00 0.47 0.0659 0.0103 06.59 01.03
August 2.77 0.24 0.0687 0.0059 06.87 00.59
September 6.69 12.64 0.1804 0.3409 18.04 34.09
October 3.23 1.19 0.3021 0.1113 30.21 11.13
November 0.22 244 0.0170 0.1887 01.70 18.87
December 1.95 0.95 0.0980 0.0477 09.80 04.77

TABLE 11 obtained from data than Weibull. Weibulldirac

Goodness of fit test result

Test name Test statistics  p value
Two sample Kolmogorov-Smirnov test 0.229 0.281
Chi square test 0.473 1.000

from Weibull and Weibull Dirac are 423.21 kWh/m*/year
and 338.40 kWh/m?/year respectively. This is not suitable
for large scale wind electricity generation. But
this is adequate for off grid connected electrical and
mechanical applications, such as wind generators, battery
charging water pumping as well as agricultural
applications.

(if) Mean wind speed at 6 m obtained from data varies
from 1.23 m/s in April to 3.73 m/s in July. Mean wind
speed at 10 m obtained from Weibull varies from 2.32 m/s
in March to 4.60 m/s in June. Mean wind speed at 10 m
obtained from Weibull Dirac varies from 1.43 m/s in April
to 4.20 m/s in July. June, July and August are the three
months having the highest wind speed and March and
April having the lowest wind speed all around the year.
The wind speed reaches its peak during day time at 0600
and 0900 UTC. The wind mostly blows in North East and
South West directions.

(iii) Weibull Dirac calculated wind speed, power density
and energy density more closely matches with that

distribution also takes care of calm winds and frequency
distribution matches with that obtained from the data.
Hence it may be concluded that Weibull Dirac distribution
is better fit for this location.

Acknowledgements

I am gratefully acknowledged to India
Meteorological Department for encouraging and
supplying me the data to do this study. I also acknowledge
Somnath Naskar and Binay Kumar Prasad for helping me
time to time. The contents and views expressed in this
research paper/article are the views of the authors and do
not necessarily reflect the views of the organizations they
belong to.

References

Akpinar, S. and Akpinar, E. K., 2009, “Estimation of wind energy
potential using finite mixture distribution models”, Energy
Conver Manag, 50, 877-884.

Arslan, T., Bulut, Y. M. and Yavuz, A. A, 2014, “Comparative study
of numerical methods for determining Weibull parameters for
wind energy potential”’, Renew Sustain Energy Rev, 40,
820-825.

Bilbao, J., Miguel, A. and Perez Burgos, A., 2008, “Analysis of wind
speed data and distribution parameters in Valladolid, Spain”,
In : Proceedings of ISES World Congress 2007, Springer, 1-V,
2681-2685.

Celik, A. N., 2004, “A statistical analysis of wind power density based
on Weibull and Rayleigh models at the southern region of
Turkey”, Renew Energ., 29, 4, 593-604.



456 MAUSAM, 72, 2 (April 2021)

Chand, I. and Bhargava, P. K., 1985, “Estimation of Weibull’s
parameters of wind data for utilisation of wind energy for
natural ventilation in buildings in India”, Indian Journal of
Power and River valley development, December, 214-221.

Chang, T. J., Wu, Y. T., Hsu, H. Y., Chu, C. R. and Liao, C. M., 2003,
“Assessment of wind characteristics and wind turbine
characteristics in Taiwan”, Renew Energy, 28, 851-871.

Chaurasiya, P. K., Ahmed, S. and Warudkar, V., 2018, “Study of
different parameters estimation methods of  Weibull
distribution to determine wind power density using ground
based Doppler SODAR instrument”, Alex Eng. J., 57,
2299-2311.

Dorvlo, A. S., 2002, “Estimating wind speed distribution”. Energy
Conver Manag, 43, 17, 2311-8.

Eskin, N., Artar, H. and Tolun, S., 2008, “Wind energy potential
Gokceada island in Turkey”, Renew Sustain Energy Rev, 12,
839-851.

Fadare, D. A., 2008, “A statistical analysis of wind energy potential in
Abadan, Nigeria, based on Weibull distribution function”, The
Pacific journal of Science and Technology, 9, 1, 110-119.

Fazelpour, F., Markarian, E. and Soltani, M., 2017, “Wind energy
potential and economic assessment of four locations in Sistan
and Balouchestan province in Iran”, Renew Energy, 109,
646-667.

Fazelpour, F., Soltani, N. and Rosen, M. A., 2015, “Wind resource
assessment and wind power potential for the city of Ardabil,
Iran”, Int. J. Energy Enviro. Eng., 6, 431-438.

Genc, A, Erisoglu, M., Pekgor, A., Oturanc, G., Hepbasil, A. and Ulgen,
K., 2005, “Estimation of wind power potential using Weibull
distribution”, Energy Sources, 27, 9, 809-822.

Gokcek, M., Bayulken, A. and Bekdemir, S., 2007, “Investigation of
wind characteristics and wind energy potential in Kirklareli,
Turkey”, Renew Energy, 32, 1739-1752.

Gugliani, G. K., Sarkar, A., Ley, C. and Mandal, S., 2018, “New
methods to  assess wind resources in terms of wind speed,
load, power and direction”, Renew Energy, 129, 168-182.

Hassane, A. I, Didane, D. H., Tahir, A. M. and Hauglustaine, J. M.,
2018, “Wind and solar assessment in the Sahelian Zone of
Chad”, Int. J. of Integrated Engineering, 10, 8, 164-174.

Jager, T., McKenna, R. and Fitchner, W., 2016, “The feasible wind
energy potential in Baden-Wurttemberg A bottom-up
methodology considering socio-economic constraints”, Renew
Energy, 96 (Part A), 662-675.

Karsli, V. M. and Gecit, C., 2003, “An investigation on wind power
potential of Nurdag-Gaziantep, Turkey”, Renew Energ, 28,
823-830.

Keyhani, A., Ghasemi-Varnamkhasti, M., Khanali, M. and Abbaszadeh,
R., 2010, “An assessment of wind energy potential as a power
generation source in the capital of Iran, Tehran”, Energy, 35,
188-201.

Mahmood, F. H., Resen, A. K. and Khamees, A. B., 2020, “Wind
characteristic analysis based on Weibull distribution of Al-
Salman  site, Iraq” Energy Reports, 6, 79-87.

https://doi.org/10.1016/j.egyr.2019.10.021.

Merzouk, N. K., 2000, “Wind energy potential of Algeria”, Renew
Energy, 21, 553-562.

Mostafaeipour, A., Sedaghat, A., Dehghan Niri, A. and Kalantar, V.,
2011, “Wind energy feasibility study for city of Shahrbabak in
Iran”, Renew Sustain Energy Rev., 15, 2545-2556.

Ouammi, A., Dagdougui, H., Sacile, R. and Mimet, A., 2010, “Monthly
and seasonal assessment of wind energy characteristics at four
monitored locations in Liguria region (Italy)”, Renew Sustain
Energy Rev, 14, 1959-1968.

Sarkar, A., Gugliani, G. and Deep, S., 2017, “Weibull model for wind
speed data analysis of different locations in India”, KSCE
Journal of Civil Engineering, 21, 2764-2776.

Soltani, N. and Fazelpour, F., 2016, “Evaluation of wind energy potential
and economics for the city of Kahnuj in Kerman province,
Iran”. In: Environment and Electrical Engineering (EEEIC)
2016; IEEE 16" International Conference on, IEEE, 2016, 1-6.

Sulaiman, M. Y., Akaak, A. M., Wahab, M. A., Zakaria, A., Sulaiman,
Z. A. and Suradi, J., 2002, “Wind characteristics of Oman”
Energy, 27, 35-46.

Takle, E. S. and Brown, J. M., 1978, “Note on the use of Weibull
statistics to  characterize wind speed data”, J. Appl. Meteorol.,
17, 556-559.

Tizpar, A., Satkin, M., Roshan, M. B. and Armoudli, Y., 2014, “Wind
resource assessment and wind power potential of Mil-E nader
region in Sistan and Baluchestan Province, Iran - Part 1 : annual
energy estimation”, Energy Convers Manag., 79, 273-280.

Ulgen, K. and Hepbasli, A., 2002, “Determination of weibull parameters
for wind energy analysis of Izmir, Turkey”, Int. J. Energy Res,
26, 494-506.

Weisser, D., 2003, “A wind energy analysis of Grenada : An estimation
using ‘Weibull’ Density function”, Rnew Energy, 28,
1803-1812.


https://doi.org/10.1016/j.egyr.2019.10.021

