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Abstract- Wind data at Kuakata, Bangladesh has been analysed using a web tool named Wind Energy Assessment (WEA)
software developed at IUT. The software is available at http://iutoic-dhaka.edu/wea . From March to September the mean wind
speed varies between 3 to 5 m/s and the shape factor, k and scale factor, ¢ varies from 1.7 to 2.3 and 4.1 to 5.0 m/s
respectively. An assessment has been made of the energy generation by a typical wind turbine of rated capacity of 1 kW. This
turbine has been found to produce an energy output per year of 2243 kWh, and the production costs has been found 12.3 ($
0.175)Taka’/kWh. The environment benefits comparing with coal based power plant shows a greater advantage. The amount of
harmful emissions saved per year are CO2=1862 Kg, NO2=0.13 Kg, SO2=1.35 Kg, NOx=4.71 Kg.

Keywords- Wind energy, Shape and scale factor, rated power, Weibull and Rayleigh distribution.

1. Introduction

Bangladesh, between 20'34" and 26'39" North
Latitude, and between 88'00" and 92'41" East
Longitude, is one of the most densely populated
countries with 79% of the population living in
rural areas. Over 80% of people depend on
traditional energy sources for their energy needs.
But it is endowed with vast renewable energy
resources such as solar, wind and biomass
resources. Harnessing these resources appears to
be a promising solution for improving the quality
of the life of rural villagers, who are unlikely to
have access to conventional electricity supply in
the foreseeable future. One of the first actions
needed when interested in wind energy in a region
is to establish an overview of the available wind
resource. This overview should make it possible to
identify areas of high and low winds. But there is
no systematic way to assess the wind potential in
the country. Local Government Engineering

Department (LGED) and Bangladesh Centre for
Advanced Studies (BCAS), two Government
Organizations (GO’s) in 1996-97 have taken
initiatives to assess the wind potential in several
coastal regions and the reports indicate that the
location of Bangladesh fall in a comparatively low
wind regime. Since the study was concentrated in
the coastal regions only, the LGED has taken an
initiative to measure the wind data throughout the
country under “Wind Energy Resource Mapping”
program funded by United Nations Development
Program (UNDP). The study has been designed in
a more comprehensive way aiming at systematic
observation on wind regime in initially 20 different
suitable locations including Hill Tracts region over
a longer period of time. Out of these 20, this study
demonstrates the wind energy potential at Kuakata
of Bangladesh. Also assessment of the electricity
generations at this site and preparation of detail
technical and economical analysis will be done.
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This assessment will be performed using the
online Wind Analysis Tool titled “Wind Energy
Assessment  Tool (WEA)” at http://iutoic-
dhaka.edu/wea which will be helpful for the
researcher as well as interested populace to
analysis the data of various stations.

Several assessments have been given for
different location for the potentiality of wind by
different researchers. A. S. Ahmed Satha, R.
Hanitsch [1-2] evaluated the wind energy potential
of Mediterranean Sea in Egypt and analyzed the
potential of electricity generation on the east coast
of Red Sea in Egypt. Wind characteristics have
been analyzed on long-term measured data of
monthly mean wind speed. Ten coastal
meteorological stations along the Mediterranean
Sea in Egypt and seven meteorological stations
along the east coast of Red Sea in Egypt have been
used for statistical analysis to determine the wind
characteristics. The methodical analysis for the
corrected monthly wind power density at a height
of 10 m above ground level, over roughness class
0 (water), for each station was done. It was found
that three stations of Mediterranean Sea in Egypt
show annual mean wind speed greater than 5.0
m/s. The methodical analysis for all stations was
done for the corrected monthly and annual mean
wind power at a height of 10 m, over roughness
class 0 (water). The recommended correlation
equation was also stated for Mediterranean Sea
zone in Egypt and for Red Sea zone in Egypt. Also
the wind power densities for heights of 10-50 m
were calculated for all stations of Mediterranean
Sea in Egypt and the corrected annual wind power
density at the heights 50-70 m was obtained for all
stations of Red Sea in Egypt. In order to identify
the Weibull parameters for all stations two
different methods were applied. They have also
perform economic analysis with capacity factor
and cost analysis of electricity generation from two
turbines machines having capacity of 1000 and
600 kW. M. Arif Hossain et al [3] assessed the
wind resource of four meteorological stations of
Barishal division close to the Bay of Bengal. From
the available observed raw wind data long term
averages on monthly and annual basis have been
obtained, from which probability distribution of
wind speed, velocity duration curves and
distribution of power in the wind are plotted.
Using the probability distribution of wind speed,
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the Weibull scale and shape parameters are
calculated. The annual Weibull parameters (k and
c respectively) for all the stations of Barishal
divisions are, Barishal 1.048 and 1.566, Bhola
2.198 and 1.407, Khepupara 1.947 and 2.660,
Patuakhali 2.283 and 2.100.

2. Methodology

As mentioned earlier that the present study aims
to assess the wind potential in Bangladesh using
the built up software on Wind Resource Analysis
titled “Wind Energy Assessment Tool (WEA)” is
based on the following methodology.

For estimating the wind energy potential of a
site, the wind data collection from the location
should be properly analyzed and interpreted. For a
better understanding of wind variability, the data
are often grouped and presented in the form of
frequency  distribution. For wind  power
calculations, averaging the velocity using basic
equation is often misleading. For wind energy
calculations, the velocity should be weighted for
its power content while computing the average [5].
If the velocity is presented in the form of
frequency distribution, the average velocity, Vn,
and standard deviation, oy are given by,

1
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Here, Vm = Average velocity, fi = Frequency,
V = mid value of the corresponding interval and
n = Number of wind data.

Several methods can be used to assess the wind
for a particular site [4-15]. Justus CG and Mikhail
Amir [4], Lysen H [6], Darwish ASK and Sayigh
AAM [7], Nafaoui et al [8], Jamil M et al [9],
Khogali A et al [10] and Vogiatzis N et al [11],
have shown four different methods for the
estimation of k and c parameters.  Weibull
distribution is a good match with the measured
data. The idea is that only annual or monthly
average wind speeds are sufficient to predict the
complete frequency distribution of the year or the
month. In Weibull distribution, the variations in

84


http://iutoic-dhaka.edu/wea
http://iutoic-dhaka.edu/wea

International Journal Of Renewable Energy Research, IJRER

A.A.Bhuiyan, A.K.M.S.Islam, A.I.Alam, Vol.1, No.3. pp.83-90,

wind velocity are characterized by the two
functions: (i) The probability density function f(V)
and (i) The cumulative distribution function F(V)
as given in the following equations [5].

k-1 PR

fv)=2(3) ¢ ©)
.In.l Ik
FiV) = j:o fvVidv=1—e "¢ (4)
Here, Kk is the Weibull shape factor and c is scale
factor.

Average wind velocity and the standard
deviation of wind of a regime, following the
Weibull distribution are given by the following
equation (6).

T i L
Vo, =cl L 1+ EI (5)

1

sy=c[P(1+3)-r2(1+3) (6)

Graphical method (GM) is another way to
determine the k and ¢ from Weibull distribution
[5]. We transform the cumulative distribution
function in to a linear form, adopting logarithmic
scales .Taking the logarithm twice, we get,

In{—In[1 —FV]]} = kIn(V;)— klnc (7)

Plotting the above relationship with In(Vi) along
the X and In{-In[1-F(V)]} along Y, if we generate
the regression equation, we can find out the values
of k and c.

The Weibull factors k and ¢ can also be
estimated from the mean and standard deviation of
wind data by the following equation (6).

-
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Once oy, and Vy, are calculated for a given data
set, then k can be determined by solving the above
expression numerically [5]. Once k is determined,
c is given by,

M ml , (9)

rf 1+

For the precise calculation of k and c, adequate
wind data, collected over shorter time intervals is
essential. In many cases, such information may not
be readily available. Under such situations, a
special case of the Weibull model can be derived,
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approximating k as 2 [5]. This is known as the
Rayleigh distribution, taking k=2, we have,

V= cr(3),c="2 (10)

Wind energy density and the energy
available in the regime over a period are usually
taken as the yardsticks for evaluating the energy
potential. The interested factors are the wind
energy density (Ep), most frequent wind velocity
(VEmax) and the velocity contributing the maximum
energy (Vemax). Peak of the probability density
curve represents Vemax. FOr a unit area of the rotor,
power available (PV) in the wind stream of
velocity V is given by the following equation (6).

Py ==p,V° (12)

Where p,= Density of wind.

The fraction of time for which this velocity V
prevails in the regime is given by f(V). The energy
per unit time contributed by V is PV f(V). Thus the
total energy, contributed by all possible velocities
in the wind regimes, available for unit rotor area
and time may be expressed as [5]

Pac’ 31“| -|
. (12)

Once Ep is known, energy available over a
period (Et) can be calculated as [5]
T3 3
2 k' \k/

Ep =

Er=E T—
T = Bo (13)
Where T is the time period. The most frequent
wind velocity and the velocity contributing
maximum energy to the regime are given by [5]

. k—10F

VFmax = €| Vg ) | (14)

. c-k+:IE

VEmax = T (15)
LE

Considering Rayleigh distribution, wind energy
density and energy available for the unit area of
the rotor can be expressed as [5]

Ep, mm“ (16)

E =EpT= mm“ (17)

The most frequent wind speed and the velocity
contributing maximum energy are defined as [5]
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The factors influencing the energy produced by a
Wind Energy Conversion System (WECS) at a
given location over a period are: (i) the power
response of the turbine to different wind velocities
(ii) the strength of the prevailing wind regime and
(iii) the distribution of wind velocity within the
regime.
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Fig. 1. ldeal power curve of a pitch controlled wind turbine
(]

Let E\r and Ero be the energy developed by the
system at its performance regions 1 and 2
respectively referring to fig. 1. Then Ejr and Ero
can be computed by adding the energy
corresponding to all possible wind velocities
between V; and V,. Thus,

Eip =T j‘,jlﬁ P£(V AV (20)

Epo = Tj',;fF':' PAVIdV (21)

The total energy generated by the wind turbine,
over a given period of time, is the sum of energy
derived from the performance region 1 and 2. Thus

Et = Eig + Ero (22)

Capacity factor is one of the important indices
for assessing the field performance of a wind
turbine. The capacity factor (Cg) of WECS at a
given site is defined as the ratio of the energy
actually produced by the system to the energy that
could have been produced by it, if the machine
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would have operated at its rated power throughout
the time period [5]. Thus,
- E
There are three different ways in which the cost
of a wind energy system is commonly expressed.
They are (1) cost per rated power of the turbine (2)
cost per unit rotor size and (3) cost per kwh of
electricity generated are given in the following
equations [5].

Cpr = s_; (24)
Ca=12 (25)
Cg=—2=_—% (26)

B|  &7e0CEPR

Cr is the cost of the turbine, At is the rotor area,
Ca is the cost unit size of the turbine, E, is the
kWh generated, Ck is the capacity factor. Annual
cost of operation of a project would essentially
have two components fixed costs and variable
costs [5]. Thus,

':_i_',_ = Fc + "f'fc (27)

3. Results and Discussions

In this study the wind data has been used in
Kuakata which is in the southern part of
Bangladesh, one of the windiest areas. LGED has
wind monitoring station in Kuakata, Patuakhali,
which locates 21°54.76° north 90°08.24° east. The
sample data was taken for the year of 2006 at 20
m, 30 m heights.

RMC Speed, mv/'s
£=

r/a—d
! Xt

— - Height 20 m

T —o— Height 30 m

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 2. Monthly RMC Speed at various heights
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The RMC speed of wind for two different
heights is graphically shown in Fig. 2. It shows
that at different heights, the respective lowest
winds occur through post monsoon (from
November -February) period. From the starting of
pre-monsoon (March-May) the speed starts to
climb up, and attain their maximum by August and
nearly remains constant through the months, and
then it gradually decreases till to October. The
maximum monthly wind speed is in the month of
August of about 5.64 and 6.94 m/s for the height
of 20 and 30 m respectively. Minimum speeds are
2.27 and 2.9 m/s in the month of October. The site
is assumed to be windy as the average speed is
3.77 and 4.79m/s throughout the year.

One year data with an interval of ten minutes of
the mentioned stations have been analyzed on both
monthly and yearly basis. Following parameters
have been generated for monthly data analysis:
Mean velocity (Vm) (m/s), Root Mean Square
(RMS) (m/s), Root Mean Cube (RMC)
(m/s),Shape parameter, k (dimensionless), Scale
parameter, ¢ (m/s), Most frequent wind velocity,
Vemax  (M/S), Velocity contributing maximum
energy, Vemax (M/s), Energy density, Ep (KW/m?).
Monthly data analysis using Weibull and Rayleigh
based approach is given in table 1 and 2 for the
height of 20m and 30m respectively.

In order to analyze the energy generated by the
wind turbine, 1 kW turbine with following
specification is considered: Rated Power, Pgr= 1
kw, Cut-in Velocity, Vi— 2 (m/s), Rated
Velocity, Vg= 9 (m/s), Cut-out Velocity, Vo= 13
(m/s), Ideal velocity power proportionality, n = 2.
The power curve of the sample turbine is shown in
fig. 3. Yearly data analysis and energy generation
output with above mentioned sample wind turbine
using the developed software is given in table 3.
Following parameters have been generated for
annual data analysis and energy generation: Mean
velocity, Vi, (m/s), Root Mean Square, RMS (m/s),
Root Mean Cube, RMC (m/s), Shape parameter, k
(dimensionless), Scale parameter, ¢ (m/s), Most
frequent wind velocity, Vemax (mM/s), Velocity
contributing maximum energy, Vemax (M/S),
Energy density, Ep (kW/m?), Total energy output,
Er (kwh), Capacity factor, C.
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Fig. 3. Power Curve of 1kW sample wind turbine [16].

Let us assume the 1 kilo-watt turbine
considering the following specifications: Price of
the turbine is, 2027 USD approximately, Initial
installation cost is, 608 USD Approximately (30 %
of turbine cost), Annual operation and
maintenance cost, 70 USD approximately (3.5 %
of turbine cost), Rate of interest is, 5%, 10%, 15%,
Life period of turbine is, 25 years (assume). As
seen from the yearly data analysis that mean speed
is 4.18 m/s at 30m height and CF=0.23. Based on
the above statistics, the cost of wind energy has
been calculated for 30 m height and is given in
table 4.

As per estimates of the IEA, 23683 Mt of CO,
has been released to the atmosphere by the power
sector during 2001 [17]. Emission of CO, due to
power generation has registered an increase of 65
percent in during the past three decades. Wind
energy does not pollute the air or water with
harmful gases and materials not generate
hazardous waste. Being a non depletable source,
extracting energy from wind does not pose the
threat of over exploiting the limited natural
resources. Hence wind is considered as one of the
cleanest sources of energy available today. So
based on the statistics, the amount of harmful
emission saved per year by extracting energy from
wind at Kuakata is shown in table 5.
Environmental benefits can also be compared with
fuel emission based power plant after some
modification of the coding in the development of
the software.
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Table 1- Monthly data analysis at 20 m height

Month Rayleigh Based Approach Weibull Based Approach
Graphical Method Standard Deviation
Vi Vemax | Vemax Ep Kk c Vemax | Vemax =) Kk c Vemax | Vemax =)
Jan 2.15 1.71 3.42 0.01 | 151 | 256 | 1.26 447 | 002 | 3.06 | 298 | 2.62 3.51 0.02
Feb 2.62 | 2.09 418 | 002 | 246 | 2.9 2.34 3.69 | 002 | 345 | 347 | 3.14 3.96 0.02
Mar 265 | 211 423 |1 002|219 | 294 | 223 395 | 002 ]| 315 | 36 3.19 4.2 0.03
Apr 383 | 3.06 | 612 | 0.07 | 259 | 4.02 | 333 | 502 | 0.04 | 35 | 495 | 45 5.63 | 0.07
May 379 | 3.02 6.05 | 0.06 | 1.92 | 433 | 2.95 6.29 | 0.07 | 3.01 | 513 | 4.49 6.08 | 0.08
Jun 382 | 3.04 | 6.09 | 007 | 228 | 41 | 3.19 54 1005 | 314 | 5.08 | 45 5.94 | 0.08
Jul 444 | 354 7.08 01 | 221 | 476 | 3.62 6.37 | 0.08 | 3.16 | 5.89 | 5.22 6.88 0.12
Aug 4.75 3.79 7.58 0.13 | 1.93 | 4.99 3.42 7.21 0.11 2.8 6.49 5.55 7.87 0.17
Sep 381 | 3.04 6.08 | 0.06 1.7 | 462 | 275 7.29 0.1 | 251 | 573 | 4.68 7.25 0.13
Oct 1.75 14 2.8 0.01 | 125 | 1.97 0.55 4.23 0.01 | 2.72 | 2.56 2.17 3.14 0.01
Nov 2 1.59 319 | 001 | 133|252 | 088 | 502 | 003|315 286 | 253 | 3.34 | 0.01
Dec 2.04 | 1.63 326 | 001 | 116 | 246 | 0.44 584 | 003 | 268 | 3.32 | 2.79 4.08 0.02
Table 2. Monthly data analysis at 30 m height
Month Rayleigh Based Approach Weibull Based Approach
Graphical Method Standard Deviation
Vi Vemax  VEmax Ep K c Vemax Vemax Ep kK c VEmax VEmax Eob

Jan 311 248 4.96 0.04 | 219 3.32 2.51 4.47 0.03]336 41 3.69 471 0.04

Feb |357 285 5.7 0.05 | 252 398 3.26 503 004|376 459 423 515 0.06

Mar | 354 283 566 0.05 | 246 402 325 512 0.04 | 355 461 4.2 523 0.06

Apr | 5.07 4.05 8.09 0.15 | 249 551 448 6.98 0.11 | 347 6.54 5.93 7.45 0.16

May | 4.97 3.96 793 014 | 216 532 399 7.2 0.1113.03 6.65 5.83 7.86 0.18

Jun 5.07 4.05 8.1 0.15 | 246 551 4.46 7.02 0.11 ]| 3.22 6.66 5.93 7.73 0.18

Jul 574 458 9.15 022 | 236 6.2 491 8.06 017 | 34 7.42 6.69 8.5 0.24

Aug | 597 476 9.53 025 1211 629 464 8.63 0.19 | 297 7.97 6.94 9.48 0.31

Sep | 493 394 7.87 0.14 | 195 595 412 8.53 0.18 | 262 7.16 5.97 8.89 0.24

Oct | 256 2.04 4.09 0.02 | 231 272 2.13 3.56 0.01 ]334 342 3.07 3.93 0.02

Nov [279 223 4.46 0.03 | 174 349 213 5.43 0.04 | 3.58 3.7 3.37 4.18 0.03

Dec | 282 225 4.5 0.03 | 1.7 3.13 1.86 4.95 0.03 315 3.79 3.36 4.43 0.03
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Table 3(a) - Annual Energy Generation at different heights by Weibull based approach

Height 20m Height 30m

5 k 1.60 1.87

= ¢ (m/s) 3.74 4.90

= Vemax 2.02 3.25

8 VEmax 6.22 7.23

S s Ep 0.06 0.10
S o Er (KWh) 1376 2243
3 Cr 0.16 0.26
E < k 2.51 2.68
g S c (m/s) 4.68 5.97
E Vemax 3.82 5.02

© Vemax 5.91 7.35

S = 0.07 0.14

= Er (KWh) 1877 3170

Cr 0.21 0.36

Table 3(b)- Annual Energy Generation at different heights by Rayleigh based approach

Height 20m Height 30m
RMS (m/s) 3.62 4.70
S RMC (m/s) 4.08 5.19
% Vi (MVS) 3.14 4.18
< Vemax (M/S) 2.50 3.34
= Vemax (M/S) 5.01 6.67
> Ep (kW/m?) 0.04 0.09
o Er (KWh) 1036 2045
Cr 0.12 0.23
Table 4 - Cost of wind energy
Station Name Vi Cr Cost of wind energy (Taka/kWh)
(ms) 5% 10% 15%
Kuakata 4.18 0.23 12.3($ 0.175) 11.11($ 10.44($

Table 5 - Environmental benefits comparing with Coal based Power Plant

Station Name Vi (M/s) Er (kWh)

Amount of harmful emission saved per year (kg)

CO,

NO, SO, NO, Particula

Kuakata 418 2243

1862

0.13 1.35 4.71 0.22

Conclusion

A web tool titled “Wind Energy Assessment
Tool” developed at IUT has been used to prepare a
technical assessment of the energy generation for a
sample wind turbine of 1 kW at Kuakata. From
March to September the mean wind speed varies
between 3 to 5 m/s and the k and c varies from 1.7-
2.3 and 4.1-5.0 m/s respectively. It was also found
that energy output per year of 2243 kWh and the

production costs was found 12.3 (USD 0.175)
Taka/kWh for interest rate of 5%.
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