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wind energy potential in seven major districts of Bangladesh including Barisal, Chittagong,
Dhaka, Khulna, Rajshahi, Rangpur, and Sylhet. Data had been recorded on daily basis for
the consecutive five years from 2015 until 2019 and analyzed using the Weibull
distribution function for various essential parameters such as wind speed, wind power
density and Weibull parameters. Results show that the monthly average wind speed
varies between 0.5 m/s to 2.10 m/s for all the divisions except Chittagong which is in the
range between 3 m/s and 4.5 m/s. Similarly, the maximum wind power density and wind
energy density were also found in the Chittagong division with annual densities that
range between 51.86967 W/m? to 84.01142 W/m?and 454.3783 KWh/m? to 753.94
KWh/m?, respectively. The shape and scale parameters (k and c) are varying between
0.774373 — 1.086069 and 0.684588 — 1.735511 m/s, respectively for all the divisions
except Chittagong where it ranges between 1.463098 — 1.625881 and 3.131256 —4.28601

Keywords: m/s, respectively. Meanwhile, the prevailing wind directions vary from one division to
Wind energy; wind conversion energy  another but mainly between the south and east. This, this study strongly recommends
system; Weibull distribution; the Chittagong division for the utilization of the potentiality of wind energy typically for
Bangladesh small-scale applications.

1. Introduction

The negative effects of fossil fuels on the environment have led scientists to consider the
possibility of using renewable energy to generate electricity. The sources of electricity production
such as coal, oil, and natural gas have contributed to one-third of global greenhouse gas emissions.
It is essential to raise the standard of living by providing cleaner and more reliable electricity. The
world has an increasing energy demand to fulfill the economic development plans that are being
implemented. The provision of an increasing quantity of energy is a vital prerequisite for the
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economic growth of the world [1,2]. Nonetheless, the depletion of conventional energy sources and
associated environmental sustainability issues has put up new strategies for researchers and
policymakers to explore and discover renewable energy sources such as solar, wind, geothermal,
tidal, biogas, biofuels, etc. Among these, the usage of wind energy has become a promising resource
due to its competitive nature as a clean, abundant, easily harvestable, inexhaustible, and affordable
resource [3-6]. Certainly, irrespective of rampant irregularities existing in the global renewable
energy market, overall installed capacity for wind power has rapidly increased by over 104% during
the last decade which is clearly indicative of an increasing role of wind power in fulfilling future
energy demands. Recently, China and the USA upgraded their installed capacity within one year by
23.328 GW and 8.203 GW, respectively, meanwhile the global wind power installed capacity showed
a remarkable rise of 12.5% during the same period [7].

In Bangladesh, power generation is mostly dependent on natural gas, around 76.74 % of
electricity is being produced from gas reserves and this percentage of electricity generation uses 37%
of total gas consumption, while demand for gas consumption is increasing by about 8% per year [8].
Bangladesh is still far behind its expected growth of renewable energy, i.e., the target of 1000-1200
MW to ensure the electrification for all [9]. According to Bhuiyan et al., [10], renewable energy is
essential for economic growth, sustainable development of the country, and socio-economic
development. Approximately 6% of power and energy belongs to renewable energy and the rest 94%
are from fossil fuels [11]. Musial and Ram [12] mentioned about the possible potential of solar
photovoltaic and wind energy are estimated at 50174 MW and 4614 MW, respectively, while the
potential of energy from biomass and small hydropower plants is estimated to be 566 MW and 125
MW respectively.

Bangladesh already sets its goal for renewable energy to reduce the carbon footprints on the
environment by avoiding the emission of greenhouse gasses. Wind, solar and biomass can be
targeted as the source of renewable energy. Hydropower does not have much potential since the
height of the land from sea level does not vary largely throughout the country. Since the available
land area is mostly used for agriculture, hence the production of biomass on a large scale is not
possible. Solar energy has great potential and has had a successful rollout so far. Nonetheless, the
main drawback of solar energy is that it is difficult to produce solar energy at a large scale due to the
requirement of the huge area to install the PV panels and hence, its use is limited mostly to the
households of such areas where it is not possible to supply the grid power [13]. Therefore, like
biomass energy, for solar energy also it is not possible to use the agricultural land in Bangladesh.

Wind energy is an interesting option as it needs significantly less space and can easily be
combined with agriculture [14,15]. The government of Bangladesh has set each year’s targets for
renewable energy development through several technologies from 2015 to 2021 and it is known as
“RE Development Targets” which require an extra capacity of 3,100 MW of renewable energy. This
increased capacity must be completed by 2021 and it is a challenge. Most of the new capacity should
be provided by solar (1,676 MW, or 54 percent) and wind (1,370 MW, or 44 percent). However, if the
data from 2016 to 2018 are analyzed, then it seems that it is tough to achieve the target for wind
energy [13].

Thus, from the existing literature it is clear that in Bangladesh, wind farms are still limited. In
addition, the wind assessment for a longer duration is also unavailable for specified heights.
Therefore, this study will help to establish a clear map of suitable areas for wind farms.
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2. Materials and Methods

Current research is conducted using the Weibull Distribution Function. The distribution of Weibull
is among the generally accepted methods to clearly determine the wind activity at a site statistically.
This section, therefore, describes all the methods for evaluating Weibull's shape and scale
parameters and working process flow in the analysis. In this matter, the Weibull distribution method
was proposed to analyze the wind potential as discussed and planned before conducting the study.

2.1 Wind Data Collection and Site Description

The wind data for this study were collected from the Bangladesh Meteorological Department
(BMD) and which is the national meteorological organization of Bangladesh. The geographical
coordinates of seven major divisions across the country are furnished in Table 1. This data covers a
wide range of five years (2015-2019) and has been reported on average every month, at a standard
height of 10 m above ground level. These locations reflect distinct geographical and climatological
conditions in seven divisions, namely the divisions of Rajshahi and Rangpur in the north-western part
of Bangladesh; the divisions of Chittagong and Sylhet in the south-eastern part of Bangladesh; and
the divisions of Dhaka in the central part of Bangladesh; the divisions of Barisal and Khulna in the
south-western part of Bangladesh, as seen in Figure 1. Specifications and properties of materials,
equipment, and other resources used in the current study should be described in this section.

Rangpur

Mymensingh

Rajshahi

Raphah

Dhaka

Khulna
2 Dhaka

INDIA

BAY OF BENGAL

Fig. 1. Division map of Bangladesh
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Table 1

Physical features of the seven divisions
Coordinates

Name of Division Latitude (N) Longitude (E)

Deg. Min. Deg. Min. Elevation (m)

Barisal 22 42 90 22 1.22
Chittagong 22 54 91 29 29

Dhaka 24 09 90 24 4

Khulna 22 54 89 14 9

Rajshahi 25 00 89 00 18

Rangpur 25 44 89 14 34

Sylhet 24 53 91 52 35

2.2 Weibull Distribution Function

The characteristics of the wind speed and the wind power capacity of any given region can be
calculated using several statistical methods, among which the Weibull distribution is the most
commonly acceptable technique [16-19]. This approach consists of various techniques for estimating
Weibull's scale and shape parameters based on the type of accessible data and the degree of
complexity required. The Probability Density Function (PDF) and the Cumulative Distribution
Function (CDF), respectively, are defined in Eq. (1) and Eq. (4) to describe the wind speed variations
of this method. The PDF defines in a particular way the portion of time or the likelihood of which
wind speed prevails. The CDF, on the other hand, reflects the likelihood that the wind speed is lower
than or equal to its mean velocity.

Therefore, to statistically analyze the meteorological data, the two-parameter Weibull
distribution function, which is versatile, simple, and can show good agreement with the data
observed was implemented in this work [20-22]. By applying this approach, the density of wind
energy and the characteristics of wind speed can be effectively studied. In addition, this two-
parameter Weibull distribution function is used for the estimation of annual energy output (AEP) in
most commercially available applications [23]. Eq. (5) and Eq. (6) show the two parameters of the
Weibull distribution function, i.e., the dimensionless function of the form, k, and the function of the
scale, c, in meters per second unit, indicating, respectively, the stability and strength of the wind at
a given area [24].

=0 el ()], »

where V is the probability of observing the wind speed V. c is the Weibull scale parameter and k is
the dimensionless Weibull shape parameter and they are given by [25] as follows

k=0-83V705 (2)

C= - (3)

[ is the gamma function and V is the average wind speed and can be expressed as

V=13l (4)
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The cumulative distribution, as given in the below equation, is the integral of the probability
density function

nk
F)=1—e @ (5)
2.3 Wind Speed Carrying Energy

The equation for wind speed provides the shape and scale parameters of the Weibull distribution
when maximum wind energy is transported at a given location and is presented in Eq. (6) [26]. The
maximum wind speed indicates the strength, stability, and persistence of the wind at that given
location and is not the same as the average and highest wind speed. It is, therefore, necessary to
estimate the wind speed at the stated spot, which can carry the maximum energy. At the same time,
this can also be used to calculate the appropriate wind turbine and the rated wind speed, since when
the wind turbine runs at the rated speed, the maximum energy is produced by the wind speed

N\ 1/k
VnaxE = c (1+2) (6)
2.4 Wind Power Density

Eq. (8) describes the formula of producing energy from wind’s kinetic energy that is proportional
to the cube of the velocity where it is considered that the wind flows through a blade of swept area,
A. The generation of energy that is started by a wind turbine after starting its operation increases
with the increasing wind speed and continues to increase up to the cut-out speed of the wind turbine.
The power generation reaches its peak by running the wind turbine at the rated speed. Whereas a
steady power generation is possible by operating the wind turbine at a speed in between the rated
and cut-out speeds. The turbine stops working as a precaution of safety by avoiding any damage
when the wind speed exceeds its cut-out speed.

P(v) = %Apv3 (7)

The wind power density based on Weibull distribution analysis is calculated using the following
Eq. (8) [19].

P(v) = fooolpv3f(v)dv = %pc3l" (k+3) (8)

2 k

where p defines the air density (1.225 kg/m3) at sea level with 1 atmospheric pressure and a mean
temperature of 15°C.

2.5 Wind Energy Density

Wind energy density, a vital wind characteristic can be estimated if a site’s wind power density is
known for a particular period or duration. Eq. (9) is used to calculate the wind energy density for the
chosen time duration

L= Loy <9>
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where T is the chosen time duration, e.g., 720h or 8640h can be considered as T, for the wind energy
density of one month or a year time, respectively.

3. Results and Discussion

The seasonal wind speed behavior comprises the mean wind speed, two parameters of Weibull,
wind power density, wind energy density and frequency were considered over the span of the five
years of the study period as mentioned in the methodology of the study.

3.1 Monthly Wind Speed Variation

The monthly variations in mean wind speed are shown in Figure 2. It is observed that the values
of the monthly average wind speed during the period of the study (five years), do not vary too much
and it was almost in the range of 0.5 m/s to 2.10 m/s for all the divisions except Chittagong. The range
of average wind speed for the Chittagong division was between 3 m/s and 4.5 m/s. The highest
average wind speed for the Chittagong division was in April (4.5m/s) and the lowest was in October
(2.5m/s). The average wind speed for the Sylhet division was nearly the same all over the year, only
a bit higher in March and April than in other months and it had the second-highest average wind
speed compared to other divisions. November showed the lowest mean wind speed for Barisal and
Khulna division of value 0.4 m/s. The analysis also reveals that the lowest and highest wind speeds
prevailed due to the dry winter and hot summer from October to February and March to June,
respectively for the complete study period.

The highest mean speed of different divisions is not at the same time, even not in the same year.
For example, the highest mean wind speed was observed in Barisal in May 2019 whereas the same
in Chittagong was in April 2016. It is also evident from the five-year analysis that the range of the
wind speed does not vary much for most of the divisions, except Chittagong which is 3.60 m/s to 5.70
m/s unlike others, i.e., 0.5 m/s to 2.10 m/s. The analysis also reveals that the lowest and highest wind
speed prevailed due to the dry winter and hot summer from October to February and April to August,
respectively for the complete study period.
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Fig. 2. Monthly variation of wind speeds for all division

15



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 96, Issue 2 (2022) 10-21

3.2 Wind power and wind power density

The wind power density and wind energy density were also found at their high values for all the
years in the Chittagong division and they are quite high than any other division of Bangladesh. Annual
wind power density and wind energy density are ranged between 51.86967 W/m? to 84.01142
W/m?and 454.3783 KWh/m? to 753.94 KWh/m?. In April 2017, the wind power density was the
highest during the studied period (see Figure 3&4).
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Fig. 3. Monthly variation of the wind power density in seven divisions of Bangladesh
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Fig. 4. Monthly variation of the wind energy density in seven divisions of Bangladesh

3.3 Weibull Distribution

For all the stations under analysis, the monthly mean scale parameter c (m/s) and form parameter
k (dimensionless) of the Weibull distribution have been calculated and they are tabulated in Table 2.
For almost all the divisions, the monthly values of parameter k ranged between 0.27 and 1.18, except
for Chittagong, where it was between 1.28 and 1.73. This indicates that this division has high stability
and high persistence compared to the others. The scale parameter ¢, which was slightly greater than
the average wind speed, ranged from 0.54 to 2.18 m/s for nearly all the divisions and from 2.61 to
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4.91m/s for the Chittagong division. The highest and lowest values of the dimensionless shape
parameter k were observed as 1.73 and 0.27, respectively, at Chittagong and Barisal. This is because
the Chittagong division is near the Bay of Bengal Sea with lots of open and flat areas and hence, these
higher values of the scale parameter denote that these sites are windy.

The shape and scale parameters (k and c) of Weibull are varying from 0.774373 — 1.086069 and
0.684588 — 1.735511 m/s, respectively for all the divisions of Bangladesh except Chittagong. The
same for Chittagong ranges between 1.463098 — 1.625881 and 3.131256 —4.28601 m/s, respectively
which shows that both the parameters are quite high in Chittagong than in other divisions.

Figure 5 reveals that the frequency curve behaves almost similarly for all the divisions except
Chittagong and it was observed that only at 1 m/s wind speed, the frequency was lower at Chittagong
than others whereas, for any other wind speed range, the frequency was high at Chittagong.
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[=]
¥
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0 1 2 3 4 5 6 7 8 9 10
Wind Speed(m/s)
e=@==Dhaka Chittagong Barisal Khulna e=@==Rajshahi Rangpur e@emSylhet
Fig. 5. Weibull wind speed frequencies of seven divisions in 2019
Table 2
Monthly Weibull parameters (k, c)
A Param- Month
Division
eter Jan Feb Mar Apr May June July Aug Sep Oct Nov  Dec
Barisal k 071 077 086 1.04 1.04 101 098 104 161 1.04 0.52 0.27
c 062 0.78 1.02 165 165 150 141 161 111 0.67 044 0.54
Chittagon k 150 157 163 173 164 164 161 157 146 128 135 1.42
gong ¢ 363 401 434 491 440 443 424 401 344 261 291 327
Dhaka k 0.88 0.89 096 1.02 1.02 101 09 095 089 091 0.82 0.79
c 1.07 111 135 154 156 152 136 131 1.13 1.19 092 0.86
Khulna k 069 0.74 087 09 097 092 092 093 075 067 048 0.62
c 055 069 1.03 132 137 123 119 123 069 054 0.16 047
Raishahi k 086 088 095 093 095 090 093 092 084 084 081 0.8
J c 1.02 106 128 123 130 1.13 122 121 096 094 0.85 0.89
Ranenur k 079 082 09 093 090 088 088 086 083 083 081 0.76
&p c 0.80 090 1.12 124 113 1.08 1.07 101 093 093 0.87 0.72
svihet k 1.02 105 116 1.18 1.11 1.13 107 107 1.04 1.05 1.01 101
y c 154 165 207 218 186 194 174 171 163 164 150 148
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3.4 Prevailing wind direction

Polar diagram represented in Figure 6 to 12 the wind direction of all the seven divisions in
Bangladesh. It can be inferred from these diagrams that the divisions on the north and north-eastern
side, the wind directions are prominent on the eastern side, such as in Rangpur, Rajshahi and Sylhet.
However, the rest of the divisions have a strong wind direction in the south. It is also evident from
these images that except for Chittagong, for all 6 divisions the maximum wind speed varies from 2.10
—3.60 m/s whereas in Chittagong the maximum wind speed was within the range of 5.70 — 8.80 m/s.

The above analysis reveals that all the parameters considered for wind behavior were quite high
in the Chittagong division than in any other division of Bangladesh and hence, this study strongly
recommends to Chittagong division for the utilization of wind energy potential.

Fig. 6. Wind directions of Barisal
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Fig. 8. Wind directions of Dhaka Fig. 9. Wind directions of Khulna
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Fig. iz. Wind dirlections of Sylhet
4. Conclusion

The Weibull distribution function was used in this study for statistical analysis to assess the
potentiality of wind energy in Bangladesh. Altogether, six parameters were used in this work and
they are namely mean wind speed, two parameters of Weibull distribution, wind speed variation,
wind power density and wind energy density. Comparing the potential of wind energy in the seven
divisions of Bangladesh, the objectives of this study were achieved through the analysis of the results
and comparing the tables, figures, and graphs. The results show that the monthly average wind speed
during the five years of the study is in the range of 0.5 m/s to 2.10 m/s for all the divisions except
Chittagong where it was between 3 m/s and 4.5 m/s. Accordingly, the wind power density and wind
energy density were also found in the Chittagong division with annual values that ranged between
51.86967 W/m? to 84.01142 W/m?and 454.3783 KWh/m? to 753.94 KWh/m?, respectively.

In terms of Weibull parameters, the shape and scale parameters (k and c) are varying between
0.774373 — 1.086069 and 0.684588 — 1.735511 m/s, respectively for all the divisions except
Chittagong where it ranges between 1.463098 — 1.625881 and 3.131256 — 4.28601 m/s, respectively.
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Moreover, it was also found that the prevailing wind directions vary from one division to another.
This assessment reveals that all the parameters considered for wind behavior were quite high in the
Chittagong division than in any other division of Bangladesh and hence, this study strongly
recommends the Chittagong division for the utilization of the potentiality of wind energy projects.
Chittagong division is more suitable for small-scale wind farms due to the specific range of wind
speeds.
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