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Abstract – Wind energy is zero fuel consuming, environmentally friendly and cost effective alternative renewable 
power source. A survey of wind speed was conducted all over Bangladesh within different seasons in a year. A 
handmade small windmill was used to investigate the voltage generation, current generation and power generation 
with respect to the wind speed during March 2018 to September 2018 at Chittagong, Bangladesh. The experimental 
results from small windmill and the survey reports on wind speed especially in coastal areas of the country suggest 
that the wind energy can be an alternative power source for Bangladesh. 
 
Keywords – energy, power generation, small windmill, survey, wind speed. 
 

1
 1. INTRODUCTION 

It is proven all over the world that the windmill can 
convert wind into electricity and can be a cheap source 
of grid quality renewable energy. A 1MW grid quality 
AC power from wind energy costs about 10 times less 
than that of 1MW grid quality AC power from PV solar 
cells. Other renewable energy sources have limited 
scope and are costly. In the world the total installed 
capacity of wind energy is more than 1,300,000MW. 
Germany installed more than 30,000MW capacity of 
wind power plant. Neighbouring country, India also 
installed 12,000MW capacity of wind power plant. A 
wind energy power plant can convert wind into 
electricity in the range from 27% to 30% [1]. From the 
conversion rate, the wind energy power plant is 
technically feasible and commercially viable. But the 
wind energy is facing two major obstacles: 1) the speed 
of the wind does not remain constant at all. It fluctuates 
in every second. 2) it is also not available all hours in a 
day.  
 Among all renewable energy sources, wind energy 
is one of the most cost-effective and environmentally 
friendly sources [2]. Bangladesh has a coastal line of 
724 km along the Bay of Bengal [3]. Due to large 
coastal belt along with wind speed in some regions, the 
potential of wind power is enormous here [4]. In 
Bangladesh, power generation is mostly dependent on 
natural gas, around 76.74% of electricity is being 
produced from domestic gas reserves [5] and this 
percentage of electricity generation uses 37% of total 
gas consumption [6], while demand for gas consumption 
is increasing by about 8% per year [5]. We are still far 
from the expected growth of renewable energy, i.e., 
target 1000-1200 MW and currently produce about 2 
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MW [7]. Wind can be a major source of energy for 
Bangladesh, if accurately examined and utilized. 
Various studies [8]-[11] have been conducted on wind 
energy and its usefulness in coastal areas in Bangladesh; 
and they have discussed about the potential of small size 
wind turbines. 
 The current government of Bangladesh has given 
priority to develop renewable sources and wind energy 
is one of them. Bangladesh Power Development Board 
(BPDB) has taken up projects in different areas in the 
country to setup windmill for electricity generation such 
as Kutubdia Upazila, Cox's Bazar; Sonagazi, Feni; 
Sirajganj Sadar Upazila, Sirajgonj; Kalapara Upazila, 
Patuakhali; Maheshkhali Upazila, Cox's Bazar, Chakaria 
Upazila, Cox's Bazar etc. [12]. 
 Among them, Kutubdia (1MW) and Feni (900Kw) 
are currently generating electricity from wind and 
supplying to consumers. The wind battery hydrid power 
plant which is installed at Kutubdia island is an 
experimental plant with 1 MW capacity. Bangladesh 
Power Development Board (BPDB) has installed 50 
small wind turbines each having 20 kW capacity. This 
wind battery hydride power plant is successful in 
Bangladesh and producing the first grid quality, 11 KV 
or more. It supplies electricity 3 hours during daytime 
and 3 to 4 hours during night. This project has been 
running well for more than two years. The wind battery 
hybrid power plant is supplying 0.60 to 0.80 MWH 
electrical energy every day at 11KV. Presently, the 
Wind Battery Hybrid Power Plant (WBHPP) is 
supplying over 240 MWh electricity at Kutubdia 
Upazilla [13]. Kutupdia project during cyclone SIDAR 
was not damaged. 
 Moreover, there are agreements with private 
companies for four locations with potential wind speed 
in the coastal areas of Bangladesh. These locations are 
(1) Parky Saikat near Patenga, Chittagong; (2) 
Mognamaghat, Pekua, Cox’s Bazar; (3) Muhuri Dam, 
Sonagazi, Feni; and (4) Kuakata, Patuakhali. These four 
sites are representatives of the entire coastal areas of 
Bangladesh. We have seen that the annual average wind 
speed in these four sites is more than 6.5 m/s. It is an 
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internationally accepted thumb rule that a site having 
annual average wind speed of 6.0 m/s or higher is 
feasible for harnessing wind electricity with commercial 
viability [3]. 
 In Bangladesh, basically, the power requirement to 
the tune of 60% is being met through ‘Gas’ based power 
plants. There is huge gap between demand and 
generation of power, which is being covered by coal, 
diesel, furnace oil and hydro (can be categorized as 
renewable energy). The contribution of this renewable 
energy is even less than 2% of total generation. As the 
demand for power is going up both wind and solar 
power can be considered as good options. A contract has 
been awarded to an Indian consortium to set up a 30MW 
wind power plant in Sonagazi, Dist. Feni. There is a plan 
to put up three windfarms of 50 MW each, to be 
installed at Chandpur, Cox’s Bazar and Khulan based on 
‘wind mapping’. In the year 2016 there has been a 
detailed survey by a consultant from Netherland who 
declared potential of 16000 MW wind energy for 
Bangladesh. In the year 2018, USAID reported that 
Bangladesh is having wind power potential of 34,000 
MW at a hub height of 100m based on the simulated 
study conducted by NREL (National Renewable Energy 
Laboratory). It is clear from the brief details furnished; 
there is huge potential of wind energy in Bangladesh. 
 The country’s first ever generation of electricity 
from wind is at Kutubia Island (20 KW, 50 turbines) 
with a capacity of 1 MW and another one at Muhuri 
Dam, Feni having a capacity of 0.9 MW (225 KW, 
4Turbines) [14]-[15]. Vesta Company of Denmark is 
expected to invest 100 MW wind power plant which will 
be made in Patuakhali. This will be the largest wind 
power plant of Bangladesh [17]. According to our 
survey reports of the wind speeds all over the country, it 
can be assumed that the country has a minimum wind 
speed to produce wind energy. This is because the 
effective wind speed of wind turbines usually ranges 
between 3 and 25 m/s [18]. 
 The aim of the article is to present results from the 
survey of wind speed and experiment conducted at 
Chittagong, Bangladesh during March 2018 to 
September 2018 using handmade small windmill. And 
the performances of small handmade windmill was 
measured by generation of power at specific range of 
heights for wind speed and the rotation of the rotor used 
in this purpose. 

2.  METHODOLOGY 

Wind Speed Data in Bangladesh 

To use wind as an alternative energy source, we need 
reliable wind data throughout the year. For this reason, 
different papers are reviewed to summarize the wind 
speed related information. Table 1 is showing the wind 
speed in different locations all over the country at 20 m 
height. Table 2 is summarizes the wind velocity in the 
whole year (October 2009 to December 2010) at 
different height at Sandwip. Wind speed in north-eastern 

part of Bangladesh is above 4.5 m/s while for the other 
parts of the country wind speed is around 3.5 m/s [19]-
[20]. The strong south/south-western monsoon wind 
come from the Indian Ocean traveling a long distance 
over the Bay of Bengal, the rough coastal area of 
Bangladesh. This wind blows over Bangladesh from 
March to September with a monthly average speed 3 m/s 
to 9 m/s at different heights. According to studies from 
Meteorological Department, BCAS, LGED, and BUET 
[21], these wind speeds are available in Bangladesh 
mainly during the monsoon. (7 months, March to 
September). Rest of the months (October to February) 
wind speed remains either calm or too low. The peak 
wind speed occurs during the months of June and July 
[22]. The wind velocity at the coastal area and isolated 
island is quite higher than the rest of the locations. The 
Figure 1 is presenting the wind speed at the coastal areas 
of Bangladesh during March to September 2003 [23]. 
The wind velocity at the height of 20 m of Sandwip is 
not sufficient to generate electricity commercially. From 
the Table 2 the wind velocity at 45m and 60m is 
sufficient to generate electricity commercially. The 
average wind velocity at 60m and 45m height are 
6.19m/s and 5.65 m/s (calculated) respectively, that are 
suitable for wind turbine as well as generator. But at 
winter, the wind velocity goes below the average wind 
velocity. To fulfil the electrical load demand at Sandwip, 
high-capacity wind turbine should be used. 
 Power generation by turbine: Power generated by 
a wind turbine at particular height, can be calculated by 
the following equation [24] and a schematic diagram 
windmill are shown in Figure 2. 

𝑃 =
1
2

.𝜌. 𝑎.𝑉3𝐶𝑃 (1) 

Where, ρ= wind power density (w/m2), a= swept area of 
blade (m2), v = velocity of wind (m/sec2), Cp = rotor 
efficiency. From that equation we can find out the 
theoretical wind power density at a certain height. We 
can also find the range of velocity of wind if we are 
aware of wind power density of that particular area and 
vice-versa. 

𝐶𝑃 =
�1 + 𝜗𝑑

𝜗𝑢
� �1 − �𝜗𝑑𝜗𝑢

�
2
�

2
 

(2) 

Let λ represent the ratio of wind speed ϑd downstream to 
wind speed ϑu upstream of the turbine, i.e. 

𝜆 =
ϑd
ϑu

 (3) 

or 

λ= blade tip speed
wind speed

 (4) 

λ is called the tip speed ratio of the wind turbine. The 
blade tip speed in meters per second can be calculated 
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from the rotational speed of the turbine and the length of 
the blades used in the turbine, i.e. 

Blade tip speed= angular speed of turbine(ω)xR
wind speed

 (5) 

where R is the radius of the turbine and ω is measured in 
radian per second. Substitution of Equation 3 into 
Equation 2 leads to 

𝐶𝑃 =
(1 + 𝜆)(1 − 𝜆2)

2
 (6) 

Differentiating Cp with respect to λ and equate to zero to 
find value of λ that makes Cp a maximum, i.e. 
𝑑𝐶𝑝
𝑑𝜆

= (1+𝜆)(−2𝜆)+�1−𝜆2�.1
2

 = 0 yielding λ =−1 or λ = 1
3
 . 

 Now λ = 1
3
 makes the value of Cp a maximum. This 

maximum value is 16
27

 . Thus, the Betz limit says that no 

wind turbine can convert more than 16
27

 (59.3%) of the 
kinetic energy of the wind into mechanical energy 
turning a rotor, i.e. Cpmax = 0.59. Wind turbines cannot 
operate at this maximum limit though. The real world is 

well below the Betz limit with values of 0.35 − 0.45 
common even in best designed wind turbines [24].  
 Wind velocity changes with height; the rate of 
increase of velocity with height depends upon the 
roughness of the terrain. The variation of average wind 
speed can be determined from the following power law 
expression [6]: 

𝑉𝑍
𝑉𝑟𝑒𝑓

= �
ℎ
ℎ𝑟𝑒𝑓

�
∝

 (7) 

Where, VZ and Vref are the average speeds at height of h 
in meter and at the reference height of href = 20 above 
the ground respectively and α varies from 0.1 to 0.4 
depending on the nature of the terrain. 
 But those turbines are having cut-in velocity more 
than 4 m/s can generate sufficient energy. On the other 
hand, small turbine cannot generate sufficient energy. 
 Nowadays, research and development are going on 
to improve the technology and design medium or high-
capacity turbine with low cut-in speed at 2.5 to 3.5 m/s 
for feasibility. 

 

 

Fig. 1. Average wind speed at coastal Island in Bangladesh during March to September 2003 [23]. 
 
 

 

Fig. 2. Schematic diagram of wind mill for calculation. 
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Table 1. Wind speed data at various locations at 20 m height [23] during October 2009 to September 2010. 

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

Barisal 2.90 2.57 2.57 3.56 3.23 2.90 2.71 2.64 2.57 2.11 2.07 2.05 2.66 
Bogura 1.95 2.20 3.05 4.03 4.15 3.66 3.42 3.05 2.56 2.20 1.83 1.71 2.82 

Chittagong 3.64 2.88 4.95 5.01 5.51 6.89 7.09 6.83 4.64 2.82 3.39 2.20 4.65 
Comilla 2.26 2.70 2.57 5.45 3.83 3.20 2.88 2.95 1.82 2.38 1.63 1.70 2.78 

Cox’s Bazar 3.76 3.83 4.51 5.58 3.83 4.14 3.83 3.95 3.20 3.26 2.57 3.26 3.81 
Dhaka 3.39 3.26 4.39 5.77 6.33 5.71 6.01 5.89 4.39 3.45 2.64 2.95 4.52 

Dinajpur 2.68 2.44 4.88 2.44 2.93 2.68 2.56 2.44 2.44 3.54 2.44 2.44 2.83 
Hatiya 3.04 2.64 4.16 3.97 4.82 6.47 5.75 2.64 2.96 2.77 3.06 2.57 3.74 
Jessore 2.88 2.95 4.95 8.34 8.34 6.27 6.15 4.95 4.33 3.45 3.32 3.20 4.93 

Khepupara 4.20 4.39 3.83 7.09 5.83 4.71 4.14 3.95 3.57 3.70 2.95 2.57 3.74 
Khnulna 2.96 1.65 3.04 3.05 4.16 3.89 3.31 2.44 2.51 1.98 3.31 2.38 2.89 
Kutubdia 1.77 1.82 2.32 2.70 2.77 3.65 3.61 3.14 2.11 1.45 1.19 1.29 2.32 
Mongla 1.07 1.25 1.72 2.51 2.92 2.63 2.48 2.35 1.83 1.27 1.02 1.01 2.20 

Rangamati 1.45 1.65 4.42 3.10 2.11 3.32 1.72 2.24 1.45 1.45 1.39 1.59 2.15 
Sandip 2.32 3.01 3.20 4.83 2.44 3.83 3.39 2.70 2.32 1.63 1.70 1.70 2.76 
Sylhet 2.20 2.93 3.29 3.17 2.44 2.68 2.44 2.07 1.71 1.95 1.89 1.83 2.38 
Teknaf 3.70 4.01 4.39 4.01 3.32 3.89 3.83 2.88 2.44 2.20 1.57 1.76 3.17 
Patenga 6.22 6.34 7.37 7.92 8.47 8.69 9.20 8.54 7.43 6.93 6.71 5.91 7.48 

Sathkhira 4.21 4.40 3.84 7.10 6.11 4.76 4.27 4.03 3.62 3.78 3.54 2.81 4.37 
Thakurgaon 4.15 5.06 7.93 8.43 8.66 8.05 7.93 6.59 6.34 5.98 5.25 4.76 6.59 

 
 
Table 2. Wind velocities at various height at Sandwip during October 2009 to September 2010 [23]. 

Month ↓ 45 m height 60 m height 80 m height 
Terrain 

→ 0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.3 0.4 

Jan 4.09 4.45 4.83 4.34 4.86 5.42 4.60 5.32 6.26 
Feb 3.11 3.49 3.79 3.41 3.82 4.26 3.63 4.18 4.78 
Mar 7.28 7.91 8.59 7.72 8.66 9.65 8.22 9.46 10.84 
Apr 9.75 10.59 11.50 10.34 11.59 12.93 11.01 12.67 14.51 
May 2.66 2.89 3.14 2.82 3.16 3.53 3.01 3.46 3.96 
Jun 4.59 4.99 5.42 4.87 5.46 6.09 5.18 5.97 6.83 
July 6.38 6.90 7.50 6.74 7.56 8.43 7.18 8.27 9.46 
Aug 5.19 5.63 6.12 5.50 6.17 6.88 5.86 6.75 7.72 
Sep 6.06 6.50 7.14 6.42 7.20 8.03 6.84 7.87 9.01 
Oct 4.84 5.25 5.71 5.13 5.75 6.41 5.46 6.29 7.20 
Nov 4.41 4.78 5.20 4.67 5.24 5.84 4.97 5.73 6.55 
Dec 4.13 4.48 4.87 4.37 4.90 5.47 4.60 5.36 6.15 
Avg 5.25 5.65 6.14 5.52 6.19 6.91 5.88 6.77 7.77 

 

Working Principle and Preparation of Small Windmill 

Wind is actually another form of solar energy. The 
uneven heating of the atmosphere causes temperature 
gradient at the surface of the earth, which results in the 
wind flow. The rotation of earth and irregularities of the 
earth have vital impacts on wind velocity. A wind 
turbine converts the kinetic energy of the wind to 

generate electric or mechanical energy. Wind passes 
over the blades exerting a turning force. 
 The rotating blades turn a shaft inside the nacelle, 
which goes into a gearbox. The gearbox increases the 
rotation speed for the generator, which uses a magnetic 
field to convert the rotational energy into electrical 
energy. The power output goes to a transformer, which 
converts the electricity from the generator to the right 

http://www.rericjournal.ait.ac.th/


Karim M.A. / International Energy Journal 21 (2021) Special Issue 1A, 33 – 40   

©2021 Published by RERIC in International Energy Journal (IEJ). Papers included in this Bangabandhu Chair Special Issue on: Energy, Disaster, Climate Change: 
Sustainability and Just Transitions in Bangladesh have undergone the selection and double blind peer-review process under the responsibility and guidance of the 
Guest Editors: Prof. Joyashree Roy (Bangabandhu Chair Professor, Asian Institute of Technology, Thailand), Dr. Sheikh Tawhidul Islam (Jahangirnagar University, 
Bangladesh), and Dr. Indrajit Pal (Asian Institute of Technology, Thailand). 

www.rericjournal.ait.ac.th 
 

37 

voltage for the distribution system [25]. In a simplistic 
view, the working principle of a wind turbine is just 
opposite to that of a fan as shown in Figure 3. 
 Wind turbine: Converts wind energy into rotational 
(mechanical) energy. a) Gear system and coupling: It 
steps up the speed and transmits it to the generator rotor. 
b) Generator: Converts rotational energy into electrical 
energy. c) Controller: Senses wind direction, wind speed, 
generator output, and temperature and initiate 
appropriate control signals to take a control action. 
 Preparation of small wind mill: Rotor is made of 
plastic with three rotor blades. A 6V D.C. generator is 
used to convert mechanical energy to electric energy. 
The based was made by wood frame with PVC pipe for 
shape and size. The LED light (9 LEDs) was used 
instead of incandescent light bulbs. Since LED is more 
efficient and energy saving. 
 Calculation of the turbine: We used the following 
data to calculate the power output of the turbine: 
Radius of the rotor, r = 0.05 m. 
Average rotor efficiency, Cp = 0.35 

wind power density in Chittagong using, = 60.33 w/m2 
So, power generation in Chittagong according, 
P = 8.34 W 
 But rotor radius of the small wind turbines is 
between (1-1.5) m range. So, we have calculated wind 
power in this experiment with rotor size 0.05m 
(Handmade small windmill in experiment) and 1.5 m 
(ideal micro wind turbine/small windmill). 
 The Figure 4 is showing the Kutubdia wind power 
area and inset handmade small windmill and the Figure 
5 are showing the schematic diagram of wind power 
generation process at Kutubdia. From the concept of 
kutubdia turbine, a small handmade windmill was made 
to examine its performances. The small handmade 
windmill was used to setup experiment with limited 
range of rotation of the rotor. With this limitation in 
rotation system, therefore, it is not possible to go 
through above 60 m height. So, we started from 20m 
height and we are able to measure 45 m height. It is a 
trial experiment and that hopes to present a full analysis 
in future with all suitable parameters. 

 

 

 

Fig. 3. Overview of working principle for wind turbine. 
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Fig. 4. Kutubdia wind power station (inset handmade wind mill). 
 
 

 
Fig. 5. Schematic diagram of wind electricity at Kutubdia. 

 
 
3. RESULTS AND DISCUSSION 

The handmade small windmill at Chittagong was used 
from March to September 2018. The experimental 
results were collected without measuring the wind speed 
and just measured the rotation of the rotor and calculated 
voltages, currents and power generation parameters as 
shown in Figures 6, 7, and 8, respectively. It is well 
known that the effective wind speed of wind turbines 
usually ranges between 3 and 25 m/s [14]. Moreover, the 
amount of wind energy that can be produced using our 
small windmill with normal wind speed, which is 
usually we get in our everyday life, was observed. 
 Our handmade small wind mill was run within the 
range of rotation 474 to 2739 rpm. The height for small 
windmill used was in the range of 20-45 m and the 
results and analysis of the data are presented in Figures 
6, 7, 8 and Table 3, respectively.  
 By using the handmade small windmill, we 
measured voltage generation with respect to rotation. 
Figure 6 is presenting rotation versus voltage in 
operation of small windmill. From the figure it is easy to 
say that the rotation is directly proportional to the 
generation of voltage. That means, increasing the 

rotation will increase the voltage generation. So that, if 
the wind speed increases, the rotation of small windmill 
will increase and can get more voltages. 
 

 

Fig. 6. Rotation versus voltage generation in operation of 
micro-wind mill. 

 

Wind 
Turbine 

AC 

DC 

AC 

AC 

DC 

Convertor Storage 
Battery 

Inverter Transformer 
Greed 

http://www.rericjournal.ait.ac.th/


Karim M.A. / International Energy Journal 21 (2021) Special Issue 1A, 33 – 40   

©2021 Published by RERIC in International Energy Journal (IEJ). Papers included in this Bangabandhu Chair Special Issue on: Energy, Disaster, Climate Change: 
Sustainability and Just Transitions in Bangladesh have undergone the selection and double blind peer-review process under the responsibility and guidance of the 
Guest Editors: Prof. Joyashree Roy (Bangabandhu Chair Professor, Asian Institute of Technology, Thailand), Dr. Sheikh Tawhidul Islam (Jahangirnagar University, 
Bangladesh), and Dr. Indrajit Pal (Asian Institute of Technology, Thailand). 

www.rericjournal.ait.ac.th 
 

39 

 Figure 7 is showing the current produced by the 
small wind mill with the rotation range 474 to 2739 rpm. 
The figure is indicating that increasing the rotation will 
increase the production of current by the wind mill. The 
small windmill rotor has limitation in rotation; therefore, 
it is not able to go furthermore in rotation. 
 

 

Fig. 7. Rotation versus current generation in operation of 
micro-wind mill. 

 
 Figure 8 is showing the production of power 
generated by a small wind turbine/wind mill. Here, the 
power is also directly proportional to the rotation of the 
rotor. The rotor has a limitation in rotation for power 
generation from small windmill. Therefore, it generated 
as small amount of power. If the rotation increases the 
power generation will increase. The Table 3 summarizes 
the data shown is the above figures. 
 

 

Fig. 8. Rotation versus power generation in operation of 
micro-wind mill. 

 
 Therefore, from the above wind speed survey data 
(Figure 1, Tables 1 and 2), and small windmill 
experimental results (showing in Figure 6, 7, 8 and 
Table 3, respectively), it may be concluded that at 20 m 
height or above is more suitable for wind energy and 

and the coastal areas of the country has sufficient wind 
speed for wind electricity generation [26].  
 

Table 3. Rotation, voltage, current and power data of 
the small wind turbine operated in this study during 
March to September 2018. 

Rotation 
(rpm) 

Voltage 
(V) 

Current 
(A) 

Power 
(W) 

474 0.58 0.21 0.12 
998 1.13 0.26 0.29 

1538 1.66 0.30 0.5 
2020 2.31 0.34 0.79 
2521 2.97 0.37 1.1 
2739 2.99 0.40 1.2 

4. CONCLUSIONS 

The survey reports for wind speed and a handmade 
small windmill experimental results indicate that coastal 
zone in Bangladesh is a better wind potential area for 
wind energy. March-September is the most suitable time 
to generate more wind energy. Using wind energy, 
Bangladesh can save natural gas. Cost comparison 
shows producing electricity by wind is much cheaper 
than other conventional sources. The experiment with 
handmade small windmill is feasible, not only in coastal 
areas but all over Bangladesh. So, the wind energy can 
be a great alternative energy resource in Bangladesh. 
The country needs more survey, research, and technical 
support to improve this sector. Bangladesh is falling far 
behind in the scientific use of this renewable wind 
energy due to the lack of technology and research in this 
field. 
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