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Abstract— Exhausting fossil resources and increasing
demand for renewable energy resources, has led to the
number of researches on different forms of energy resources.
Wind energy is one of the form of renewable energy
resources which is being adapted worldwide to fulfil the
energy demands. Even if it is one of the major forms of
energy used there is limited literature on micro-wind turbine
technology. Micro wind turbines are generally characterized
as small-scale turbines designed for use by individuals rather
than for large scale energy production. The power output
obtained from micro-wind turbine is much less than the small
and large-scale wind turbines. But micro wind turbines can
be found very useful for the areas where grid connections
cannot be available. Hence it was decided to study this form
of wind turbine. This paper gives the resources and
application of wind energy as per the generation,
classification of wind turbines, limitations of large wind
turbines, introduction to Micro wind turbine, its
characteristics. It also explains few structures of Micro wind
turbines designed and studied.
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. INTRODUCTION

As the demand for the power requirement is increasing day
by day, the rate of consumption of the available fossil
resources is also increasing and the available fossil reservoirs
are also getting exhausted. This shifted the focus towards the
research and development of the renewable energy resources.
Solar, wind, tidal, rain and geothermal are some of the forms
of renewable energy resources. Human resource is looking
forwards towards these resources to fulfil their increasing
demands of energy consumption.

Wind energy is one of these renewable energy
resources being exploited for global power generation since
few years. As an energy resource, wind is widely distributed
and it is capable of providing power in most parts of the world
but it is both intermittent and unpredictable, making it
difficult to rely solely on wind for electrical power. This is
because of the geographic and climatic variation of the earth
regions. Hence researchers are trying to equip wind energy in
conjunction with other forms of energy like solar energy or
finding a solution for energy storage, so that wind can make
a valuable contribution to the global energy balance.

Il. RESOURCES OF WIND ENERGY

Winds are caused by the uneven heating of the atmosphere by
the sun, the irregularities of the earth's surface, and rotation
of the earth. The earth’s surface is made of different types of
land and water. These surfaces absorb the sun’s heat at
different rates, giving rise to the differences in temperature
and subsequently to winds. During the day, the air above the
land heats up more quickly than the air over water. The warm

air over the land expands and rises, and the heavier, cooler air
rushes in to take its place, creating winds. At night, the winds
are reversed because the air cools more rapidly over land than
over water. In the same way, the large atmospheric winds that
circle the earth are created because the land near the earth's
equator is heated more by the sun than the land near the North
and South Poles. Humans use this wind flow for many
purposes: sailing boats, pumping water, grinding mills and
also generating electricity.

I11. WIND POWER GENERATION

Wind energy is being used by humans from ancient times. It
is on record that about 300 BC, ancient Sinhalese had taken
advantage of the strong monsoon winds to provide furnaces
with sufficient air for raising the temperatures inside furnaces
in excess of 1100°C in iron smelting processes. This
technique was capable of producing high-carbon steel [1].
China has long history of using windmills the practical
vertical axis windmills were built in Sistan (eastern Persia)
for grain grinding and water pumping, as recorded by a
Persian geographer in the ninth century. The horizontal axis
windmills were invented in north western Europe in 1180s
[1]. Then come the development of wind turbines for the
generation of electricity.

Wind Turbines is a device that convert wind’s
kinetic energy into electrical power. The first automatically
operated wind turbine in the world was designed and
developed in 1888 by Charles Brush. This turbine was
equipped with 144 cedar blades with a rotor diameter of 17
m. It generated a peak power of 12 KW to charge batteries
that supply DC current to lamps and electric motors. As a
pioneering design for modern wind turbines, the Gedser wind
turbine was built in Denmark in the mid 1950’s. Today
because of huge development in the field of wind turbines we
can see many types of wind turbine that vary in design,
application, operating speeds and winds, and power
generating capacities [1] [2].

IV. CLASSIFICATION OF WIND TURBINES

Wind Turbines are mainly classified
categories;
1) Horizontal Axis wind turbine (HAWT)
2) Vertical axis wind turbine (VAWT)
The horizontal axis wind turbine has a rotor, or
propeller, with several blades that capture energy from the
wind, causing it to rotate. This rotor is mounted at the end of
a shaft that sits horizontally on the top of a tall tower. The
vertical axis wind turbine, in contrast, has a vertical shaft with
a generator attached to it at ground level. Vanes are mounted
onto the vertical shaft and these intercepts the wind, causing
the shaft to turn. These shafts are connected to a generator,
often through a gearbox, and rotation of the shaft turns the
generator, producing electricity. Units following this basic
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architecture with capacities of several megawatts form the

backbone of the utility wind industry.

Wind Turbines have following other categories
depending upon the application and the power developed by
the turbine;

1) Upwind and downwind wind turbines: Horizontal axis
wind turbines are classified into these categories. In
upwind wind turbine, the turbine rotor faces the wind and
vice versa.

2) According to the amount of power produced wind
turbines can be classified as;

— Ultra Large wind turbines - Turbines that produce
power more than 10 MW.

- b Large wind turbines -
turbines upto 10 MW.

— Medium capacity turbine - Turbine that produce
power from 100 kW to 1 MW

—  Small turbine - Turbines with power output less than
100 KW

— Micro turbine — Turbines with power output
between 0 to 10 KW.

3) Direct drive and geared drive wind turbines: The wind
turbines that use gear box to increase the power produced
is called geared drive wind turbines. Direct drive turbines
do not employ gear box. Micro turbines come under the
category of direct drive turbines.

4) On-grid and off-grid wind turbines: Medium sized and
almost all large size wind turbines are used in grid tied
(i.e. on-grid) applications. Small wind turbines are
usually off-grid turbines and are used in connection with
batteries, diesel generators and photovoltaic systems.

5) Onshore and offshore wind turbines: Onshore wind
refers to the turbines located on the land, while offshore
turbines are located out at sea or in freshwater.

A. Need of Micro Wind Turbines:

Considering the market demands for the power generation
most of the research and development for the wind turbine
designs are focused on large-scale wind turbines that product
electricity for grid-tied markets. As stated earlier large wind
turbines produce energy on the scale of megawatts (MW),
that require large logistical and development efforts that may
last for several years. Various countries, in order to meet
their growing power demand are installing large scale wind
farms both on shore and off shore. In 2014, China has
installed capacity of around 114,609 MW of wind energy
contributing 31.0% of the total wind power followed by USA,
Germany, Spain and India which produce 65,879MW,
39,165MW, 22,987MW and 22,465 respectively [4]. The
total capacity of wind power by the end of 2014 was around
369.6 GW and is expected to touch 666.1 MW by the end of
2019 [4]. Small wind turbines are still a minority part of the
wind turbine market.
The limitations of these conventional wind turbine farms are;
1) Insufficiency of “Minimum wind velocity” to run the
wind turbine. Because of this problem, unlike solar
energy, wind energy extraction is greatly dependent
upon location and is only applied to onshore and offshore
regions having met the specified minimum wind
velocity.
2) Wind turbines are of large size which limits their
application only in remote areas.

Megawatt

3) Very high initial cost is also a prime concern which
restricts the large-scale marketing of such turbines.

4) Wind turbine farms may also affect the environment. It
is found that the climatic effects increase with the power
generation and decrease with conversion efficiency,
leaving out the potential environmental effects on birds,
weather radar, ambient noise levels etc [1][2][5].

To overcome with the above problems many
researches have been carried on to develop better wind
turbine which can extract power from low velocity wind. The
recent addition to this research is “Micro wind turbine” [4].
Micro wind turbines come under the classification of “Small
wind turbines”. Wind turbines have been categorized as per
their output power. The wind turbines with an output power
rating of less than 10 kW are classified as small wind turbines
[3]. Small wind turbines differ from the conventional wind
turbine in the fact that they are designed to operate and low
wind velocities and extract power. Hence small wind turbines
are smaller in size and require less mounting space. These
“micro wind turbines” can be used as Rood-top/residential
wind turbine or on the side of the road (Road side wind
turbine) with proper wind energy resource assessment
studies. The underlying idea is that, though they individually
produce a very small amount of power, their cumulative
contribution can add significant amount of power to the grid.

B. Micro Wind Turbine Design characteristics:

There are many parameters that affect the power generated
by the wind turbines. One of the most important parameter
that affect the design of wind turbine is the airfoil section of
the turbine blade. An airfoil is the shape of a turbine blade
which can be seen in the cross section of a blade design.
Another important characteristic is the blade pitch angle. The
blade pitch determines the relation between the bending and
torsional deflection of the wind turbine blades. The pitch of
the turbine blade helps to slow down or increase the overall
speed of the rotor as it has a direct correlation between the
angle at which the wind hits the blade and the amount of force
which can be exerted. Apart from these the material of the
blade, the location where the turbine is installed, the wind
speed etc. are some of the parameters that affect the
performance of the micro wind turbine. Most of the research
work has been carried out on the airfoil section of the blades.
Experiments are being conducted by using various airfoil
sections and design optimization is being performed.

Considering the above-mentioned advantages of
Micro wind turbines over Large wind turbines various
research papers have been studied. The abstract of some of
the research papers are discussed as follows;

Md. Abu Abrar [5], in his paper optimized a blade
to start at a slow wind speed. This blade is aimed to perform
in the urban areas of Bangladesh where the wind speed is not
enough to start the rotation of the blade on its own and
harness the wind energy. For the selected micro turbine, the
blades do not have any airfoil shape, they were instead
indigenous blades, plastic made, mass produced and easily
available nationwide. The rotor diameter was 236.5 mm and
blade pitch angle was 22 degrees. The blade twist angle was
considered negligible and was not taken into account. The 3D
micro wind turbine model was designed as per the actual
dimensions using 3D CAD software. These dimensions were
changed later for optimization purpose. Numerical
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computations were carried out using governing equations and
to validate the result CFD model was subjected to wind tunnel
experimentation. The wind tunnel’s air velocity was changed
to different values to obtain different power output and
turbine blade rotation.

N.Manikandan [6], in his research on design of
NACA 63215 airfoil for a wind turbine, worked on the
development of an airfoil structure to reduce the noise
produced by the wind turbine during working. This blade was
designed using Blade Element Theory for a length of 1.5 m,
for wind turbine producing power upto 2 KW. The feature of
this blade design is a winglet attached to the end of the blade,
to increase the blade efficiency. The winglets are used in the
aerospace vehicle design. The rotor radius is 1.6 m, and the
airfoils used in the experimentations are 63-215, 63-215
(modified), 63-415. The chord lengths and angles at various
sections were calculated and CAD model was created using
Pro-e software. Another important design part in this research
was winglet design that was carried out using appropriate
calculation. The paper only focused on the design part and the
analysis part was left for the future analysis.

Another research on Micro Wind Turbine was
carried out by Dixon P. Drumheller [7]. Dixon in his work
designed micro wind turbines with multiple blades, to output
10 Watts to power small electronic devices and to operate in
the wind speeds range of 3-14 m/s. NACA 64A410 airfoil
was selected by the team for the initial blade design. The team
considered a rotor with 5 blades and varying cross section of
the blade. This blade was then subjected to wind tunnel
testing, where the length, angle of attach, pitch was given as
the input. The wind tunnel testing was conducted within the
wind seed range of 0-14 m/s. The team finally arrived at the
design of the Alpha prototype. QBlade software was used to
model the new blade design and analyse them before final
testing. It was considered before testing that as the number of
blade increases the power generated by the turbine also
increases. Hence the results of the project included a modular
micro wind turbine design with four different sets of blades
that can be used in different environments with varying wind
speeds to produce 10 Watts power. The 7-blade model
showed lowest cut in speed of 3 m/s and generates the power
at 3and 4 m/s. The 6-blade design generates maximum power
at 5 m/s. The alpha model was considered robust than the
previous designs and was recommended for safety reasons.

The paper Wind Turbine Blade Design by Peter J.
Schubel [8], is a review paper on wind turbines. This paper
discusses the working principle, construction and
classification of different types of wind turbines. It includes
the design procedure for HAWT and discuss the significance
of the various parameters that needs to be considered in the
design of wind turbines. The parameters like tip speed ratio
and its effects are discussed, blade plan shape and quality,
output efficiency of the various types of blades with various
chord lengths, aerodynamics, configuration etc., are
discussed in detail. Some specific wind turbines
specifications and its applications are also discussed. An
attempt to smart blade design is also discussed. In this the
load at various cross sections and the bending of turbine blade
at various cross sections is discussed.

Vicky K. Rathod and his associate [10], in their
paper demonstrated a PVC micro turbine blade. For
fabricating the wind turbine blades, PVC pipes are used.

These pipes are cut along their circumference. This micro
wind turbine is designed to operate at an average wind speed
of 3-8 m/s. The tip speed ratio is considered as 4 and no. of
blades 3. The radius of the turbine is 1.02m. Wind turbine is
tested throughout the day for the varying wind speeds and
generated power is noted down.

The above abstracts from some research papers
describes the different types of micro wind turbines studied
and experimented. It can be seen that the construction of one
micro wind turbine can differ completely from another in its
shape, size, application, no. of blade, it can have airfoil blade
or can have fan type blade, it can have different blade material
etc. It is concluded that, there is lot of scope for research and
development in the field of Micro wind turbine. After going
through the basics from this paper, further study on the design
aspects of micro wind turbine can be carried out in future.
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