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Abstract: This project is explained the wind power 

generation process. With the performance of the wind 

turbine .which is indirect source of energy from the 

atmosphere can be used to a kinetic energy of the wind 

which will run the wind turbine which is attached the 

electric generator in hence to produced the electricity. 

Although wind mill have been used for more than a dozen 

countries for grinding grain and pumping water, interest in 

large scale power generation has developed over the past 70 

years. Community wind projects are locally owned by 

farmers, investors, businesses, schools, utilities, or other 

public or private entities who utilize wind energy to support 

and reduce energy costs to the local community. The key 

feature is that local community members have a significant, 

direct financial stake in the project beyond land lease 

payments and tax revenue. Projects may be used for on-site 

power or to generate wholesale power for sale, 

 

I. INTRODUCTION 

There wind is air set in motion by small amount of insolation 

reaching the upper atmosphere of earth. Wind contains 

kinetic energy which can easily be converted to electrical 
energy. nature generates about 1.67 × 105 kWh of the wind 

energy annually over land area of earth of the earth and 10 

times this figure over the entire globe.(6)  There  is a 

pressing need to accelerate the development of advanced 

energy technologies in order to address the global challenges 

of clean energy, climate change and sustainable development. 

To achieve emission reductions envisioned, the IEA has 

undertaken an effort to develop a series of global technology 

roadmaps, under international guidance and in close 

consultation with industry. These technologies are evenly 

divided among demand-side and supply-side technologies 
and include several renewable energy. The overall aim is to 

advance global development and uptake of key 

technologies.(4) energy’s presence are currently being 

explored. These areas of study include reducing capital costs, 

increasing capacity factors, and mitigating risk through 

enhanced system reliability. With sufficient research, 

development, and demonstration , these new advances could 

potentially have a significant impact on commercial product 

lines in the next 10 years.(7) The current and future projected 

cost and performance characteristics of new electric 

generating capacity are a critical input into the development 

of energy projections and analyses. The construction and 
operating costs, along with the performance characteristics of 

new generating plants, play an  important role in determining 

the mix of capacity additions that will serve future demand  

 

for electricity. These parameters also help to determine how 

new capacity competes against existing capacity, and the 

response of the electric generators to the imposition of 

environmental controls on conventional pollutants or any 

limitations on greenhouse gas emissions. The specific 

overnight costs for each type of facility were broken down to 

include:(2) 

• Civil and structural costs: allowance for site preparation, 

drainage, the installation of underground utilities, structural 

steel supply, and construction of buildings on the site 
• Mechanical equipment supply and installation: major 

equipment, including but not limited to, boilers, flue gas 

desulfurization scrubbers, cooling towers, steam turbine 

generators, condensers, photovoltaic modules, combustion 

turbines, and other auxiliary equipment  

• Electrical and instrumentation and control: electrical 

transformers, switchgear, motor control centers, switchyards, 

distributed control systems, and other electrical commodities 

Project indirect costs: engineering, distributable labor and 

materials, craft labor overtime and incentives, scaffolding 

costs, construction management start up and commissioning, 

and fees for contingency 
• Owners costs: development costs, preliminary feasibility 

and engineering studies, environmental studies and 

permitting, legal fees, insurance costs, property taxes during 

construction, and the electrical interconnection costs, 

including a tie-in to a nearby electrical transmission system    

(2)  

 

A. The design is influenced by the specific application:  

 Direct mechanical operation: driving millstones, 

saws, hammers, etc …  

 Water pumping  

 Heating and cooling  

 Conversion to electrical energy (1).  

 

II. BRIEF HISTORY - RISE OF WIND POWERED    

ELECTRICITY 

1888: Charles Brush builds first large-size wind electricity 

generation turbine (17 m diameter wind rose configuration, 

12 kW generator) 1890s: Lewis Electric Company of New 

York sells generators to retro-fit onto existing wind mills 

1920s-1950s: Propeller-type 2 & 3-blade horizontal-axis 

wind electricity conversion systems (WECS) 1940s – 1960s: 
Rural Electrification in US and  Europe leads to decline in 

WECS use.  (3) 
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III. WIND TURBINE 

It is a machine which converts wind power into rotary 

mechanical power. A wind turbine has aerofoil blades 

mounted on the rotor .the wind derive the rotor and produces 
rotary mechanical energy. (6) 

 
Fig. 1.  Wind Turbine 

 

A. CURRENT STATUS OF TURBINE COMPONENTS 

(a)  Rotor  

Typically, a modern turbine will cut in and begin to produce 

power at a wind speed of about 5 m/s (see Figure 2-8). It will 

reach its rated power at about 12 m/s to 14m/s, where the 

pitch control system begins to limit power output and prevent 

generator and drivetrain overload. At around 22 m/s to 25 

m/s, the control system pitches the blades to stop rotation, 

feathering the blades to prevent overloads and damage to the 
turbine’s components. The job of the rotor is to operate at the 

absolute highest efficiency possible between cut-in and rated 

wind speeds, to hold the power transmitted to the drivetrain 

at the rated power when the winds go higher, and to stop the 

machine in extreme winds. Modern utility-scale wind 

turbines generally extract about 50% of the energy in this 

stream below the rated wind speed, compared to the 

maximum energy that a device can theoretically extract, 

which is 59% of the energy stream. Most of the rotors on 

today’s large-scale machines have an individual mechanism 

for pitch control; that is, the mechanism rotates the blade 
around its long axis to control the power in high winds. This 

device is a significant improvement over the first generation 

of fixed-pitch or collective-pitch linkages, because the blades 

can now be rotated in high winds to feather them out of the 

wind. This reduces the maximum loads on the system when 

the machine is parked. Pitching the blades out of high winds 

also reduces operating loads, and the combination of 

pitchable blades with a variable-speed generator allows the 

turbine to maintain generation at a constant rated-power 

output. The older generation of constant-speed rotors 

sometimes had instantaneous power spikes up to twice the 
rated power. Additionally, this pitch system operates as the 

primary safety system because any one of the three 

independent actuators is capable of stopping the machine in 

an emergency. (4) 

 
Fig 2 A curve between power and speed 

 

(b) Blades  

As wind turbines grow in size, so do their blades—from 

about 8 m long in 1980 to more than 40 m for many land-

based commercial systems and more than 60 m for offshore 
applications today. Rigorous evaluation using the latest 

computer analysis tools has improved blade designs, 

enabling weight growth to be kept to a much lower rate than 

simple geometric scaling (see Figure 2-7). Designers are also 

starting to work with lighter and stronger carbon fiber in 

highly stressed locations to stiffen blades and improve 

fatigue resistance while reducing weight. (Carbon fiber, 

however, costs about 10 times as much as fiberglass.) Using 

lighter blades reduces the load-carrying requirements for the 

entire supporting structure and saves total costs far beyond 

the material savings of the blades alone.  By designing 

custom airfoils for wind turbines, developers have improved 
blades over the past 20 years. Although these airfoils were 

primarily developed to help optimize low-speed wind 

aerodynamics to maximize energy production while limiting 

loads, they also help prevent sensitivity to blade fouling that 

is caused by dirt and bug accumulation on the leading edge. 

This sensitivity reduction greatly improves blade efficiency 

(Cohen et al. 2008). Current turbine blade designs are also 

being customized for specific wind classes. In lower energy 

sites, the winds are lighter, so design loads can be relaxed 

and longer blades can be used to harvest more energy in 

lower winds. Even though blade design methods have 
improved significantly, there is still much room for 

improvement, particularly in the area of dynamic load 

control and cost reduction.(6) 

 

(c) Controls  

Today’s controllers integrate signals from dozens of sensors 

to control rotor speed, blade pitch angle, generator torque, 

and power conversion voltage and phase. The controller is 

also responsible for critical safety decisions, such as shutting 

down the turbine when extreme conditions are encountered. 

Most turbines currently operate in variable-speed mode, and 

the control system regulates the rotor speed to obtain peak 
efficiency in fluctuating winds. It does this by continuously 

updating the rotor speed and generator loading to maximize 

power and reduce drivetrain transient torque loads. Operating 

in variable-speed mode requires the use of power converters, 
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which offer additional benefits (which are discussed in the 

next subsection). Research into the use of advanced control 

methods to reduce turbulence-induced loads and increase 

energy capture is an active area of work. Electrical controls 
with power electronics enable machines to deliver fault-

ridethrough control, voltage control, and volt-ampere-

reactive (VAR) support to the grid. In the early days of grid-

connected wind generators, the grid rules required that wind 

turbines go offline when any grid event was in progress. 

Now, with penetration of wind energy approaching 10% in 

some regions of the United States, more than 8% nationally 

in Germany, and more than 20% of the average generation in 

Denmark, the rules are being changed (Wiser and Bolinger 

2007). Grid rules on both continents are requiring more 

support and fault-ride-through protection from the wind 

generation component. Current electrical control systems are 
filling this need with wind plants carefully engineered for 

local grid conditions 

 

(d) The Drivetrain (Gearbox, Generator, and Power 

Converter): 

Generating electricity from the wind places an unusual set of 

requirements on electrical systems. Most applications for 

electrical drives are aimed at using electricity to produce 

torque, instead of using torque to produce electricity. The 

applications that generate electricity from torque usually 

operate at a constant rated power. Wind turbines, on the other 
hand, must generate at all power levels and spend a 

substantial amount of time at low power levels. Unlike most 

electrical machines, wind generators must operate at the 

highest possible aerodynamic and electrical efficiencies in 

the low-power/low-wind region to squeeze every kilowatt-

hour out of the available energy. For wind systems, it is 

simply not critical for the generation system to be efficient in 

above-rated winds in which the rotor is letting energy flow 

through to keep the power down to the rated level. Therefore, 

wind systems can afford inefficiencies at high power, but 

they require maximum efficiency at low power—just the 
opposite of almost all other electrical applications in 

existence. Torque has historically been converted to electrical 

power by using a speed-increasing gearbox and an induction 

generator. Many current megawatt-scale turbines use a three-

stage gearbox consisting of varying arrangements of 

planetary gears and parallel shafts. Generators are either 

squirrel-cage induction or wound-rotor induction, with some 

newer machines using the doubly fed induction design for 

variable speed, in which the rotor’s variable frequency 

electrical output is fed into the collection system through a 

solid-state power converter. Full power conversion and 

synchronous machines are drawing interest because of their 
faultride-through and other grid support capacities. As a 

result of fleet-wide gearbox maintenance issues and related 

failures with some designs in the past, it has become standard 

practice to perform extensive dynamometer testing of new 

gearbox configurations to prove durability and reliability 

before they are introduced into serial production. The long-

term reliability of the current generation of megawatt-scale 

drive trains has not yet been fully verified with long-term, 

real-world operating experience. There is a broad consensus 

that wind turbine drive train technology will evolve 

significantly in the next several years to reduce weight and 

cost and improve reliability. (7) 
 

(e) The Tower  

The tower configuration used almost exclusively in turbines 

today is a steel monopole on a concrete foundation that is 

custom designed for the local site conditions. The major 

tower variable is height. Depending on the wind 

characteristics at the site, the tower height is selected to 

optimize energy capture with respect to the cost of the tower. 

Generally, a turbine will be placed on a 60-m to 80-m tower, 

but 100-m towers are being used more frequently. Efforts to 

develop advanced tower configurations that are less costly 

and more easily transported and installed are ongoing.  
 

(f)  Balance of Station  

The balance of the wind farm station consists of turbine 

foundations, the electrical collection system, power-

conditioning equipment, supervisory control and data 

acquisition (SCADA) systems, access and service roads, 

maintenance buildings, service equipment, and engineering 

permits. Balance-of-station components contribute about 

20% to the installed cost of a wind plant. 

 
Fig.3 Clipper Wind power multiple-drive-path gearbox 

 

Wind energy is one of the cleanest and most environmentally 

neutral energy sources in the world today. Compared to 

conventional fossil fuel energy sources, wind energy 

generation does not degrade the quality of our air and water 

and can make important contributions to reducing climate-

change effects and meeting national energy security goals. In 

addition, it avoids environmental effects from the mining, 

drilling, and hazardous waste storage associated with using 

fossil fuels. Wind energy offers many ecosystem benefits, 
especially as compared to other forms of electricity 

production. Wind energy production can also, however, 

negatively affect wildlife habitat and individual species, and 

measures to mitigate prospective impacts may be required. 

As with all responsible industrial development, wind power 

facilities need to adhere to high standards for environmental 

protection. Wind energy generally enjoys broad public 

support, but siting wind plants can raise concerns in local 

communities. Successful project developers typically work 

closely with communities to address these concerns and 
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avoid or reduce risks to the extent possible. Not all issues can 

be fully resolved, and not every prospective site is 

appropriate for development, but engaging with local leaders 

and the public is imperative. Various agencies and 
stakeholders must also be involved in reviewing and 

approving projects. If demand increases and annual 

installations of wind energy approach 10 gigawatts (GW) and 

more, the wind energy industry and various government 

agencies would need to scale up their permitting and review 

capabilities. To date, hundreds of wind projects have been 

successfully permitted and sited. Although the wind energy 

industry must continue to address significant environmental 

and siting challenges, there is growing market acceptance of 

wind energy. If challenges are resolved and institutions are 

adaptive, a 20% Wind Scenario in the United States could be 

feasible by 2030. As noted by the Intergovernmental Panel 
on Climate Change (IPCC), under certain conditions, 

renewable energy could contribute 30% to 35% of the 

world’s electricity supply by 2030 (IPCC 2007). This chapter 

reviews environmental concerns associated with siting wind 

power facilities, public perceptions about the industry, 

regulatory frameworks, and potential approaches to 

addressing remaining challenges.(8) 

 

IV. TYPES OF WIND TURBINE 

Horizontal-Axis – HAWT: 

 • Single to many blades - 2, 3 most efficient 
• Upwind, downwind facing 

• Solidity / Aspect Ratio – speed and torque 

• Shrouded / Ducted – Diffuser Augmented 

Wind Turbine (DAWT) 

Vertical-Axis – VAWT : 

• Darrieus / Egg-Beater (lift force driven) 

• Savonius (drag force driven) 

 

V. WIND TURBINE SUB– FOUNDATION 

 Tower 

 Nacelle 

 Hub & Rotor 

 Drive train 

 Gearbox 

 Generator 

 Electronics & Controls 

 Yaw 

 Pitch 

 Braking 

 Power Electronics 

 Cooling 

 Diagnostics systems (4) 
 

VI. NACELLE, ROTOR & HUB 

1. Determine basic configuration: orientation and blade 

number 

2. take site wind speed and desired power output 

3. Calculate rotor diameter (accounting for efficiency losses) 

4. Select tip-speed ratio (higher more complex airfoils, noise) 

and blade number (higher efficiency with more blades) 

5. Design blade including angle of attack, lift and drag 

characteristics 

6. Combine with theory or empirical methods to determine 

optimum blade shape (6) 
 

VII. WIND TURBINES WORK 

A wind turbine works the opposite of a fan. Instead of using 

electricity to make wind, like a fan, wind turbines use wind 

to make electricity. The wind turns the blades, which spin a 

shaft, which connects to a generator and makes electricity. 

Wind turbines, like windmills, are usually mounted on a 

tower to capture the most energy. Wind turbines operate on a 

simple principle. The energy in the wind turns two or three 

propeller-like blades around a rotor. The rotor is connected 

to the main shaft, which spins a generator to create 

electricity. Wind turbines are mounted on a tower to capture 
the most energy. At 100 feet (30 meters) or more above 

ground, they can take advantage of faster and less turbulent 

wind. A blade acts much like an airplane wing. When the 

wind blows, a pocket of low-pressure air forms on the 

downwind side of the blade. The low-pressure air pocket 

then pulls the blade toward it, causing the rotor to turn. This 

is called lift. The force of the lift is actually much stronger 

than the wind's force against the front side of the blade, 

which is called drag. The combination of lift and drag causes 

the rotor to spin like a propeller, and the turning shaft spins a 

generator to make electricity. Wind turbines can be used to 
produce electricity for a single home or building, or they can 

be connected to an electricity grid (see illustration to the 

right) for more widespread electricity distribution. (9) 

 
Fig.4. Reducing the energy cost has been the primary driver 

of this evolution 

 

VIII. TECHNOLOGY IMPROVEMENTS 
The general trend in turbine design has been to increase the 

height of the tower, the length of the blades and the power 

capacity. On average, however, turbines have grown in 

height and rotor diameter more rapidly than have their power 

capacities. This decrease in the specific power, or ratio of 

capacity over swept area, has pushed up capacity factors 

considerably for the same wind speeds (Figure 4). Reducing 

the energy cost has been the primary driver of this evolution, 
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which might also have positive implications at system level 

(see System integration: actions and time frame). This trend 

has also led to the emergence of rotors designed for lower 

wind speeds, having even smaller specific power, with high 
masts and long blades in relation to generator size – and even 

higher capacity factors. This allows installing wind turbines 

in lower-wind-speed areas, which are often closer to 

consumption centre’s than the best ―windy spots‖. As this 

avoids installation in areas that are sensitive for environment 

and landscape integration (seashores, mountain ridges, etc.), 

this practice lowers the potential for opposition and conflicts 

(7) 

 

IX. MODERN WIND TURBINE TECHNOLOGY 

Wind power output varies as the wind rises and falls. At low 

penetration levels, wind variability adds only incrementally 
to the existing variability in electricity supply and demand, 

but variability and uncertainty become significant as wind 

penetrations increase. Recent years have seen more countries 

and regions reach high penetration levels of close to 20% of 

yearly electricity consumption from wind power. The 

experience gained in wind integration shows that few 

physical changes to power systems are needed until 

penetration exceeds 20%. Considerable progress has been 

made since 2008 in forecasting the output of wind power 

plants. In Spain, for example, day-ahead errors have been 

reduced by one-third (Figure 4). Moreover, a vast majority of 
wind turbines now installed have fault ride-through 

capabilities and offer active and reactive power control, 

thanks to power electronics developments (4) Modern wind 

turbines, which are currently being deployed around the 

world, have three-bladed rotors with diameters of 70 m to 80 

m mounted atop 60-m to 80-m towers, as illustrated in Figure 

2-3. Typically installed in arrays of 30 to 150 machines, the 

average turbine installed in the United States in 2006 can 

produce approximately 1.6 megawatts (MW) of electrical 

power. Turbine power output is controlled by rotating the 

blades around their long axis to change the angle of attack 
with respect to the relative wind as the blades spin around the 

rotor hub. This is called controlling the blade pitch. The 

turbine is pointed into the wind by rotating the nacelle around 

the tower. This is called controlling the yaw. Wind sensors 

on the nacelle tell the yaw controller where to point the 

turbine. These wind sensors, along with sensors on the 

generator and drive train, also tell the blade pitch controller 

how to regulate the power output and rotor speed to prevent 

overloading the structural components. Generally, a turbine 

will start producing power in winds of about 5.36 m/s and 

reach maximum power output at about 12.52 m/s–13.41 m/s. 

The turbine will pitch or feather the blades to stop power 
production and rotation at about 22.35 m/s. Most utility-scale 

turbines are upwind machines, meaning that they operate 

with the blades upwind of the tower to avoid the blockage 

created by the tower. The amount of energy in the wind 

available for extraction by the turbine increases with the cube 

(the third power) of wind speed; thus, a 10% increase in wind 

speed creates a 33% increase in available energy. A turbine 

can capture only a portion of this cubic increase in energy, 

though, because power above the level for which the 

electrical system has been designed, referred to as the rated 

power, is allowed to pass through the rotor.(7) 

 
X. WIND TURBINE TECHNOLOGY 

A good parallel to wind energy evolution can be derived 

from the history of the automotive industry in the United 

States. The large-scale production of cars began with the first 

Model T production run in 1910. By 1940, after 30 years of 

making cars and trucks in large numbers, manufacturers had 

produced vehicles that could reliably move people and goods 

across the country. Not only had the technology of the 

vehicle improved, but the infrastructure investment in roads 

and service stations made their use practical. Yet 30 years 

later, in 1970, one would hardly recognize the vehicles or 

infrastructure as the same as those in 1940. Looking at the 
changes in automobiles produced over that 30-year span, we 

see how RD&D led to the continuous infusion of modern 

electronics; improved combustion and manufacturing 

processes; and ultimately, safer, more reliable cars with 

higher fuel efficiency. In a functional sense, wind turbines 

now stand roughly where the U.S. automotive fleet stood in 

1940. Gradual improvements have been made in the past 30 

years over several generations of wind energy products. 

These technology advances enable today’s turbines to 

reliably deliver electricity to the grid at a reasonable cost. 

Through continued RD&D and infrastructure development, 
great strides will be made to produce even more advanced 

machines supporting future deployment of wind power 

technology. This chapter describes the status of wind 

technology today and provides a brief history of technology 

development over the past three decades. Prospective 

improvements to utility-scale land-based wind turbines as 

well as offshore wind technology are discussed. Distributed 

wind technology [100 kilowatts (kW) or less] is also 

addressed in this chapter. In general, the speed of the wind 

increases with the height above the ground, which is why 

engineers have found ways to increase the height and the size 
of wind turbines while minimizing the costs of materials. But 

land-based turbine size is not expected to grow as 

dramatically in the future as it has in the past. Larger sizes 

are physically possible; however, the logistical constraints of 

transporting the components via highways and of obtaining 

cranes large enough to lift the components present a major 

economic barrier that is difficult to overcome. Many turbine 

designers do not expect the rotors of land-based turbines to 

become much larger than about 100 m in diameter, with 

corresponding power outputs of about 3 MW to 5 MW. 
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XI. CURRENT TURBINE SIZE 

Throughout the past 20 years, average wind turbine ratings 

have grown almost linearly, as illustrated by Figure 2-6. Each 

group of wind turbine designers has predicted that its latest 
machine is the largest that a wind turbine will ever be. But 

with each new generation of wind turbines (roughly every 

five years), the size has grown along the linear curve and has 

achieved reductions in life-cycle cost of energy (COE) this 

long-term drive to develop larger turbines is a direct result of 

the desire to improve energy capture by accessing the 

stronger winds at higher elevations. (The increase in wind 

speed with elevation is referred to as wind shear.) Although 

the increase in turbine height is a major reason for the 

increase in capacity factor over time, there are economic and 

logistical constraints to this continued growth to larger sizes. 

The primary argument for limiting the size of wind turbines 
is based on the square-cube law. This law roughly states that 

as a wind turbine rotor grows in size, its energy output 

increases as the rotor swept area (the diameter squared), 

while the volume of material, and therefore its mass and cost, 

increases as the cube of the diameter. In other words, at some 

size, the cost for a larger turbine will grow faster than the 

resulting energy output revenue, making scaling a losing 

economic game. Engineers have successfully skirted this law 

by either removing material or using it more efficiently as 

they increase size. Turbine performance has clearly 

improved, and cost per unit of output has been reduced, as 
illustrated in Figures 2-4 and 2-5. A Wind Partnerships for 

Advanced Component Technology study has also shown that 

in recent years, blade mass has been scaling at an exponent of 

about 2.3 as opposed to the expected 3.0 (Ashwill 2004), 

demonstrating how successive (7) 

 

XII. ROTOR 

Wind turbines with a high design tip speed ratio require a 

small number of blades  

 
Fig 5. Wind turbine rotor blade ratio 

 Require assistance at start up either by powering 

motor or pitching blades  

 Maximum tip speed is maintained between 80-90 

m/s for noise concerns  

 Mostly three blades are used, with high quality 

aerodynamic profiles (5) 

 

XIII. WIND MACHINE TRANSMISSION 

1. To increase the rates of rotor rotation (for a 600 or 750 kW 

machine, the gear ratio is typically approximately 1 to 50)  

2. Gears  

3. Chains  

4. Belts  

5. Fixed ratio gears are recommended for top mounted wind 

machines due to their high efficiency, known cost and 
minimum system risk  

6. For ground mounted wind machines which requires right-

angle drive the transmission cost might be reduced 

substantially by using large diameter bearing with ring-gears 

mounted on the hub (7) 
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