
WIND ENERGY  
 
 

INTRODUCTION 
Wind has long been used as an energy source. Windmills grind corn, irrigate 
fields or dry land. In addition to drawing water, wind was also used to produce 
electricity. In the 20th century, however, the advent of new energy sources - 
electricity, oil and natural gas, gradually forced wind pumps to the background. 
This situation lasted until the oil crisis in the 1970s when interest in wind power 
again revived. Currently, the wind power is again in the forefront of interest.  
This module seeks to provide a better understanding of wind energy and its 
application. It first defines and explains critical basic terms such as airflow, wind 
speed andanemometers. It then categorises the various types of wind mills and 
discusses the elements a wind turbine is composed of. Once you know how they 
work, it is time to consider how and where to build wind turbines and how to 
use them effectively. The module ends with a disquisition of the  advantages and 
disadvantages of wind energy. 
The module is supported by videos and animations as illustration and deepening 
of the learning materials. After each section the module contains recap parts 
and quiz questions to make sure you have fully captured and understood the 
essence of the materials. 
 

 
 
 
 
LEARNING OBJECTIVES 
When you have successfully completed this unit you will be able to: 

1. Understand the basics of wind energy 

2. Define key terms such as ‘wind speed’, ‘speed ratio’ and ‘generator’ 

3. Understand the principles of air flow and wind power generation 

4. Comprehend how windturbines work including the role of the various parts 

5. Consider important factors for constructing and positioning wind mills 

6. Discuss the pros and cons and the environmental aspects of wind energy 
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Origin of wind energy 
Wind energy is actually a form of solar energy, which originates from the uneven heating of the 
Earth's surface. Wind, as it is present everywhere, has been used by man since the  beginning of 
time. Moreover, this kind of energy is attractive today because its use produces no waste and no air 
pollution which has a negative impact on the environment. Wind as a primary energy source is free 
and can be used in a decentralized manner in almost every part of the world. 
 
Short history of wind energy 
The history of the use of wind is quite long though initially limited only to propel sailboats. 
Historically, the first sails appeared in Egypt about 5.000 years ago. Simple wind motors (probably 
with vertical axes) were used in China, Egypt and Babylon for grinding grain already before Christ. 
The first mentioning of a European windmill is from England in 833 AD. In the Netherlands, horizontal 
wind engines were used for pumping water to drain land. Most probably, the first electric generator 
powered by a wind turbine was put into operation in 1890 in Denmark. 
Currently, wind engines are mostly used for electricity generation or for pumping water.  
 

 
 
Transformation: wind power to electricity 
The effect of airflow on the blades of wind turbines rise to aerodynamic forces, which cause 
rotational movement of the rotors. This rotational movement is used to move the generator rotor 
that produces electricity. The higher the air velocity the greater the aerodynamic force on the turbine 
blades. Therefore, the average local air velocity is one of the most important parameters in selecting 
suitable sites for the construction of wind power devices. In the calculations of energy captured by 
wind turbines, it is important to know the speeds of the air before and after the turbine. 
 
The amount of energy produced for a wind turbine depends on the wind speed cubed (x3). So if the 
wind speed increases twice, the production of energy increases eightfold (2*2*2). To make large 
wind energy systems economically viable wind speed should be at least 6 m/s. 
 
The process of how a wind turbine works is shown in the picture below. 

Section 1–Wind power basics 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RECAP  

Section 1 –Wind power basics 

• The history of the use of wind is long, initially it was especially applied to  propel 
sailboats. 

• Simple wind motors were used for various purposes like graining grain and pumping 
water. The first electric generator powered by a wind turbine was in the late 1800s. 

• The effect of airflow on the blades of wind turbines cause rotational movement of the 
rotors. This moves the generator rotor that produces electricity. The higher the air velocity 
the greater the aerodynamic force on the turbine blades.  

• The amount of energy produced for a wind turbine depends on the wind speed cubed (x3).  

SELF-ASSESSMENT   

Section 1 - Wind power basics 

1) If the wind speed will increase threefold, the production of energy in a wind 
turbine will increase? 

• 6x 
• 8x 
• 9x 
• 27x 

 
2) What is one of the most important parameters in selecting suitable sites for the 
construction of wind power devices? 

• The amount of wind power devices in the vicinity 
• The average local air velocity 
• The number of houses and businesses nearby 

 

 



 
 
 
 
Measurement of wind speed and direction 
An anemometer is used to measure wind speed and direction. An 
anemometer equipped with a recording device is called an 
anemograph. The paper tape is to record the average wind speed, 
wind direction and individual wind gusts.  
To measure the wind direction a wind rudder is used. Wind direction 
measurement equipment is the oldest meteorological instrument. 
The key part of the wind direction is imposed on the rotating part of 
the rod pin which is one of the directional vanes mounted plates. On 
the other side is a bar with weights. A fixed torque pin is at the 
lower end of the ring with stationary arms, pointing to the eight 
cardinal points. The direction is determined by the horizontal bars 
with the weights given to the fixed directional arm. 
Anemometers are divided into those measuringwind speed and 
those measuring pressure wind.  

Anemometers measuring wind speed 
 
A cup anemometer consists of hemispherical cups each mounted on one end of horizontal arms, 
which in turn were mounted at equal angles to each other on a vertical shaft. The air flow past the 
cups in any horizontal direction turns the shaft in a manner that is proportional to the wind speed. 
Therefore, counting the turns of the shaft over a set time period produced the average wind speed 
for a wide range of speeds. The advantage of this anemometry is its simplicity and insensitivity to the 
wind. However, the disadvantage is that it only average speed while strong, short breaths are not 
recorded.  
 
A temperature anemometer uses a thermostat which is heated to any temperature. The air flow 
around the thermistor so that it cools at a constant temperature, which depends on air speed. The 
change in thermistor resistance indicates the air speed. 
 
An ultrasonic anemometer uses the change of the transmitted 
ultrasonic signal, depending on wind speed and direction. It is capable 
of measuring wind speeds in the X, Y and Z axis. The picture to the right 
shows an example of an ultrasonic anemometer.  
 
 
 
 
 
 
 
 
 
 

Section 2 – Measurement 



The other forms of mechanical velocity anemometers may be described as belonging to the windmill 
type or propeller anemometers, using a classic tail. In these devicesthe axis of rotation must be 
parallel to the direction of the wind and therefore horizontal. Furthermore, since the wind varies in 
direction and the axis has to follow its changes, a wind vane or some other contrivance to fulfil the 
same purpose must be employed. An aero vane combines a propeller and a tail on the same axis to 
obtain accurate and precise wind speed and direction measurements from the same instrument. 
 
Anemometer measuring wind pressure 
Plate Anemometer–This is the simplest and earliest anemometers and is simply a flat plate 
suspended from the top so that the wind deflects the plate.The pressure of the wind on its face is 
balanced by a spring. The compression of the spring determines the actual force which the wind is 
exerting on the plate, and the level of compression is recorded.. Instruments of this kind do not 
respond to light winds, are inaccurate for high wind readings and are slow at responding to variable 
winds. Plate anemometers have been used to trigger high wind alarms on bridges.They are used on 
these high places because they are in a plate shape and perform well under severe circumstances 
and high altitudes. 

 
 
Anemometer with tubes - Lind's anemometer is perhaps the original form from which the tube class 
of instrument has sprung. It consists simply of a U tube containing liquid with one end bent into a 
horizontal direction to face the wind. If the wind blows into the mouth of a tube it causes an increase 
of pressure inside and also of course an equal increase in all closed vessels with which the mouth is in 
airtight communication. 
 
 
 
 
 
 
 
 
 
 
The highly successful metal pressure tube anemometer of William Henry Dines in 1892 utilized the 
same pressure difference between the open mouth of a straight tube facing the wind and a ring of 
small holes in a vertical tube which is closed at the upper end. Both are mounted at the same height. 
 



RECAP  

Section 2 - Measurement 

• An anemometer is used to measure wind speed and direction.  
• An anemometer equipped with a recording device is called an anemograph.  
• Anemometers measuring wind speed include cup anemometers,  temperature 

anemometers, ultrasonic anemometers and propeller anemometers.  
• Anemometer measuring wind pressure include plate anemometers and 

anemometers with tubes. 

The great advantage of the tube anemometer lies in the fact that the exposed part can be mounted 
on a high pole, and requires no oiling or attention for years; and the registering part can be placed in 
any convenient position.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 

SELF-ASSESSMENT   

Section 2 - Measurement 

3) To measure wind speed you may use ….  

• an anemometer 
• a pyranometer 
• a wind rudder 

4) What kind of anemometers are used to measure wind speed? 

• cup or propeller anemometers 
• Pittotovou tube anemometers 
• plate anemometers 



 
 

Wind turbines are classified according to several criteria. The criteria are listed in this table and are 
explained below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Active vs. Passive systems 
The active systems are equipped with some sort of torque producing device able to rotate the 
nacelle of the wind turbine against the stationary tower based on automatic signals from wind 
direction sensors or manual actuation (control system override). The active systems are considered 
to be the state of the art for all the modern medium and large sized wind turbines. 
The passive systems utilize the wind force in order to adjust the orientation of the wind turbine rotor 
into the wind. In their simplest form these system comprise a simple roller bearing connection 
between the tower and the nacelle and a tail fin mounted on the nacelle and designed in such a way 
that it turns the wind turbine rotor into the wind by exerting a "corrective" torque to the nacelle. 
Therefore the power of the wind is responsible for the rotor rotation and the nacelle orientation. 
 
Horizontal vs. Vertical rotation 
The axes of a wind turbine can either be horizontal of vertical. Wind 
turbines that rotate around a horizontal axis are more common (like a 
wind mill), while vertical axis wind turbines are less frequently used. 
Horizontal axis wind turbines, also shortened to HAWT, are the 
common style that most of us think of when we think of a wind turbine. 
A HAWT has a similar design to a windmill, it has blades that look like a 
propeller that spin on the horizontal axis.  
Vertical axis wind turbines, as shortened to VAWTs, have the main rotor 
shaft arranged vertically.  The main advantage of this arrangement is 
that the wind turbine does not need to be pointed into the wind. This is 
an advantage on sites where the wind direction is highly variable or has 
turbulent winds.  A vertical axis wind turbine is shown to the right.  
 

Section 3– Classifications of wind turbines 

Option 1 
 
 

Option 2 
 
 

Horizontal Position of the axis of 
rotation 

Vertical 

Low 
λ <1,5 

Speed ratio λ 
 

Medium 
1,5<λ<3,5 

Water 
abstraction 

Intended use 
 

Electricity 
production 

Independent of 
the grid 

Method of electric supply Supplying 
electricity to the 

grid 

Active Method of control Passive 

High 
λ> 3,5 

Classification 



Speed ratio λ 
Different types of wind turbines operate on different speeds. The higher speed a wind turbine can 
handle, the more energy it can produce. At very low wind speeds, there is insufficient torque exerted 
by the wind on the turbine blades to make them rotate. However, as the speed increases, the wind 
turbine will begin to rotate and generate electrical power.  
 
Intended use 
Wind turbines can be used for 2 main goals: water extraction from the air of electricity 
generation. The process of water extraction is as follows: Air gets sucked into the nose of the 
turbine and is directed to a cooling compressor. The humidity is then extracted from the air and 
condensed and collected. The water then travels 
down stainless steel pipes under the forces of 
gravity into a storage tank, where - with some 
filtering and purification - it is then ready to 
drink, wash, or cultivate with.  

The most common use of wind turbines is to 
generate electricity though. The wind turns large 
turbine blades, which spins a generator shaft 
and produces electricity. The electricity can then 
charge batteries,  be connected to a building’s 
mains power, or connected to the national 
power grid. 

 
Method of electric supply 
Wind turbines can work with an integrated grid system or independent of the electricity grid.  A 
house that is currently connected to a locally provided power source is considered “on-grid.” In this 
scenario a power-conditioning unit (inverter) that makes the turbine output electrically compatible 
with the utility grid can be installed. The turbine works together with the electric utility to power the 
house. When the wind isn’t blowing, the utility supplies the electricity. But when it’s windy out, the  
wind turbine pivots to catch the best wind and provides the electricity. When it generates more 
electricity than needed, the electricity meter can actually spin backwards, which means that this 
house is selling electricity back to the utility company. This is covered more thoroughly in chapter 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Systems not connected to a local utility supplier are known as “off-grid” systems. A hybrid system 
that uses both solar photovoltaic panels (solar energy)  and a wind turbine will make the perfect 
complement to provide minimal interruptions in power to a remote home or business that is off-grid. 
Due to the alternating nature of peak operating times hybrid systems are ideal for producing 
consistent power. In case of emergency, off-grid systems normally have an engine-generator on 
hand. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SELF-ASSESSMENT   

Section 3–Classifications of wind turbines 

5) The speed ratio λ is considered low if it is: 

• Lower than 1,5  
• Lower than 2,5 
• Lower than 3,5 

 
6) Which combination of energy suppliers makes the best combination to power a house? 

• Wind and biomass 
• Wind and geothermal energy 
• Wind and solar energy 

 
 

RECAP  

Section 3 - Classifications of wind turbines 
• Wind turbines can be categorised according to Aerodynamic principle, Position of the axis 

of rotation, Speed ratio,Intended use, Method of control and Method of electric supply. 
• Wind turbines that rotate around a horizontal axis are more common (like a wind mill), 

while vertical axis wind turbines are less frequently used. 
• Wind turbines can be used for 2 main goals: water extraction from the air of electricity 

generation. 
• Wind turbines can work with an integrated grid system or independent of the electricity 

grid. 
 



 

 
 
 
A wind turbine contains several components. The most important are in short: 

• The nacelle contains the key components of the wind turbine, including the gearbox, and the 
electrical generator.  

• The tower of the wind turbine carries the nacelle and the rotor. Generally, it is an advantage 
to have a high tower, since wind speeds increase farther away from the ground.  

• The rotor blades capture wind energy and transfer its power to the rotor hub.  
• The generator converts the mechanical energy of the rotating shaft to electrical energy  
• The gearbox increases the rotational speed of the shaft for the generator. 

 
These components can be viewed in the picture below. Below the picture is a more detailed 
description of the components.  

 

Rotor 
The rotor of a  wind power plant consists mostly of two or three blades, whose function is to convert 
wind energy into mechanical energy. This mechanical energy is further transmitted to the rotor 
shaft. Blades placed on the rotor can be of fixed or variable geometry. The solid geometry of the 
fixed rotor blades cannot alter as opposed to the variable geometry rotor blades. Rotor blades with 

Section 4 – Components of a wind turbine 

 



fairings are called head rotors. Materials from which the blades are produced are mainly polyester or 
epoxy, which has reinforced glass, carbon or Kevlar fibres. All these materials are characterized by 
their strength but also flexibility. For large wind power plants  the diameter of the rotation of the 
blades vary from 25 to 100 meters.  

 
 

The shaft torque is transferred from the rotor to the gearbox. Given the high 
performancerequirements and turbulenceit is necessary for  the main shaft to be constructedusing 
strong materials as well as given heat and surface treatment. The shaft of a light construction rotor 
can be solid (for the rotor with fixed geometry) or hollow (for the rotor with variable geometry, 
where the inside is a mechanism for turning rotor blades). The shaft diameter is several entimetres. A 
shaft is carried by two bearings. 
 

 
 

The nacelle or gondola 
This structure is the power and engine room of the wind turbine. Most of the major interior parts are 
installed here. The nacelle can be with or without turning (to face the direction of the wind flow). 
Turning gondolas is done automatically (with servos) on the basis of the information provided by the 
management system. For small plants, this function is done using a directional rudder. 



The transmission 
The task of the transmission system is to change the slow speed of the rotor to the fast speed of the 
generator. The gearbox should be rated at a higher value than the nominal power of the wind. Gear 
ratios among the largest wind power vary from 1:60 to 1:100. The gear teeth usually have 
around 98% transmission efficiency. Large wind power plants typically use a gearbox with a planetary 
gearing system. For small wind turbines a gearbox with a toothed belt and gear ratio of 1:3 to 1:5 is 
mostly used. 
 
Clutch and disc brakes 
The clutch is located between the gearbox and the generator. It is usually flexible to eliminate the 
effects of shock. 

Windmills are currently not able to use wind speeds greater than 30 m/s (108 km/h). At higher wind 
speeds it is necessary to stop the power plant to avoid damage to the rotors and blades. 
Adisk brake is used to stop the rotor and thereby the blades. They are usually located on the main 
shaft or at the shaft generator. 
 
Tower 
The tower is a crucial factor in wind power, most are tubular or framework structures. Construction 
materials can be steel or concrete. 

Management System 
These are used to start and stop the wind turbines and also to monitor operation. They are 
controlled by an electronic device processor, which collects data, evaluates the sensors and manages 
the operation of the whole plant.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VIDEO 

See what goes on inside the nacelle and understand how wind mills work  
by watching this 2.44m video (http://youtu.be/CyHOl-hetbU?t=9s). 

 

http://youtu.be/CyHOl-hetbU?t=9s
http://youtu.be/CyHOl-hetbU?t=9s


 

 
 
 
 
 
 
 

 
 

SELF-ASSESSMENT   

Section 4 – Components of a wind turbine 

7) The role of the rotor is ...: 
• To convert kinetic energy into mechanical 
• To convert mechanical energy into electrical 
• To transform wind energy into mechanical energy 

 
8) Windmills are currently not able to use wind speeds greater than ......... At higher wind 
speeds it is necessary to stop the power plant to avoid damage to the rotors and blades. 

• 55 km/h 
• 108 km/h 
• 154 km/h 

RECAP  

Section 4 - Components of a wind turbine 

• The rotor of a  wind power plant consists mostly of two or three blades, it converts wind 
energy into mechanical energy.  

• The nacelle or gondola is the power and engine room of the wind turbine containing most 
of the major interior parts. 

• The task of the transmission system (gearbox) is to change the slow speed of the rotor to 
the fast speed of the generator. 

• The generator turns mechanical energy into electrical energy. Wind power stations use 
two types of generators: synchronous and asynchronous. 

• Asynchronous generators are mostly used in small wind turbines because they are 
reliable, low maintenance, cheap and have a simple design. 

• Synchronous generators are more efficient and are capable of generating large amounts 
of electricity. 

• The management system is used to start and stop the wind turbines and to monitor its 
operation. 

 



 

 
 

Modern wind turbines are no longer as curious as old windmills, but technologically sophisticated 
models of fiberglass and steel with different transmission speeds and advanced electronics. The 
construction of current wind turbines takes into account environmental requirements. They are 
microprocessor controlled and are programmable for various circumstances and requirements 
around the world. For instance, in the evening, they may automatically switch to the "night mode" 
with lower speed and reduced noise. 

 
Basic considerations for building wind energy power  
At the design stage of wind power devices, it is necessary to know two things: 
 

• how much horsepower does the wind turbine need to generate at least 
• what is the average wind speed at the site of installation of a turbine rotor.  

 
Wind turbines depend critically on the location and the amount of wind. Sometimes the observer 
may feel that the location is really windy but without a detailed annual monitoring of wind speeds, 
the economics of  building a wind power system cannot be estimated accurately. Since such 
monitoring can be quite expensive, it is conducted especially for larger turbines. For small turbines, 
estimates of wind speeds may be sufficient. Wind speed is affected at a given location by the 
obstacles to air flow and terrain roughness. Before placing a wind turbine it is therefore necessary to 
analyse the impact of these parameters. 
 
The choice of sites for wind energy power 
In the construction of wind power systems, the following should be taken into account: 
• suitable wind conditions at the site (wind strength and number of wind days per year), 
• ways of using the electricity produced (captive use, supply electricity to the grid), 
• ownership of  the construction site, 
• environmental aspects of building wind power plants on the site. 

Section 5–Considerations for building and locating wind turbines 



In selecting sites and deciding on the construction of wind power 
systems you should avoid nearby tall trees, windbreaks, or other natural 
or artificial barriers. 
 
Because these barriers do not exist at open sea, off shore wind turbines 
work very efficient.  
 
 
 
 
 

As we already know, the energy contained in wind is a function of amongst others the wind speed 
cubed (x3). Therefore, the simplest way to steeply increase the production of electricity is to find high 
wind speeds by either placing wind turbines at an elevated location or by increasing the height of the 
mast. It is preferable to place the turbine above raised points by expanding the level of the tower, as 
the increasing height reduces the impact of barriers surrounding the wind turbine.  
To make large wind turbines economically viable wind speed should be at least 6 m/s. 

 
 
The figure shows that the increase in wind speed given the height  of the location of the wind 
turbines is exponential in nature. Thus, the higher the turbine, the greater the energy in the wind. 
The rule is that turbines should have a minimum height of 10m above surrounding obstructions 
within a radius of 100m. The optimal minimum is about 15 meters above the obstacles.  
 
However, turbines higher than 50 meters are extremely demanding on the strength of materials and 
thus are more expensive. Therefore, this undesirable feature compensates for the lower number of 
turbines placed in wind farms. The wind farm turbines are positioned 5 to 15 times the diameter of 
the rotor away from each other, thereby limiting the negative effects of wind turbulence.  
 
 
 



Airflow direction and exact positioning of turbines 
Normally, wind turbines are placed on hills or flat and very open areas (plains and at sea). It is best 
when the turbine is located in the direction of prevailing winds and to have a minimum of obstacles 
in its surroundings. Wind is quite irregular when passing the turbine on hills. In the case of steep hills 
or uneven surfaces, there may be considerable turbulence, which may reduce the positive effect of 
higher wind speeds.  
 
It is important to position the turbine to avoid various obstacles such as buildings or trees, which also 
cause turbulence and reduces the wind power. Therefore, in such cases, the turbine should be placed 
on a mast at minimum two times higher than the actual height of the obstacles, or should be placed 
at a sufficient distance behind the barrier, so the influence of turbulence barriers is minimised. If the 
turbine is placed in front of the barrier, the distance to the barrier should be at least twice the height 
of the obstacle. 
 

 
 
 

Selection of a turbine 
Determination of the type and the required performance of a wind turbine is very important and is a 
difficult task. Not only the quality of the turbines, but also the advantage of the conditions such as 
wind speed and power consumption are critical. Selecting a suitable turbine should not be made by 
comparing their potential power output. This reflects the fact that manufacturers indicate the 
performances of the turbine at different wind speeds. The figures indicating the approximate 
production of electricity at different wind speeds should be used. These dataallows inter-comparison 
of various turbines. Still, the data do not guarantee the actual production of electricity at a given 
location. 
 

RECAP  

Section 5 - Considerations for building and locating wind turbines 

• Wind turbines depend critically on the location and sufficient wind.  
• A detailed annual monitoring of wind speeds is quite expensive and is conducted mainly 

for larger turbines. For small turbines, estimates of wind speeds may be sufficient.  
• In selecting sites and deciding on the construction of wind power systems you should 

avoid nearby tall trees, windbreaks, or other natural or artificial barriers. 
• Wind turbines are normally placed on hills or flat and very open areas (plains and at sea). 
•  It is best when the turbine is located in the direction of prevailing winds. 
 



 

SELF-ASSESSMENT   

Section 5 - Considerations for building and locating wind turbines 

9) Which of the following is not an important condition for determining the location of a 
wind turbine? 
• suitable wind conditions at the site 
• ways of using the electricity produced  
• ownership of  the construction site 
• number of wind turbines in the vicinity 

 

10) Fill in the gaps: 

It is best when a wind  turbine is located in the direction of ........ winds and to have a ....... 
of obstacles in its surroundings. 
• Northern, small number of 
• Prevailing, minimum 
• High-speed, large number  



 

 
Off Grid System 

Wind power as a source for charging batteries 
This method is mainly used for wind turbines with the smallest capacity (approx. from 300 W to 5 
kW). Electricity produced is stored in the accumulator and at any time it can be used in low voltage 
appliances (lights, radio receiver). Energy from wind power can be used with appliances in power 
supply voltage of 220 V (PC, TV, fridge), but must still connect to the battery voltage inverter. 
 
Wind power as a source for heaters and hot water 
This method is usually used for wind power of more than 3 kW. Energy produced by wind power can 
be stored in the form of heat (accumulation of hot water in the boiler).  

Grid-tied System 
In a grid-tied system, wind turbine owners can get credit when their system produces more 
electricity than they need (at that moment). Excess electricity is sold to the grid. 
 

 
 

Generators for wind power 
The generator turns mechanical energy into electrical energy. Wind turbines use two types of 
generators: synchronous and asynchronous generators. A synchronous generator is called 
“synchronous” because the waveform of the generated voltage is synchronized with the rotation of 
the generator. Each peak of the sinusoidal waveform corresponds to a physical position of the rotor.  

The frequency is exactly determined by the formula f = RPM x p / 120 where f is the frequency (Hz), 
RPM is the rotor speed (revolutions per minute) and p is the number of poles formed by the stator 
windings. A synchronous generator is essentially the same machine as a synchronous motor. The 
magnetic field of the rotor is supplied by direct current or permanent magnets. 
The output frequency of an asynchronous generator is slightly lower (usually about 2 or 3%) than the 
frequency calculated from f = RPM x p / 120. If the RPM is held constant, the frequency varies 
depending on the power level. The peaks of the waveform have no fixed relationship with the rotor 
position. An asynchronous generator is essentially the same machine as an asynchronous or 
induction motor. The magnetic field of the rotor is supplied by the stator through electromagnetic 
induction.  
Asynchronous generators require relatively complicated electronic controllers. They are usually not 
started without an energized connection to an electric power grid, unless they are designed to work 

Section 6–Use of wind power 



with a battery bank energy storage system. With an asynchronous generator and an electronic 
controller, the speed of the generator can be allowed to vary with the speed of the wind.  
 

Wind turbines can also be used for extracting 
water. In this picture such a turbine is showed.  
The system’s wind turbine does not drive a 
generator to produce electricity, as is commonly 
the case. Instead it drives a heat pump which is 
directly powered by the wind turbine’s blades. 
With the heat pump the water vapour in the air is 
condensed and collected for domestic or irrigation 
purposes. Depending on local ambient 
temperatures and humidity conditions air always 
contains a certain amount of water. This makes it 
possible to make water from air almost anywhere 
in the world. For example, air at 20 0C and 50% RH 
(relative humidity) contains approximately 7 
grams of water per kilogram of air whereas air of 

30 0C and 50% RH contains almost 14 grams of water/1 kg of air. (1 m3 of air weighs approx. 1.3 kg). 

Because the turbine forces air through a heat exchanger, where the air is cooled, condensation takes 
place. When the temperature falls below its dew-point, water droplets will form and will be collected 
in a water storage compartment. 

Advantages and disadvantages of the type of generator 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

The output frequency of a 
synchronous generator 
can be more easily 
regulated 
 
Synchronous generators 
(the large ones at least) 
are more efficient 
 
They can more easily 
accommodate load power 
factor variations 

Complex design and 
construction 
 
It can generate electricity only 
at synchronous speed turbines 
 
Larger weight and size 

Reliable 
 
Low maintenance 
 
Cheap 
 
Simple design and 
construction 

 

 
 
 
 

Synchronous 
generator 

 
 

Advantages 
 
 

Disadvantages 
 
 

Asynchronous generators 
require relatively complicated 
electronic controllers.  
 
They are usually not started 
without an energized 
connection to an electric 
power grid. 
 
Relatively low speed range 
and therefore the ability to 
produce only a limited amount 
of electricity. 
 

 
 
 

Asynchronous 
generator 

 
 



 

 

RECAP  

Section 6–Use of wind power 

• Off grid wind turbines usually havea small capacity (up to 5 kW). 
• In an off grid system wind power is used as a source for charging batteries or for heaters 

and accumulation of hot water.  
• In a grid-tied system excess electricity is sold to the grid.  
• Wind turbines can also be used for extracting water. The turbine forces air through a heat 

exchanger, where the air is cooled, condensation takes place. When the temperature falls 
below its dew-point, water droplets will form and will be collected in a water storage 
compartment. 

 

SELF-ASSESSMENT   

Section 6–Use of wind power 

11) The principle of the generator is based on...: 
• The conversion of electrical energy into mechanical 
• The conversion of wind energy into mechanical energy 
• The conversion of mechanical energy into electrical energy 

 
12) Which of the following is not a disadvantage of a Synchronous generator? 
• Complex design and construction 
• It can generate electricity only at synchronous speed turbines 
• They are usually not started without an energized connection to an electric 

power grid. 
• Larger weight and size 

 
 



 
 
Compared to the environmental impact of traditional energy sources, the environmental impact 
of wind power is relatively minor, slightly higher than the environmental impact of hydro power on a 
life-cycle basis. Unlike electricity derived from fossil fuel-powered generating plants and nuclear 
power plants, wind power consumes no fuel and emits no air pollution in operation. 
The advantage of electricity generation by wind is that wind power, compared with conventional 
ways of producing electricity, has minimal environmental impact. These plants do not produce any 
solid wastes. 
In order to build wind turbines, materials must be mined, manufactured, processed and transported 
as with all conventional power plants. The energy consumed to manufacture and transport the 
materials used to build a wind power  turbine is equal to the new energy produced by the wind 
turbine within a few months. or gaseous emissions.However, any form of electricity generation is 
fraught with undesirable aspects of the environmental impact. 
There are reports of bird and bat mortality at wind turbines as there are around other artificial 
structures. The scale of the ecological impact may or may not be significant, depending on specific 
circumstances. Prevention and mitigation of wildlife fatalities, and protection of peat bogs, affect the 
siting and operation of wind turbines. 
Wind farms (a site where a large amount of wind turbines are placed) are often built on land that has 
already been impacted by land clearing. The vegetation clearing and ground disturbance required for 
wind farms is minimal compared with coal mines and coal-fired power stations. If wind farms are 
decommissioned, the landscape can be returned to its previous condition and therefore it is not a 
serious disadvantage of the use of wind energy.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 

Section 7 – Environmental aspects of wind energy 

Wind power does not create 
any harmful emissions or 
waste 
 
It has no impact on human 
health 
 
The electricity is not 
dependent on the price of 
the starting material (as 
opposed to gas and nuclear 
power plants) 
 
It has very low operating 
costs 
 
Its lightweight handling and 
low costs offer the 
possibility of using it (also) 
in underdeveloped 
countries 
 
No major environmental 
threat in the event of an 
accident 

Dependence on the current 
weather situation 
 
Windmills are currently not able 
to use wind speeds greater than 
108 km/h. 
 
High construction costs 
 
Windmills require high strengths 
of materials 
 
Windmills may cause 
interference to electromagnetic 
fields in its vicinity. 
 
Windmills may pose a hazard to 
flying animals and small aircraft 
flying at low level 
 
Noise pollution 
 
The visual effect on the scenery 
due to wind power installations 
is often perceived negatively. 
 

 

 
 
 
 

Wind energy 
 
 

Advantages 
 
 

Disadvantages 
 
 



Acoustic emissions of wind turbines 
Sound and visual impact are the two main public health and community concerns associated with 
operating wind turbines. Most of the sound generated by wind turbines is aerodynamic, caused by 
the movement of turbine blades through the air. There is also mechanical sound generated by the 
turbine itself. Overall sound levels depend 
on turbine design and wind speed. 
Mechanical noise is caused by movement 
of the mechanical parts of wind power 
plants, which are mainly the gearbox, 
generator and generator fans. Aerodynamic 
noise is due to air wrapping around the 
rotor blades. The intensity of aerodynamic 
noise is mainly influenced by the shape 
of the blades and the speed of rotation of 
the rotor.  
 
 
Optical emissions 
Optical emissions are classified as emission of light and shadow issues. Under the emission of light 
are known effects due to light reflecting from the rotor blades. This effect is observed in the short 
term and is random. Shadow issues take into account the maximum possible time shading occurs. In 
the construction of wind power plants, it is necessary to demonstrate that the affected parties do not 
produce harmful shadows. 
 
 VIDEO 

Learn about the pros and cons of wind energy, presented by Craig Shields by watching this 
4min. video (http://youtu.be/b5usXKcjYBM). 

 

http://youtu.be/b5usXKcjYBM


 
 
 
 
 

RECAP  

Section 7 – Environmental aspects of wind energy 

• Advantages of using wind energy include:  no harmful emissions or waste, very low 
operating costs and its usability in nearly all circumstances (remote or underdeveloped 
areas). 

• Disadvantages include: the dependence on the weather situation, inability to use very 
high or low wind speeds , high construction costs, optical and noise pollution. 
 

SELF-ASSESSMENT   

Section 7 – Environmental aspects of wind energy 

 13) Which of the following is not a advantage of wind turbines? 

• It does not create any harmful emissions or waste 
• It has no impact on human health 
• It makes very little noise 
• It has low operating costs 

 

14) A negative point of wind turbines are the optical emissions. By this we mean: 

• Light and shadow issues 
• The obstruction of views 
• The pollution of the visual landscape 



 
 
 
http://www.renewableenergyworld.com/rea/tech/wind-power 
 
http://www.howstuffworks.com/environmental/green-science/wind-power.htm 
 
http://www.ucsusa.org/clean_energy/our-energy-choices/renewable-energy/environmental-
impacts-wind-power.html 
 
http://www.windbyte.co.uk/ 
 
http://www.ge-energy.com/wind 
 
 
 
 
 
 
1 27x 

2  The average local air velocity 

3  An anemometer 

4  Cup or propeller anemometers 

5  Lower than 1,5 

6  Wind and solar energy 

7 To transform wind energy into mechanical energy 

8  108 km/h 

9  Number of wind turbines in the vicinity 

10 Prevailing, minimum 

11  The conversion of mechanical energy into electrical energy 

12 They are usually not started without an energized connection to an electric power grid. 

13 It makes very little noise 
 
14 Light and shadow issues 
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