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INTRODUCTION 

TO 

WIND ENERGY



WIND is the movement of air caused by the uneven
heating of the Earth's surface due to pressure
differences created by temperature variations. 

BEFORE DELVING DEEPER YOU HAVE TO

UNDERSTAND SOME BASIC CONCEPTS

 ENERGY is a fundamental property of
 physical systems that enables them to perform work
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WIND ENERGY    is the kinetic energy derived from
the wind, which is converted into electricity through
the use of wind turbines.



LET'S TAKE A TRIP

INTO THE PAST ...



PEOPLE HAVE BEEN USING WIND ENERGY FOR THOUSANDS OF YEARS

People used wind energy to propel boats along the Nile

River as early as 5,000 BC. By 200 BC, simple wind-

powered water pumps were used in China, and

windmills with woven-reed blades were grinding

grain in Persia and the Middle East.

By the 11th century, people in the

Middle East were using wind pumps

and windmills extensively for

food production.



 First wind turbine for electricity production

 In 1866 , with the invention of the dynamo (or dynamo-electric machine) 3 a

generator that converts mechanical energy into electricity 3 the possibility of producing

electricity using wind power was born! In 1888, an American scientist called James

Blyth created the first wind turbine capable of generating electricity.

J A M E S    B L Y T H



HOW DOES IT

WORK FROM A

TECHNICAL

POINT OF VIEW?





WIND TURBINE COMPONENTS

 Wind turbine generator has three major systems:

Rotor and blades 
Nacelle
Tower and foundation





ROTOR AND BLADES  SYSTEM

The rotor system captures wind
energy and converts into rotational
kinetic energy. This is accomplished

through the blades and the rotor hub.



BLADES

Wind turbine blades are long, aerodynamic structures
attached to the rotor.
Their main function is to capture the wind9s kinetic energy and
convert it into rotational motion.
Modern turbines usually have three blades for optimal
efficiency, stability, and reduced mechanical stress.
Blade length typically ranges from 30 m to over 110 m,
depending on turbine power.
Their shape is similar to an airplane wing, enabling the
generation of lift as wind flows over them

OVERVIEW



Wind turbine blades are shaped like airplane wings, with one side curved
and the other flatter.

This shape creates lift when wind flows over it, just like a wing on a plane

The lift force makes the rotor spin, turning wind energy into rotation.

Blades can also rotate around their own axis using a pitch system, which
changes their angle to control how fast the turbine turns.

BLADES AERODYNAMICS



WHY DO WE GENERALLY USE 3 BLADES ?

3 blades are optimal for wind turbines due to a balance
between :

aerodynamic efficiency: For optimal power generation,
wind turbines must operate at an optimal TSR, which
varies depending on the number of blades.

 mechanical stability:Three-bladed turbines offer better
dynamic stability compared to turbines with more blades.

 cost-effectiveness: Manufacturing blades for wind
turbines is a complex and costly process. Increasing the
number of blades from three to four or five significantly
raises production costs.



ROTOR HUB

Blades are radially bolted to the hub.
On the axial end, the rotor hub is

connected to the drive train. The hub
is made of high-quality cast iron. It

transfers load from the blades to the
nacelle frame and to the drive train.



PITCH CONTROL

 Pitch control gearboxes serve the
essential purpose of setting wind turbine
blades at the best angle to the wind to turn
the rotor.



The wind turbine can not start until a minimum wind speed is reached. As the wind speed
increases the power also increases then at a certain wind speed  the blades of the wind
turbine  brake to stop generating power. Brakes are activated to protect the wind turbine.

 Minimum Speed (Cut-in Speed) : 
between 3m/s and 5m/s

 Optimal Speed (Rated Wind Speed) : 
between  11 m/s and 14 m/s

Maximum Speed (Cut-out Speed) : 
around 25m/s

Minimum and Maximum Wind Speeds for Wind Turbines



NACELLE



GEARBOX 



bearing



 ELECTRICAL GENERATOR 4 CONVERTING ROTATION TO ELECTRICITY



YAW CONTROL

Yaw = rotation of the nacelle around the vertical axis to ensure rotor
faces the wind .

Large modern turbines use active yaw control: wind vane measures
wind direction; motors rotate the nacelle .

Some small or older turbines use passive yaw systems (tail vane or
downwind configuration) .

Yaw system includes: .



TOWERS

The tower of the wind turbine carries the nacelle and the rotor. Towers for large wind turbines may be either: 
Tubular steel towers, 
 Lattice towers, 
 Concrete towers. 
Guyed tubular towers are only used for small wind turbines (battery chargers etc.)

TYPES



TOWER HEIGHT

is called wind shear



FOUNDATIONS



OPERATING PRINCIPLE OF A WIND TURBINE

As it can be seen from the formula above that when the wind
speed doubles, the power available increases by a factor of 8.

Kinetic Energy of the Wind

Wind possesses kinetic energy because it is air in motion.
 The kinetic energy per second (power) available in the wind is:

Where:
Ã = air density
A = swept area of the rotor
v = wind speed



Not all the energy of the wind can be extracted.

Betz Limit

The German physicist Albert Betz demonstrated that only a portion of the
wind's kinetic energy can be extracted because some must remain for
airflow continuity. It states that the maximum theoretical efficiency of a
wind turbine is 59.3%(or 16 \ 27) of the available kinetic energy

The real power extracted is:

Where
Cp: power coefficient 

The power coefficient Cp
depends on the turbine's design
and operating conditions



Not all the energy of the wind can be extracted.

Conversion to Electrical Energy via Generator

Once the wind9s kinetic energy is converted into rotational mechanical energy by the

turbine rotor, this rotation is transferred to the generator     (Inside the generator, coils

of wire rotate relative to a magnetic field)      which produces electricity.

Where:

            ·total  = overall system efficiency, 

including:

generator efficiency (~90396%)

gearbox efficiency (if present, ~95398%)

other mechanical and electrical losses

The actual electrical power output Pelec  of the turbine can be expressed as:



TYPES OF WIND TURBINES



ONSHORE AND OFFSHORE WIND TURBINES

feature Onshore Offshore

Location Land Sea

Wind Speed Moderate Strong, steady

Cost Lower installation Higher investment

Maintenance Easier More complex

Example USA, Spain UK, Denmark



GLOBAL WIND RESOURCE MAP (GLOBAL WIND ATLAS, 2025).



ECONOMIC

ASPECTS OF

WIND ENERGY



WIND ENERGY

IS NOT JUST

GREEN

GOOD FOR THE ENVIRONMENT
ECONOMIC ENGINE
DRIVES ECONOMIC GROWTH



KEY ECONOMIC CONCEPTS

MAINTENANCE AND REPAIRS,
TECHNICAL STAFF AND

MONITORING,
INSURANCE,

A HIGHER CAPACITY FACTOR MEANS:
BETTER USE OF THE TURBINE,
MORE ELECTRICITY PRODUCED,

MORE REVENUE OVER TIME.

IT INCLUDES:
PURCHASING THE TURBINES,

TRANSPORTING THE EQUIPMENT,
PREPARING THE LAND OR SEA FOUNDATION,

INSTALLING CABLES AND ELECTRICAL SYSTEMS,

MAINTENANCE AND REPAIRS,
TECHNICAL STAFF AND MONITORING,

INSURANCE. 



BALANCING COST AND OUTPUT: ONSHORE VS OFFSHORE

$2.5 TO $4 MILLION PER TURBINE



BALANCING COST AND OUTPUT: ONSHORE VS OFFSHORE

TENS OF MILLIONS TO OVER $100 MILLION OR MORE PER TURBINE



JOB CREATION IN WIND ENERGY SCETOR





BENEFITS OF WIND FARMS FOR

LANDOWNERS & COMMUNITIES :



BENEFITS OF WIND FARMS FOR THE

GOVERNMENTS :



ECONOMIC &. ENVIRONMENTAL IMPACT :



WHAT IS THE CURRENT

POLITICAL SITUATION OF

WIND ENERGY IN THE

WORLD ?





GLOBAL WIND ONSHORE CAPACITY
HISTORY AND FUTURE OUTLOOK

Evolution of the global installed onshore wind capacity, Source : IRENA



CO   Emissions by different energy sources in 2023, SOURCE  : IPCC2

THE DIFFERENT ENERGY SOURCE AND CARBON
RELEASE IN THE ENVIRONMENT

Hydro , Geothermal, Tidal and
wave

Oil, Coal and Natural Gas

Onshore /offshore wind energy
CO  release2



WIND ENERGY AND

ENVIRONMENT



WHAT9S THE IMPACT OF WIND ENERGY

IN THE ENVIRONMENT ?

Acceleration of energy transition

Climate change mitigation



ACCELERATION OF ENERGY TRANSITION

World net electricity generation by source, SOURCE: IEA

Rapid adoption of Wind energy

Decarbonization of energy systems

A diversified renewable energy mix



CLIMATE CHANGES MITIGATION

Offshore wind turbines : A 15MW
Nominal power in 2026 (Source : IEA)

Reduction of fossil fuels generated
energy

Low-carbons emissions
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