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Key concepts, technologies, and the role of wind power in the global energy mix

1. What Is Wind Energy?

e Definition: Conversion of kinetic energy from moving air into electrical power.

e Primary methods:

o Wind turbines (on?shore and off?shore) that drive generators.

o Wind?driven pumps for irrigation or water supply (used in some rural settings).

e Why it matters:

o Renewable, abundant, and widely distributed.

o Produces no direct greenhouse?gas emissions during operation.

o Reduces dependence on fossil fuels and enhances energy security.

2. How Wind Turbines Work

Component

Rotor (blades +
hub)

Nacelle

Gearbox
(optional)

Generator

Control System

Tower

Foundation

Function
Captures wind; aerodynamic shape creates lift, causing the rotor to spin.

Houses the drivetrain, generator, and control electronics.

Increases rotor speed to match generator requirements (many modern
designs use direct?drive, eliminating the gearbox).

Converts mechanical rotation into electrical energy (usually synchronous or
permanent?magnet generators).

Monitors wind speed, direction, turbine health; adjusts blade pitch and yaw to
optimize output and protect the turbine.

Elevates the rotor to higher wind speeds; typical heights: 40-120?m (on?
shore) and 80-150?m (off?shore).

Concrete or steel base that anchors the turbine to the ground or seabed.

Power Capture Equation
[ P =\frac{1}{2},\rho,A,C_{p},V{3} ]



Introduction to Wind Energy

e (P): Power (W)

e (\rho): Air density (?1.225?kg?m?3 at sea level)

e (A): Swept area of the rotor ((\pi r'{2}))

e (C_{p}): Power coefficient (max ? 0.59, Betz limit)

e (V): Wind speed (m?s?1)

Implication: Small changes in wind speed produce large changes in power output (cubic

relationship).

3. Types of Wind Turbines

Category Typical Use

Horizontal?Axis Most commercial
Turbine (HAWT) farms

Vertical?Axis Small?scale, urban
Turbine (VAWT) sites

Small?Scale
Turbines (<?100?
kW)

Remote homes,
farms, telecom sites

Utility?Scale _
i Large wind farms
Turbines (??1?MW)

_ Coastal waters, deep
Off?shore Turbines _
?water sites

Key Features
Rotates around a horizontal axis; three blades; yaw

system to face wind.

Rotates around a vertical axis; can accept wind
from any direction; simpler mechanics but lower
efficiency.

Often direct?drive, easier installation, can be tower?
mounted or roof?mounted.

High hub heights, long blades (up to 1007m),
sophisticated control and monitoring.

Larger rotors (??150?m), robust corrosion?resistant
design, often floating foundations for deep water.

4. Site Selection & Resource Assessment

1. Wind Resource Measurement

o Use anemometers or sodar/lidar at multiple heights.
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