
Basics 
and key 

calculations

Dr Konstantinos Ninikas
Konstantinos.Ninikas@gcu.ac.uk

Lecture 1

Wind Turbine Technology



Wind turbines
All wind turbines have in 
common that they use wind 
power to produce electric 
energy. Though the way this 
is done may differ. 

Today there are essentially 
two different types of wind 
turbines that are functioning 
in quite different ways. 

There are turbines with 
blades rotating about a 
horizontal axis which is most 
commonly used, 

and turbines that use a 
rotating motion about a 
vertical axis
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HAWT 
(Horizontal Axis 
Wind Turbines)

VAWT
(Vertical Axis 

Wind Turbines)



1. Foundation
2. Tower
3. Nacelle
4. Rotor blades
5. Hub
6. Transformer

Wind turbines
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Wind turbines
Foundations / software for 
design development

Structural design details
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Installation



Wind turbines installed
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Beaufort no Wind speed m/s Description Wind turbine effects

0 0 – 0.4 Calm None

1 0.4 – 1.8 Light None

2 1.8 – 3.6 Light None

3 3.6 – 5.8 Light Start-up by turbines for light winds

4 5.8 – 8.5 Moderate

5 8.5 – 11 Fresh Useful power generation

6 11 – 14 Strong Rated range at full capacity

7 14 – 17 Strong Full capacity

8 17 – 21 Gale Shut-down or self-stalling initiated

9 21 – 25 Gale All machines shut down or stalled

10 25 – 29 Strong Gale Design criteria against damage

11 29 – 34 Strong Gale Only very strong machines survive

12 34 + Hurricane Serious damage likely
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Prevailing winds

Source: https://www.nationalgeographic.org/photo/prevailing-winds/
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Wind turbine capacity
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Global wind resources

https://globalwindatlas.info/ 10



Wind turbine capacity
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Vertical Axis Wind Turbines (VAWT)
The axis of rotation is perpendicular to the wind
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Horizontal Axis Wind Turbines (HAWT)
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Horizontal Axis Wind Turbines (HAWT)
The axis of rotation is parallel to the wind
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If you will double the wind speed, you get eight times more power
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VAWT & HAWT
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Example VAWT specifications

Extra efficiency means… extra complexity 
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Wind 
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Wind turbine basics

RETScreen International
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Turbine size characteristics
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CapEx for the land-based reference wind power plant project
Source: NREL

Cost
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Cost
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Wind is expected to  be the largest generating source, supplying more than 
one-third of total electricity generation needs by 2050. 
Source: IRENA, 2019a. 
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Wind Physics
Available wind power
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Wind Physics
Available wind power
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Wind Physics
Available wind power
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Every generation system is less than 100% 
efficient, we always have losses!
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Maximum efficiency calculated by Albert Betz
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Unfortunately there is more waste energy due to the rotation



Wind Turbines
Choosing a Turbine
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Savonius
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The power curves drop of about 34 miles.
This is a protection measure against high wind speeds.
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Basic facts
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Basic facts



35
correct location & correct design to get you more electricity

Choosing a location

Avoid slow wind
Avoid turbulent wind
Never on buildings



Siting of wind turbines

• Tops of hills 
are good…

• … but avoid 
sharp 
ridges
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Siting of wind turbines

Avoid local obstructions
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Wind gusts

Rapid changes of wind 
speed in the atmosphere, 
also called wind gusts, 
cause large fatigue 
loads on wind turbines. 
These loads reduce the 
lifetime of wind turbine 
components
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Wind rose
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A wind rose is a 

graphic tool used 

by meteorologists

to give a succinct 

view of 

how wind speed 

and direction are 

typically 

distributed at a 
particular location.



Power in the wind

Cp,max,theoretical = 0.60 (Betz limit)

Cp,max,typical = 0.35 – 0.4

Pin

Windspeed Windspeed

Pin= ½ ρ A v3
Power coefficient

Cp
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Courtesy: Danish Wind Industry Association



Power output

Po

Po = ½ CP ρ A V3

Windspeed

Cut-in
~3m/s

Average
~6.5 m/s

Rated
~11m/s

Cut-out
~25m/s

Rated 
output
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Installation
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Installation
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Questions?


