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Renewable Energy Sources

Wind Power
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Wind energy

• Wind characteristics: wind speed, direction and frequency 

• Conversion of wind energy to power: Betz limit

• Wind turbine: HAWT, VAWT, performance

• Prediction of WT power output over a year: local wind 
characteristics, WT performance, power output over a year

• Environmental, economic and social impacts

• Offshore wind global outlook
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History of wind power

• Wind Energy is one of first non-animal energy 
forms exploited by man during early 
civilizations.

• First recorded use – 10th century Persia using 
vertical axis windmills to pump water and 
grind grain.

• Today - Wind power is now one of fastest 
growing RE technologies World-wide at ~40% 
capacity/yr.

• Modern systems for electricity generation are 
called wind turbines to distinguish from 
earlier windmill types.

Example vertical 
axis windmill 
Persia c.900

Example modern horizontal axis wind 
turbine



History of wind power



Nature and origin of wind sources

Winds arise due to varying amount of solar radiation with latitude

Average incoming radiation fluxes on a 
horizontal plane at Earth’s surface

Source: Renewable Energy Sorensen

• Winds blow between belts of high 
and low pressure.

• Heated air reaches top of 
troposphere then descends at 30o

latitude.

• This then returns to the equator.

• This forms a Hadley cell.

• Around 24 W/m2 of absorbed solar 
radiations goes into forming wind 
and air currents.



Another mechanism for wind generation in coastal areas is due to differing heat 
capacities of land and water.

Land has a lower heat capacity – heats up quicker by day but cools more rapidly at 
night.

Coastal air currents during night and day

Source: Renewable Energy Boyle

Nature and origin of wind sources



• Height: distribution
• Speed: frequency
• Direction: the wind rose

Wind characteristics

The wind speed is normal measured at a particular location using the 
anemometer installed at a height of 10 m from the ground. The wind speed 
at height above 10 m is determined empirically using the above equation. 
v(z) is the wind speed at height z, v(zref) is the wind speed measured by 
anemometer at a given height zref. Alph is related to the surface roughness.



• Height: distribution
• Speed: frequency
• Direction: the wind rose

Wind characteristics

Weibull probability density function:

c – scale factor, having a value 
between 1 and 3. It is a measure of 
wind speed characteristics of time 
and is proportional to the mean 
wind speed. 

k – shape factor. The higher the 
value, the less variable wind.



• Height: distribution

• Speed: frequency

• Direction: the wind rose

Wind characteristics



Energy from wind sources

Wind power is due to the kinetic energy (KE) carried by a mass of moving air, 
given by

where m is the mass of air in kg and V is the velocity in m/s

The energy of wind with speed V passing through a hoop of area A
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V = 10m/s

This gives a cylinder of 
air with length 10 m 
flowing through the hoop 
each second

Therefore, the volume of air passing through the hoop each second is 
equal to (A x 10) m3 or AV m3/s 



The mass of air passing through the hoop is given by

Hence, we have the available KE per second as

The energy available per second is equal to the power (P), therefore

AVr=rate flow Mass
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V = 10 m/s

This gives a cylinder of 
air with length 10 m 
flowing through the hoop 
each second

Energy from wind sources
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Therefore, the power from wind is proportional to

1.  Density of air  - lower at higher elevation and higher in colder climates.

2.  Area through which air is passing  - larger capture area – more P.

3.  The cube of wind speed  - air velocity has large effect on power P.

Harnessing wind energy

How much power is produced?

Wind flow 
through a 
turbine



Harnessing wind energy

Types of wind turbine

Modern wind turbines for electricity generation principally come in two 
types: horizontal and vertical axis types

Source: Renewable Energy Boyle

Example of 3 bladed 
horizontal axis wind turbine 
(HAWT) ‘axial flow’ type

Source: Renewable Energy Boyle

Example of vertical axis wind 
turbine (VAWT) ‘cross flow’ type

Example high solidity 
windmill used for water 
pumping, US mid-west 
c.1800



Harnessing wind energy

HAWTs predominantly have 2 to 3 blades (called low-solidity devices) or 
many blades (high solidity device)

Source: Renewable Energy Boyle

Example of 3 bladed horizontal 
axis wind turbine (HAWT) ‘axial 
flow’ type

With 2 – 3 bladed turbines the swept 
area is largely void – hence low-solidity.

Low solidity HAWTs are by far most 
common for electricity generation and 
they have benefited from improved 
aerodynamics knowledge due to 
developments in aircraft wing/propeller 
design.

Range in size from very small turbines 
producing 10-100 W up to very large 
turbines with up to 5 MW power output. 

Types of wind turbine



Modern VAWTs

Savonius-Drag 

From: www.reuk.co.uk

Darrieus-Curved Blade 

From: www.nachi.org/wind-turbines

Darrieus-Straight Blade 

From: www.wind-energy-the-facts.org

Windspire

From: www.windspireenergy.com

Aerotecture

From: www.aerotecture.com

Quietrevolution

From: www.quietrevolution.co.uk

Harnessing wind energy

Types of wind turbine



Types of wind turbine



Onshore wind farm



Offshore wind farm



Off-grid wind turbine



Isolated-grid wind turbine



Structure of a typical wind turbine



Cost breakdown



Harnessing wind power



Harnessing wind power – IEA Offshore Wind Outlook 2019



Power output varies with wind speed. 
Every turbine has a characteristic wind speed-power curve

The power extracted is related to the 
wind energy by the power coefficient Cp

According to Betz’ law the limit for 
the power coefficient is 16/27, hence

This gives a maximum mechanical 
extraction of ~59% from incident wind 
energy

Harnessing wind power

How much power is produced?

Typical wind turbine wind speed-
power curve
Source: Renewable energy Boyle
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IEA – Offshore Wind Outlook 2019



IEA – Offshore Wind Outlook 2019



Harnessing wind power

How much power is produced?



Environmental impacts of wind power

Emissions from wind power?

Wind farms largely considered as emission free RE sources -
however, a small amount of carbon dioxide emissions are 
associated with construction ~10 tonne per GWh. 



Environmental impacts of wind power

Other environmental impacts

Noise: There has been much 
concern over the noise produced 
by wind farms due to large moving 
structures involved.

Typical noise level comparison:

Busy general office: ~ 60 dB

Wind farm at 350 m distance:~35-
45 dB

Of course, not many people tend to 
live offshore!!



Environmental impacts of wind power

Other environmental impacts

Blot on the landscape: Another concern has been the visual intrusion 
of wind farms which when onshore tend to occupy elevated ridge 
positions to maximise wind potential.

Beauty is in the eye of the beholder!

However, most new project are offshore and barely visible by land.



Harnessing wind power

European wind speed map

UK has largest potential onshore and 
offshore wind energy sources in EU;

UK wind power potential – 300% of 
electricity demand



40% of European wind source

>9 m/s

8-9 m/s

>7-8 m/s

>5.5-7 m/s



..and even more offshore

>9 m/s

8-9 m/s

>7-8 m/s

>5.5-7 m/s

UK – Wind-Rich country – Extensive Offshore Wind Power



~500 turbines
1.5 GW

ca.
1% of total UK 

electricity supply

‘Round One’ - 2001



Outcome

• 15 projects awarded options to lease seabed

• Total of 5.4-7.2 GW

• Developments much larger than ‘Round One’
– Largest project 1,200 MW

• Further offshore (8-13 km limits)
– Some outside territorial waters

• Construction 
– Be phased through a number of seasons



Round 2 projects



Moving forward with Round 2

• Round 2 build depends on satisfactory outcome of 05/06 review
– Providing suitable framework for bankable projects

• Round 2 costs likely to be about 85% of Round 1
– Could be as low as 75%

• Wind energy already makes a significant contribution to the 
UK, with an output of 15.5 TWh in 2011 — equivalent to the 
annual electricity demand of 4.7 million homes.



Round 3 - 2010

• “Round 3” projects in the nine 
zones could generate up to 32 GW 
of power, a quarter of the UK's 
electricity needs. 

• Expansion into new areas requires 
extended survey

• Costs in 2020 could be 40% less 
than current levels
– Similar to onshore costs now



IEA – Offshore Wind Outlook 2019






































