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Some thoughts on large scale renewables
How did we get here? What did we learn?
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Wind turbine growth

3 https://www.nrel.gov/wind/newsletter-202004.html

Garrad Hassan started
ADG started at WEG



Andrew.Garrad@garradbalfour.com

Some early history
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Here are 1,000 years of innovation
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Soviet 30m 100 kW 1930’s

Joukowski  was the boss of ЦАГИИ 
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Gedser, NASA, DK 1950’s
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… a very Danish project!

Tvind 1975 54m 2 (1) MW
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Orkney - Wind Energy Group 1985 60m 3MW
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Science from 
1980s:
WEG
Lockheed
Boeing
Hamilton Standard
General Electric
Kaman Aerospace
MBB
MAN
Fokker
KaMeWa

Pictures collected by Simon Joncas, Univ. of Montreal 
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Validation: 1985 Comprehensive monitoring system on    MS-1 and LS-1 on 
Orkney. This data was crucial in  early days of validation. Fascinating!
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The Danish Concept  of “Powerful Simplicity“…

…characterised the whole
Danish effort
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The growth of commercial turbines….

1980 1990 2000

Will it continue?
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… and the macho machines

Science
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2000 MW 20 000 MWGlobal installed capacity
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Variable
Speed

Collective
pitch

Control innovation – the intelligent turbine

Laser

Wind farm control

Individual
pitch

Direct
Drive

PMGDFIG

Torque
control

Sensor
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Blade testing in the 1980’s
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LM blade testing today
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Predictions and failures: 
How much do we know?
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Blade damage – no lightning protection
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Failure to re-torque yaw ring bolts
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Initially no control then too much...
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A good foundation!
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Not such a good foundation!
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Nature rules

Typhoons in Japan

85 m/s 1966
74 m/s 2003

14th Typhoon, Maemi, 2003
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“Something is rotten in the state of Denmark”
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Catastrophic blade edgewise vibrations 1998
 This was a shock!

Windpower Monthly
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Different types of failure 

Nature is difficult to predict               Failure is understood but not predicted

 Failure to observe good practice  Failure is understood and expected

 Too adventurous a design            Failure is understood and should have 
    been expected 

 The unknown in design     Failure is neither understood nor expected

Do we understand enough to continue?
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Our guilty secret
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Steel expensive? 100m wooden tower
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Floating offshore turbines

GH and Tecnomare 1994
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36 x 400kW = 14 MW
36 x 1 MW = 36 MW
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Vestas multi-rotor 4 x V29 
installed 2016
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Wind Catching Systems (2024)
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How mature is the wind industry?
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Is consensus = maturity?
Consensus is boring!... But comfortable
Consensus is an  easy investment
Automotive is a mature industry

36
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Marine technology now Wind turbines 35 years ago
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Innovative bifurcations and new ideas…

Time
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China!

Beijing 2023
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