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Research  Development Demo Deployment Mature technology

Lab 
work

Bench 
scale

Pilot 
scale

Large- and commercial-
scale projects

with ongoing optimization 
Widely deployed commercial-

scale projects

“Valley of death”

OffshoreOnshoreAirborne

FoundationLocation Generators

Airborne 

Tension leg platform (Floating)

Suction bucket foundation (Fixed)

Permanent magnet generator Semi-sub (Floating)

SPAR (Floating)

Barge (Floating)
Jacket foundation (Fixed)

Tripod foundation (Fixed)

Offshore Gravity-based foundation (Fixed)

Monopile foundation (Fixed)

Squirrel cage induction generator

Wound rotor induction generator

Doubly fed induction generator
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Wind power has one of the 
lowest GHG emissions within 
renewables and low-carbon 
sources. Foundation and 
tower contribute significantly 
to the carbon footprint.

What is wind 
energy?

Market status

Technology  maturity curve

Turbines harness wind energy using 
rotor blades and an electricity 
generator to convert the kinetic energy 
of moving air into electrical energy. 

Investment

Global wind investment ($ 
billion) is driven by onshore 
wind but offshore is growing 
rapidly

          

 

Economics

Wind technologies

Levelized cost of electricity

Offshore-fixed
Fast growing 
segment 
with sizeable
capacities

Top 10 patenting countries 
in floating wind

– Combination of policies 
have supported wind 
deployment, tenders and 
auctions remain central 
tools.

– PPAs are playing an 
increasingly important role 
globally.

Onshore
Mature 
segment with 
large 
deployed 
capacities

Offshore-floating
Nascent
segment 
with low
Deployed
capacities

Onshore

Land-based 
turbines with 
ground foundations

Offshore – floating

Turbines located in 
water bodies 
(deeper waters) 
using floating 
foundation systems

Offshore – fixed

Turbines located in 
water bodies 
(shallower waters) 
with fixed 
foundations

– Gravity base
– Monopile
– Suction bucket
– Tripod
– Jacket

– Gravity base
– Piles
– Stone columns
– Rigid inclusions
– Hybrid
– Composite 

foundations

– Barge
– Semi submersible
– Tension leg 

platform
– Single point 

anchorage (SPAR) 
buoys
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Floating wind patents, 
2002-2022

24 GW

2018

73 GW

2023

0.27 GW

2023

540 GW

2018

944 GW

2023

2023 USD/kWh, 2011–2023
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Pile foundation
Spread foundation

Wind turbines have grown larger and 
taller to maximize energy capture over 
a range of wind speeds while lowering 
cost per unit of capacity. 
In about 35 years, size has six folded, 
with recent prototypes as big as the 
Eiffel Tower.

Evolution of onshore and offshore turbines
Maximum hub height (m)
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