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Operating offshore wind
farms around Europe
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Land-based sites are not close to coastal load centers

Load centers are close to offshore wind sites
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No Offshore wind
projects Installed
In U.S. yet
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At it's simplest, the
wind turns the
turbine’s blades,
which spin a shaft
connected to a
generator that
makes electricity.

Large turbines are
grouped together to
form a wind power
plant, which feeds
electricity to the
gric
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Power in the Wind = 2pAV?3

A - Area of the circle swept by the rotor.

p = Air density
V = Wind speed

Wind Turbine Power Curve
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 Meteorological Tower
 Wind Resources
 Physical Ocean

e Site Monitoring Begins Early
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Offshore Project Development
Depends on Accurate Long Term
Knowledge of the Wind Speed

Credit : Risoe Wlnd Speed




Country: Denmark

Location: West Coast

Total Capacity: 160 MW
Number of Turbines: 80
Distance to Shore: 14-20 km
Depth: 6-12 m

Capital Costs: 270 million Euro
Manufacturer: Vestas

Total Capacity: 2 MW
Turbine-type: V80 - 80m diameter
Hub-height: 70-m

Mean Windspeed: 9.7 m/s
Annual Energy output: 600 GWh

Horns Rev Wind Farm Installation®

§ .
—
PNREL

i it

LORUGT e,




Graphics source: http://www.offshorewindenergy.org/

Monopile Foundation Gravity Foundation Tripod/Truss Foundation
Most Common Type Larger Footprint NQ wind experience
Minimal Footprint Depth Limit? Oil and gas to 450-m
Depth Limit 25-m Stiffer but heavy Larger footprint

Low stiffness

Proven Designs Future?
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Floating Wind ' lr
| Turbine Concepts | I

o Tension-Leg Concrete (TLP)
g >PAT-DUEY Platform (TLP) with gravity

with tyg t'ef with suction pile base anchor
catenary mooring B ChorS, 1

dragembedment |

anchors e e
I—1- Future Concepts.
Commercialization is long term




Technology lags wind power
European led
Commercial development is not ready

Test sites needed for technology
evaluation and validation
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Individual Test Sites

Meteorological Station
Grid Connection

Experimental Turbines,
Subsystems or Ocean Energy
Devices

Regulatory Compliance
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Hydrogen
e Long range possibility
High wind penetration

Transportation sector
Remote production without cables

H, technical challenges
Desalinated feedwater
Distributed hydrogen collection
Pipeline to shore




Long term possibility

Maximize Grid Interconnect Potential

Improve Intermittency & Total Energy Output
Increase System Reliability & Reduce Maintenance

Wind / Wave Integrated
Platform

 Credit: GE Energy



Near term wind turbines in shallow-
sheltered sites possible now.

New wind technologies for deeper
water are long term

Ocean wave and current technologies
are in the first prototype testing stage

Hydrogen production — long term



