Wind Energy: Opportunities and
Challenges for Offshore Applications

Presentation Outline

Offshore wind energy resource
» Wind resource basics
Virginia’'s offshore wind energy potential

Offshore wind energy technology
Involves a variety of engineering disciplines
Large economic development impacts

Offshore wind energy developments
* Global context
 European examples
» U.S. project proposals

Research and development opportunities in Virginia
Virginia Coastal Energy Research Consortium
University-industry R&D partnership opportunities
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Class 4+ areas needed
for economical onshore
projects are largely in
national forests and
parks, and even projects

on private land seem
difficult to permit

Class 5+ areas needed
for economical offshore
projects are in federal
waters beyond 3-n.mile
limit of state jurisdiction




Only one regulatory
authority (US Minerals
Management Service)

Two National
Forests, Blue Ridge
National Park, state
parklands, and
county-by-county
zoning variability

115 kV
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Using the same spacing of wind
turbines as shown in photo at left,

an ocean shelf area the size of
Virginia Beach could supply

20% of the state’s annual

electricity demand

410-tonne

turbine and

210-tonne
tower







GE 3.6 MW rotor
(104 m diameter)

Estimated maritime industry value of
fabrication, installation, and service contracts
in Virginia




Typical capital cost breakdown for
monopile-based offshore wind project

Support structure
25%

32% of capital cost
is in local fabrication
and installation

Project management ! Installation
2% Power collection Power
13% transmission
8%

Estimated maritime industry value of fabrication, i nstallation, and service
contracts to supply 20% of Virginia’s electricity:
» Based on total installed turbine capacity = 6,500 MW
* At $1,600 per installed kW, total capital investment = $10.4 billion
» Assuming an installation rate of 325 MW per year= $520 million per year over 20-year build-out
» Value of local fabrication and installation contracts = $166 million per year until fully built out
» Value of local offshore service contracts = $190 million per year after fully built out
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Global power plant capacity: 3,736 GW (2004)

Global wind power capacity: 59.3 GW (end of 2005)
German wind capacity: 18.4 GW (end of 2005)
European offshore wind: 0.85 GW (end of 2005)
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Project capacity = 160 MW (80 turbines), occupying 5.5 km x 5.4 km area
(~ 5 MW per sqg.km)

Mean wind speed = 9.7 m/s at 70-m hub height (Class  6)

Annual energy output = 600 GWh (43% capacity factor )

Capital investment = 270 million Euro ($325 million a $2,030/kw)

11



12



13



Migratory shorebirds fly down
the Chesapeake Bay and
DelMarVa Peninsula, foraging
in coastal marshes and

lagoons behind barrier islands.

Offshore wind project effects
on pelagic birds and migratory
shorebirds blown offshore by
storms need to be researched.
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Virginia Coastal Energy Research Consortium

Ocean engineering
Northern Virginia presence
(interaction with MMS & DOE)

Physical, chemical,
& geological ocean
sciences

Vomrcivieh IN3 i e o Masye SoEnce . .
Biological ocean

VIRAS o

Renewable energy
curriculum development

Wind energy engineering

High-tech workforce training
Entrepreneurship development

Non-University VCERC Directors

Integration of marine
renewables into
Virginia Energy Plan

Ensuring compatibility
with other marine uses
and coastal resources

Identification of manufacturing
job creation opportunities and
industry benefits of long-term,
price-stable energy supply

Identification of waterfront
development opportunities

15



secure, witl

16



