Developing Offshore Wind Energy
On Lake Erie

Great Lakes Energy Task Force

Lorain County Growth Partnership

December 1, 2009



Great Lakes Energy Task Force

A public/private/philanthropic/academic collaborati on between:

€ CGuyahoya &pom OF
‘ CLEVELAND

COUNTY OF OHIO
Cleveland - Cuyahoga County Port Autbarity

*

CLEVELAND

,. /";.J undation

STERN RESERVE
S I TY EST. 1826

Shaping Northeast Ohio's Technology Future

GenerationFoundation

NORTHEAST OHIO’S COLLABORATIVE PHILANTHROPY



Today’s Discussion

Richard Stuebi, The Cleveland Foundation &

NorTech: basics of offshore wind energy

Steve Dever, Cuyahoga County Prosecutor’s

Office & Executive Director of Great Lakes

Enerqy Task Force: overview of Task Force

Investigation of wind turbines in Lake Erie to
build local offshore wind industry

Commissioner Ted Kalo: economic

development potential for Lorain County
associated with wind manufacturing and
deployment






Offshore Wind Industry Growth
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All Offshore Wind
So Far in Europe

Installed Offshore Wind Projects
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European Offshore Wind Farms



European Offshore Wind Sector

* Onshore wind industry “marinized”, using offshore oil/gas
platform and erection approaches

« 3 GW installed by 2010, with ambitious growth targets:

— 40 GW by 2020, implying 28% annual growth in installations

— 100 GW by 2030, supplying 10% of European electricity
demand

« 100 GW already in various stages of planning
» Technical potential is vast: 7x European electricity demand

» Major offshore grid expansion envisioned

Source: European Wind Energy Association



Foundations Built in Port



Foundations Towed to Site



Rotor on Dock



Crane & Jack-Up Barge:
165 ton Lift



U.S. 20% Wind Scenario by 2030

Offshore wind likely

to be important
component of future ~—>
U.S. energy supply

Installed Capacity as of
January 2008 = 16,904 MW

Source: DOE Wind Powering America



Great Lakes Wind Potential

 Enormous market opportunity for wind energy in Great Lakes, with massive theoretical

potential:
Depth Lake Erie All Great Lakes
<20m 44 GW 151 GW
20-30 m 21 GW 58 GW
30-40 m 3 GW 40 GW
Total <40 m 68 GW 249 GW

Source: “The Great Lakes as a Regional Renewable Energy Source” by David Bradley, February 2004, www.greengold.org/wind

« Each gigawatt represents huge economic benefits: investment, jobs, tax base, zero-

emission electricity




U.S. Offshore Wind Possibilities

Oceans and Gulf

Salt water
High waves
Hurricanes

Beaches/recreation (aesthetic
Issues)

Main jurisdiction at U.S. Dept.
of Interior

Great Lakes

Fresh water
Minimal wave action
Storms, but no hurricanes

Much fewer aesthetic
considerations

Main jurisdiction at state level
lcing

Migratory waterfowl



Much of best large-scale good wind resources in the East are offshore




US & Canada Offshore Wind Initiatives

Project State/Province

Capewind

Hull Municipal
Buzzards Bay
Rhode Island (OER)
Buffalo

Winergy

New Jersey (BPU)
Delmarva

Southern Company
W.E.S.T.

Trillium

Cuyahoga County

Erie Wind Energy LTD.
Total MW

W.E.S.T. LLC

Proposed North American
Offshore Wind Projects

Erie Wind Frllllum, Toronto
Ontario L' Buzzard

Cap Wind Asmates

Rhode Island

Cuyahoga County

Southern Company




Approximate Economics*
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* Wholesale bulk power on transmission grid (not retail delivered electricity to customers)



Key Points About Offshore Wind

Proven — many operating projects in Europe

Best wind resource, with huge potential (lots of
offshore surface area)

Generally closer to electricity demand markets than
best onshore wind sites

More expensive to install/maintain than onshore wind

Potential for radically new designs and breakthroughs
In economics



Regional Vision for Wind

Northern Ohio as a major North American center of
wind technology R&D and manufacturing

Ohio and other neighboring states as a large market for
onshore wind deployment

Ohio ports on Lake Erie as a major trans-Atlantic
gateway for wind equipment

Great Lakes (starting with Lake Erie) as a growing
market for offshore wind, with Northern Ohio as
primary center of activity
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Great Lakes Energy Task Force

o Authorized by Cuyahoga County Commissioners in
August 2006

* Mission: to generate benefits for citizens by

recommending a plan to promote advanced energy for...
— Economic development: job creation through new business
activity
— Reduced energy expenditures by local consumers
— Environmental improvement (especially air quality)
— Improved image: from “Burning River” Rust Belt to “Green City
on a Blue Lake”

 First priority: exploration of offshore wind energy
deployment and R&D potential in Lake Erie



Lake Erie Provides Desired Qualities
of an Offshore Wind Energy Site

Avg. winds stronger than 18
mph

Constructible water depths
Large areas with no

significant water use
conflicts

Environmentally-compatible
areas

Accessible transmission &
ports



Predicted Offshore Wind Resource

Offshore from
Cleveland is predicted
to have GREAT wind
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Bathymetry of Lake Erie

Maximum depth in Central Basin is 24 meters



Great Lakes Ice Cover



Good Access to Power Grid



Task Force Status/Progress

Released feasibility study May 2009
Collected substantial wind resource and icing data at Crib

Reached agreement with regulators on avian assessment
protocol for pilot project

Rounding up power purchasers for quantities and prices
consistent with pilot project

Confirmed interest of local municipal utility (Cleveland Public
Power) to own undersea infrastructure

Making progress with regulators on permitting processes and
obtaining options for submerged land leases

Discussing commercial opportunities with developers and OEMs

Considering formation of a non-profit development corporation to
manage development of “offshore development park”



Feasibility Study

Released May 1, 2009

Several areas of work including:
— Environmental impact (e.g., avian studies)
— Legal/regulatory permitting processes
— Preliminary engineering and interconnection
— Community acceptance (e.g., aesthetics)
— Optimal project configuration
— Preferred ownership/governance structure
— Economic analysis and financeability
— Wind industry interest and willingness to participate

Key findings:
— Substantial data compiled on wind, ice, avian and geotechnical factors
— No technical or environmental “deal-breakers” identified
— Pilot project would require financial and policy support from public sector

Available at http://development.cuyahogacounty.us/en-US/enerqy-task-
force.aspx
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Permanent platform,
3 miles offshore
downtown
Cleveland

Met tower
measuring wind at
18, 30, 40 & 50
meters, plus LIDAR
system

SODAR system for
ice floe data

Independent power
system (wind, PV,
batteries) and
communications
link w/video camera

Water Intake Crib



Wind Data from Crib: 10/05-9/07

30 m 40 m 50 m
Avg. wind speed (m/s) 7.14 7.25 7.34
Cubic avg. wind speed (m/s) 8.51 8.61 8.69
Prevailing incident wind direction SW SW SW
Turbulence intensity (std. dev./ m/s) 0.163 0.143 0.13 7
Wind power density (w/m 2) 446.1 453.9 466.5
Calculated Weibull (k) 2.15
Calculated Weibull (c) 8.3

Source: “Wind Resource Assessment for Near-Shore Lake Erie”, Green Energy Ohio, January 10, 2008




Offshore Wind in Lake Erie:
Herding the Legal Cats



Initial ODNR Assessment of
Offshore Wind Iin Lake Erie



Potential Initial Project Site(s)

Initial cable (for
subsequent
expansion/extension)

T









Key Tower
Array 6A: Clipper Liberty 2.5 MW 96 m Rotor 8O mHu b




Key Tower
Array 6A: Repower 5.0 MW 126 m Rotor 90 m Hub




Key Tower
Array 7: Clipper Liberty 2.5 MW 96 m Rotor 80 m Hub




Key Tower
Array 7: Repower 5.0 MW 126 m Rotor 90 m Hub




Beyond the Initial Project:
2014-2020 Development Plan

 Phase Il: Scale-up
(several 25-50 MW

farms)

— Expand/extend cables

— Develop necessary
marine infrastructure

— Ramp up local
manufacturing as
practicable

— Improve installation and
operation approaches

— Operate to gain real-
world data for refined
designs



Beyond the Initial Project:
2014-2020 Development Plan

e Phase Ill: GW-
Scale Windfarms

— Expand local
manufacturing and
Infrastructure

— Continue
Improvements to
reduce costs

— Establish Northern
Ohio as the hub for
the Great Lakes
offshore industry



Envisioned Development “Park”

 Industrial park into Lake Erie to facilitate “plug-and-play”

offshore wind projects sponsored by OEMs and/or
developers

— Phase One (by 20127?) involving modest-sized initial project:
* Onshore grid interconnection

« Cable (with oversized conduit for future upgrades) extending a few
miles offshore Cleveland

« Small parcel of lease options and permits near Crib (for ease of access,
proximity to fixed platform collecting data, and “iconic” aesthetic value)

« Marine infrastructure (dockage, laydown areas, vessels)

— Future Phases: onshore substation upgrades and higher-voltage
cables further offshore, to access better winds and larger
permittable tracts, with view towards 100+ MW project(s)



LEEDCo: Lake Erie Energy
Development Corporation

* Independent non-profit (501c3) corporation being formed:

— Will assume leading role in building-out “development park”:

* Development, financing, advocacy and communication activities led by
corporation

« Submerged land leases to be initially obtained (for subsequent
subletting) by corporation

» Grid assets possibly owned by Cleveland Public Power (municipal
utility) to take advantage of low-cost debt instruments

— Governed by Board of public and private sector interests, with small
dedicated staff (once funded)

— Will enable rapid decision-making, protection of confidentiality
outside of public sphere
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U.S. Employment in Wind
Component Manufacturing Industries



Turbines, Towers,
Blades, and Gearboxes




Wind Turbine Cross-Section
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Ohio: #2 iIn Wind Mfg. Potential

# employees at companies making similar equipment

Components of Wind Turbines

Nacelle Gearbox

. Generator
Rotor Contrgis &T[r)arlli\rge Eicﬁ%vx?gs Tower
California 102,255 25,226 52,490 1,380 14,889 8,270
Ohio 80,511 30,578 33,367 6,360 3,372 6,834
Michigan 66,550 27,719 30,241 2,466 926 5,198
Texas 60,229 15,191 28,339 1,678 3,006 12,015
lllinois 57,304 20,001 24,193 5,520 3,143 4,447
Indiana 53,063 18,962 20,359 4,783 2,633 6,326
Pennsylvania 50,304 16,647 20,844 2,565 1,997 8,251
Wisconsin 48,164 17,795 21,317 3,796 567 4,689
New York 47,376 10,855 24,188 4,020 5,966 2,347
South Carolina 20,532 4,398 4,510 6,780 1,765 3,079

Source: Renewable Energy Policy Project, September 2004









Lorain County Companies
Supplying Wind Turbine Industry

Kalt Manufacturing
Kaydon- Bearings Division
BekoTek

Elyria Foundry

Advanced Welding

Coleys

Parker Hannifin

Lubrizol









20 Oftshore Wind Turbines
>$500 Million Investment

Siemens Offshore Wind Farm Middelgrunden



