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Notice:

This report presents final feasibility results for the Great Lakes Wind Energy Center. The
Great Lakes Wind Energy Center Feasibility Study is being conducted by juwi GmbH and its
Ohio-based subsidiary JW Great Lakes Wind LLC, on behalf of the Cuyahoga County Great
Lakes Energy Development Task Force. Please direct questions regarding the Great Lakes
Wind Energy Center Feasibility Study to Ryan Miday at pArml@cuyahogacounty.us or (216)
299-9326.

Disclaimer:

This report was prepared by juwi GmbH and its subsidiary JW Great Lakes Wind LLC, with
contributions from GLWEC Project Team members. Neither juwi GmbH, JW Great Lakes
Wind LLC, nor Project Team members make any warranty of representation, express or
implied, with respect to the accuracy, completeness, or usefulness of the information
contained in this report. Neither JW Great Lakes Wind LLC, juwi GmbH, nor Project Team
members assume any liability with respect to the use of, or damages resulting from the use
of, any information disclosed in this report.
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NOTE TO THE READER:

With the exception of the Executive Summary, Introduction, Conclusions and
Recommendations, and Suggestions for Next Steps, information in this report largely follows
individual GLWEC Feasibility Study deliverables. At the start of each section, we indicate the
deliverable(s) from which information is drawn. For original marked citations and

appendices, and for the full text, readers are encouraged to refer to individual deliverables.

Il ndi vi dual deliverables can be ff mdywebpagen Cuyahoga

http://development.cuyahogacounty.us/en-US/Wind-Turbine-Feasibility-Study.aspx
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1 Executive Summary

juwi GmbH was hired by Cuyahoga County to perform a feasibility study for the Great Lakes
Wind Energy Center ( i GL WEAMioh)is envisioned to include a 5-20 MW pilot offshore
wind energy project ( i Pi | ot in PakeoErieenear downtown Cleveland and associated
test, certification, and advanced research centers. juwi was the Project Manager with team
members Germanischer Lloyd, BrownFlynn, Black and Veatch, Econnect, Curry and
Kerlinger, and DLZ Ohio. This report presents final feasibility results across a variety of

disciplines following an approximately one year study period.

The area investigated for the Pilot Project is generally three to five miles from shore, near
downtown Cleveland. juwi has identified nine potential turbine configurations at different
locations in the Project area. Based on established siting criteria, including water depth,
geology, shipping lanes, underwater features, air navigation, radar, ecological concerns,
wind resource, and others, juwi recommends an area east of the Cleveland water intake
Crib, approximately three miles from shore. This location offers the highest iconic value for
the Pilot Project while balancing other siting considerations and requirements. Final turbine

locations will depend on regulatory consultation and approval.

Based on preliminary geological information, monopiles are suggested as the most
economical foundation design alternative assuming sufficient depth for driving and load
bearing strata. Wind and wave conditions can be considered moderate relative to other
areas of Lake Erie, and certainly to other offshore wind energy sites in the world. A wind
turbine fulfilling Germanischer Lloyd Class Il requirements should be suitable for the Pilot
Project.

Ice is expected to be the principal design driver for offshore wind turbines in Lake Erie. Itis
assumed that an ice cone will be integrated into foundation design to break up ice at the
waterline, reduce loading on the structure and avoid or minimize ice induced vibrations. The
cone should be designed as an inverted ice cone where upper diameter is greater than lower
diameter. Final design of the ice cone may require ice modeling in a cold weather laboratory,

however ice is not identified as a prohibiting factor for wind turbines in the Project area.

No Ared fl agso hawheespbcete marire @mlogy and avead speeiest and
especially due to its small scale the Pilot Project is expected to have minimal environmental
impact. The largest impacts to marine ecology will be short term and limited to the
construction phase of the Project. Short term impacts would include physical disturbance of

the lake bottom by removing the substrate, loss of benthic fauna, and displacement of fish.

1-1



GLWEC Final Feasibility Report

Long term, it is possible that the foundation structures will actually attract fish and otherwise

provide marine habitat, similar to existing artificial reefs near the Project area.

The results of the Avian Risk Assessment indicate that only minimal impacts to avian species
are likely. Potential impacts to avian species are characterized as habitat loss, displacement

(barrier effect), and collision mortality.

Very few birds are expected to use the waters within the Project area during most of the
year. During migration, many birds use the airspace over Lake Erie, with most songbirds,
waterfowl, and shorebirds migrating at night. Radar and other studies in the U.S. indicate
that nocturnal migration occurs mostly at altitudes above the height of wind turbines, with a
small percentage of birds migrating at lower altitudes. An analysis of five years of NEXRAD
data confirms that the majority of nocturnal migrants in the Project area fly above the height
of turbines. Post-construction studies are recommended to validate pre-construction
estimates, to inform future offshore wind development on Lake Erie, and ensure that the
resource is harnessed responsibly and with minimal environmental impacts. It is
recommended that post-construction study of avian interaction be done through an
established Technical Advisory Committee (TAC), which would include members of USFWS,
ODNR, Cuyahoga County Board of Commissioners, representatives from the wind
development community, Great Lakes Energy Development Task Force and other relevant

stakeholders.

It should be noted that, as defined by Audubon Ohio, the Cleveland Lakefront Important Bird
Area extends about one mile (1.6 km) into the lake (although distances vary with respect to

the shoreline) and does not include areas where the Pilot Project would be located.

While offshore wind energy development is more capital intensive than comparable projects
onshore, the offshore wind resource is also typically greater than onshore. Lake Erie
possesses the best wind resource in Ohio, and for sites considered for the Pilot Project, Crib
anemometer measurements and long term correlation indicate that wind speed is
approximately 7.5 m/s at 80 m height'. Although the wind regime offshore of Cleveland is
better than regional onshore wind regimes, higher capital and operating costs, as well as the
Pil ot Pr oj ectléadtoashigheslevalized cost bf 2reergy (assuming no special
subsidies or grants) than would be the case for onshore wind projects and larger,
commercial-scale offshore wind projects in locations with higher wind speeds. However,

investments associated with a Pilot Project will bengfit the offshore wind industryd especially

! Initial LIDAR data collected at the Crib show a high degree of correlation (agreement) with Crib
anemometers
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in the Great Lakesd as supporting infrastructure, methods, and equipment are developed,
refined, and leveraged. A Pilot Project will undoubtedly provide solutions to technical
challenges (i.e. icing) and further reinforce the viability of large-scale offshore wind energy
development on Lake Erie. Consequently, it is reasonable to assert that project economics

should not be the only factor determining whether or not to proceed with a Pilot Project.

The difficulty in accessing offshore turbines, especially in icing environments, substantially
increases costs associated with operations and maintenance and turbine downtime. A spare
parts inventory and/or large service vessel would significantly improve offshore wind turbine
availability on Lake Erie; however, high fixed costs make these uneconomical for a small-
scale project like the proposed Pilot Project. The challenge of accessing offshore turbines
presents research and development opportunities to investigate new access techniques and

equipment.

It is assumed that Pilot Project installation will involve mobilization of jackup and other
specialized vessels from North America, compliant with Jones Act provisions. It is also
assumed that a helicopter and/or small service boat for personnel transport and routine
service would be located in or near Cleveland harbor.

In total, eight potential Pilot Project scenarios are evaluated, representing a range in capital
investment of $77.2 - $92.7 million ($2008), and average annual operations and
maintenance costs of $2.7 - $4.6 million ($2010). Capital and operating costs are much
higher than comparable wind projects onshore, primarily due to higher costs associated with
offshore installation and maintenance, and the small scale of the Pilot Project. Designed to
test and prove concepts, and promote technological and commercial development, the Pilot
Project should not be expected to provide attractive economics as with a large-scale,
commercial project. Therefore, the projected economics of the Pilot Project should not be

considered to reflect the future economics of subsequent offshore wind projects in Lake Erie.

Given the likely costs of the Pilot Project, the energy production that might be realized, and
assuming the Project were financed solely through private sector sources, it is likely that the
power purchase agreement (PPA) pricing would need to be two to three-times current
wholesale electricity market pricing in the region. PPA pricing estimates range between
approximately $160 and $220 per megawatt hour, depending primarily on the ability to take
advantage of the ITC grant through the 2009 Stimulus Act, or the traditional PTC,
respectively. While PPA pricing estimates are higher than current wholesale regional
electricity prices, impending carbon legislation through cap-and-trade and/or carbon tax
might increase regional prices. Additionally, increases in fossil fuel pricesd and especially

natural gasd may also increase regional electricity prices near term. Because it offers a
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hedge against these impacts, offshore wind energy will become more economically attractive
relative to other generating sources as electricity prices increase. For the Pilot Project,
securing grants from the Department of Energy and other organizations would significantly
improve project economics. Attracting a turbine manufacturer to participate in the Pilot
Project in order to become a leader in the future wind market in the Great Lakes, by

potentially providing turbines at reduced or no cost would also benefit the Project.

The Feasibility Study assumes that a PPA would be the major revenue stream associated
with the Pilot Project. The Pilot Project would demonstrate the technical feasibility of offshore
wind turbines in the Great Lakes and the eventual market feasibility of commercial projects. It
is widely recognized that Pilot Projects of this type will have installed costs much higher than
can be expected for commercial deployment. While no wind energy projects exist on the
Great Lakes, several are in the feasibility or planning stages. Public and other support for
the Pilot Project will advance knowledge of offshore wind and reduce risk for developers and
private sector investors. As is the case with many new technologies, initial investments face
technical and logistical challenges and are typically higher cost and risk. As markets mature,

solutions to challenges emerge, and learning curves drive costs downward.

The results of market research indicate moderate demand from turbine and component
manufacturers for the Test, Certification, and Advanced Research Centers proposed to be
part of the GLWEC. Based on surveys of manufacturers, recommended areas for testing are
prototype testing, condition monitoring systems, measurement of environmental conditions,
calibration of test equipment, and site assessment. The areas where research should be
undertaken are those not well covered by other research institutes. These areas are primarily
wind energy integration, offshore deployment and operations and maintenance (O&M).
Currently it is not mandatory to certify turbines or projects within the United States, however,
as the industry grows investors and developers will push to standardize the quality of
projects and components. With respect to each Center, it is recommended that Cuyahoga
County partner with established research organizations, certification bodies, and/or academic
institutions. Candidates include but are not limited to National Renewable Energy Laboratory
and Case Western Reserve University for research and testing, and Germanischer Lloyd for
certification. These partnerships will help to further identify viable opportunities for testing
and research, potential facilities, and also create a framework for how different organizations

could participate.

Public and community support for the Project, and for offshore wind energy on Lake Erie, are
important to the future of the industry. Offshore wind energy can contribute significantly to

Ohi o6s Ieenegywsapdply, to meet the Advanced Energy Portfolio Standard (AEPS)
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requirements of SB 221. Efforts have been taken during the Feasibility Study to
communi cate messages regarding the Céhtinnogdamdt 6s pu
expanded community engagement and education is encouraged following the release of the

Feasibility Study.

Altogether, the results of this report indicate that construction of the GLWEC is feasible,
pending approval by regulatory agencies and solutions to make the project more
economically viable. If the County decides to proceed, several steps are suggested to

advance the Project post-feasibility stage. These include:

e Selection of a preferred site
e Continued consultation with regulatory agencies

e Additional technical studies prior to design, including but not limited to LiDAR?
interconnection, and geotechnical studies

e Pursuit of funding opportunities and turbine manufacturer(s)

e Optimization of number and size of turbines relative to funding opportunities
¢ Partnership with established research and/or certification bodies

¢ Community and stakeholder engagement

e Policy incentives in Ohio that promote the emergence of the offshore wind industry

Elaborating on this last point, the development of the Great Lakes Wind Energy Centerd and

the future build-out of the offshore wind industry in Ohiod will require new policies to better

incentivize offshore wind in Ohio. Offshore wind qualifies as a renewable energy resource

under Ohi o6s AEPS, however addi tRemewable Energyc ent i v e
Credits or an offshorewindficar ve outo in the AEPS would signi
by enhancing the economics of offshore wind during its maturation. To remain a committed

leader in the Great Lakes offshore wind industry, Ohio should adopt policies to make the

initial build-out of the offshore wind industry economically attractive to private sector

interests. Strong policies are critical to help ensure that significant development of the

offshore wind industry in North America occurs in Ohio. While no wind energy projects exist

in the Great Lakes, several are in the feasibility or planning stages. If elected office holders

and administrations pursue offshore wind in Lake Erie in general and in Northeast Ohio in

particular, the region will prevail in the contest with other regions.

2 Cuyahoga County, City of Cleveland, and Case Western Reserve University have deployed LIiDAR
on the Crib. Since data collection was hampered by equipment failure in Winter 2009, further study is
planned.
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2 Introduction and Scope of Work

In August 2006, a group representing various private and public entities and named the
Cuyahoga Regional Energy Development Task Force (now Great Lakes Energy
Development Task Force) began exploring the legal, technical, environmental, and financial
determinants of developing advanced energy technologies in the region of Cuyahoga
County, Ohio. Due in part to the C o u n tnjigdeslocation on the shores of windy and shallow
Lake Erie, and the great potential for leveraging the regiond sndustrial manufacturing
strengths, the groupébés initial efforts focused on tl
through offshore wind energy. In February 2007, the group published a report entitled
ABuilding a New Energy Futurebo, r e otbempagnerd i ng t h
support efforts to accelerate development of offshore wind energy technologies, including a
demonstration offshore wind turbine installation and a related research center. Through a
subsequent national RFQ/RFP process, the Task Force awarded a contract to a team led by
German developer juwi GmbH and their Ohio-based subsidiary JW Great Lakes Wind LLC to
study the feasibility of a 5-20 MW Lake Erie pilot wind energy project and advanced research

& development center, collectively called the Great Lakes Wind Energy Center (GLWEC).

Funders for the Feasibility Study include Cuyahoga County, The Cleveland Foundation,
Case Western Reserve University, City of Cleveland, The Fund for our Economic Future via
NorTech, Cleveland-Cuyahoga County Port Authority, and the Generation Foundation.

juwi has assembled a team of world-class businesses to conduct various feasibility analyses

of the Great Lakes Wind Energy Center. Project team members are as follows:

juwi and its subsidiary JW Great Lakes Wind (Germany and Ohio)
Germanischer Lloyd (Germany)

DLZ Ohio, Inc.

BrownFlynn (Ohio)

Black & Veatch (Wind Division, Colorado)

Curry and Kerlinger (Virginia)

Econnect (UK)

o Do Do Do Do Do Do

The Great Lakes Wind Energy Center (GLWEC) Feasibility Study began in March 2008.
This report presents comprehensive feasibility results following individual deliverables on
topics ranging from market demand to interconnection analysis. The scope of feasibility

analysis is based on the following possible elements of the GLWEC:
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1. A Pilot Project consisting of a 5-20 MW offshore wind energy project with 2-10 wind
turbines installed in Lake Erie approximately three to five miles from shore.

2. A Test Center that would allow manufacturers to test new product designs.

3. A Certification Center where the technical acceptability of new wind-related

equipment could be certified.

4, An Advanced Research Center for innovative wind energy research and technology
development by public, private and/or academic institutions.

The Feasibility Study and contents of this report are divided into the following Tasks:

Task 1: Project Coordination and Management

Task 2: Pilot Project Site Evaluation and Data Collection

Task 3: Definition, Structure, and Economics of GLWEC and its Elements
Task 4: Desktop Studies and Cabling Determination

Task 5: Wind Assessment and Resource Report

Task 6: Visual Analysis

Task 7: Public Relations

Task 8: Final Feasibility Report

As a pioneer in offshore wind, the Cuyahoga County region would benefit greatly from
economic growth associated with local research and manufacturing for utility-class wind
turbines, especially for offshore utilization. The market for renewable energy is driven largely

by the interest in clean, non-polluting sources of energy, and state-level renewable energy

portfolio standards (RPS). Ohi o6s RPSagspasti gned
of SB 221, requires at |l east 12.5% of t Iberenswaltled eds el
sources by 2025. I n the coming decades, Ohi o06s

megawatts of renewable energy, much of which is likely to be provided by new wind

installations.

Offshore wind on Lake Erie is capable of factoring signifi cantly i n Ohi od0s rene
supply, especially as onshore locations become increasingly developed or constrained due
to limitations on the power grid. However, technical, regulatory, and economic questions
face the development of offshore wind on the Great Lakes. For example, questions about
icing and environmental impact are critical to ensuring the resource can be harnessed safely
and efficiently. This feasibility report addresses such key questions for a Pilot Project. In
turn, a completed Pilot Project will answer many questions related to larger-scale

development of offshore wind in the Great Lakes.

There is significant and growing interest in harvesting offshore wind energy on the Great

Lakes. In addition to Ohio, Michigan and Wisconsin are both currently exploring

opportunities for offshore wind. In Canada, notable efforts are ongoing in Toronto and with

Trillium Power Wind Corporation, a private developer proposing a several hundred MW
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project on Lake Ontario. As the market for offshore wind energy in the Great Lakes grows, it

S

the Countyds and Tas Kuykhoga Caubtysas & primmaryohab far o

wind energy in North America, and a key hub for the offshore wind energy industry in the

Great Lakes. This hub will capitalize on and expand the regionbs
wind turbine supply chain (see Figure 2-1). Key opportunities include the expansion of local

businesses into the international wind industry, job growth, and technological development

through academic, private, and public sector research.

Figure 2-1: Ohio Wind Turbine Supply Chain

hio: we Make Wind Work

A
L)

Columbus

Ava

A

Ohio Wind Manufacturing Strengths:

* RobustWind Supply Chain: Ohio leads the way with one of the top supply chains
in the United States - more than 500 established and emerging companies.

* Manufa ing S gth and Technical Expertise: Ohio leads the nation in advanced
manufacturing, design, and materials.

* Ohio Advanced Energy Portfolio Standard: The third most aggressive renewable energy
portfolio standard in the United States.

+ Ohio Bipartisan Job Stimulus Plan: $150 million available over three years to increase the
development, production, and use of advanced energy technologies.

* Business-Friendly Tax Climate: Attractive tax policy reforms for manufacturers have eliminated
burdensome taxes on capital investments, profits, and wealth.

* World-Class Workforce: Ohio has a strong workforce of more than 5.9 million workers, greater
than the individual populations of 33 other states.

* EasyAccess to R h and Develop and C ialization: Ohio manufacturers
benefit from extensive research and commercialization services from 40 universities and
research institutions.
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Active or Emerging Companies

in the Ohio Wind Supply Chain
Bearings 5
Composites 23
Fabrication
Forge NE— g v 16
Foundry 31
Machine Shops ... 163
Other* 165

Total .. 532

For details on the robust Ohio Wind
Supply Chain and contact information for
all 532 companies, please visit the Ohio
booth #4138 at AWEA WINDPOWER 2009
or visit www.ohioenergyoffice.ohio.gov.

1-866-728-6749

Ohlo

Ted Strickland, Governor
Lee Fisher, Lt. Governor
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Cuyahoga County and the region have a unigque opportunity to become a world leader in
offshore wind ener gy by developing what could be the
energy project. Experience, research, and information from the Pilot Project would be
extremely valuable in demonstrating the longer-term technical and economic potential of
offshore wind in the Great Lakes. In this sense, the Great Lakes Wind Energy Center would
be much more than a generating plant for clean power: it would attract further investment in
the regional wind energy industry while providing Cleveland with an iconic symbol of

revitalization and forward-thinking.
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3 Preliminary Site Selection

(Unless otherwise noted, all information in this section taken from GLWEC Preliminary Site

Review Report, juwi and Germanischer Lloyd, October 2008).

Following the recommendations of t he Gr eat Lakes Energy Devel
Evaluation Committee, submitted to the County Board of Commissioners in February 2007,
the initial area of concentration for the Project is generally three to five miles off the
Cuyahoga County shore | i n e, inside what has come to be kno
ACl evel and Bayo refers to an area of Lake Erie f
the Cuyahoga County shoreline relative to neighboring coastal counties (see Figure 3-1).
While not formally a bay, it is useful to refer to this geographical feature as such in the

context of possible sites for the Pilot Project.

Figure3-1: A Cl e v e | a n dCrilBaatian (3esbmdes from shore)
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In addition to an area three to five miles from shore, juwi also evaluated potential turbine
locations closer to the shoreline to enhance visibility of the Pilot Project from important
vantage points in downtown Cleveland. Resulting is a range of possible siting options at
distances greater and less than three miles from shore. Consistent with feasibility analysis,
and because turbine type and Project size have yet to be firmed, a range of possible turbine

configurations and locations are presented herein.
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3.1 Siting Criteria

To narrow down potential locations for the GLWEC pilot wind project, important siting criteria
are analyzed including shipping channels, water depth, distance to possible onshore
interconnection locations, wind resource, the Cleveland Lakefront Audubon Ohio Important
Bird Area, air navigation and radar, and the locations of lakebed factors such as dumping
sites, artificial reefs and shoals, water intakes and sewer outfalls, shipwrecks, and the Cargill
Salt Mine.

Siting criteria that vary between possible Pilot Project locations are addressed in more detalil
in the following sections. Other important siting criteria more general to the Project sited
such as avian use, icing, wind resource, and other environmental conditionsd are presented

in later sections.
3.1.1 Shipping Channels

Established shipping channels to and from the Cuyahoga River are initial determinants of
potential Pilot Project locations. The map below shows that shipping lanes divide the area
into four sections: a large east section, a narrow north section, a wide northwest section that
also includes the Crib, and a western section. To optimize the Project, minimize cabling
distance, and enhance Project visibility, all turbines should be located within one section.
Figure 3-2 shows the location of shipping channels within the Project focus area.
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Figure 3-2: Shipping lanes showing division of area into four sections. Total buffer
width shown in blue for each lane is 750 m (2,460 ft), or 375 m (1,230 ft) on each side.
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3.1.2 Water Depth

For all eight and three-turbine locations water depth varies between 13 m and 17 m (42 ft
and 55 ft). While construction costs will likely be less in shallower water, water depth
variation within the focus area is not a significant determinant of turbine location. It is likely
that one turbine foundation (i.e. monopile) will be suitable for each of the turbine
configurations presented herein.

Compared to European offshore projects, especially those in Germany, water depth within
the project area can be considered moderate. In the North Sea and Baltic Sea water depths
of future offshore wind farm locations reach up to 40 m (131 ft). Such water depth, combined
with large turbines of 5 MW and the respective wind and wave conditions make it difficult to
design monopile foundations of an economic and drivable size, and other foundation types
have to be considered (e.g. jacket, tripod). But for the Pilot Project water depth does not

seem to be a limiting factor for any particular foundation type.

The range of water depths within the eight proposed sites is ideal for wind turbine

foundations of any type.
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Figure 3-3: Water depth contours (m).
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3.1.3 Air Navigation and Radar

Proposed structures over 200 ft all must undergo an Obstruction Evaluation by the Federal
Aviation Administration (FAA) and be permitted through a form 7460-1 filing prior to
construction. Wind turbines chosen for the Pilot Project are likely to be in the range of 380 to
500 ft from the base of the tower (lake level) to tip of blade, and therefore will require FAA

approval.

Located on the Lake Erie shoreline just outside of downtown Cleveland, Burke Lakefront
Airport will influence turbine locations for the Pilot Project. Figure 3-4 shows the FAA cone
surrounding Burke, which in three dimensions extends upwards and outwards, reflecting the
ascent and descent approaches for the two runways and navigational airspace. Depending
on structure height, and on airport-specific flight patterns, it may be possible to site wind
turbines within the horizontal extent of the cone. Permits from both the FAA and Ohio

Department of Transportation Office of Aviation (OA) would be required in this case.

juwi contacted OA to discuss possible Pilot Project locations. Preliminary discussions with
OA indicate no herfaud eigtit-turbiges layouté. o 1Of cburse, a formal
determination and permit from the FAA is required to confirm these layouts as viable options

for siting the Project with respect to airport safety. Filing a FAA form 7460-1 initiates the
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permitting and approval process, which currently takes approximately three to twelve

months.

Regarding the three-turbine layouts closer to shore, OA advises siting turbines within the
double-hatched area, and/or outside the FAA cone (outside yellow line), as depicted in
Figure 3-5. The single-hatched area is a climb-descent zone for Burke Lakefront. As aircraft
are climbing and descending within the single-hatched area, permitting for tall structures may
be problematic. Again, that depends on structure locations / heights and airport specifics.
The double-hatched area perpendicular to the runway in Figure 3-5 signifies where aircraft
are to be level prior to descent or following ascent. At a certain distance from the runway
and within the conical surface, structures up to 500 ft above ground level may be allowed.
OA believes this may be the case for the three-turbine configuration depicted in Figure 3-5.
Accordingly, this turbine configuration (Config 5 in Figure 3-15) could be the best option with
respect to siting the Pilot Project as close as possible to downtown Cleveland while
maintaining air navigation safety. Still, it should again be noted that for all turbine
configurations FAA approval is required. If a hazard is determined for any turbine location,
consultation with the FAA, Burke Lakefront Airport, and/or aviation consultants will be

necessary to obtain a construction permit.

Figure 3-4: FAA cone surrounding Burke Lakefront Airport.
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Figure 3-5: Terps® output for Burke Lakefront Airport. Hatched area is traffic pattern
airspace. Single-hatched area reflects climb-descent zones; double-hatched area reflects
where aircraft are leveled off. Stars are three-turbine configuration (Config 5 in Figure

3-15).
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Two types of radar exist in the proximity of the Project area: NEXRAD (WSR-88D weather)
radar and military radar. In some cases turbines can interfere through physical line of sight
or electromagnetically with radar systems. The FAA provides an online screening tool for
radar systems. Regarding NEXRAD, Figure 3-6 identifies the Project area in yellow,
meaning the turbines wild]l | THiseldey nottpeohibit turbineh e
placement in this area. The National Telecommunications and Information Administration
now has a voluntary process to identify and mitigate potential impacts to NEXRAD. The
NTIA has been consulted with respect to the Pilot Project. Information learned from the NTIA
indicates that beyond 10 miles, impacts on NEXRAD are typically minimized. The closest
NEXRAD station to the Project area is at Cleveland Hopkins International Airport, and Pilot
Project turbines will very likely be 10+ miles away. Therefore Pilot Project turbines are not

expected to significantly impact NEXRAD.

With respect to military radar, Figure 3-7 identifies the Project area in red, meaning impact to
radar is highly likely. As is the case with structure height, an aeronautical study through the
FAA will determine any potential impacts from Pilot Project turbines on military radar. At the
time of this writing, turbine locations have been submitted to the FAA for review via the 7460-

1 process. Depending on the outcome of their review, further consultation with the FAA
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and/or Department of Defense may be required to discuss potential impacts and mitigation

techniques.

It should be noted that the FAA screening tool did not identify any potential impacts from Pilot

Project turbine on military training routes or other operations.

Figure 3-6: NEXRAD Radar in Project Area Figure 3-7: Military Radar in Project Area
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3.1.4 Sailing Courses, Reefs, Dumping Grounds, and Salt Mine

Additional factors relevant to siting the GLWEC Pilot Project are artificial reefs and shoals
that provide marine habitat, dumping grounds for dredged material, and sailing courses, as
well as the Cargill Salt Mine. Figure 3-8 and Figure 3-9 show each of these criteria relative
to the Cleveland / Cuyahoga lakefront. As can be seen, the reefs/shoals and dumping
grounds will very likely not impact siting determination for the Pilot Project. Other factors,
such as visibility and airport navigation restrict the influence these underwater features have
on the Project. The mineb6s roof i s appoftlkexi mat el
water and airspace above the mine is impacted by shipping lanes and FAA restrictions,
respectively, limiting the available area in which turbines could be sited above the mine.
There are long-term plans to extend the mine north and/or west beneath Lake Erie, though
salt deposits would not be mined any closer to the lakebed. Monopile foundations would
penetrate the lakebed at maximum of 75-100 ft. At these depths, the mine is not anticipated
to impact site selection or foundation choice. Discussions with Cargill staff and geologists
have identified potential foundation subsidence as the primary concern. During final site
selection, consultation with Cargill mine and geologists is suggested to ensure foundation

subsidence will not occur due to mining activity.
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With respect to sailing courses, it is likely that turbine locations west of downtown Cleveland,
and within approximately 3.5 miles from shore, will conflict with existing buoys. Turbine
locations east of downtown Cleveland will likely not impact existing sailing courses.
Consultation with yachting organizations (i.e. Lakeside Yacht Club, Edgewater Yacht Club,
Cleveland Yacht Racing Association) and other members of the Cleveland sailing and
boating community is necessary to ensure minimal impact, and to address any potential
concerns. It should also be noted that the Royal Yachting Association recommends a

minimum distance between mean high water level and rotor tip of 22 m (72.2 ft).

Figure 3-8: Locations of artificial reefs, dumping grounds, and sailing courses within Project
area.
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Figure 3-9: Extent of Cargill Salt Mine beneath Lake Erie.
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3.1.5 Wind Resource

With prevailing winds from the southwest, wind speed increases in the Cleveland Bay with
increasing distance from shore. Therefore, an appropriate balance between wind resource

and visibility should be considered in a final siting determination

Figure 3-10 is the energy rose from two years of Crib wind data and is representative of the
entire Cleveland Bay. The energy rose indicates that kinetic energy is greatest in wind
originating from the west and west-southwest. In order to maximize the power output of any
given wind turbine configuration, and to reduce stress (turbulence) on turbine components,
siting should take into consideration the dominant wind direction. The best solution is to
orient turbines to the cross wind direction NNW to SSE. A second option is to increase
spacing between the turbines to minimize wake effect of the neighboring machine. The only
disadvantage to increasing turbine spacing is the additional cabling required between

turbines.

The nine Project locations (Figure 3-14 and Figure 3-15) are linked to annual average wind

speeds, and the resulting turbine classes are shown in Table 3-1.
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Figure 3-10: Energy rose from Crib wind data showing
dominant winds from the WSW and W directions.
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Table 3-1: Annual average wind speed at 70 m hub height and resulting turbine classes

Pilot Project Location

Mean Wind Speed

Turbine Class

Configuration 1:
Configuration 2:
Configuration 3:
Configuration 4:
Configuration 5:
Configuration 6:
Configuration 6A:
Configuration 7:

Configuration 8:

7.0 m/s to 8.0 m/s
7.6 m/sto 8.2 m/s
7.0 m/s to 8.0 m/s
7.0 m/s to 8.0 m/s
6.6 m/sto 7.0 m/s
6.6 m/sto 7.0 m/s
6.8 m/sto 7.2 m/s
6.4 m/s to 6.6 m/s
6.8 m/sto 7.2 m/s

GL turbine class Il
GL turbine class Il
GL turbine class Il
GL turbine class Il
GL turbine class Il
GL turbine class Il
GL turbine class Il
GL turbine class Il

GL turbine class Il

3.1.6 Distance to Interconnection Locations

Offshore cabling is an important cost factor for the Pilot Project, and cable distances are

dependent on the Project location relative to the onshore interconnection location through

which electricity accesses the utility grid.  Through the course of their onshore
interconnection analysis, Black & Veatch has narrowed down two most feasible
interconnection options within Cl evel and El ectric |l luminating6s
Lakeshore Substation via 35 kV i 11 kV transformer, and a direct tap into an existing 36 kV

transmission line at Oglebay-Norton, near Wendy Park. Additionally, Black & Veatch has
determinedthemost f easi bl e interconnection option witdt
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as the Lake Road Substation via 35 kV i 69 kV transformer. The CEI locations would
require an onshore cabling component to reach existing infrastructure, whereas the CPP
substation is located directly adjacent to the water. These interconnection options are
addressed in more detail in the interconnection and cabling reports, separate deliverables
within the GLWEC feasibility study. Distances from turbine configurations to the possible CEI
and CPP interconnection locations are provided in Table 3-2, and the onshore

interconnection locations are shown in Figure 3-11.

Table 3-2: Approximate offshore cabling distances from closest turbine in configuration to possible
onshore interconnection locations.

Distance to CEl Distance to CEl Distance to CPP

Turbine configuration Lakeshore Oglebay-Norton Lake Road

Substation Tap Substation
Config 1 (8 turbines) 3.5 miles 5.5 miles 3.9 miles
Config 2 (8 turbines) 5.8 miles 6.3 miles 6.2 miles
Config 3 (8 turbines) 6.4 miles 4.6 miles 6.8 miles
Config 4 (8 turbines) 9.0 miles 5.9 miles 9.4 miles
Config 5 (3 turbines) 3.8 miles 4.1 miles 4.1 miles
Config 6 (3 turbines) 5.9 miles 3.2 miles 6.3 miles
Config 6A (3 turbines) 6.4 miles 2.7 miles 6.7 miles
Config 7 (3 turbines) 4.1 miles 4.0 miles 4.5 miles
Config 8 (3 turbines) 5.8 miles 3.1 miles 6.2 miles

*Note: Distances assume path around breakwalls, and include onshore components of 0.3
miles for CEIl Lakeshore, and 0.2 miles for CEI Oglebay-Norton
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Figure 3-11: Three most feasible interconnection options for Plot Pr oj ect : CEI 6 s Lakeshc
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3.1.7 Shipwrecks

A number of documented and undocumented shipwrecks exist in Lake Erie and within the

Project area. Sources for shipwreck locations include the National Oceanic and Atmospheric
Admini strationds Automated Wreck and Obstructi
research bodies such as Ohio Department of Natural Resources and Ohio Sea Grant, and

private / recreational divers. Figure 3-12 illustrates documented shipwrecks in Lake Erie and

the Project area. If turbines or cables will be located in the vicinity of known shipwrecks, an
underwater survey via side-scan SONAR or underwater dive may be necessary to map and

avoid obstacles, and preserve any wrecks designated as having historical value.
Consultation with the ODNRG6s Office of Coast al
necessary to mitigate impact and obtain historical or salvage permits, if any are required.
Following the results of surveys or other methods to determine wreck locations, it is likely

that micro-siting with respect to cable and turbine locations will also help avoid significant

impact from the Project on shipwrecks.
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Figure 3-12: Documented shipwreck locations in Lake Erie and Project area.
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3.1.8 Water Intake and Sewer Outfall Pipes

Water intake and sewer outfall pipes exist within the Project area, as shown in Figure 3-13.
The locations and burial depths of these structures need to be considered in determining
turbine locations and potential cable routes. The Kirtland and Morgan water intakes, which
connect onshore to the Kirtland Pumping Station and the Morgan Water Treatment Plant,
respectively, are buried beneath the lakebed within the Project area. Both structures are
owned and maintained by the City of Cleveland Water Department. Discussions with City
staff indicate that both intakes vary between approximately 50 and 60 feet below the
lakebed. Close to shore, the Morgan intake splits and two pipes bring water from the Lake.
The western most pipe might approach approximately 35 ft below the lakebed in one section,
but is closer to 50 ft below the lakebed in most parts. At these depths, the two intakes will
impact turbine location and need to be considered during construction to avoid damage.
However, as cables are typically installed at depths of ~1.5 m (=5 ft), the intakes will likely

not pose a concern for cable routes or installation.

Two sewer outfall structures extend beneath Lake Erie from the Westerly Wastewater
Treatment Plant, operated by the Northeast Ohio Regional Sewer District (NEORSD). While

the outfall locations are within one mile from shore and not likely to affect turbine placement,
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their shallow depths must be considered for potential cable routes, especially to the Oglebay-
Norton option. Outfall 1 (shown in red in Figure 3-13) varies from 0 ft below lakebed at its
northern extent to approximately 13 i 23 ft below lakebed near shore. Outfall 2 (shown in
blue) is <5 ft below lakebed for much of its length, and approximately 8 i 13 ft below lakebed
near shore. Therefore, it is likely that any potential cable crossing will need to occur near
shore south of the breakwall depicted in the inset photo of Figure 3-13. Appropriate
installation methods and consultation with NEORSD will also be required to ensure no

damage to the outfall pipes.

Figure 3-13: Water intake and sewer outfall structures in Project area, and aerial photo showing closer
view of sewer outfalls.
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3.1.9 Audubon Ohio Important Bird Area

Audubon Ohio lists a number of Important Bird Areas (IBA) throughout the State. Audubon
Ohi o defines I BAs as areas that Aprovide

and include sites that birds use during their nesting season, during the winter and/or while
they are migrating. Usually these sites stand out as special from the surrounding

| andscapeo

The Cleveland Lakefront IBA is defined as approximately one mile into the Lake, and

potential turbine locations will very likely be outside the IBA. Audubon Ohio stated in an

August 20 2008 phone conversation that the IBA boundary is somewhat conservative and
3-14
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Aipl astico. Audubon agr dugyaviamicandultaid OME/ @& Ketlegers i b i | i t
that bird used and potential avian impacts from the Pilot Projectd will be greater over
shallower water closer to shore (see Section 6.1). At a distance from shore of two miles and
in water depths of approximately 40 ft, sunlight penetration and lakebed vegetation will not
support large fish populations. In turn, birds are not likely to feed in large numbers and
waterbird use is expected to be minimal. Further consultation with Audubon Ohio and

regulatory agencies is advised to confirm the siting of turbines with respect to the IBA.

Though the IBA boundary is described to be somewhat conservative and plastic, ecological
concerns should be considered very seriously. In Europe, and especially for German
offshore wind projects, strong opposition from environmental organizations and the public
arises if environmental concerns are perceived not to be taken seriously. For this reason,
locating turbines outside the IBA may help streamline permitting and Project approval among
the public.

3.1.10 Geology
For further discussion on Geology, also refer to Section 6.3.

Soil properties are of high importance for the determination of the sub structure, the load
calculation and the support structure design. For a conceptual design, it is possible to use
existing soil data from a nearby location if it is evident that the soil types correspond to those
at the turbine locations. For the final design of the individual turbines, geotechnical data from

each turbine location will be necessary.

For the 1974 Burke Airport Feasibility Study, a number of borings, vibracores and seismic
survey were conducted. The Airport Feasibility Study contains soil profiles derived from
vibracores and deep borings. Two sections (S/N and E/W) are derived from the borings and

vibracores. These sections show some regularity in the makeup of the soil layers:

e The top layer (roughly 5 to 10 meters) is soft clay that would probably not support any
foundation. For design purposes this layer might be regarded as non-existent. The
thickness of this layer increases from west to east but no significant change from
south to north is indicated.

e The lower strata consist of stiff and very stiff silt and silty clay that could be used to
support the foundation.

e At one area in the western part of the study area that resembles a buried glacial
valley, the soft layer is thicker and bedrock was encountered 10 m below the upper
boundary of the stiff soil. The exact position of the section could not be determined
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The GLWEC Geological and Geotechnical Desktop Study (see Section 6.3) provides
generalized geological cross sections that are related more closely to the possible Project

locations. An extrapolation of the bedrock horizons to the proposed locations gives the

but it seems to be located north of the proposed sites. In the other areas, bedrock is
muchedwebpaedr edaf e et Airpon &easibgity Studye d

ocated

following estimates:

Table 3-3: Conservative estimation of the thickness of the soil strata available for load bearing at the

different locations.

Lake Bed ii?irzoocnk Thickngss of Ir;;’kg:tsi;(;:izgg Available pile
Site (Desktop (Desktop gIaC|§1I taken from Airport Iengtr_l for load
no. study) study) deposits Feasibility Study bearing, est.
iy (] iy - [ft]
1 510 400 110 20 90
2 525 380 145 20 125
3 510 430 80 20 60
4 500 450 50 20 30
5 510 400 110 20 90
6 500 410 90 20 70
6A 480 420 80 20 60
7 510 400 110 20 90
8 490 460 3 20 10

After evaluating these estimates, the proposed sites 1, 2, 5, and 7 would be more preferable
from a geological perspective due to estimated depth of load bearing strata and drivability. It

is assumed that a piled foundation would be suitable. Piles cannot always be drilled into

bedrock because of high costs.

3.1.11 Pilot Project Locations

With a maximum capacity of 20 MW, different turbine configurations are possible depending

on turbine type.

® Numbers are rough estimates based on the results of the Airport Feasibility Study borings. From the
results of the boring it seems, as a mean value, that the upper 20 ft (7 m) of the soil profile should be

estimated as soft to very soft clay.
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manufacturer, the following technical designs are possible for a 20 MW project using

commercially available offshore wind turbines:

e Four 5.0 MW turbines (REpower, Multibrid or BARD)
e Six 3.0 MW turbines (Vestas)

e Eight 2.5 MW turbines (Clipper or others)

e Eight 2.3 MW turbines (Siemens)

e Five 3.6 MW turbines (Siemens or GE)

To ensure that the suggested locations are valid for any number of turbines necessary to
reach the maximum capacity of 20 MW, juwi based possible turbine configurations on a
maximum scenario of eight Clipper 2.5 MW machines with a 96 m rotor. Maps showing
various eight-turbine configurations are provided in Figure 3-14. From a planning
perspective, the constraints influencing wind farm design are more complex with more
turbines, and thus initial planning accounts for a maximum number of turbines. Visualization
of a smaller project or fewer turbines can be inferred from the general placement of an eight-

turbine layout.

The distance between turbines in the eight-turbine layouts is equal to four times the rotor
diameter, or 384 m (1,260 ft). Based on the wind resource and prevailing wind direction, the
recommended angle of each row is 330° to 150° to maximize park efficiency and minimize

losses between turbines.

With the request to evaluate potential locations within the three-mile boundary from the
County shoreline, the Task Force also requested a configuration based on three turbines.
For the three-turbine layouts, the distance between turbines is five to ten times the rotor
diameter, depending on the orientation of the turbines to the prevailing wind direction.
Balancing the importance of visibility and turbine performance, different orientations of 280°
to 100° and 250° to 70° are offered. As turbine orientation changes relative to the prevailing
wind direction, turbine spacing increases to reduce turbulence and stress on the machines
and wake effect losses. This explains the difference in turbine spacing for the three-turbine
layouts compared to the eight-turbine layouts. At this preliminary stage, five layouts with

three turbines each are provided in Figure 3-15 to maintain a range of possible siting options.
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Figure 3-14: Possible layouts for 20 MW GLWEC pilot project consisting of eight turbines. Distance between turbines is 384 m (1,260
ft). Orientation of turbine rows 330° to 150°.
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Figure 3-15: Possible layouts for three-turbine GLWEC pilot project. Distance between turbines in Configurations 5, 6, and 6A is
480 m (1,575 ft), orientation of turbine rows 280° to 100°. Distance between turbines in Configurations 7 and 8 is 960 m (3,149 ft),
orientation of turbine rows is 250° to 70°.
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3.2 Photosimulations

To gain a better sense of how Pilot Project turbines will appear from shore, Black & Veatch
performed a number of photosimulations. Configurations 6A and 7 were chosen as example
Pilot Project locations, and vantage points include Gordon Park, the downtown Mall,
Voinovich Park, Wendy Park, Edgewater Park, Lakewood Park, and Key Tower.
Additionally, both Clipper 2.5 MW and REpower 5.0 MW turbines were chosen. For the
complete set of photosimulations, refer to the GLWEC photosimulations (Black & Veatch,
October 2008). Example photosimulations of possible Pilot Project configurations are

provided in the following figures.

Figure 3-16: Layout 7 from Gordon Park (REpower turbines)
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Figure 3-17: Layout 7 from downtown Mall (REpower turbines). Note turbine blade above Science
Center

Figure 3-18: Layout 7 from Voinovich Park (REpower turbines)
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