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Executive Summary

This report summarizes the offshore wind resource potential, based on map estimates, for
the contiguous United States and Hawaii, as of May 2009. The development of this
assessment has evolved over multiple stages as new regional meso-scale assessments
became available, new validation data were obtained, and better modeling capabilities
were implemented. It is expected that further updates to the current assessment will be
made in future reports.

Offshore wind energy development promises to be a significant domestic renewable
energy source, especially for coastal energy loads with limited access to interstate grid
transmission. The definition of the magnitude and distribution of this resource required
the development of a standard and flexible database. Developed using Geographic
Information System (GIS) techniques, the database includes offshore wind resource
characteristics such as wind speed, water depth, and distance from shore. It combines the
resource characteristics with state administrative areas and quantifies the resource for
several scenarios. In the future, the database may be expanded to include other important
characteristics such as wave power density, extreme wind and wave, ocean currents, and
a number of other parameters important to the design of offshore wind turbines.

The primary method used to present the offshore wind resource data are maps that
categorize the resource by annual average wind speed at 90 meters (m) above the surface.
The resource maps extend from the shoreline out to 50 nautical miles (nm) offshore.
Exceptions to the 50 nm mapped distance are the Great Lakes that were mapped in their
entirety for the offshore resource and Massachusetts, where the computed resource did
not extend 50 nm from the edge of the Nantucket Island and Martha’s Vineyard in
southeastern Massachusetts. The offshore maps for some states do not extend 50 nm
because of state and administrative boundaries.

There were several sources for the offshore resource maps. The oldest offshore wind
resource maps were generated from data mapped as part of onshore state wind resource
mapping projects. Recently, some regions have had their resource maps updated using the
latest computer mapping techniques optimized for offshore modeling. For this
evaluation, updated maps were available for the offshore areas of Georgia,
Texas/Louisiana, northern New England (Massachusetts, New Hampshire, and Maine),
and states that border the Great Lakes. The preliminary numerical modeling was
performed by AWS Truepower (AWST), of Albany, New York, under subcontract to the
National Renewable Energy Laboratory (NREL), using their proprietary MesoMap
system. The preliminary model estimates were validated by NREL using data from a
variety of sources including ocean buoys, marine automated stations, Coast Guard
stations and lighthouses, and satellite-derived 10-m wind speeds over the ocean estimated
from the “state of the sea” as measured by microwave imaging. Final modifications to
the preliminary estimates were agreed to after consultations between NREL and AWST.
AWST adjusted the model output to reflect the modifications and sent the final grids to
NREL, where the data were converted into wind resource maps. The calculation of the
offshore wind resource estimates for states without updated maps depended on the
availability of older offshore wind maps that were completed as part of onshore wind
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mapping projects. Where older preliminary and final offshore wind maps were available,
the wind speed data from those maps were interpolated to 90 m height and, if necessary,
extrapolated to the 50 nm lines. The offshore areas treated in this manner included the
Atlantic coast, from Rhode Island to South Carolina, the Pacific coast, from California to
Washington, and Hawaii. The states of Florida, Alabama, and Mississippi did not have
any preliminary or final wind maps available. The offshore wind resource for these states
is not included in this report.

Table 1 shows the offshore wind resource by available square kilometers (km?) of water
and potential installed capacity in gigawatts (GW) for annual average wind speeds greater
than 7.0 meters/second (m/s) at 90 m above the surface. A uniform factor of 5
megawatts/km® was applied to calculate the potential installed capacity. The resource is
presented for individual states and the country as a whole. These resource estimates have
not been reduced by any environmental or water-use considerations. Detailed
information by database element for each state is presented in Appendix B. The data
presented in this report represents the first version of the offshore database.
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Table 1. Offshore wind resource area and potential by wind speed interval and state within

50 nm of shore.

Wind Speed (m/s) at 90 m

Total

7.0-75175-80|80-85|85-9.0]9.0-95]95-10.0 | >10.0 >7.0

km? km? km? km? km? km? km? km®

State Gw) Gw) Gw) (GW) Gw) (Gw) Gw) Gw)
California 11,439 24,864 23,059 22,852 13,185 15,231 6,926 | 117,555
(57.2) | (124.3) | (115.3) | (114.3) (65.9) (76.2) (34.6) | (587.8)
Connecticut 530 702 40 0 0 0 0 1,272
(2.7) (3.5) (0.2) (0.0) (0.0) (0.0) (0.0) (6.4)
Delaware 223 724 1,062 931 0 0 0 2,940
(1.1) (3.6) (5.3) (4.7) (0.0) (0.0) (0.0) (14.7)
Georgia 3,820 7,741 523 0 0 0 0 12,085
(19.1) (38.7) (2.6) (0.0) (0.0) (0.0) (0.0) (60.4)
Hawaii 18,873 42,298 33,042 13,913 7,779 6,720 4852 | 127,477
(94.4) | (211.5) | (165.2) (69.6) (38.9) (33.6) (24.3) | (637.4)
Ilinois 92 166 3,844 90 0 0 0 4,192
(0.5) (0.8) (19.2) (0.4) (0.0) (0.0) (0.0) (21.0)
Indiana 82 216 286 0 0 0 0 584
(0.4) (1.1) (1.4) (0.0) (0.0) (0.0) (0.0) (2.9)
Louisiana 48,043 15,032 0 0 0 0 0 63,075
(240.2) (75.2) (0.0) (0.0) (0.0) (0.0) 0.0) | (315.4)
Maine 906 1,142 1,976 3,331 8,429 15,485 42 31,311
(4.5) (5.7) (9.9) (16.7) (42.1) (77.4) (0.2) | (156.6)
Maryland 2,192 1,946 1,540 5,078 0 0 0 10,756
(11.0) (9.7) (7.7) (25.4) (0.0) (0.0) (0.0) (53.8)
Massachusetts 202 526 1,639 3,606 20,351 13,674 0 39,997
(1.0) (2.6) (8.2) (18.0) | (101.8) (68.4) (0.0) | (200.0)
Michigan 4,459 18,074 31,086 34,305 8,719 0 0 96,642
(22.3) (90.4) | (155.4) | (171.5) (43.6) (0.0) (0.0) | (483.2)
Minnesota 3,102 994 0 0 0 0 0 4,096
(15.5) (5.0) (0.0) (0.0) (0.0) (0.0) (0.0) (20.5)
New Hampshire 19 46 171 336 102 0 0 672
(0.1) (0.2) (0.9) (1.7) (0.5) (0.0) (0.0) (3.4)
New Jersey 528 1,508 4,965 12,934 0 0 0 19,935
(2.6) (7.5) (24.8) (64.7) (0.0) (0.0) (0.0) (99.7)
New York 1,105 4,358 8,324 2,876 7,453 5,322 0 29,439
(5.5) (21.8) (41.6) (14.4) (37.3) (26.6) 0.0) | (147.2)
North Carolina 1,847 4,098 13,655 39,875 16 0 0 59,491
(9.2) (20.5) (68.3) | (199.4) (0.1) (0.0) 0.0) | (297.5)
Ohio 341 3,067 5,829 0 0 0 0 9,237
(1.7) (15.3) (29.1) (0.0) (0.0) (0.0) (0.0) (46.2)
Oregon 388 1,493 8,644 13,925 7,394 6,065 5,986 43,894
(1.9) (7.5) (43.2) (69.6) (37.0) (30.3) (29.9) | (219.5)
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Table 1 (continued) Offshore wind resource area and potential by wind speed interval and
state within 50 nm of shore.

Wind Speed (m/s) at 90 m

Total

7.0-75175-8.0] 80-85 [85-9.09.0-95| 9.5-10.0 >10.0 >7.0
Pennsylvania 34 211 1,679 0 0 0 0 1,924
(0.2) (1.1) (8.4) (0.0) (0.0) (0.0) (0.0) (9.6)
Rhode Island 224 126 283 671 1,461 2,360 0 5,126
(1.1) (0.6) (1.4) (3.4) (7.3) (11.8) (0.0) (25.6)
South Carolina 1,457 8,202 10,384 6,007 0 0 0 26,049
(7.3) (41.0) (51.9) (30.0) (0.0) (0.0) (0.0) (130.2)
Texas 2,019 24,823 16,556 12,273 0 0 0 55,671
(10.1) | (124.1) (82.8) (61.4) (0.0) (0.0) (0.0) (278.4)
Virginia 889 3,658 6,549 7,794 0 0 0 18,890
(4.4) (18.3) (32.7) (39.0) (0.0) (0.0) (0.0) (94.4)
Washington 1,573 4,621 18,261 0 0 0 0 24,455
(7.9) (23.1) (91.3) (0.0) (0.0) (0.0) (0.0) (122.3)
Wisconsin 3,715 3,405 7,761 8,417 0 0 0 23,298
(18.6) (17.0) (38.8) (42.1) (0.0) (0.0) (0.0) (116.5)
Total 108,102 | 174,040 | 201,159 | 189,213 74,888 64,856 17,805 | 830,064
(540.5) | (870.2) | (1,005.8) | (946.1) | (374.4) (324.3) (89.0) | (4,150.3)
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Offshore Wind Resource

In May 2008, the U.S. Department of Energy (DOE) released a report detailing a
deployment scenario by which the United States could achieve 20% of its electric energy
supply from wind energy (U.S. Department of Energy 2008). Under this scenario,
offshore wind was an essential contributor, providing 54 gigawatts of installed electric
capacity to the grid. When President Obama took office in January 2009, his message
clearly reinforced this challenge in a broader context of energy independence,
environmental stewardship, and a strengthened economy based on clean renewable
energy sources.

To achieve the deployment levels described in the 20% wind report, many technical and
economic challenges must be faced. Many coastal areas in the United States have large
electricity demand but have limited access to a high-quality land-based wind resource,
and these areas are typically limited in their access to interstate grid transmission.
Offshore wind resources have the potential to be a significant domestic renewable energy
source for coastal electricity loads. The development of a reference and validated
offshore wind resource database is one of the first steps necessary to understand the
magnitude of the resource and to plan the distribution and development of future offshore
wind power facilities.

DOE and the National Renewable Energy Laboratory (NREL) are working to assess the
full potential of the nation’s indigenous wind energy resources by creating a validated,
national database that defines the significant characteristics used to quantify resource
availability and its distribution. These elements include level of resource (annual average
wind speed), water depth, distance from shore, and state administrative areas. The
database will be periodically revised to reflect better wind resource estimates and to
include updated information from other datasets.

This database serves as the foundation for future modifications that may include specific
exclusion areas for the calculation of offshore wind resource potential. Earlier estimates
of offshore wind potential in the United States made conservative assumptions to exclude
large areas from development, based on their distance from shore (Musial and Butterfield
2004). In the 2004 study, all wind resources within 5 nautical miles (nm) of shore were
excluded from development, two-thirds of the resource, 5 nm to 20 nm from shore, was
excluded, and one-third of the resource was excluded for those areas greater than 20 nm
from shore.

The paper by Musial and Butterfield detailed the rationale for exclusion factors but did
not contain a detailed analysis of this subject. The basis for exclusion is a complex issue
that should involve multiple stakeholders and negotiations. The development of offshore
resources will be influenced by environmental and other ocean-use factors not currently
included in the wind resource database.

Therefore, the current standard database quantifies the gross offshore wind resource.
Exclusions from offshore development, of which there will be many, must be done on a
state or regional basis to assure that local issues are addressed properly such as was
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attempted for areas along the Atlantic coast (Dhanju et. al 2008, Applied Technology and
Management 2007).

The database provides the core information useful for the planning of resource-based
offshore renewable energy development. The database incorporates the best offshore
wind resource estimates with parameters that have a significant impact on offshore
resource development. The main parameters include annual average wind speed, water
depth (U.S. Department of Commerce's National Oceanic and Atmospheric
Administration's [NOAA] Coastal Relief Model), distance from shore (shoreline
delineation by NOAA), and administrative jurisdiction (U.S. Department of the Interior's
Minerals Management Service [MMS]). As previously mentioned, the database was
developed using Geographic Information Systems (GIS) techniques, allowing for spatial
correlation of these characteristics. The offshore information presented on a state-by-
state basis in this report is the first published version of the NREL offshore database.
The database will be updated periodically as new offshore wind resource studies are
completed and/or new information layers become available that directly impact offshore
development.

GIS Database Structure

A GIS database was chosen to house the offshore resource data because the datasets have
a significant spatial component. All of the component datasets are spatially referenced to
the same spatial base allowing rapid indexing of the different datasets to each other. A
database user may compare information from different datasets in the same geographic
location. The GIS database also allows portions of a dataset to be quickly updated as new
information becomes available. The database is sufficiently flexible to allow new
elements such as environmental exclusion areas and shipping lanes/navigation zones, for
example, to be included in future versions. The horizontal resolution of the database grid
cells is 100 m by 100 m. The database extends out from the shoreline to 50 nm and
includes major bays and inlets. Exceptions to the 50 nm mapped distance are the Great
Lakes, where the entire lakes were mapped for the offshore resource, and Massachusetts,
where the computed resource did not extend 50 nm from the edge of Nantucket Island
and Martha’s Vineyard in southeastern Massachusetts.

For ease of use and maintenance, the database has been divided into four regions initially:
1) Pacific coast (California, Oregon and Washington); 2) Atlantic coast (Maine, New
Hampshire, Massachusetts, Rhode Island, Connecticut, New York, New Jersey,
Delaware, Maryland, Virginia, North Carolina, South Carolina, Georgia, and Florida);

3) Gulf of Mexico (Florida, Alabama, Mississippi, Louisiana, and Texas); and 4) Great
Lakes (New York, Pennsylvania, Ohio, Michigan, Indiana, Illinois, Wisconsin, and
Minnesota). Hawaii, Alaska, and U.S. territories are handled separately.

Database Components

The database contains wind resource information in two types of fields. The first field is
wind power class introduced in the “Wind Energy Resource Atlas of the United States”
(Elliott et. al. 1987) at a 50 m height above the surface. The second field is the annual
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average wind speed at 90 m above the surface, the approximate hub-height of many
current-day offshore wind turbines. This report presents information from this second
field in the maps, figures, and tables in the body and appendices. The annual speeds in
the database are binned in 0.25 meters per second (m/s) intervals, with the speed in the
database defined as the midpoint of the interval. For example, a grid cell with an annual
speed between 7.0 and 7.25 m/s receives a database value of 7.125 m/s. The speeds (and
power classes) are binned because the elements in the database are required to be
represented in discrete intervals. The database indexes wind resource potential by water
depth at intervals of 10 m, distance from shore out to 50 nm in increments of 1 nm, and
the best available offshore state and federal administrative boundaries, provided primarily
by the MMS. Indexing allows the database to be summarized in different ways using
these attributes (e.g. resource within 0-5 nm or 0-3 nm of shoreline).

Wind Resource Estimates

Annual average wind speeds are closely related to the available energy at a particular
location and are categorized in the database by their value at a height of 90 m above the
surface. The offshore wind resources of the United States were first estimated by NREL
in 2003 (Musial and Butterfield 2004). Since then, updated offshore wind mapping
projects (e.g. Elliott and Schwartz 2006) are gradually being completed. The updated
maps provide a better estimate of the offshore wind resource than was previously
available. At present, updated maps are available for the offshore areas of Georgia,
Texas/Louisiana, northern New England (Massachusetts, New Hampshire, and Maine)
and the states bordering the Great Lakes.

The updated wind resource maps were produced using a physics-based numerical
computer model that provided preliminary estimates of the annual average wind resource.
The modeling was developed by AWS Truepower (AWST) of Albany, New York, under
subcontract to NREL, using their proprietary MesoMap system. The horizontal
resolution of the model output is 200 m. The preliminary model estimates were validated
by NREL using data from a variety of sources including ocean buoys, marine automated
stations, Coast Guard stations and lighthouses, and satellite-derived 10 m wind speeds
over the ocean estimated from the “state of the sea” as measured by microwave imaging.
The wind measurements from the stations or grid points (in the case of satellite
measurements) were extrapolated to 50 m above the surface and compared to the model
estimates at the same height using sheer exponents from the Power Law Equation (Elliott
et. al. 1987). The results of the validation model-measurement comparison were
assembled into a spreadsheet and reviewed by AWST. In addition, NREL also produced
qualitative comments on the validation results including recommended modifications to
the preliminary resource estimates. Final modifications were agreed to after
consultations between NREL and AWST. AWST adjusted the model output to reflect the
modifications. There were not sufficient tall tower data to perform a high-quality
validation at 90 m. Therefore, the modifications to the preliminary 90 m wind speed
model output were based on the 50 m validation results. This adds some uncertainty to
the final potential estimates, but should not significantly affect the scope of the offshore
potential. NREL converted the final data into wind resource maps. The wind resource
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data were re-sampled from 200 m to 100 m horizontal resolution for inclusion in the
database.

Calculations of the offshore wind resource estimates for states with older offshore wind
maps (originally completed as part of an onshore wind mapping project) were done in
two ways. For eight states, data from an older non-validated preliminary (model
estimate) offshore wind map and a validated older final map were combined to calculate
the offshore resource. Preliminary non-validated maps were used because: 1) older final
wind maps extended only 5-10 nm offshore, while the preliminary maps extended further
off the coast, thus reducing the area extrapolated to 50 nm; and 2) using the preliminary
data resulted in more realistic offshore wind speed gradients than the gradients produced
by extrapolating the older final map values from their seaward edges out to an additional
40-45 nm to the 50 nm line. Older final maps for five states (including the Atlantic coast
of New York) extended either to the 50 nm line or the state boundary. In these cases, the
data from the older final map was used to calculate the offshore potential without
extrapolation. The complete listing of the older and updated offshore maps used for this
project is in Appendix A. The states of Florida, Alabama, and Mississippi did not have
any preliminary or final wind maps available. The lack of tall tower wind measurement
data and offshore wind maps for this region made an estimate of the 90 m wind speeds
problematic. Therefore, the offshore wind resource for these states was not included in
this report. They will be included in the database once updated offshore maps for these
states are complete.

The 90 m average wind speeds were calculated in several ways depending on the
available height of the older preliminary and final map data. The states along the Atlantic
coast from Rhode Island to North Carolina, and the state of Hawaii had offshore map
wind speed values at 70 m and 100 m above the surface. For these states, the 90 m wind
speed was calculated by a linear interpolation between the 70 m and 100 m wind speeds.
The states of South Carolina, Washington, and Oregon had only 50 m map wind speeds
available. The 90 m wind speeds for these states were calculated using a power law wind
speed shear exponent (Elliott et. al. 1987) of 0.11. This exponent value was chosen based
on the validation experience with the updated offshore wind maps and because other
analyses of offshore wind resources indicate that the shear exponent is most often in the
range from 0.08 to 0.14 for the offshore regions of the United States. The wind speeds at
90 m were about 6.5% higher than the 50 m wind speeds using the 0.11 shear exponent.
Wind speed maps at 50 m and 70 m were available for California. The 90 m speed off
the California coast was calculated assuming the speed shear exponent calculated
between the 50 m and 70 m levels was also valid for the wind speeds between 70 m and
90 m.

For eight states (the Pacific coast and the Atlantic Coast from New Jersey to North
Carolina), where both the older preliminary and final maps were used to estimate the
wind resource, a blend of the calculated 90 m speeds from the preliminary and final maps
was used to extrapolate the offshore potential to 50 nm. Speed values from the final maps
were used to calculate the wind resource from close to shore out to the boundary between
the final and preliminary maps. The speed at this boundary was calculated as a blend of
the two final and preliminary map values. The preliminary map wind speeds were used
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from this boundary to the seaward edge of the preliminary map data. The wind speed
values at the seaward edge of the preliminary map were held constant and expanded to
the 50 nm line. The extrapolation from the edge of the preliminary map is a source of
uncertainty in the final results for these eight states.

Horizontal discontinuities (seams) in the wind resource are present at several state
boundaries. The discontinuities result from offshore data that is based on different
versions of the numerical model used for the different onshore mapping projects and the
way the extrapolation software interprets the data on either side of the seam. The most
prominent seam appears near the border of Oregon and California. The resulting wind
speed gradients in that region are not realistic. Other noticeable seams are located on the
borders of New York and New Jersey and North Carolina and South Carolina. These
seams in the maps and data interpretations further demonstrate the need to complete the
updated offshore wind resource maps along the Atlantic and Pacific coasts.

Individual state and regional datasets were combined to form a composite image, based
on 2009 map estimates, of the national offshore wind resource (Figure 1). The datasets
are listed in Appendix A. The wind resource information is categorized by wind speed.
However, for this initial report only areas with annual average wind speeds of 7.0 m/s
and greater are included in the wind potential estimates. Economic factors make
development of areas with less than 7.0 m/s average wind speeds unlikely. This
delineation may be adjusted in future versions of the database as warranted.
Examinations of the offshore wind resource distribution show an abundant wind resource
pool, with wind resources greater than 7.0 m/s, located in many offshore areas of the
country.

Bathymetry

The depth of the water affects the type of technology used to develop a given offshore
wind resource project (Musial 2007). Current offshore wind turbine technology uses
monopoles and gravity foundations in shallow water (0 m to 30 m). In transitional depths
(30 m to 60 m), tripods, jackets and truss-type towers will be used. Deep water (> 60 m
depth) may require floating structures instead of fixed bottom foundations, but this
technology is currently in an early stage of development.

The bathymetry data used in the database has been categorized into 10 m water depth
intervals, with depth calculated relative to the mean water surface height (Figure 2). The
majority of the data was acquired from the U.S. Department of Commerce National
Oceanic and Atmospheric Administration (NOAA) Coastal Relief Model. This dataset
has a spatial resolution of 90 m. However, Lake Superior and some coastal areas further
from shore were not included in the NOAA dataset. For those areas, bathymetry was
interpolated from a spatially coarser global NOAA bathymetry dataset.

The East coast and the Gulf of Mexico have extensive areas of shallow water relatively
far from shore. On the West coast, the continental shelf descends rapidly into the deep
water category. The water depth also increases rapidly away from shore around Hawaii.
In the Great Lakes region, Lake Erie and portions of Lake Ontario can be characterized as
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shallow; the other lakes are primarily deep water, with narrow bands of shallow and
transitional water near the shore.

Wind Speed at 90 m
m/s mph

11.5-12.0 25.7-26.8
11.0-11.5 24.6 -25.7
10.5-11.0 235-246
10.0-10.5 224-235
95-10.0 213-224
90- 95 201-21.3
85- 90 19.0-20.1
80- 85 17.9-19.0
75- 80 16.6-17.9

70- 75 15.7-16.8
65- 7.0 14.5-15.7
60- 65 13.4-145
00- 60 00-134

—

-~

Figure 1. United States offshore wind resource at 90 m above the surface.
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Bathymetry
Depth (m)
Bl -:00
I 100 - 300

| 60 - 100
| 30-60
0-30

U.S. Department of Energy
National Renewable Energy Laboratory

28-JUN-201052.2

Figure 2. United States bathymetry distribution.
Distance From Shore

The distance a wind project is from shore determines a project’s visibility from shore,
and whether it is located in state or federal jurisdiction. Distance affects the potential
cost of development through considerations such as the length of underwater cable
needed to connect the offshore wind project to land-based electricity distribution
facilities. In addition, coastline definition is complex because it is derived from a series
of baseline points representing the mean lower low water line in direct contact with the
open ocean (Thormahlen 1999). Some of these points can be seaward of the contiguous
shoreline and change over time due to accretion and erosion of the shoreline. The MMS
computed geographic lines from these points determining the boundary of state/federal
offshore jurisdictions required by the Submerged Lands Act (SLA) (Thormahlen 1999).
In Hawaii, the state/federal boundary was determined by NOAA. The database uses nm
in its distance calculations. Federal jurisdiction begins 3 nm from the MMS baseline,
except for Texas and the Gulf coast of Florida, where it begins at 9 nm. For the Atlantic
coast, Pacific coast, and Gulf of Mexico distances are measured from the SLA line
towards or away from shore, extending seaward a maximum of 50 nm. For the Great
Lakes and Hawaii, distances were measured from the shoreline (Figure 3).
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Distance Offshore
(Nautical Miles)

0-5
5-10
10-15
15-20
I 20-25
B 25-30
B 30-35
B 35-40
B <0 - 50

Figure 3. Distance from United States shoreline (nm).

Offshore Administrative Units

The determination of offshore jurisdiction encompasses complex legal agreements
between individual states, legal agreements between the individual states and the federal
government, and treaties between the United States and adjacent countries. Some of
these boundaries are currently unresolved (New Jersey v. Delaware, Supreme Court
Decision No. 134 Original, October Term 2007, and Thormahlen 1999). The
state/federal offshore boundary is determined by the SLA and individual Supreme Court
decisions for Texas and Florida (Thormahlen 1999). Seaward of the SLA, the MMS has
proposed state boundaries that extend from the SLA line to the limit of the United States
Outer Continental Shelf (OCS) based on the United Nations Convention on the Law of
the Sea (Federal Register). Landward of the SLA line, state boundaries are based on
legal agreements dating back to the Colonial period. A national dataset is still under
development by the MMS and NOAA. For this report, NREL constructed an offshore
administrative boundaries dataset from the MMS SLA, OCS, and OCS Administrative
Boundaries, and individual state and local government administrative boundary datasets
(Figure 4, by color). Where there was no available state data landward of the SLA,
NREL constructed lines from the SLA to the shoreline. The list of data sources is
provided in Appendix A.

12
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Figure 4. State administrative areas.

Database Summary

The offshore wind resource database contains the wind resource, water depth, distance
from shore, and administrative unit for each 100 m by 100 m area out to a distance of 50
nm. The data consist of the gross wind energy resources without considering any
exclusion areas. In other words, these tables do not exclude the wind resource as a
function of distance from shore (Musial and Butterfield 2004), nor do they exclude the
available resource due to environmental and other ocean-use factors. These data are the
best available offshore wind resource data at present. The uncertainty of these resource
estimates will significantly decrease as additional updated maps are completed.

Table 2 shows the gross wind resource at 90 m by state. The available square kilometers
(km?) of water and potential installed capacity in gigawatts (GW) is presented by wind
speed interval (for annual wind speeds 7.0 m/s and higher), water depth, and distance
from shore. A uniform factor of 5 megawatts/km” was applied to calculate the potential
installed capacity. Detailed information by database element for each state is presented in
Appendix B.

13
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Future Plans

The data base is designed to be an evolving product with its elements subject to modification and
change. The offshore wind resource is anticipated to undergo notable change as new updated
resource maps are completed. The mid-Atlantic states, from Rhode Island to South Carolina,
will be the next group of states to be mapped and validated. The database will be modified to
include the new information from this region upon completion of the maps. The database will
continue to be periodically updated as additional offshore mapping projects are finished along
the Atlantic coast of Florida, the Gulf coast, the Pacific coast, and Alaska. The database will
eventually contain the wind resource for all 50 states.

Incorporation of environmental exclusions and ocean-use factors impacting offshore wind
development will be included in future editions of the database. These exclusions could include
many factors including shipping lanes, marine habitat areas, submerged obstacles, military areas,
and ocean-bottom topography. In addition, the database may be expanded to include other
important characteristics such as wave power density, extreme wind and wave, ocean currents,
and a number of other parameters important to the design of offshore wind turbines. Wave
power resource estimates are the first type of water power data likely to be included in future
versions of the database.
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Appendix A. Data Sources

A1. State-to-State Boundary Data

Table A1. State-to-State Boundary Data

State

Source

California !

NREL digitized line from the MMS SLA line to the California/Oregon
state line

Connecticut http://www.ct.gov/dep/site/default.asp -
http://www.nyswaterfronts.com/index.asp

Georgia http://gis.state.ga.us/
http://www.isgs.uiuc.edu/nsdihome/ -

[linois http://www.mcgi.state.mi.us/mgdl/

Louisiana ' http://atlas.Isu.edu/ - http://www.glo.state.tx.us/ - NREL digitized line
from the MMS SLA line to the Texas/Louisiana state line

Maine http://megis.maine.gov/

Maryland http://www.marylandgis.net/SHAdata/

Massachusetts http://www.whoi.edu/

Michigan http://www.mcgi.state.mi.us/mgdl/

Minnesota http://deli.dnr.state.mn.us/data_catalog.html

. . . -1
Mississippi

http://www.maris.state.ms.us/ - http://atlas.lsu.edu/ - NREL digitized
line from the MMS SLA line to the Mississippi/Alabama state line

http://www.state.nj.us/dep/njgs/ -

New Jersey http://www.nyswaterfronts.com/index.asp

New York http://www.nyswaterfronts.com/index.asp
http://www.cgia.state.nc.us/ -

North Carolina http://www.ors.state.sc.us/digital/gisdata.asp
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Ohio http://www.dnr.state.oh.us/gims/ - http://www.mcgi.state.mi.us/mgdl/

Oregon ' NREL digitized line from the MMS SLA line to the Oregon/California
and Oregon/Washington state lines

Pennsylvania http://nationalatlas.gov/atlasftp.html -

http://www.dnr.state.oh.us/gims/ -
http://www.nyswaterfronts.com/index.asp

South Carolina

http://www.ors.state.sc.us/digital/gisdata.asp - http://gis.state.ga.us/

1

Texas http://www.glo.state.tx.us - NREL digitized line from the MMS SLA
line to the Texas/Louisiana state line
Washington http://www.ecy.wa.gov/services/gis/data/data.htm

" Environmental Systems Research Institute, Inc. Data & Maps 9.1 Detailed States
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A2. Wind Map Data

Table A2. Wind Map Datasets

JNT000003
10/28/11

State Method Preliminary Final
Date Date

California Old Offshore Map 2002 2002
Connecticut Old Offshore Map 2002
Delaware Old Offshore Map 2002 2003
Georgia Updated Offshore Map 2006
Hawaii Old Offshore Map 2004
lllinois Updated Offshore Map 2008
Indiana Updated Offshore Map 2008
Louisiana Updated Offshore Map 2007
Maine Updated Offshore Map 2008
Maryland Old Offshore Map 2002 2003
Massachusetts Updated Offshore Map 2008
Michigan Updated Offshore Map 2008
Minnesota Updated Offshore Map 2008
New Hampshire Updated Offshore Map 2008
New Jersey Old Offshore Map 2002 2003
New York (Atlantic) Old Offshore Map 2003
New York (Great Lakes) Updated Offshore Map 2008
North Carolina Old Offshore Map 2002 2003
Ohio Updated Offshore Map 2008
Oregon Old Offshore Map 2001 2002
Pennsylvania Updated Offshore Map 2008
Rhode Island Old Offshore Map 2002
South Carolina Old Offshore Map 2006
Texas Updated Offshore Map 2007
Virginia Old Offshore Map 2002 2003
Washington Old Offshore Map 2001 2002
Wisconsin Updated Offshore Map 2008
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Appendix B. Detailed maps and tables

B1.
B2.
B3.
B4.
BS.
B6.
B7.
B8.
B9

B10.
B11.
B12.
B13.
B14.

United States
California
Connecticut
Delaware
Georgia
Hawaii
lllinois
Indiana
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota

B15.
B16.
B17.
B18.
B19.
B20.
B21.
B22.
B23.
B24.
B25.
B26.
B27.

JNT000003
10/28/11

New Hampshire
New Jersey
New York
North Carolina
Ohio

Oregon
Pennsylvania
Rhode Island
South Carolina
Texas

Virginia
Washington
Wisconsin

NOTE: AWS Truepower produced the offshore wind resource estimates under the
name AWS Truewind.
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Shallow  Transitional Deep

(0-30m) (30 -60m) (> 60m) Total
Area km? Area km? Area km? | Area km?

State (MW) (MW) (MW) (MW)
California 871 2,091 114,593 117,555
(4,354) (10,453) | (572,966) | (587,773)
Connecticut 1,152 118 2 1,272
(5,760) (592) (8) (6,360)
Delaware 2,233 707 0 2,940
(11,164) (3,637) (0) (14,701)
Georgia 9,643 2,442 0 12,085
(48,217) (12,208) (0) (60,425)
Hawaii 460 1,106 125,910 127,477
(2,302) (5,529) | (629,552) | (637,383)
lllinois 1,351 1,017 1,824 4,192
(6,757) (5,086) (9,118) (20,960)
Indiana 584 0 0 584
(2,919) (0) (0) (2,919)
Louisiana 36,698 8,380 17,997 63,075
(183,492) (41,899) (89,985) | (315,376)
Maine 3,145 3,048 25,117 31,311
(15,727) (15,239) | (125,587) | (156,553)
Maryland 6,162 3,258 1,336 10,756
(30,809) (16,292) (6,681) (53,782)
Massachusetts 9,570 11,612 18,816 39,997
(47,849) (58,059) (94,079) | (199,987)
Michigan 17,177 15,023 64,442 96,642
(85,887) (75,115) | (322,210) | (483,212)
Minnesota 5 75 4,016 4,096
(25) (376) (20,080) (20,481)
New Hampshire 116 171 386 672
(579) (854) (1,928) (3,361)
New Jersey 8,696 10,910 329 19,935
(43,480) (54,549) (1,647) (99,675)
New York 7,496 11,253 10,690 29,439
(37,481) (56,263) (563,450) | (147,194)
North Carolina 28,006 15,544 15,942 59,491
(140,029) (77,719) (79,708) | (297,456)
Ohio 9,237 0 0 9,237
(46,186) (0) (0) (46,186)
Oregon 1,319 1,946 40,630 43,894
(6,595) (9,728) | (203,148) | (219,471)
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Table B1.1. U.S. offshore wind resource by state and water depth category. Resource areas
limited to >7.0 m/s at 90-m height and within 50 nm of shore.
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Table B1.1 (continued). U.S. offshore wind resource by state and water depth category. Resource

areas limited to >7.0 m/s at 90-m height and within 50 nm of shore.

Shallow Transitional Deep
(0 - 30m) (30 - 60m) (> 60m) Total
Area km? Area km? Area km? Area km?

State (MW) (MW) (MW) (MW)
Pennsylvania 1,451 473 0 1,924
(7,253) (2,367) (0) (9,620)
Rhode Island 1,048 2,691 1,388 5,126
(5,238) (13,453) (6,940) (25,631)
South Carolina 17,182 7,322 1,544 26,049
(85,911) (36,611) (7,722) (130,244)
Texas' 31,370 15,637 8,663 55,671
(156,852) (78,184) (43,317) (278,353)
Virginia 13,063 4,926 900 18,890
(65,317) (24,631) (4,500) (94,448)
Washington 1,702 2,323 20,430 24,455
(8,509) (11,614) (102,151) (122,274)
Wisconsin 4,502 3,529 15,267 23,298
(22,508) (17,647) (76,337) (116,492)
Total 214,240 125,601 490,223 830,064
(1,071,202) (628,004) | (2,451,113) | (4,150,319)
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12 -50

0-3nm 3-12nm nm Total
Area km? | Areakm?® | Areakm? | Area km?

State (MW) (MW) (MW) (MW)
California 2,447 20,824 94,283 117,555
(12,237) | (104,121) | (471,416) | (587,773)
Connecticut 1,272 0 0 1,272
(6,360) (0) (0) (6,360)
Delaware 1,088 672 1,181 2,940
(5,438) (3,359) (5,904) (14,701)
Georgia 633 2,692 8,760 12,085
(3,164) (13,459) (43,802) (60,425)
Hawaii 13,455 19,794 94,228 127,477
(67,275) (98,971) | (471,138) | (637,383)
lllinois 501 1,573 2,117 4,192
(2,507) (7,867) (10,586) (20,960)
Indiana 337 247 0 584
(1,687) (1,233) (0) (2,919)
Louisiana 7,944 11,554 43,578 63,075
(39,718) (57,768) | (217,891) | (315,376)
Maine 5,483 7,919 17,909 31,311
(27,416) (39,594) (89,543) | (156,553)
Maryland 4,292 934 5,531 10,756
(21,459) (4,670) (27,653) (53,782)
Massachusetts 5,392 7,087 27,519 39,997
(26,958) (35,436) | (137,593) | (199,987)
Michigan 15,814 36,855 43,973 96,642
(79,068) | (184,277) | (219,867) | (483,212)
Minnesota 334 1,810 1,952 4,096
(1,670) (9,052) (9,759) (20,481)
New Hampshire 154 364 154 672
(769) (1,822) (770) (3,361)
New Jersey 2,271 3,665 13,999 19,935
(11,353) (18,327) (69,995) (99,675)
New York 6,232 8,920 14,287 29,439
(31,159) (44,602) (71,434) | (147,194)
North Carolina 8,875 8,985 41,632 59,491
(44,373) (44,923) | (208,160) | (297,456)
Ohio 2,013 4,153 3,071 9,237
(10,065) (20,765) (15,356) (46,186)
Oregon 2,255 8,575 33,064 43,894
(11,274) (42,876) | (165,320) | (219,471)
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Table B1.2. U.S. offshore wind resource by state and distance from shore. Resource areas
limited to >7.0 m/s at 90-m height and within 50 nm of shore.
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Table B1.2 (continued). U.S. offshore wind resource by state and distance from shore. Resource

areas limited to >7.0 m/s at 90-m height and within 50 nm of shore.

0-3nm 3-12nm 12-50nm Total
Area km? | Area km? Area km? Area km?

State (MW) (MW) (MW) (MW)
Pennsylvania 425 1,206 293 1,924
(2,123) (6,032) (1,465) (9,620)
Rhode Island 815 1,526 2,785 5,126
(4,074) (7,630) (13,927) (25,631)
South Carolina 1,465 5,272 19,313 26,049
(7,323) (26,358) (96,563) (130,244)
Texas' 21,285 3,128 31,257 55,671
(106,423) (15,642) (156,287) (278,353)
Virginia 5,648 3,047 10,195 18,890
(28,239) (15,233) (50,976) (94,448)
Washington 1,246 4,641 18,568 24,455
(6,230) (23,205) (92,839) (122,274)
Wisconsin 4,381 9,452 9,466 23,298
(21,905) (47,258) (47,328) (116,492)
Total 116,053 174,896 539,114 830,064
(5680,267) | (874,481) | (2,695,572) | (4,150,319)

! Federal waters begin at 3 nm with the exception of Texas, which begins at 9 nm. For Texas, the area reported is
for 0 - 9nm; 9 - 12 nm; and 12 - 50 nm respectively.
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California - 90 m Offshore Wind Speed
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The offshore wind resource data was Barbara :
originally estimated by AWS Truewind Los Angeles
as part of an onshore wind mapping [ .
project. These data have been e e
interpolated to 90 m and extrapolated ~Riverside
to 50 nautical miles by NREL. 9 m.
1 : D
Wind Speed at 90 m n % 3 nmi
m/s mph 120
11.5-12.0 25.7-26.8
11.0-115 246-25.7 CO (-
10.5-11.0 235-246 : 32
10.0-105 224-235 |22° 120° 118°
95-100 21.3-224 100 0 100 200 300 Kilometers
90- 95 201-213 —-— — ]
85- 9.0 19.0-20.1 50 0 50 100 150 Nautical Miles
80- 85 17.9-19.0
75- 80 16.8-17.9
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Figure B2. California detailed map
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Figure B5. Georgia detailed map
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Michigan - 90 m Offshore Wind Speed
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New Jersey - 90 m Offshore Wind Speed
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L mph The offshore wind resource data was originally estimated
115-120 257268 by AWS Truewind as part of an onshore wind mapping
11.0-115 246-257 project. These data have been interpolated to 90 m and
105-11.0 235-246 extrapolated to 50 nautical miles by NREL.
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Figure B16. New Jersey detailed map
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North Carolina - 90 m Offshore Wind Speed
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The offshore wind resource data was
originally estimated by AWS Truewind
as part of an onshore wind mapping
project. These data have been
interpolated to 90 m and extrapolated
to 50 nautical miles by NREL.
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Figure B18. North Carolina detailed map
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The offshore wind resource data was
originally estimated by AWS Truewind
as part of an onshore wind mapping

= project. These data have been

44 interpolated to 90 m and extrapolated
to 50 nautical miles by NREL.
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Figure B20. Oregon detailed map
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Figure B21. Pennsylvania detailed map
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The offshore wind resource data was

ally estimated by AWS Truewind
rt of an onshore wind mapping

project. These data have been
interpolated to 90 m and extrapolated

nautical miles by NREL.
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Figure B22. Rhode Island detailed map
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Figure B23. South Carolina detailed map
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Figure B26. Washington detailed map
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Figure B27. Wisconsin detailed map
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