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Summary

The goal of this study is to assess offshore wind energy resources in the Gulf of Mexico (GOM) and to
guantify its technical and economic potential in order to inform Federal and GOM state strategic energy
planning over the next decade. The objectives are to:

o Describe site-specific and regional benefits and challenges of deploying offshore wind in the
GOM and discuss the current research to mitigate challenges;

e Review and quantify the wind resource capacity and energy potential in the GOM region for each
GOM state including state and federal waters, distance from shore, and water depth;

e Perform geospatial regional economic assessments of levelized cost of energy (LCOE)?, levelized
avoided cost of energy (LACE)?, and net value (Section 3.4.2);
Evaluate three representative hypothetical locations for site-specific analysis;

e Perform a high-level assessment of local supporting infrastructure availability, including existing
services (e.g., fabrication facilities, vessels, ports) and possible grid connection options;

e Assess the regional economic impacts of a 600 megawatt (MW) offshore wind power plant
installed at a representative site in the GOM.

Based on the findings from the first phase, during which all renewable energy sources in the GOM were
evaluated?, the National Renewable Energy Laboratory (NREL) determined that offshore wind has the
highest potential to deliver utility scale electricity from ocean-based renewable energy in the GOM. This
conclusion is based on the quantification and relative scoring based on three factors: resource adequacy,
technology readiness, and cost competitiveness. As shown in Figure S-1, the technical resource potential
for offshore wind in the GOM is 508 gigawatts (GW), the largest of any of the technologies examined
(red bars)*. In addition, its ability to serve a large percentage of the electric load primarily depends upon
achieving lower cost. If current cost trends observed in Europe and the northeast United States (US)
continue, the economics of offshore wind in the GOM over the next decade will approach positive net
values in some regions, particularly in Texas and Louisiana.

The offshore wind resources were assessed for each of the GOM states. These wind resources are
generally lower than northern Atlantic and Pacific coastal states, but the quantity of resource capacity in
the GOM is large, especially in shallow water less than 60 meters (m) (197 feet [ft]) deep. As shown in
Figure S-2, when considering all US states and considering only sites with average wind speeds of greater
than 7 meters per second (m/s) (15.7 miles per hour [mph]) and water depths less than 1,000 m (3,280 ft),
three of the top four states with the highest offshore wind resource capacity are within the GOM
(Louisiana, Texas, and Florida).

! Levelized cost of energy (LCOE) determines how much money must be made per unit of electricity to recoup the lifetime cost of
the system. This includes initial capital cost, maintenance cost, and operational cost.

2 Levelized avoided cost of energy (LACE) represents the electrical system value to the grid. In other words, it measures what it
would cost the grid to generate the electricity that is otherwise displaced by a new generation project or a measure of the market
value of that electricity.

3 Survey and Assessment of the Ocean Renewable Energy Resources in the U.S. Gulf of Mexico, OCS Study BOEM 2020-017,
which evaluated offshore wind, wave energy, tidal energy, ocean current energy, offshore solar photovoltaics, and ocean thermal
energy conversion.

4 One GW of offshore wind capacity can generate the average electricity used by approximately 300,000 US homes, based on a
capacity factor of 40%.
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Figure S-2. Technical offshore wind resource potential by state in the Gulf of Mexico.

5 Although NREL did not disqualify any technology type from consideration, it should be noted that BOEM's jurisdiction is limited to

technologies feasible for placement in Federal waters, 3 to 9 nautical miles (nm) from shore; these include: offshore wind, ocean
current, and wave energy.



The characteristics of the GOM region are very different from the North Sea (Europe), where offshore
wind development has been maturing rapidly (20 years of experience), or in the northeastern United
States where regional utility scale development is now taking hold. The primary technical challenges for
offshore wind turbines in the GOM are gaps around hurricane design, lower wind speeds, and lower soil
strength. None of these challenges are insurmountable, but all will require some additional investment in
research, development, and deployment to adapt the technology and gain the experience needed for
commercial acceptance. Each challenge could result in incremental capital cost increases, but these
increases did not receive a full treatment in this study.

There may also be significant cost benefits to help offset possible cost increases resulting from these
challenges. These benefits may include better turbine access, shallow water siting, lower labor cost, and
direct access to the existing industrial supply chains of the oil and gas industry. These benefits may lower
capital costs, operation and maintenance costs, and the cost of fabrication and installation.

NREL’s Offshore Regional Cost Analyzer (ORCA) and geographic information system (GIS) databases
were used to estimate offshore wind energy development potential for the GOM States (Florida, Alabama,
Mississippi, Louisiana, and Texas [see Section 3]) (Beiter et al. 2016). Regional maps were produced to
document the offshore wind resources and economics. The LCOE, LACE, and net value were calculated
on a grid, approximately 10.8 by 10.8 kilometers (km) (6.7 by 6.7 miles [mi]), representing the
approximate footprint of a hypothetical 600 MW offshore wind power plant used for wake loss
calculations for the entire Outer Continental Shelf (OCS) (Beiter et al. 2016). Regional results are detailed
for the target year of 2030.

The optimum turbine specific-power rating for each GOM subregion (based on annual average wind
speed) was determined from the annual average wind speed data used in NREL’s 2016 resource
assessment (Musial et al. 2016) and an internal analysis performed at NREL (Dykes et al. 2016). Four
conceptual turbines with different specific-power ratings were custom-designed (234 watts (W)/m?, 257
W/m?2, 280 W/m?2, 303 W/m?) to maximize annual energy production at lower wind speed regimes within
subregions representing the ranges of average annual offshore wind speeds from 7 to 9 m/s (15.7 to 20.1
mph) found in the GOM (see Section 3.3.2).

The NREL cost model, ORCA, is undergoing continuous upgrades and validation to keep up with
industry progress. The modeling runs for these analyses were performed in early 2018 and the modeling
parameters were limited to the data and capabilities available at that time. For this study, ORCA was run
with GOM site parameters inputs using modeled years 2015, 2022, and 2027. These data were then
extrapolated to estimate costs for 2030.

In addition, the following assumptions were made to the ORCA model for the GOM-specific model
runs®. Many of these assumptions are unique to the GOM or reflect industry trends not captured in
previous models published by NREL in 2016 and 2017 (Beiter et al. 2016, Beiter et al. 2017):

1. Relatively mature supply chains (e.g., US flagged vessels and suitable ports, harbors, and
assembly areas) will be available.

2. New low wind speed, hurricane resilient turbines will be adapted for 2030 commercial
operations.

3. A 25% increase in the insurance costs was added to account for hurricane uncertainty.

% Note that the cost of offshore wind is rapidly changing, and the assumptions made for this report do not reflect all the cost
dynamics of this technology. Generally, the cost trends reflected in this study are conservative relative to costs obtained after the
analysis was completed.
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4. A fixed charge rate of 9.1% was used to represent the financing rates (the previous rate was
10.5%).

5. 31to 14% cost was added to the low wind speed turbine costs, respectively, to account for low
wind speed turbine enhancements (larger rotors had a higher cost added).

6. Increased annual energy production (AEP) was realized because of lower sea states and the
milder GOM climate. These effects were previously captured by Beiter et al. (2017) resulting in
lower downtime and higher turbine availability.

7. Net capacity factor (NCF) and net annual energy production were calculated using the same loss
functions used in Musial et al. (2016).

8. A cost adder was applied to the jacket substructures to account for higher costs as a result of
softer soils. The adder effectively increased the water depth by 5 m (16.5 ft) to provide equivalent
substructure stiffness that is similar to structures with a higher soil strength (e.g., northeastern
United States).

9. Supply chain cost reductions were applied to some cost elements (e.g., jacket substructure) to
account for closer proximity to substructure fabrication, lower mobilization costs, and better
access to US flagged vessels.

Figure S-3 presents the results of the net value regional GOM analysis, which shows that regions with
locally high electricity prices (i.e., LACE) and lower LCOE have the highest net value. Under the
assumptions used for this analysis, if net value is positive (i.e., > 0) then offshore wind can potentially
compete in that location without additional subsidies. Figure S-3 shows a heat map of the net value
estimated for the GOM for 2030. Net value ranges from -$5/megawatt-hour (MWh) to -$125/MWh in
2030 commercial operation date (COD), indicating that the estimated cost (proxied by LCOE) of
producing power from offshore wind at all GOM sites was above the required revenue opportunities
(proxied by LACE) in 2030. Many sites were modeled to have net value near 0 by 2030, which were
within the margin of error for determining economic potential. These sites with relatively high net value
(i.e., relatively close to zero) can be found in close to shore sites off Texas and western Louisiana,
particularly off the municipal areas of Port Arthur and Corpus Christi. Regional clusters of locally high
net value were also identified off Gulfport, Mississippi and Pensacola, Florida.
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Figure S-3. Estimated net value for the Gulf of Mexico (2030 COD).
Note: 2030 data were extrapolated from modeled data for 2015, 2022, and 2027 in Beiter et al. (2017).
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NREL provided BOEM with the regional GOM heat maps, which included technical offshore wind
resource potential, LCOE estimations, and a summary of net value (Figure S-3). Site selection criteria for
hypothetical offshore wind power plant locations in the GOM were established by NREL and initial
recommendations were made to BOEM for six viable study areas: Site 1 (Port Isabel), Site 2 (Galveston),
Site 3 (Port Arthur), Site 4 (New Orleans), Site 5 (Pensacola), and Site 6 (Panama City).

From these six sites, three sites were down-selected for more detailed cost analysis to represent possible
future offshore sites in the GOM, including Site 1 (Port Isabel), Site 3 (Port Arthur), and Site 5
(Pensacola) (Figure S-3).

The three sites that were selected for detailed analysis met most of the following criteria:

¢ High net value within the region identified. This criterion ensures that sites with the highest
economic potential and closest proximity to viable ports were selected.

e Large enough area (i.e., at least 350 km?/86,487 acres [ac]) to support the commercial
development of a utility scale offshore wind power plant, realize economies of scale, and
demonstrate the economics of plant scaling to at least 1,000 MW (assuming an array density of 3
MW/km?),

o Low LCOE; (note that best economic potential (net value) and lowest LCOE do not always
correlate),

o Located in Federal waters (BOEM jurisdiction) and far enough from shore to avoid conflicts with
coastal communities over viewshed issues (see Figure 22),

o Located in shallow waters for economic reasons (less than 40 m [131 ft]), respecting viewshed
setbacks needed for coastal communities,

e Minimize potential use conflicts by avoiding environmentally sensitive areas, shipping lanes, and
oil and gas infrastructure’.

Figure S-4 shows the calculated LCOE for the three selected GOM study sites for the years 2015 through
2030 (COD). The LCOE values for hypothetical projects located at each of the three down-selected sites,
commissioned in 2015, range from $139/MWh (Site 1, Port Isabel), to $149/MWh (Site 3, Port Arthur),
to $183/MWh (Site 5, Pensacola). The LCOE values decline for each of the three sites in a similar
trajectory calculated by the NREL cost model, ORCA (Beiter et al. 2016). The extrapolated 2030 LCOE
values range from $73/MWh (Site 1, Port Isabel), to $79/MWh (Site 3, Port Arthur), to $91/MWh (Site 5,
Pensacola).

These LCOE values indicate trends consistent with other cost declines seen in Europe and the
northeastern US, though at a slower pace (4C Offshore 2018). The slower pace can be attributed to the
need for further technology to address hurricanes and lower wind speeds, less favorable economics
relative to the northeastern US, and lack of current state policy commitments that are driving offshore
wind development in other regions of the US.

” Note that a comprehensive assessment of all possible use conflicts and environmental sensitivities is beyond the scope of this
report.
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Figure S-4. Estimated levelized cost of energy (LCOE) for the three modeled Gulf of Mexico sites
from 2015 to 2030 (COD).

Customized turbines and lower finance costs contributed to lower LCOE estimates when compared with
previous studies conducted by NREL (Beiter et al. 2016). Overall, this report concludes:

e The highest wind resources are in the western GOM, which corresponds to the most favorable
economics.

e Low LCOE is not the best predictor for economic viability; this study found the highest net value
near the Texas-Louisiana border (Site 3 Port Arthur), where higher LACE makes potential
offshore wind development more attractive.

¢ No site in the study achieved the goal of reaching positive net value; (e.g., where LCOE is less
than the LACE).

e Some north Texas sites near Port Arthur were estimated to have a net value greater than -
$10/MWh, which is within the margin of error to determine economic viability (e.g. positive net
value).

Further analysis is warranted to assess:

e Technology design and cost requirements for the GOM in terms of hurricanes and wind speed
and how they may impact siting;

e Impact of larger capacity turbines (12 MW to 15 MW) (expected over a timeframe that extends to
2032 COD), lower unit cost for turbines in general, and lower finance rates to as low as 7% fixed
charge rate (FCR);

e Technology risk and how it may affect insurance cost and insurability;

e Siting conflicts with other ocean uses and the ocean environment.
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Finally, an analysis of jobs, earnings, regional gross domestic product (GDP), and regional economic
output to support the construction and operation of a 600 MW offshore wind project in the GOM was
analyzed using Site 3 (Port Arthur) as the reference site. The regional analysis assessed the construction
and operation to support jobs and economic growth in the GOM region. The results indicate that a single
offshore wind project could support approximately 4,470 jobs and $445 million in GDP during
construction and an ongoing 150 jobs and $14 million annually from operations and maintenance (O&M)
labor, materials, and services. Results are based on a project with a commercial operations date of 2030
(Figure ES-5).

4470 150 $445 $14

total jobs during
construction

annual jobs during million GDP during | million GDP during
operating years construction operating years

Figure S-5. Economic activity supported from the construction and operation of a 600 MW Gulf of
Mexico offshore wind project.

The results represent the potential economic impacts for the entire region and are proportional to the level
of deployment. The precise location where the wind installation is installed offshore does not affect the
jobs and economic activity that results from the scenario developed for the Jobs and Economic
Development Impact (JEDI) model, but it may affect which local and state facilities are engaged. A 600
MW offshore wind power plant with similar technical parameters and costs installed along the GOM
coastline at any location will yield similar jobs and economic activity similar to the site analyzed.
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1 Overview and Project Background

The Bureau of Ocean Energy Management (BOEM) and the National Renewable Energy Laboratory
(NREL) are working together to assess the technical and economic potential for offshore wind technology
development in the Gulf of Mexico (GOM) and to help inform and guide development activities within
BOEM'’s purview under the Energy Policy Act of 2005 (EPAct). The EPAct authorizes BOEM to
regulate renewable energy projects on the Outer Continental Shelf (OCS). In 2009 BOEM developed
regulations under 30 CFR [Code of Federal Regulations] 585, which provide the framework for issuing
leases, easements, and rights-of-way for OCS activities that support the production and transmission of
renewable energy sources.

Offshore wind turbines are almost twice the size of land-based wind turbines and turbine manufacturers
are being pushed by developers to build even larger sizes. Currently, the average capacity of installed
offshore wind turbines is over 5 megawatts (MW), but turbine sizes of up to 10 MW are available.
Turbines that are 12 MW in capacity with rotor diameters greater than 200 meter (m) (656 feet [ft]) have
been announced (General Electric 2018) with the expectation that 15 MW turbines will be available by
2030 (Musial et al. 2019b). Turbines are typically arranged in arrays of 400 MW to 800 MW per project
for commercial scale power generation and optimal cost. They are usually connected to an offshore
substation located near the offshore wind power plant, and the aggregated power is transmitted to shore
via a high voltage subsea cable.

By the end of 2018, the global offshore market for offshore wind had reached 22,592 MW of
commissioned capacity, with over 5 gigawatts (GW) of new additions in 2018, a new industry record.
Projections for 2019 indicate expected global new capacity additions to exceed the 2018 deployment
numbers, with over 10 GW currently under construction. The pipeline of offshore wind development
capacity, as of December 31, 2018, was about 272 GW, indicative of a growing and robust industry
worldwide. Major countries contributing to the industry growth include the United Kingdom, China,
Germany, Denmark, the Netherlands, and several others (Musial et. al. 2019b).

In the US, the current pipeline for offshore wind development totals over 25 MW of potential installed
capacity, including all projects, lease areas with exclusive site control, unauctioned lease areas (North
Carolina), and unsolicited proposals. Developers have obtained exclusive site control of over 21 sites,
totaling over 19 MW of potential capacity (including state water projects). Figure 1 shows a map of the
Federal leases auctioned by BOEM between 2011 and 2018.
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Figure 1. 2011 to 2018 BOEM offshore wind lease areas in the Atlantic.

Most of the near-term activity is concentrated in the North Atlantic region, but projects have been
proposed in all five US regions® (DOE 2015). Most notable, in December 2016, Deepwater Wind
completed the commissioning of the Block Island Wind Farm, the first commercial offshore wind project
operating in the US. The 30 MW project is in Rhode Island state waters off the southern coast of Block
Island. It comprises five 6 MW Haliade wind turbines manufactured by General Electric (formerly
Alstom Wind Power). In addition, the project included laying a power cable to connect the grid on Block
Island which connects to the mainland grid. The project’s plan was to produce enough electricity to power
17,000 Rhode Island homes (Chesto 2017).

8 The five regions as defined by the Wind Vision Study are: North Atlantic, South Atlantic, Gulf of Mexico, Pacific, and Great Lakes.



Renewable energy resources under BOEM’s jurisdiction include, but are not limited to, offshore wind,
ocean solar, ocean waves, and ocean current. BOEM and NREL are publishing a companion report to this
one, which focuses on the technical and gross potential for all ocean renewable resources in the GOM
(Musial et al. 2020). In that report, each resource was evaluated based on technology readiness, resource
adequacy, and cost. Offshore wind ranked the highest among the other resources and was selected to be
evaluated in this current study (Section 1.1).

This study provides a feasibility assessment for offshore wind energy and is intended to inform BOEM’s
regional planning related to potential future OCS renewable and alternative use development and leasing
activities in the GOM. This study also includes information on offshore wind energy potential in state
waters and will provide data for possible near-term and long-term offshore renewable energy planning at
the state level. It examines the offshore wind potential comprehensively including technical and economic
potential for commercial development, along with the GOM-related supply chain.®

Offshore wind energy technologies have significantly evolved in the last 10 years and they continue to
evolve. Recent assumptions about cost, technology maturity, and resource are incorporated in this report.
In the US, several commercial offshore wind projects with locations proposed on the OCS in the mid- and
north Atlantic are currently in the permitting and planning phases. Though offshore wind energy
development looks very promising for near-term development in the northeastern US, we focus on the
GOM in this study.

BOEM'’s Environmental Studies Program has a history of over 40 years in the support of scientific
research to inform policy decisions regarding the development of OCS energy and mineral resources.
BOEM has worked together with NREL since EPAct was passed to collaborate on offshore renewable
energy projects and studies related to energy potential assessment, stakeholder engagement, and
feasibility analyses to develop offshore opportunities across all BOEM regions.

This study is divided into six sections:

e Section 1.1 reviews the findings of the companion report assessing all renewable energy sources
and Section 1.2 provides the parameters of the study on a geospatial basis.

e Section 2.0 provides information on the unique attributes of the GOM including offshore wind
resources, and the advantages and disadvantages of offshore wind development.

e In Section 3.0, reports the regional geospatial economic assessments are reported for all potential
ocean sites including regional distributions of levelized cost of energy (LCOE), levelized avoided
cost of energy (LACE), and net value (economic potential) for present and future cost trajectories
(2030). These analyses considered factors, such as: capital expenditures, operational
expenditures, annual energy production (AEP), and the fixed charge rate (FCR). Geospatial cost
variables include water depth, wind resource, substructure type, turbine size, distance to port,
distance to cable interconnect, installation method, and sea state. Heat maps of these variables
show where the best potential sites are from an economic perspective.

e Section 4.0 provides a more detailed assessment of three study sites selected to illustrate the
economics of offshore wind in the GOM.

e Section 5.0 gives an overview of the findings from a high-level GOM infrastructure survey.

91n July 2011, another BOEM-funded study was published, “Assessment of opportunities for alternative uses of hydrocarbon
infrastructure in the Gulf of Mexico” (Kaiser et al. 2011). It is targeted primarily at examining the potential for offshore wind to benefit
the existing oil and gas infrastructure and the feasibility of offshore wind in terms of the regulatory process. It concluded that
offshore wind could provide little value to the oil and gas industries.



e Section 6.0 provides the results of the jobs and economic impact study for a 600 MW offshore
wind power plant.

1.1 Summary of Gulf of Mexico Renewable Energy Survey

During Phase 1'%, NREL evaluated which renewable energy technology was the most feasible for the
GOM using resource adequacy, technology readiness, and cost competitiveness as the defining criteria.
The renewable energy sources that were evaluated included offshore wind, solar photovoltaics (PV), tidal
current, ocean thermal energy, wave energy, and ocean current. Offshore wind received the highest score
based on these criteria, with a total score of 13 out of a possible 15 points (Figure 2).
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Figure 2. Gulf of Mexico ocean renewable energy technology scoring in rank order.
Musial et al. 2020.

Hence offshore wind is the primary technology focus of this report, and the second phase of this study.
The technical resource potential for offshore wind in the GOM is 508 GW, the largest of any of the
renewable technologies examined in Phase | (Figure 3) (Musial et al. 2016).

10 Survey and assessment of the ocean renewable energy resources in the US Gulf of Mexico, OCS Study BOEM 2020-017.
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Figure 3. Gross and technical offshore renewable energy potential in MW for the Gulf of Mexico by
technology type.

The ability of offshore wind to serve a large percentage of the electric load primarily depends on lowering
the cost, rather than speculation about technical feasibility or resource adequacy. If current trends toward
cost competitiveness observed in Europe and the US Atlantic region continue, the economics of offshore
wind in the GOM will likely follow suit, approaching positive net values over the next decade in some
regions, particularly in Texas and Louisiana. These global trends suggest that cost competitive offshore
wind in the GOM could be possible by 2030 (Beiter et al. 2017). During this timeframe, there will be a
need to adapt current wind turbine designs to optimize energy capture for low wind speed operation,
increased understanding of hurricane risk, and robust designs and supporting equipment for hurricane-
prone areas.

1.2 Study Parameters

The goal of this study is to assess potential offshore wind energy resources in the GOM and to quantify
the technical and economic potential. This will help inform Federal and GOM states’ strategic planning
over the next decade.

The study objectives are to:

o Describe site-specific and regional benefits and challenges of deploying offshore wind in the
GOM and discuss the current research to mitigate challenges;

¢ Review and quantify the wind resource capacity and energy potential in the GOM region for each
GOM state including state and federal waters, distance from shore, and water depth;



Perform geospatial regional economic assessments of LCOE!, LACE'?, and net value (Section
3.4.2) for the GOM;

Evaluate three representative hypothetical locations for site-specific economic analysis

Perform a high-level assessment of local supporting infrastructure availability, including existing
services (e.g., fabrication facilities, vessels, ports) and possible grid connection options;

Assess the regional economic impacts of a 600 MW offshore wind power plant installed at a
representative site in the GOM.

1.2.1 Definition of Study Area: State and Federal Water Distance Zones

Within the total offshore wind resource area, data were classified into the following four distance zones
(Figure 4):

0-to-3-nautical miles (nm) zone. This zone generally comprises state waters and is outside
BOEM’s jurisdiction. For Texas and the western coast of Florida, state waters extend to 9 nm
(Musial and Ram 2010).

3-to-12-nm zone. This zone extends to the territorial water’s boundary at 12 nm. In this zone,
conflicting-use impacts may be higher than in areas farther out. Some studies have found that
opposition to offshore wind projects based on view shed, or aesthetics begins to decline rapidly
beyond 12 nm (Lilley et al. 2010).

12-to-50-nm zone. The 50-nm boundary was selected in early resource studies to focus
evaluations of the near-shore area where access to grid and shore-based support services is more
feasible (Schwartz et al. 2010). Subsequent assessments show that project feasibility is not
necessarily limited to 50 nm. For this study, the 50-nm delineation was retained as a reference to
help describe the differences between far-shore and near-shore impacts out to the 200-nm
Exclusive Economic Zone (EEZ) limit.

50-to-200-nm zone. This zone is included in the gross resource area to provide the possibility of
development beyond 50 nm, as conflicts may be lower with large areas of developable water. It
is unlikely that projects in the GOM would need to access this far from shore resource, as
abundant resource area exists closer to shore.

11 | evelized cost of energy (LCOE) determines how much money must be made per unit of electricity to recoup the lifetime cost of
the system. This includes initial capital cost, maintenance cost, and operational cost.

12 evelized avoided cost of energy (LACE) represents the electrical system value to the grid. In other words, it measures what it
would cost the grid to generate the electricity that is otherwise displaced by a new generation project or a measure of the market
value of that electricity.
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Figure 4. Map showing distance-to-shore zones for the Gulf of Mexico.

1.2.2 Water Depth Zones

Water depth has a critical role in determining whether a resource is suitable and economically feasible for
offshore wind development. Nearly all offshore wind installations to date have been built in water depths
less than 50 m (164 ft), but new floating turbine technologies may allow installations at much greater
depths. Though there is no industry-defined limit, most experts agree that 1,000 m (3,281 ft) may be a

practical cut-off when calculating technical resource limitations (Musial et al. 2016). Figure 5 shows the
bathymetry (water depth) of the OCS in the GOM.
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Figure 5. Bathymetry map of the Gulf of Mexico out to the International Exclusive Economic Zone.



1.2.3 Competing Uses and Siting Considerations
Historically, the ocean areas of the US have served multiple users and are home to many species. The
GOM has a long history of energy extraction from the oil and gas industry; significant use conflicts with
pipelines and oil platforms can exist. The Department of Energy’s (DOE) 2015 Wind Vision was used to
identify areas of competing use and environmental exclusions as shown in Figure 6 in red (DOE 2015).
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Figure 6. Areas with possible environmental and human use conflicts.
Source: DOE 2015.

This unpublished study, originally performed for NREL by Black and Vetch in 2010, does not include all
conflicting use layers that might be identified during a more rigorous marine spatial planning process and
the quantity of affected area would likely increase with full stakeholder participation. However,
“excluded area” in this case includes areas of conflicting use or areas where coexisting use could be
negotiated. These areas include national oil and gas operations, pipelines, sand resources, marine
sanctuaries, marine protected areas, wildlife refuges, shipping and towing lanes, and offshore platforms
and pipelines. In Figure 6, not all of the area in dark red would necessarily be excluded for offshore
renewable energy development.

In a later study, Musial et al. calculated the percentage of use conflicts as a function of distance to shore
(Musial et al 2016). These space-use data were used to limit the wind resource on a percentage basis as a
coarse method to reduce the total resource to a more realistic level, but this result should not be
considered as part of a more rigorous marine spatial planning process that would need to accompany OCS
leasing for offshore wind. Because a complete analysis of use conflicts was not performed, the sites
chosen for analysis, although they are representative of the cost of offshore wind, may not be optimal
locations for future offshore wind power plants.



There may also be synergies between offshore wind and oil and gas infrastructure apart from supply chain
advantages. Opportunities may exist to use oil and gas platforms to facilitate renewable energy
development or for renewable energy to aid in oil and gas production. For example, Equinor (formally
Statoil) announced their Hywind 3 project in which an 88 MW floating wind farm that is, scheduled for
deployment in 2022, will power a cluster of existing oil rigs in the North Sea (Equinor 2018). Although it
is possible that these offshore wind applications may show promise in some regions of the world, they are
generally beyond the scope of this study.



2 Offshore Wind Challenges and Benefits in the Gulf of Mexico

Planning for offshore wind energy in the Gulf of Mexico (GOM) has unique challenges (Section 2.3),
such as potentially damaging tropical cyclones and low average wind speeds. These challenges may be
unfavorable to some stakeholders; however, most challenges could be resolvable with available
engineering tools and incremental design upgrades. There may also be significant cost benefits in the
GOM to help offset these challenges, such as a milder climate, shallower water, lower labor cost, and
access to the existing supply chains of the oil and gas industry (Figure 7).

Advantages Challenges
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Figure 7. Unique attributes of offshore wind in the Gulf of Mexico, including advantages and

technical challenges.
Source: NREL.

2.1 Overview of Offshore Wind in the Gulf of Mexico

The resource capacity and energy potential are calculated for each GOM state on a geographic
information system (GIS) grid showing details of distance from shore, wind speed, and water depth. This
analysis considers gross and technical resource potential as defined by Musial et al. 2016. The GOM is
one of the five offshore regions of the US, as defined by the Department of Energy (DOE) and
Department of the Interior (DOI) offshore wind strategy (Gillman 2016). The offshore wind resource for
the GOM was evaluated in terms of net capacity in gigawatts (GW) and in terms of energy generating
potential in Terawatt-hours per year (TWh/yr) (Musial et al. 2016). Based on the technical wind resource,
the GOM was found to have a resource capacity of 508 GW and an energy generating potential of 1,556
TWhyr.

The GOM offshore wind resource is similar in magnitude to other regions of the US as shown in Figure 8,
but its geo-spatial characteristics present some unique technical challenges, such as turbines that need to
resist extreme wind speeds due to hurricanes, lower average wind speeds, and softer soils*®. However,
there may be some interesting benefits in terms of project costs and regional economics, including job
creation due to increased local content (see Section 6) relative to other US regions.

13 Note that the GOM technical offshore wind resource in Figure 8 is slightly higher than the 508 GW and 1,556 TWh/year
calculated in this report because a more precise method was used to split Florida’s GOM offshore wind resource from the rest of the
state. Only 18% of Florida’'s technical offshore wind resource is in the GOM.
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Figure 8. Capacity (left) and net energy (right) offshore gross resource (dark blue) and final net
technical (light blue) potential estimates for five US offshore wind resource regions.
Source: Gilman et al. 2016.

2.2 Advantages for Offshore Wind in the Gulf of Mexico

This section discusses the regional advantages of offshore wind in the GOM. These benefits may lower
capital costs, operation and maintenance (O&M) costs, and the cost of fabrication and installation. These
benefits will need to be considered together with the challenges to make informed judgements about the
future of GOM offshore wind development.

2.2.1 Abundant Shallow Water Resources

The GOM has lower wind speeds relative to other US regions, but the quantity of resource capacity in the
GOM is large, especially in shallow water less than 60 m (197 ft) depth. Figure 9 shows the technical
offshore resource energy capture potential in TWh/year on a state by state basis for all US offshore states.
The chart ranks each state from left to right by the quantity of technical energy potential it possesses.
From a GOM resource perspective, it is compelling that three of the top four highest ranked states are in
the GOM. In fact, GOM states combined have 32% of the shallow offshore wind resource potential in the
entire US.
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Figure 9. Technical energy potential (by depth class) of offshore wind resource showing abundant
resource energy potential in three GOM states.
Musial et al. 2016.

Figure 10 shows the technical resource potential capacity in GW by state for each GOM state studied.
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Figure 10. Technical offshore wind resource potential by state in the Gulf of Mexico.
Data source: NREL.

For each state, the chart in Figure 10 shows the quantity of resource in waters shallower than 60 m (197
ft) (blue color), and the quantity of technical resource greater than 60 m (197 ft) (red color). The resource
shown for Florida includes only the western side of the state, which is in the GOM4,

14 Note that in Figure 9 the total offshore wind resource for Florida is plotted.
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As noted earlier, the quality of much of this resource is lower than other regions (e.g., the northeast
Atlantic) due to lower wind speeds, but the quantity of shallow water is very large relative to the total
resource area of the US. Low wind regimes typically warrant machines with larger rotors (e.g., low
specific power®) to compensate. For this study, four conceptual low wind speed machines were
developed to illustrate what GOM wind turbines might look like (Section 3.3.1).

This abundance of shallow water resource provides substantial opportunity for siting projects without
deploying more expensive deeper water substructures. Figure 11 shows a simple cost model developed by
the National Renewable Energy Laboratory (NREL) for the balance of station of a 600 MW offshore
wind farm using fixed-bottom foundations. The data show the relative change in cost as the project is
sited in deeper waters. As shown, the balance of station (BOS) costs for a project in 30 m (98 ft) of water
can be 10% to 20% lower than a project sited in water 50 m (164 ft) deep. Remaining in shallower waters

will lower the project cost.
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Figure 11. Shallower waters have lower substructure cost.
Maness et al. 2016.

2.2.2 Warmer Climate and Lower Sea States

The GOM has a lower wave climate than other US bodies of water, including the Atlantic and Pacific
oceans. The smaller sea states result from shorter fetches and lower wind speeds. In addition, the waters
of the GOM and the climate remain mild for most of the year. The combination of low sea states and mild
weather will significantly increase turbine accessibility throughout the year. This will have a significant
impact on lowering O&M costs over the turbines’ lifetimes. Reduced O&M costs will increase turbine
availability and will significantly increase the annual energy production (AEP) when compared to a
turbine operating in more severe conditions, such as the Pacific Ocean.

15 Turbine specific power (SP) is defined as the turbine power nameplate rating (PR) divided by the area swept by the rotor (A) in
square meters.
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2.2.3 Lower Labor Rates and Proximity to Supply Chains

According to the Energy Information Administration (EIA), the GOM generally has lower labor rates
than the national average; this may encourage offshore wind power plant developers to proactively seek a
local labor force, although there is no guarantee that all labor would come from the GOM. Figure 12
shows that in the GOM, labor cost multipliers may reduce labor costs up to 10% or more relative to
national averages for certain activities, which will lower overall LCOE for a given project (NREL 2018;
EIA 2016). However, these studies did not investigate why labor costs are lower. Additional labor and
material cost benefits might be realized by proximity to oil and gas supply chains, which would provide
local access to construction and service vessels, experienced labor, and large component steel fabrication
facilities.
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Figure 12. Regional labor cost multipliers implemented in the National Renewable Energy
Laboratory cost model for the Gulf of Mexico.
Data source: EIA 2016.

2.3 Challenges for Offshore Wind in the Gulf of Mexico

The GOM region is characteristically very different than the North Sea (Europe), where offshore wind has
been maturing for over 20 years, or the northeast US, where regional utility scale development is now
taking hold. Physically, GOM sites may have more in common with Asian markets, which are now
beginning to evolve. The primary technical challenges for offshore wind turbines in the GOM are
engineering gaps around hurricane design, lower wind speeds, and softer soils which will require
additional investment in research, development, and deployment to gain the experience needed for
commercial acceptance. Each solution could also result in incremental capital cost increases that must
also be evaluated.
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2.3.1 Hurricane Survival

The US Atlantic, the GOM, and Hawaii all experience hurricanes that have the potential to bring extreme
wave heights and wind speeds exceeding design specifications. Offshore wind turbines are currently
designed using International Electrotechnical Commission [IEC] standards. IEC 61400-01 and IEC
61400-03 standards are the governing documents that define the limit state load cases, including a load
case for the 3 S maximum gust condition of 70 m/s (156 mph). In hurricane regions, this is typically the
governing extreme wind design load case (IEC 2019a; IEC 2019b).

Similarly, fixed-bottom wind substructures are designed using the American Petroleum Institute (API)
Recommended Practice (AP1 RP) 2A design standard, which includes robustness criteria using regionally
developed “hazard curves” (APl 2018). The most recent version of IEC 61400-03 includes a robustness
check in the appendix, but US installations in the Atlantic and the GOM will likely use robustness criteria
as default guidance because the method has been proven to work successfully in the GOM by the oil and
gas industry. It should also be noted that despite the empirical incidence of extreme hurricanes in the
GOM (e.g., Katrina, Michael, Harvey), hazard curves in the GOM are less steep relative to many Atlantic
sites. Therefore, it is not yet clearly understood if and to what extent additional provisions for hurricane
design will be necessary. If environmental conditions at the site can be determined (e.g. return periods for
50 years, 100 years, and 500 years), the proven practices of the oil and gas industry (e.g., API Standards)
appear to be sufficient for the design of fixed-bottom support structures with an acceptable degree of
confidence. However, one of the most difficult problems is understanding the site conditions well enough
to estimate the probability and severity of major hurricanes at specific locations.

The application of current IEC/API standards will not sufficiently address hurricane design for the wind
turbine itself in all locations because, unlike the support structure, wind turbines are not custom designed
for site conditions. Therefore, site-specific risk assessments are needed to determine where turbine
designs need to be enhanced to accommodate hurricanes, or where alternative load mitigation strategies
(e.g., auxiliary on-board power supplies to maintain yaw authority during hurricanes) should be
implemented. The recently released 2019 edition of IEC 61400-01, the primary design standard for wind
turbines, has just added provisions for a wind turbine Typhoon Class which upgrades the 3 S gust
criterion to 80 m/s (179 mph), ostensibly requiring strengthened components such as blades and towers.

In the future, more sophisticated hurricane-resilient wind turbine designs may evolve using cost
optimization schemes that balance higher energy production and increased load resistance (see Section
2.3.1). Optimized hurricane resilient turbines may have lower rotor solidity (smaller blade profiles), fewer
blades, highly ruggedized sensors, active advanced load control systems, uninterruptible yaw positioning,
or other features that are not found or needed in offshore wind turbines operating in the North Sea.

2.3.2 Low Wind Speeds

Relative to Europe or US offshore wind lease areas in the New England and Mid-Atlantic regions, which
have annual average wind speeds between 8.5 and 10 m/s (19 and 22.4 mph) or greater, the GOM has
lower annual average wind speeds between 7 m/s and 9 m/s (15.7 and 20.1 mph). To compensate for
lower wind speeds, new low wind speed offshore wind designs will be needed. This trend already exists
for land-based turbines where low specific power rotors have been introduced at low average wind sites.
It is expected that lower turbine specific power ratings seen for land-based wind turbines will eventually
be designed and developed for offshore turbines. New turbine designs optimized to operate in low
average wind conditions may feature increased rotor diameters, with specific power ratings between 230
watts[W]/m? and 300 W/m?. Larger rotor diameters will provide increased swept rotor area and greater
energy production. Larger rotors cannot completely offset lower energy production due to less wind, but
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they may eventually allow turbines in the GOM to compete in utility markets by optimizing energy
extraction for site conditions. The greater challenge may be in overcoming the competing objectives of
making turbines stronger and more resistant to hurricanes while simultaneously increasing blade length to
extract more energy at low wind speeds.

2.3.3 Soft Soils

A wide range of possible substructures is available in the offshore wind industry, but soft soil conditions,
shallow waters, and the existing supply chain infrastructure in the GOM all favor jacket-type
substructures (Figure 13). The GOM has softer soils compared to other regions where offshore wind
development has occurred. Monopile design is the most common substructure type used in offshore wind
development globally, but this substructure type would be difficult to use in the GOM due to soft soils
and the likelihood of shallow water breaking waves under extreme conditions, which would intensify
wave loading and increase substructure cost. Jacket substructures, which are commonly used by the oil
and gas industry throughout the GOM, can more easily mitigate soil strength and breaking wave loads.
Although jackets may be the preferred substructure type, lower soil strength requires additional steel to
react lateral forces, which will increase their weight and cost. Proposed mitigation strategies include
adding more steel and/or using longer piles to offset lower natural frequencies. This issue does not require
specialized engineering capabilities but is expected to add some cost and must be considered early in the
design. A first order analysis for these substructures was performed for this study (see Section 3.3.5.2).

Figure 13. Taxonomy of common offshore wind turbine substructures.
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3 Regional Offshore Wind Economics in the Gulf of Mexico

Regional geospatial data were generated and analyzed to determine the potential for offshore wind to be
deployed over the Gulf of Mexico (GOM) region. The data generated were plotted into heat maps that can
be used by GOM policy makers and state agencies for their consideration of offshore wind in future state
energy planning.

3.1 Methodology

Using existing wind resource data from Musial et al. (2016), heat maps were developed that show wind
speeds, water depth, and, distance from shore for both the gross and technical resource areas, including:
Western Florida, Alabama, Mississippi, Louisiana, and Texas. The National Renewable Energy
Laboratory (NREL) Offshore Wind Cost Analyzer (ORCA) and GIS databases were used to estimate
offshore wind energy development potential for these GOM States (Beiter et al. 2016) with modifications
made to account for updated assumptions for finance rates, low wind speed turbine costs, increased
insurance for hurricanes, and customized jacket substructures. Regional maps were produced to document
the offshore wind resources and economics.

The levelized cost of energy (LCOE), levelized avoided cost of energy (LACE), and Net Value were
calculated on a high-resolution grid, approximately 10.8 by 10.8 km to (6.7 by 6.7 mi), representing the
footprint of the hypothetical 600 MW offshore wind power plant (Beiter et al. 2016). Regional results are
detailed for the target year of 2030.

From the annual average wind speed data used in the 2016 NREL resource assessment (Musial et al.
2016) and internal analysis performed at NREL (Dykes et al. 2016), the optimum turbine specific power
rating for each GOM sub-region was determined. Four turbines with different specific power ratings were
conceptually designed for the purpose of maximizing annual energy production at four low wind speed
sub-region. Each sub-region represents a range of average annual offshore wind speeds in bands of 0.5
m/s (1.1 mph) from 7 to 9 m/s (15.7 to 20.1 mph).

The NREL offshore wind cost model, ORCA, was run for site-specific GOM parameters for the modeled
years 2015, 2022, and 2027. These data were then extrapolated to estimate costs for 2030.

The following is a summary of the major assumptions made in ORCA for the GOM cost modeling:

1. Relatively mature supply chains (e.g., US flagged vessels and suitable ports, harbors, and
assembly areas will be available).

2. New low wind speed, hurricane resilient turbines will be available for 2030 commercial
operations.

3. 3% to 14% cost was added to the turbine cost to account for low wind speed turbine

enhancements.

A 25% increase in the insurance costs was included to account for hurricane uncertainty.

A fixed charge rate of 9.1% was used to represent the financing rates.

Increased annual energy production (AEP) was realized due to lower sea states and the milder

GOM climate. These effects were previously captured in ORCA resulting in lower downtime and

higher turbine availability.

7. Net capacity factor (NCF) and net annual energy production were calculated using same loss
functions used in Musial et al. (2016).

o oA
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8. A cost adder was applied to the jacket substructures to account for higher costs due to softer soils.
The adder effectively increased the water depth by 5 m (16.5 ft) to provide equivalent
substructure stiffness as similar structures with higher soil strength (e.g., northeastern US).

9. Supply chain cost reductions were applied to some cost elements (e.g., jacket substructure) to
account for closer proximity to substructure fabrication, lower mobilization costs, and better
access to US flagged vessels.

3.2 Regional Cost of Energy Modeling

3.2.1 Co